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PREFATORY NOTE RELATING TO A CHANGE IN THE FORM OF THIS REPORT. 

The l{.eport of the United States Coast and Geodetic Survey for the fiscal year 1891 is the first 
one in which the text was arranged for publication in two parts. 

Part II of that report, as well as Part II of the reports for the yeari; 1892 and 1893, was 
published in octavo, while the quarto form was retained for Part l. 

It was thought advantageous to publish both parts of this report for the year ending June 
30, 1894, in. quarto, and the change has accordingly been made. 

Part I contains the historical portion. It states the progress in field and office work, gives 
estimates for future progress, and a report of expenditures for the fiscal year. It is accompanied 
by maps of general progress, and by progress sketches more in detail. 

Part II includes the professional papers relating to the methods, discussions, and results of 
the Survey which have been approved for publication during the year, such illustrations as are 
needed accompanying them. 

Part I being of less general interest than Part II, in the future distribution of the Report 
Part II only will be sent, except in special cases. 
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W. W. DUFFIELD, 

Superintendent. 
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APPENDIX No. 1-1894. 

RELATIVE DETERMINATIONS OF GRAVITY WITH HALF-SECOND PENDULUMS, 
AND OTHEH PENDULUM INVESTIGATIONS. 

By G. R. Pt1TNA:lf, Assistant. 

Submitted for publication January 23, 1895. 

The following report includes the results of variuus investigations carried out by the writer 
under the direction of Dr. T. C. :Mendenhall. These are considered under the following heads: 
I. Relative me~surements of gravity at twenty-six stations in the United States. II. Observa· 
tions with quarter-second pendulums, and special pendulum investigations. III. Telegraphic 
comparisons between base stations in Washington, D. C. IV. Summary of the connections 
between American and European gravity stations by means of relative vendulum observations, 
and the rellnctiou of absolute determinations of gravity to Washington. 

There is also included in this report, as beiug intimately connected with the .other work 
described, (V) a translation of an interesting paper by Commandant Defforges, of the" Service. 
Geographiqne" of France, giving an outline of the results of his recent measurements in North 
America. A copy of this paper was sent tQ the Superintendeut by Commandant Defforges, and 
it has since been published* in France. The absolute determination at Washington was made by 
order of General Derrecagaix, Director of the " Service Geograpbique," in courteous response 
to tl10 request of the Superintendent, the elaborate instrumental outfit being sent from Paris 
especially for this purpose. 

' The writer desires to acknowledge his indebtedness to Mr. C. A. Schott, Mr. E. D. Preston, 
and Mr. 0. H. Tittmann, of the Coast and Geodetic Survey, for their valuable advice in connection 
with the preparation of tbis report. 

!.-RELATIVE MEASUREMENTS OF GR.A.YI'rY AT '.l'WEN'.1.'Y-SIX ~'l'.A.'l'lONS IN '.l.'IIE UNI'l'ED ST.A.TES. 

Six of these determinations were made at various times in tlie spring of 18fl4, and the remaining 
twenty in a transcontinental series extending west from Washington to Utah during the summer 
of the same year, the whole forming the first extended series of g-ravity measurements carried out in 
the United States. As shown on the accompanying map (fig. 4), the greater part of the stations are 
in the neighborhood of the thirty-l1inth parallel of latitude, following the general course of the 
transcontinental triangulation of the Survey and including many of its astronomically determined 
points. 'l'his line of gravity stations, commencing at the Atlantic coast, rises to near the crest of 
the Appalachian ridge, traverses the great smooth central plai11, increasing in altitude gradually 
from 151 metres to 1841 metres; then rises to the high elevations of tho main cllain of the Rocky 
}\fountains, reaching an altitude of 4285 metres at Pikes Peak, descends into the eroded valleys 
of the Grand and Green river8, crosses the summit of the 'Vasatch ridge, and finally descends to 
the great western plateau of the continent. The wide variety of orographic features thus trnversed 
so nearly in the same latitude makes this series peculiarly well adapted to throw light on the con
tinental variations of gravity, on the question of the proper method of reduction to sea level, of 
utmost importance in connection with the application of gravity measurements to the geodetic 
problem of the figure of the earth, as well as on tlie questions of the nature and condition of the 
-------·------ .. ·---···--------------- ... ·-··- . ·-· -- ---····-·-·--·----------· -------- -------

"" Comptcs Rcmdns cle J'Acadcmio <lcs Sciences," J o.nnary 29, is94. 
!) 
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earth's crust.. Several stations were included on account of peculiar features of' their location, 
a~, for instance, three points in the Yellowstone Park, because here only in the United States 
(exclusive of Alaska) are found the last signs of volcanic activity. The summit of Pikes Peak was 
occupied not only for the sake of including a i;tation of considerable altitude, but also because 
a comparison of this result with that obtained at Colorado Springs, near the base of the mountain, 
affords the data for computing the mean density of the earth. With the exception of More, in 
India, this is the most elevated gravity station yet determined with modern methods. Incidental 
to the work, and as furnishing the most convenient facilities, observations were in a number of 
instances made at educational institutions, which in return will receive desired information in 
regard to the relative value of an important physical constant. Thus also absolute measurements 
of gravity which may be carried out at such institutions may be compared and utilized elsewhere, 
and may be reforred to standard base stations for combination. 

Another and most important object contemplated in the recent work was to make a compar
ison of relative gravity results obtained with various kinds of apparatus and different lengths of 
pendulums. To this end there were included four stations visited by Commandant Defforges in 
1893, who used a half-metre reversible pendulum. The two stations of Commandant Defforges 
on the Pacific Ooast had previously been determined by Dr. Mendenhall and l\fr. Preston with the 
half-se~ond (quarter-metre) invariable pendulums, thus giving a comparison at all of his stations in 
the United States. In addition to the regular series of observations made at each station of the 
past season with the half-second pendulums, there was also carried along the quarter-second (one
sixteenth metre) pendulum apparatus designed by Dr. Mendenhall and recently constructed. These 
pendulums were swung at three stations, as well as at Washington, before and after tbe trip. (See 
Part II.) An interesting test of the wear of knife-edges, as well as of the accuracy of observation, 
was made by swinging the half-second pendulums (which carry a plane in the head and swing 
upon a knife-edge) upon au additional or standard edge at Washington before and after the trip 
·and at two of tbe other st\ttions. As the ordinary edge was in use four times as long as the 
standard, valuable information was thus obtained on the subject of wear. Further, the swings 
on the standard etlge gave independent determinations of gravity at these stations, thus testing 
the reliability of the system of observing. 

In the prosecution of this work the writer had the efficient assistance at fifteen stations of Mr. 
C. E. Mendenhall, Extra Observer, and at three stations of Mr. S. B. Tinsley, Aid, while at the 
remaining eight places the work was conducted without assistance. In selecting locations for 
the apparatus endeavor was made to obtain the most favorable, conclitious for observing, such 
as constant temperature, stable foundation for the pendulum case, freedom from disturbing 
influences, and near proximity of the transit set up for time observations. To obtain such suit
able places iii was necessary to request the temporary use of basement rooms or eellars in public or 
private buildings, or those belonging to corporatiom; or colleges. These rather unusual privileges 
were invariably granted most freely and courteously, and it is regretted that lack of space pre
vents the mentioning here of tho many persons who, by their kindness in this respect or in the 
matter of furnishing valuable information and assistance, greatly aided the succeflsful prosecution 
of the work. 

Position and description of statfons.-The latitudes and longitudes of the pendulum stations 
are mostly derived by connection with neighboring points whose geographical position had 
previously been determined by the Coast and Geodetic Survey or other good authority, either 
astronomically or geodeticaUy. At eight stations, Deer Park, Cleveland, Chicago, Lower Basin, 
Grand Canyon, Norris Basin, Pleasant Valley, and Terre Haute, the positions were determined 
in connection with the pendulum work, the latitudes by observations on from two to four pairs of 
stars by Talcott's method, and the longitudes by transportation of two chronometers. The fact that 
a number of the other stations had been determined telegraphicaUy gave a good opportunity of 
testing the accuracy of longitudes thus determined by carrying two chronometers on rail way trains, 
and by other means of transportation. In the seven cases where the chronometers were carried 
directly between telegraphic longitude stations the discordance between the telegraphic and the 
chronometrie difforence of longitude ranges from 0·08 second (time) to 0·80 second, the average 
being 0·37 second, and the average distance traveled about 175 miles. 

The elevations are b!l.Sed on the most accurate infor1nation available. For a majority of the 
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interior stations they depend on the data given in Mr. Gannett's Dictionary of Altitudes in 
the United States. Additional information in regard to the elevation of Pikes Peak was fur
nished by Mr. Gannett. The elevations of the stations in the Yellowstone Park are based on 
information furnished by Maj. W. A. Jones, United States Engineers, from a line of levels run 
from Cinnabar, Mont. The pendulum stations were in each case referred by hand level or other
wise to the railroad track~ bench mark, or other known point. In mauy casus the writer is indebted 
to city engineers or college authorities for information in regard to bench marks in the neighbor
hood of the station. 

The following (Table A) is a brief description of the location of the pendulum stations and of 
the support for the pendulum case at each, together with the measured fiexure of the case and 
support. The figures in the last column represent the horizontal movement of the knife-edge when 
a force of 1 ·5 kilogrammes was applied horizontally in the plane of oscillation. The latitudes, 
l6ngitudes, and elevations will be found in Table E. 

TABLE A.-Location of Blatums, Bupport for pendulmn caBe, and flexu1·e. 

------------------------- ---- -----------------
Station u111l location, 

---------------------------

Washington, D. C. Office United States Coast and Geodetic Survey on 1· 

Capitol Hill, pendulum room in southwest corner of -basement. 
Cambridge, Mass. Harvard College Observatory, basement room north of 

equatorial foundation. 
Boston, Mass. New addition to State House, vault in northeast part of 

basement. 
Ithaca, N. Y. "Lincoln Hall" (building of College of Civil Engineering), 

Cornell University, "metric room" in northeast part of basement. 
Charlottesville, Va. l1niversity of Virginia, basement of biological laboratory 
Princeton, N. J. College of New Jersey, basement of "magnetic observa

tory" (or electrical building). 
Philadelphia, Pa. University of Pennsylvania, small room in northwest 

corner of basement of "College Hall." 
Deer Park, Md. At east corner of swimming-pool building, west of Deer 

Park Hotel. 
Cleveland, Ohio. Adelbert College, in "balance room" of Professor Morley, 

in west corner of basement. 
Chicago, Ill. Ryerson Physical Laboratory, University of Chicago," constant 

temperature room," northeast part of main floor. 
Lower Geyser Basin, Wyo. (Yellowstone Park). Basement of Fountain 

Hotel, unfinished room north end of central wing. 
'Grand Canyon, Wyo. (Yellowstone Park). Unfinished basement of Canyon 

Hotel, west end of main building. 
Norris Geyser Basin, \Vyo. (Yellowstone Park). Small room at entrance 

to storehouse, west of lunch station. 
Salt Lake City, Utah. Small astronomical observatory in southeast corner 

of Temple Block. 
Pleasant Valley Junction, Utah. West corner of cellar under residence of 

T. Arrowsmith, about 65 metres north of Rio Grande Western Railway 
station. 

Green River, Utah. East corner of cellar under south part of Palmer House 
Grand Junction, Colo. Cellar under northeast corner of Brunswick Hotel, 

Main street, west of Fourth. 
Gunnison, Colo. Small room beneath sidewalk at northeast corner of Ln 

Veta Hotel. 
Colorado Springs, Colo. Hagerman Hall, Colorado College, small room 

near northeast corner of basement. 
Pikes Peak, Colo. Small storeroom at south end of stone building on east 

side of summit. -
Denver, Colo. University Park, in Chamberlin Observatory of the Univer

sity of Denver, basement south of equatorial foundation. 
\Vallace, Kans. Basement of stone residence northwest of station, and 

belonging to Union Pacific Railway. 
Ellsworth, Kans. Court-house of Ellsworth County, near center of base· 

ment. 
Kansa_s City, Mo. Franklin School, at northeast corner of V'.'ashington 

avenue and Fourteenth street, small storeroom in south part of basement. 
St. Louis, Mo. Chemical laboratory, Washington University, near north· 

west corner St. Charles and Seventeenth streets, south basement room. 
Terre Haute, Ind. Main building, Rose Polytechnic Institute, west room 

of basement. 
Cincinnati, Ohio. Cincinnati Observatory on Mount Lookout, basement 

north of foundation of meridian circle. 

Support for pendulum case. Flexure. 

Massive brick pier with capstone 

Heavy stone doorsill 

Concrete flcor 

Tall brick pier (new) 

Low brick pier (new) 
Tall brick pier 

Concrete floor 

Low stone pier (new) . 
Large brick pier with capstone 

Massive brick pier with capstone 

Low brick pier (new, poor cement) 

Lowhrick pier (new, poor cement) 

Three wooden posts driven in 
ground and well braced. 

Stone pier 1 metre high 

Low brick pier (new) 

Low brick pier on concrete floor 
Low brick pier (new) 

Heavy stone doorsill 

Low pier on concrete floor 

Large stones cemented to con
crete floor. 

Large stones cemented to con· 
crete floor. 

Stone doorsill 

Large stone doorsill 

On bricks cemented to concrete 
floor. 

Low pier 011 brick floor 

Large brick pier with slate top 

Low brick pier on brick floor 

Microns. 
1 ·o 

r ·o 

i.·o 

3·0 

8·o 
5·0 

2·5 

3·0 

0·5 

8·o 

18·0 

7·0 

2·5 

2·0 
2·0 

1·0 

1 ·5 

1 ·5 

2·5 

3·5 

2·0 

2·0 

5·0 

3·5 

4·0 
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Instruments.-The apparatus used in the greater part of the work consisted of half.second 
pendulums, .A.4, A5, and A6, with the accompanying air-tight receiver, flash apparatus, dummy or 
temperature pendulum, etc., sidereal break-circuit chronometers Negus 1823 and 1824, thermome
ters, air pump, dry cells, and, for use in time observations, a light observatory tent (a ridge-pole 
tent specially designed for the purpose and weighing only 65 pounds), small meridian telescope 
(for either time or latitude, focal length, 66•m; aperture, 52 111m; magnifying power, 50), light Saeg
muller chronograph (weight about 50 pounds), and other accessories. Special attention was paid to 
portability, and considerable reductions in weight were secured in the time outfit, and important 
gain in economy and labor. The entire apparatus, packed for shipment, weighed about 700 pounds 
(318 kilogrammes). 

'!'he half-second pendulum apparatus of the Survey has been fnlly described and illustrated 
in United States Coast and Geodetic Survey Report for 18!H, Appendix 15, since which time, 
however, it has been.somewhat modified. A reversal of the usual relation of knife-edge and plane 
was made by Dr. Mendenhall, with the idea of obtaining greater invariability in the pendulum 
itself (see paper "On the use of planes and knife-edges in pendulums for gravity measurements," 
American Journal of Science, XLV, page 144). Each of the new pendulums, A 4, A 5, and A 6, 
carries an agate plane in its head and swings upon an agate knife-edge which is inserted in a 
heavy brass plate resting on the shelf in the receiver. The upper part of the stem of the pendu
lum (fig. 6 A) is forked, 80 that it passes beyond each end of the knife-edge, thus permitting both 
edge and plane to be single pieces of agate. Experience proved that the dividing of the agate 
knife-edge or plane is objectionable as offering an opportunity for the separated parts to be twisted 
out of the same plane by any strain in the surrounding metal. The plate in which the knife-edge 
is embedded is not screwed rigidly to the shelf in tbe receiver, as formerly, but rests on three 
rounded steel projections in this shelf, to which the plate is fitted, and is held firmly in pla~e with 
a light screw. The agate knife-edge is formed by planes meeting at an angle of 130°, and has a 
total bearing length of 19mm, being cut away in the center. .A scale has been placed in the eye 
end of the observing telescope, so tbat by holding the slit open and noting the movement of the 
image reflected by t]Je pendulum mirror across the scale the arc of oscillation may be read 
directly· in minutes as long as the arc is not large. 

Appliances have been provided for measuring statically the flexure of the support. A glass 
scale is mounted vertically above the knife-edge, adjustable so that it may be placed at different 
heights. With a weight, cord, pulley, and aluminum arm (to carry the tension over the edge of 
tbe receiver) a horizontal force in the plane of oscillation of the pendulum is applied directly 
bell.ind the kuife-edge. By means of a simple microscope, supported independently of the pier 
carrying the receiver, magnifying 160 diameters, and provided with an eyepiece scale with lines 
having an equivalent distance of 10 microns, the displacements of the scale above the knife-edge 
when tl1e tension is. applied by suspending tbe weigbt are noted to the nearest micron. The scale 
may be observed at two or more heights above the knife-edge, and thus the movement at tlie 
edge estimated. 

Tbe outside manometer and barometer, both troublesome additions, have been dispensed with, 
consequent upon tbe adoption of low pressures. Tbe air pressure is now obtained by a small 
manometer set in the pendulum case. This manometer was always transported iu a vertical posi
tion so as to prevent air working into the closed end. The l\ame tube was used througbout, and it 
was tested before and after the field work and found correct. The same thermometer, Green 6604, 
was used on the dummy pendulum at all stations. Its corrections as determined by the Office of 
Weights and Measures were applied to all readings. As a check, readings were also taken of 
another thermometer hanging in the air in the pendulum case. This thermometer invariably 
indicated the change of temperature, reading higher than the dummy tbermometer when tbe 
temperature was rising, and lower when falling. 

The new air pump for exhausting the receiver weighs only about 6 pounds (2·7 kilogrammes). 
It is provided with a very ingenious self-packing piston, the invention of Mr. Fischer, Chief 
Mechaniciau. This piston, which iR shown in fig. 1 by a section of a portion of tbe pump, is a 
leather cylinder stretched over a metal frame, with the hollow inside open to the outer air tbrough 
the tubular piston rod and handl_e. As soon as the air is partially exhausted from the pump 
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cylinder, which has escape valvei; at each end, the atmospheric pressure on the inside of the piston 
makes a perfect elastic packing with minimum friction. The hollow piston rod also furnishes a 
ready means of lubrication, 

FIG. 1.-Sect!on of portion of air pump, e!Jowlng piston. (Leat!Jor indlente<l by •ohd 'l>lnck.) 

Determination of ooefficients.-The effects on the period of the pendulum of changes of tem
perature and atmospheric density, and of various degrees of flexibility of support, were determined 
experimentally in January and April, 1894. For this purpose pendulum B 4 was used as a standard 
to elimiuute the rate of the chronometer, beiug· swuug in an adjoining room nuder uniform condi
tions, while A 4, A 5, and A 6 were successively swung under the various conditions desired to be 
investigated. Simultaneous swings were made with the pendulums, using· the same chronometer 
to operate both flash apparatuses by means of suitable electrical connections. The true period of 
B 4 being known, the difference from this of the observed period must be due to rate of chronom
eter, which may therefore be computed for each swing, and the resulting rate correction applied to 
the observations with A. This elegant comparative method of determining pendulum coefficients 
was first used by Airy and bas more recently been employed by Von Sterneck. The following is 
a summary of tbe re1mlts: 

Temperatu1·e coefficient. 

I At low temperatures. i At high temperatures. ,-----~ifferences. 

Pendulum. I Temper- \I r~~{~~~~~~~~ 1-Tc~pcr- I :;~~~~de~~~i:- ~:::.-,1- Peri~!- . 

I 
atur~. for temper- ature. ] for temper• aturc. ( · 

I ature). . nture). , 

------i--~-;----s.--- oc.---1---- -s~- -- -i--o-;_I_ 
A 4 D 7 ·58 ·500 8466 29·41 ·500 9366 21 ·83 
A 4 R 7 ·93 8474 29·41 9377 21 ·48 
A 5 D 8·27 6758 29·33 7644 21 ·o6 
A 5 R 8·57 6768 29·19 7630 20·62 
A 6 D 8·92 6425 27 ·27 7192 18·35 
A 6 R 9·17 6428 26·94 7187 17'77 

s. 
·ooo 0900 

903 
886 
862 
767 
759 

Mean 

Increase of 
.period for i° C. 

increase of 
temperature. 

s. 
·ooo 00412 

420 
421 
418 
418 
427 . 

---1 
-~000~~~1 

The mean of these values, or ·000 00419•, is adopted as the temperature coefficient for the 
three pendulums. As the range of period is small, it is sufficiently accurate to consider this 
coefficient a constant quantity. 
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Pressure ooefficiBnt. 

I I I I At low pressure. At higher pressure. Differences .. . Increase In 
Pendulum. Pr:ssure 

period for x1 .. 1 

Period (cor- Pressure Period (cor- increase in 
(reduced rected except (reduced rected except Pressure. Period. pressure at o° C. 
to o° C.). for pressure). too• C.). for pressure). I 

----- ------- ------------
mm. s. mm. s. 1n111. s. s. 

A4 6·o ·500 8350 94·5 ·500 8441 88·5 ·ooo 0091 I ·ooo 000103 
A 5 6·1 6619 96·1 6708 90·0 89 099 

,-------
Mean I ·ooo 000101 

I I ___ i. ---------

The pressure correction in the neighborhood of 60mm, the adopted standard, is therefore 

+0·000 000101 [ 60 -r+ .:@67 .t]. At the first three ot the stations a standard pressure of 

500rn°1 was used. The coefficient near 5oornm was determined in the same manner, and found to 
be ·000 000077 second per millimetre, which value was employed for those stations. As in the man
ner of making and reducing the~e observations the pressure correction is always a small quantity, 
no appreciable error can arise from treating it as varying directly with the pressure. 

Flexure cocfficicnt.-The effect on the period of the pendulum of various degrees of flexibility of 
support was ascertained by determining the period under the different conditions (correcting for 
pte in the same manner as with the other coefficients), and measuring thA flexure of the case and 
support statically with the· appliances already mentioned, aJI the observations being made with 
pendulum A 4. In the following summary the column "Flexure" gives the horizontal movement 
of the knife-edge in microns when a force of 1·5 kilogrammes was applied horizontal~y in the 
plane of oscillation, and the column "Period" gives the period under the various conditions 
corrected, except for flexure. 

i------
1 'Position of pendulum receiver. I Flexure. I Period. 

-~~~~~~~----~--~~. 

On stone pier 
Concrete floor 
Wooden stand on concrete floor 

\Vooden stand resting on sheet rubber 
Wooden packing box 

Means 

µ s. 
1 ·o ·500 8770 
2·0 ; 8774 
4·5 : 8802 

----· I _____ _ 

2·5 I ·500 8782 

35 ·5 I ·500 8992 
47·0 I 9073 

. Means 1~~[--·500 90;;-! 

Difference of means [ 387 ! ·ooo 0250 I 
.~~~--~~-~~~~--~~~-

From the means above it is seen that a difference in flexure of 38·7 microns (with weight of 
1·5 kilogrammes) causes a difference in period of ·000 0250•, from which a flexure cof\fficient is 
computed, increase of period for 1µ. increase of flexure, as measured statically with weight of 1·5 
kilogrammes = ·000 00065•. The theoretical value• for these pendulums and weight is approxi-

mately •000 00071", computed from the formula d T ~E { :._i, where Tis the period of the pendu

lum dT is the change in period on account of flexure, c is the elasticity (equals displacement 
divided by force applied), P is weight of pendulum, his distance center of' gravity to center of 
suspension, and A. is distance center of oscillation to center of suspension (or length of equivalent 
simple pendulum). 

•Tho necessity for this important correction was first pointed out by Mr. Charles S. Peirce, of the Const and 
Geodetic Survey, and the subject was investigated by him mathematically and experimentally. See Comptes 
Rendus de la Cinquieme Couference G6odeRique Internationale a Stuttgart, 1877, Annexe Ia, lb; also Report Coast 
and Geodetic Survey for 1881, Appendix 14. 
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The amount of fiexure encountered in actual work will in general be so small as to render a. 
slight uncertainty in this coefficient inappreciable. .At the twenty-six stations where masonry 
supports were used it ranged from 0·5 microns to 8·0 microns, with weight of 1·5 kilogrammes . 
.At a single station where it was necessary to use wooden support it was as high as 18 microns. 

Method of observation.-Several modifications were made by the writer in the method of using 
the half-second pendulums in this work, resulting, it is believed, in diminished labor of observing 
as well as increased accuracy. These changes, some of which are applications for the first time to 
short peudulums of methods which have been already used with long pendulums and less portable 
apparatus, may be summarized as follows: First, use of low air pressures (6Qmm); second, long 
swings (eight hours); third, consecutive swings covering entire interval between time observations 
and at least forty-eight hours; fourth, use of two chronometers; fifth, small initial arcs of oscilla
tion (55'); sixth, observing coincidences by contacts of images; seventh, measurement of flexure 
of stand and support at all stations. 

The general plan adopted• was to swing the pendulums continuously at each plMe for two 

w\ Fig 2. 

1Dia1Jrc. mshcn Ving CO rv>ute<. anclo l'>servea 

'rlecrern gnt of' IZT'C of' i U:zU' $0( oncl p~ • • 1. -

IObs~rvE cl-do~ 
.,,.: C1om.pu~ rel-~ ~-

"\ 

0 

'\ 
~ u{ 

t \~ ~~ ~ .. '\.":?; ............... ~ '\:; 

---------~ ?.0 (>-'!_ 
0 '-~ ~ ~ ~ ~ .e-o~ ~ 'i ?n.--

] ~ • r---~ 0 
2 6 8 10 12 1~ 16 18 20 zz 

TI.me in, hours. 

days, or longer if necessary, so as to begiu and end with star observations for time. In case of 
unfavorable weather the swings were continued until time was obtained. The peudulums were 
swung at Washiugton (Coast and Geodetic Survey Office) before and after each trip, and the 
results are treated relatively. One swing (eight hours in length) was made with each of the three 
pendulums in each position, reversed and direct, making in all six swings at a. station, except in 
the case of unfavorable weather. With the improved portable air pump it was found possible to 
exhaust the air from the receiver to less than one-tenth of an atmosphere in a fow minutes. It was 
therefore decided to adopt a standard pressure of 60"1111 in which to swing the pendulums, and 
also to lengthen the swings to eight hours, which could be done with ease at this low pressure. 
This improvement, besides lessening the labor of observing, obviating the necessity for much 
night work, and avoiding disturbances of the temperature conditions consequent on frequent 
observations and changes of tbe pendulum, further made it possible to dispense with barometer 

*At the first three stations, Cambridge, Boston, u.nd Ithaca, the method of observation differed somewhat from 
that described; the old standard pressure of 50Qmm was used, tho swings were each four hours long, and the observa
tions wiih oacb pendulum covered twenty-four hours. The results are strictly comparable, however, as the preceding 
and following observations at Washington were made in the same manner as at the field stations in each case. 
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and outside manometer on the receiver. '.rl1e diagram (fig. 2) shows the decrement of arc of a 
half-second pendulum, both observed and computed ou the law of diminution in geometrical ratio, 
at two pressures, 502111m and 33mm, and indicates that if desired, continuous swings could be made 
at low pressures, of any length up to twenty-four hours. On account of' its obvious advautages a 
small initial arc of oscillation, about 55' total, was adopted, from which the arc diminishes in 
an eight-hour swing to about 20'. A modification in the method of observing coincidences was 
uecessary for these small arcs, to explain which some description of the use of the coincidence 
apparatus must be given. 

In this apparatus a chronometer breaking an electric circuit every second is connected with 
an electro-magnet carrying on the end of its extended armature two shutters so arranged that a 
ilash of light is thrown through a slit every time the circuit is broken, and only then. (See illus
tratiou No. 26, Appendix 15, Heport 18!n.) This bright slit is seeu in the observing telescope as 
reflected from two mirrors placeu side by side, one stationary on the shelf in the receiver and the 
other carried by the swinging pendulum. These mirrors are so adjusted that when the pendulum 
is hanging freely at rest the two images will be seen in the same horizontal line in the telescope. 
When the pendulum is swinging the image as reflected from the pendulum mirror will change its 
position as seen each second in the field of the telescope, because of the fact that the pendulum 
makes a double oscillation in a little more than a second, and hence will be found i,;lightly behinq 
its for.mer positiou at the end of each second when the flash is thrown. The moving image will 
therefore appear to travel up and down across the field of the telescope by successive jumps, and 
coincidences are observed by noting the time when the two images are iu the same horizontal line. 
It is evident that in the interval between two such phenomena the pendulum has made one less 
than twice as many oscillations as the chronometer has beat seconds, and that in an interval of 
time between the first and last of a number of coincidences the number of oscillations of the 
pendulum will be twice the number of seconds less thl3 number of coincidence intervals. But when 
small arcs of oscillation are used, the motion of the moving image across the field is slow, and the 
two images may overlap for a number of seconds. The modification introduced in observing is to 
note the contacts, or the time when these images touch ancl when they separate, and take the 
mean as the time of coincidence. By this means coincidences may be observed when the total arc 
of oscillation is as small as 5', with an uncertainty of not more than oue or two seconds, which is 
far within the requirements for long swings. 

Only sufficient coincidences (usually three) were observed at each end of the swing to make 
sure that the total number occurring iu the interval could be correctly estimated. The period 
was computed by combining the difference between the first and last "down" coincidences and 
the first and last "up" coincidences, thus eliminating all error due to imperfection of relative 
adjustment of' the mirrors or possible change in this adjustment during the swing. 

Two chronometers were used, coincidences being noted alternately with each. This may be 
done very readily with this flash apparatus and a suitable arrangement for switching either 
chronometer into circuit, aud while increasing very little the labor of observing, affords an excel
lent check on the periods as well as a guard against accident to timepiece. It is believed that 
by swinging the pendulums continuously between time observations the effect of diurnal irregu
larities of rate is entirely eliminated, as it will not be by any other method, and this is strikingly 
shown by comparing the mean periods of the three pendulums as derived separately from the two 
chronometers (see Table G). The average difference at the various stations is about ·000 0001 
second, and the maximum at any station ·000 0004 second, although the results for single swings 
often difler materially, in one case as much as ·000 0027 second (in a four-hour swing on March 
9, swing No. 17, Table G), corresponding to a relative variation of daily rate of half a second. 
The use of a 50-ohm relay in the chronometer circuit rendered it more constant, and protected the 
chronometer from the stronger currents necessary to work the flash apparatus. The two chro
nometers were compared on a chronograph before and after time observations, during which, of 
course, only one was used. They were kept under as favorable conditions as possible regarding 
temperature, being in double leather cases, which were only opened once daily to wind. They 
were not moved during observations, as their breaks were carried to the chronograph in the 
observatory and to the flash apparatus by wire, and a sidereal watch was used as a hack both in 
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time observations and in noting coincidences. The seconds of the watch were frequently com
pared with the chronometers by ear through the fact that the latter omit to break the circuit at 
the sixtieth second. 

The average time required for a station, including traveling and all delays of every sort, was 
five and a half days. In the transcontinental series of stations remarkably favorable weather 
conditions were experienced, only two days being lost on account of inability to obt.ain star obser
vations out of a total of one hundred and five days and twenty stations. The usual program 
followed in the observations was: First day, station prepared. and instruments set up, star 
observations for time between 9 and IO p. m., pendulum A 4 (reversed) started at IO p. m.; second 
day, A 4 (direct) started at 6 a. m., A 5 (reversed) at 2 p. m., time observ~tions at 9 p. m., A:- 5 (direct) 
started at IO p. m.; third day, A 6 (reversed) started at 6 a. m., A 6 (direct) at 2 p. m., time obser
vations at 9 p. m., pendulum stopped immediately afterwards; fourth day, instruments packed. 
If star observations were not obtained on the third night the swings were continued, repeating 
the above order. Usually about forty-five minutes were required for each time determination, and 
the same for each set of pendulum observations, including the final c~incidences of one swing, 
the changing of the pendulum and exhausting the receiver, and the first coincidences of the next 
swing. 

The following is an example of the record of observations for a single swing: 

Station, Waahingtox, D. C. (Coast and Goodetio Sur1•ey Office), October S1, 1894. P67idulu111 A 4 reveraed, on knife-edge A I. 

[Observer: G. R P.] 

Coincidences 
Chronometer 1824 Chronometer 1823. 

Thermometer Thermometer Total a.re. Pressure. on dummy in air. pendulum. 

h. m. s. n. m. s. mm. 0 c. 0 c. 
Down 0 57 58 Down 0 57 25 
Up I 03 02 Up I 02 22 

52 64·2 17·85 17·9 

Down 08 02 Down 07 16 
Up 9 10 05 Up 9 06 49 
Down 15 o6 Down II 42 
Up 20 14 Up 16 43 19 17•45 17·5 

Besides the above, latitude observations were made on one or two nights at each place where. 
necessary, the station was connected as to elevation with some known point, and the time and pen-· 
dulam computations were kept up from day to day. At two places, Colorado Springs and Terre• 
Haute, meridian lines were laid out by request. At one station, Norris, Wyo., where only one1 

day could be spent, the regular program was necessarily shortened, and each pendulum was: 
swung in one position only. For this reason, and on account of the unsatisfactory mounting of 
the receiver, this result is less reliable than the others. At stations where the range of tempera
ture was considerable, due to inability to secure a favorable location in this respect, thermometer 
readings were taken more frequently, and each was weighted according to the interval of time 
intervening. At only four stations, however, did the total range of temperature in the pendulum 
rooeiver exceed 40 C. 

Rating of chronometers.-At most of the stations transit observations of about eight stars 
were made by the writer each favorable evening to determine the daily rate of the chronometers. 
These were recorded chronographically, as also were the comparisons between the chronometers. 
The meridian telescope was generally mounted on three wooden posts, set in the ground and well 
braced, though in a few cases masonry piers 'Yere built or found available. At Princeton, Den
ver, and St. Louis the use of fixed observatory instruments was courteously granted, und at Cam
bridge, Charlottesville ,and Cincinnati the time observations were made by the observatory authori
ties and the rates kindly furnished. At Denver the observations were made by Mr. Mendenhall. 
The precautions taken with the chronometers have already been mentioned. The following table 
(B) gives a summary of the rates on sidereal time. After each station are given the average tem
perature and the elevation, as having an important influence on the rate. Chronometer 1828 was 
not used after the first two stations on account of the remarkable change in its rate. At Charlottes
ville and Princeton, where time observations were much interrupted. by unfavorable weather, the 
daily chronometer rates were derived by comparison with the standard observatory clocks, the rate 
of the latter being assumed uniform between time observations. 

8. Ex. 8, pt. 2--2 
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TABLE B.-Su111mary of ra~B of chronometers. 

' Daily rate I/ Daily rate ! 

Station. 
+losing. - gaining. Station. 

+losing. - gaining. 

Ave~~ee~~~ftf~~ure Interval. A ve!~ee~:~ftf~!~ure Interval. 

I 
Negus Negus Negus Negus 

18•3. 1828. 1824. 1823. 

1894. 
1 ·--:.- s. 1894. s. s. 

Washington Jan. 8-Jan. II +1·48 + 2·99 Chicago July II-July 12 +4·64 +0·57 
10° 14m " 11- " 12 +1·33 + 2·96 230 182m. " 12- " 13 +5·17 +0·95 

" 13- " 14 +4'97 +0·81 
Negus Negus " 14- " 15 +5·02 +1·01 

1824. 1828. " 15- " 16 +4·68 + 0 ·74 
Cambridge Mar. 6-Mar. 7 +1·92 +21·01 Lower Basin " 24- " 25 +3·86 -0·18 

30 14m " 7- " 8 +1·98 +20·97 21° 22oom " 25- " 26 +3·64 -0·36 

" 8- " 9 +1·99 +20·81 Grand Canyon " 28- " 29 +4·68 +0·14 
Boston " IO- " II +5·08 14° 2386m " 29- " 30 +4'53 +0·09 

190 22m " 11- " 12 +4'95 Norris Basin " 31-Aug. I +4'25 +0·43 

" 12- " 13 +4'93 
I 

14° 2276m 

" 13- " 14 +4'74 Salt Lake Aug. 6- " 7 +4'24 +0·05 
Ithaca " 21- " 23 +4·38 

I 23° 1322m " 7- " 8 +4'09 +0·02 I 

19° 247m " 23- " 24 +4·46 Pleasant Valley " 10- " II +4·63 +o·34 
14° 2191m " II- " 12 +4'97' + 0 ·39 

Negus Negus Green River " 13- " 14 +3'97 -0·10 
1824. 1823. 21° 1243m " 14- " 15 +4·08 +0·03 

Washington " 30-" 31 +5·19 + 0·81 Grand Junction " 18- " 19 +4'40 +0·10 
130 14m " 31-Apr. I +5·56 + 0·69 230 1398m " 19- " 20 +4'03 -0·16 

Apr. I- " 2 +5·69 + 0·50 Gunnison " 22- " 23 +3'77 -0·32 
Washington 

,, 
25- " 26 + 0·83 16° 234orn " 23- " 24 +3'77 -0·42 

16° 14m " 26- " 27 + 0·74 Colorado Springs " 27- " 28 +3'77 -0·27 
Charlottesville May 2-May 3 +4·96 + 0·29 18° 1841m " 28- " 29 +3'71 -0·16 

18° 166m " 3- " 4 +4·96 + 0·83 Pikes Peak " 31-Sept. 2 +4·78 +0·40 

" 4- " 5 +5·20 + 1·29 go 4293m Sept. 2- " 2 +4·84 o·oo 

" 5- " 6 +5·19 + 1·16 Denver " 5- " 6 +3·85 +0·56 
Washington " IO- " II +5·01 + 0·99 190 1638m " 6- " 8 +3·98 +0 ·79 

190 14m " I I- " 12 + 5 ·26 + I ·16 " 8- " IO +3'95 +0·64 
Princeton " 16- " 17 +4'94 + 0·93 ' Wallace " 14- " 15 +4'78 +1·34 

170 64m " 17- " 18 +4'94 + 1·14 ! 170 1005m " 15- " 16 +4'43 +1·15 

" 18- " 19 +4·87 + 1·18 Ellsworth " 18- " 19 +4'35 +1·25 

" 19- " 20 +4·88 + I ·19 21° 469m " 19- " 20 +4'50 -+ 1 ·35 

" 20- ,. 21 +5·II + 1 ·43 Kansas City " 22- " 24 +4·82 +1·10 

" 21- " 22 + 5 ·21 + I '57 21° 278m 

" 22- '' 23 +5·24 + 1·64 St. Louis Oct. II-Oct. 12 +5·02 +1·35 
Philadelphia " 26- " 27 +4·86 + 1 ·10 18° 154m " 12- " 13 + 5 ·22 +1·38 

16° 16m " 27- " 28 +4'73 + 0·78 Terre Haute " 16- " 18 +4·87 +1·31 
Washington " 31-June I +4'95 + I '01 22° 151m 

170 14m June I- " 2 +4'77 + 1·00 Cincinnati " 22- " 23 +5·00 +1·28 

Washington " 23- " 24 +4·85 + 0·29 18° 245m " 23- " 24 +4·58 +1·15 
230 14m " 24- " 25 +4'91 + 0·17 Washington " 31-Nov. I + 5 ·12 +1·30 

" 25- " 27 +5·02 + 0·13 170 14m Nov. I- " 2 +5·19 +1·50 

Deer Pork July 2-July 3 +4'45 + 0·52 " 2- " 3 +4'99 +1·43 
190 77om " 3- " 4 +4'45 + 0·61 " 3- " 4 +5·09 +1·61 

Cleveland " 7- " 8 +s·15 + 0·88 
20° 21om " 8- " 9 +4·81 + 0·861 

-
Reduction of observations.-The methods of computation are mostly the same as those detailed 

in Report for 1891, pages 517 to 521. 1'he periods are reduced to the standard conditions, arc 
infinitely small, temperature 15° O., pressure 60mm of mercury at 0° C. (instead of 5oomm, except 
in work up to April 2), sidereal time, and inflexible support. The periods are computed separately 
from the first and last "up" coincidence, aud the first and last "down" coincidence, and the mean 
of the two taken, thus eliminating the effect of any error in the adjustment of the fixed mirror. 
The corrections to the period in seconds may be summarized as follows: 

. PM sin (<p + <p') sin (<p - q/) . . . · Arc correction = - -
3 
. .,-- -

1 
···- .

1
---. ---,-,where P JS period, M JS modulus of common 

"" og sm <p - og sm <p 
logarithmic system, <p and <p' are initial and final semiarcs. 

Temperature correction= + 0·000 00419 (15° - TO), where TO is observed temperature in 
degrees centigrade. 

Pressure correction = + 0·000 000101 [ 60 - r + .0{s-1f7-T0 ], where Pr is observed pressure 

in millimetres, and TO is temperature (except in work up to April 2, where reduction is to 
standard pref';Emre of 500""" ). 
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Rate correction = + 0·000 01157 RP, where P is period and R is daily rate on sidereal time in 
seconds ( + if losing, - if gaining). 

Flexure correction = - 0·000 00065 D, where Dis the observed displacement of knife-edge in 
microns when force of 1·5 kilogrammes is applied horizontally in the plane of oscillation; 

Comparison of knife-edges.-Two agate knife-edges, known as A I and A II, were provided with 
this apparatus, each edge being set in its own metal block and provided with a lifting arm, so 
that either could be readily secured in the pendulum receiver. The regular swings with all three 
pendulums were made on A I at all stations with one accidental exception (Kansas City), but in 
order to guard against injury to it, and also to ascertain if there was any wear sufficient to affect 
the period, the second edge, A II, was carried along and a complete series of swings made on it at 
Washington before and after the transcontinental series, as well as at two stations, Chicago and 
Denver. The following is a summary of the reduced periods (mean of A 4, A 5, and A 6) on the 
two edges and their differences: 

De.te. Period on A I. Period on A II. Differences 
A I-A IL 

1894. s. s. s. 
Washington, D. C. June 23-27 ·500 7124 ·500 7110 +·ooo 0014 

" " Oct. 31-Nov. 4 7121 7108 + 13 
Chicago, Ill. July Il-16 6697 6689 + 08 
Denver, Colo. Sept. 5-IO 8409 8392 + 17 

----
.Mean +·ooo 0013 

The above indicates a fairly constant difference in period on the two knife-t~dgei,;, although A I 
was used about 1,008 hours.and A II about 2()4 h11nrs only. It is safe to conclude, therefore, that 
there was no appreciable wear. This is further shown by a compai·ison of the periods at ·wash
ington in June and November, sbowi11g a diminution for A I of ·000 0003• and for A II of ·000 0002•, 
both insignificant quantities. 

The following is a summary of all the determinations that have thus far been made 011 knife
edg·e A I at Washington witil the system of low-pressure swings: 

Ste.ti on. Date. 

1894. 
Washington, D. C. (C. Apr. 25-Apr. 27 

and G. S. Office) May 10-May 12 
May 31-June 2 
June 23-June 25 
Oct. 31-Nov. 2 

1895. 
Jan. 11-Jan. 13 

----------'--·-····· ·-· -··· 

Approx· 
imnte 

Corrected periods on knife-edge :\ I. 

average 

t~~i,~~- Pendulum A 4. Pendulum 

0 c .. 
16 
19 
17 
23 
17 

II 

s. 
·500 8406 

8404 
8408 
8408 
8400 

8404 

s. 
·500 66 

66 
66 
66 
66 

66 

··---

A 5· I Pendulum A 6. 
lllcan of three 

pendulums. 

s. s. 
62 ·500 6300 ·500 7123 
66 6304 7124 
64 6302 7124 
62 6302 7124 
56 6306 7121 

77 6294 7125 
I 

The above means indicate a very satisfactory perma11e11cy of period. As these determinations 
are distributed over different portious of the year, they may also be·taken ns evidence within the 
error of observation as to the invariability of gravity. As the temperature at which the observa
tions were made was different at these various seasons, they furtiler confirm the reliability of the 
temperature coefficient, though of course some of these elements may compensate each other. 
It is possible that the change of period which has been found in many series of observations on 
redetermining the period at a base station after a gravity expedition is due to the fact that the 
knife-edge was often used immediately after grinding. There are possibly slight irregularities in 
a new edge, and there may be some change of period until it becomes slightly worn. Tile fact 
that the knife-edge is not in the pendulum will probably not diminish its effect on tile period in 
this respect. The knife-edges A I and A II had both had considerable use previous to this work. 
As the system used of making au entirely i 11depe11<lent set of swings on the standard edge added 
considerably to the time and labor consumed, the plan of using successively two or three knife
e<lges in the regular set of observatio111o; will probably be preferable. This will give a constant 
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check on their permanency, will make the results with the separate pendulums more independent, 
and thus avoid the objection to swinging three pendulums on a single edge without increasing the 
time consumed. 

Results.-In Table G are given the details of the observations and reductions for each swing 
in the regular series, the details of the extra observations on knife-edge A II, and with the 
quarter-second pendulums being omitted. In Table 0 are collected the mean periods for each 
pendulum and station, all reduced to the standard conditions, a.re infinitely small, temperature 
150 C., preRsure 60mm at 0° C., sidereal time, and inflexible support. For this purpose the quantity 
·000 0360• (found by experiment) was subtracted from the periods' up to April 2, to reduce from 
500mm to 60wm, as up to that date a standard pressure of 500mm was used, as already stated. The 
differences of the period of each pendulum from the mean of the three are also given as a test 
of the work. If the observations were perfect and the pendulums invariable these differences 
should of course be constant. As will be seen, the variations of the differences are inconsiderable.· 

TABLE C.-Summary of corrected periods. 
ON KNIFE-EDGE A I. 

Periods. Differences from mean 

Station. Date. ---- (seventh decimal place). 

Pendulum Pendulum Pendulum Mean of three 
A 4· As. A6. pendulums. A4. A 5. A6. 

--- ---
1894. s. s. s. s. 

Washington Jan. 8-IJ ·500 8405 ·500 6670 ·500 6312 ·500 7129 +1276 -459 -817 
" Mar. 30-Apr. 2 8405 • 6658 6296 7120 +1285 -462 -824 

Cambridge Mar. 6-9 7672 5940 5570 6394 +1278 -454 -824 
Boston Mar. 11-14 7684 5942 5574 6400 +1284 -458 -826 
Ithaca Mar. 21-24 7929 6178 5827 6645 +1284 -467 -818 

Washington Apr. 25-27 8406 6662 6300 7123 +1283 -461 -823 
" May 10-12 8404 6666 6304 7124 +1280 -458 -821 
" May 31-June 2 8408 6664 6302 7124 +1284 -46o -822 

Charlottesville May 2-6 886o 7IIO 6747 7572 +1288 -462 -825 
Princeton May 17-23 8248 6496 6143 6962 +1286 -466 -819 
Philadelphia May 26-28 8195 6456 6o96 1)916 +1279 -46o -820 

Washington June 23-25 8408 6662 6302 7124 +1284 -462 -822 
" Oct. 31-Nov. 2 8400 6656 6306 7121 +1279 -465 -815 

Deer Park July 2-4 8858 7105 6758 7574 +1284 -469 -816 
Cleveland July 7-9 8o79 6334 5966 6793 +1286 -459 -827 
Chicago July II-16 7972 6239 5879 6697 +1275 -458 -818 
Lower Basin July 24-26 8861 7120 6763 7581 +1280 -461 -818 
Grand Canyon July 28-30 8934 7210 6852 7665 +1269 -455 -813 
Norris Basin July 31-Aug. I 8818 7068 6722 7536 +1282 -468 -814 
Salt Lake City Aug. 6-8 9196 7457 7082 7912 +1284 -455 -830 
Pleasant Valley Aug. 10-12 9939 8187 7838 8655 +1284 -468 -817 
Green River Aug. 13-15 9610 7883 7524 8339 +1271 -456 -815 

Grand Junction Aug. 18-20 9636 7888 7517 8347 +1289 -459 -830 
Gunnison Aug. 22-24 I 0375 8638 8260 9091 +1284 -453 -831 
Colorado Springs Aug. 27-29 0 9986 8258 7893 8712 +1274 -454 -819 
Pikes Peak Aug. 31-Sept. 2 I 1365 9622 9266 I 0084 +1281 -462 -818 
Denver Sept. 5-7 0 9684 7946 7596 8409 +1275 -463 -813 
Wallace Sept. 14-16 9313 7586 7208 8o36 +1277 -450 -828 
Ellsworth Sept. 18-20 8878 7137 6778 7598 +128o -461 -820 
St. Louis Oct. 11-13 8692 6948 6579 7406 +1286 -458 -827 
Terre Haute Oct. 16-18 8510 6752 64061 7223 +1287 -471 -817 
Cincinnati Oct. 22-24 8678 6g43 6571 7397 +1281 -454 -826 

ON KNIFE·EDGE A II. 

Washington June 25-27 ·500 8395 ·500 6652 ·500 6283 ·500 7110 +1285 -458 -827 
" Nov. 2-4 8388 6650 6286 7108 +128o -458 -822 

Chicago July 13-15 7970 6230 5867 6689 +1281 -459 -822 
Denver Sept. 7-10 9673 7932 7570 8392 +1281 -46o -822 
Kansas City Sept. 22-24 8700 6964 6595 7420 +128o '--456 -825 
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From these mean periods gravity at the various stations was computed from the relation 
pw2 • • 

g0 = J:Pi- Uw, gravity at Washmgton Coast and Geodetic Survey Office (gw) being assumed to be 
0 

980·098 dynes, and the mean of the periods at Washington before and after each series being 
taken for p w• 

Although an elaborate measurement of the absolute force of gravity was made at Washington 
in October, 1893, by Commandant Defforges,• it is thought best to adhere for the present to the 
provisional value previously adopted for Washington (Smithsonian Institution), giving the above 
value at Coast aud Geodetic Survey Office, so as to make these results directly comparable with 
those already published. Large diserepancies appear amoug the results of the best determinations 
of absolute gravity made at the base stations iu Europe, as will be seen by examining the table of 
values reduced to Washington in Part IV of this report. The mean of the twenty-nine results 
there given is not very different from the adopted provisional value. 

The results for g computed separately for each pendulum and station, with the mean and dif
ferences from the mean, are given in Table D. 

TABl.I~ D.-l'alues of g computed from each pendulum and knife-edge. 

t c(in dynes). Uifferences from mean (in dynes). 

No. Station. Knife-edge. 
Pendulum Pendulum Pendulum Mean of three A •. A 5. A 6. A •. As. A6. pendulums. 

. 
l Washington (C. and G. S.) I and II 980·098 
2 Cambridge I 980·385 980·382 980·386 98o·384 +·001 -·002 +·002 
3 Boston I 980·381 980·381 980·384 98o·382 - I - l + 2 
4 Ithaca I 980·284 980·288 980·285 980·286 - 2 + 2 - l 

5 Charlottesville I 979·922 979'925 979·926 979·924 - 2 + l + 2 
6 Princeton I 980·163 980·166 980·163 98o·164 - I + 2 - l 

7 Philadelphia I 980·183 980·182 980·182 98o·182 + I 0 0 
8 Deer Park I 979·920 979·923 979·920 979·921 - I + 2 - I 

9 Cleveland I 980·225 980·225 980·230 98o·227 - 2 - 2 + 3 
IO Chicago I 98o·267 980·262 9Ho·::64 98o·264 + 3 - 2 0 

" II 980·263 980·263 98o·262 980·263 0 0 - I 

II Lower Basin I 979·919 979·918 979·918 979·918 + I 0 0 
12 Grand Canyon I 979·890 979·882 979·884 979·885 + 5 - 3 - l 

13 Norris Basin I 979·935 979·938 979·934 979·936 - l + 2 - 2 
14 Salt Lake City I 979·788 979. 7!S5 979'793 979·789 - I - 4 + 4 
15 Pleasant Valley I 979·497 979·500 979·497 979·498 - I + 2 - l 

16 Green River I 979·626 979·619 979·620 979·622 ·+ 4 - 3 - 2 
17 Grand Junction I 979·616 979·618 979·623 979·619 - 3 - l + 4 
18 Gunnison I 979·327 979·324 979·332 979·328 - I - 4 + 4 
19 Colorado Springs I 979·479 979·472 979·476 979·476 + 3 - 4 0 
20 Pikes Peak I 978·940 978·939 978·941 978·940 0 - I + I 
21 Denver I 979·597 979·595 979·592 979'595 + 2 0 - 3 

" II 979'597 979·597 979·595 979'596 + l + I - l 
22 Wallace I 979'743 979·735 979'744 979·741 + 2 - 6 + 3 
23 Ellsworth I 979·912 979'91 l 979·913 979·912 0 - l + l 

24 Kansas City II 979·977 979·973 979'979 979'976 + l - 3 + 3 
25 St. Louis I 979·985 979·985 979·990 979·987 - 2 - 2 + 3 
26 Terre Haute I 980·056 980·061 98o·o58 980·058 - 2 + 3 0 
27 Cincinnati I 979·991 979·987 979·993 979·990 + I - I + 3 

Reduotion to sea level.-The reduction known as Bouguer's formula (sometimes improperly called 
Young's rule) has been very generally applied in reducing pendulum observations to the level of 

the sea. This formula is dg = + 2 
; H ( 1 - 4

3 ~),where dg is the correction to observed gravity, 

g is gravity at sea level, H is elevation above sea level, r is radius of the earth, <S is density of 

•See Part V of this report. For description of the apparatus o.nd elegant methods developed and used by 
Commandant Defforges see M6morial du D6p()t G6n6ral de la Guerre, Tome ·xv, Observations du Pendule, Paris, 
1894; also Prooee-Verbaux du Comit6 Internationa.l dee Poids et Mesuree pour 1891, Meeure de l'IntensiM a.bsolue de 
la. Peeanteur a Breteuil; a.nd various papers in Comptos Ro111lns de l'Ast1ooia.tion G6od6elque Internationale, from 
1887 to 1893. 
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matter lying above sea level, and 6 is mean density of the earth. The first term takes account 
of the distance from the earth's center, and the second term of the vertical attraction of tbe 
matter lying between the sea level and station, on the supposition that the latter is located on an 
indefinitely extended horizontal plain. Wherever the topography about a station departs 
materially from this condition of a horizontal plain a third term must be added to the above 
formula, bemg a correction to the second term or to observed gravity on account of sucb irregu
larities.• This, which may be called the topographical correction, will always be positive, as the 
effect of all deviations from the horizontal plain, whether bills or mountains rising above the 
station, or valleys or canyons lying below it, will be to diminish the force of gravity. It is 
evident that an elevation of any sort exactly neutralizes the vertical attraction of a similar but 
inverted mass below the station level, so that the removal of both would not change the force of 
gravity at the station. Tltis correction may be readily computed for any point where contour 
maps of the surrounding country are available, by describing thereon concentric circles about the 
station and drawing radial lines therefrom at equal angular distances, as shown in figure 3 (or 
this design may be drawn on a sheet of tracing paper to be laid over the map). 

~ 17... 

---a--
---a,---

Fli.3-

rou.niL 
h 

The space included between two circles may be designated as a zone, and the part of a zone 
between two radii as a compartment. The vertical attraction of a cylinder of radius a, height h, 
and density o on a point at one extremity of its axis will be 2no (a+ h - -/a2 + h2). As a zone 
is the difference between two cylinders, say of radii a and a', its vertical attraction will be 
27l"O (a - a' - ..Ja2 + lt2 + va'2 + ii2). The attraction at its surface of the earth considered as a 
sphere is t 7t 6 r where 6 is the mean density and r the radius of the earth. Therefore the effect 

*The method of computing this correction described bore is similar to that given by Dr. Helmert, Geodiisie1 

Vol. II, page 169. It is much simpler in application than the method used in reducing the Indian series of pendulum 
observations, described in Vol. V, G. T. Survey of India. This subject is also discussed at length in Pratt's Figure 
of the Earth. See also Die Schwerkraft im Hochgebirge, by Dr. F. R. Helmert, 1890. 
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on gravity of a zone is dg = 
2
3 

g 
0 (a - a' - .../a?·+ hz + .../ a'z + hz), which becomes with a sufficient 

r6 

d f · t· h h · 11 d ·th a 3 u 0 h
2

(
1 r) egree 0 apprOXlllla IOD, W en IS sma compare WI a, g = 2 r /::; 2 (i} - a i or 

dg = k ii:._(!__ - !.) where k = 3 g 0 . • This approximate formula may be readily computed with 
2 a' a 2r 6 

a table of squares and reciprocals if convenient numbers are taken for a' and a, and will be 
sufficiently accurate except when the topography is very uneven near the station, in which case 
the preceding formula must be used. h is to be taken for each compartment as the difference in 
elevation, regardless of sign, between the station and the average surface of the compartment. 
As this will vary for different portions of a zone, the parts of the formula involving h must be 
computed separately for each compartment therein, and the mean applied in the formula for the 
zone. When these zones have been carried to such a distance from a station that their effect 
begins to become insignificant, the vertical attraction of the remaining region may be readily 
computed by the formula dg = le ( ../a2+.-,i2 

- a), where a is the outer radius of the last zone, this 
being the formula for the difference between an infinite plain of thickness h and a cylinder of 
height h and radius a.. The area immediately about the station within the first circle may 
often be neglected as approximately level, or otherwise the effect of its irregularity may 
be computed by taking the differeuc~ between a cylinder and a cone, the formula becoming 

dg = k (a - ../a:~ h2), where a is the radius and h the difference of elevation at distance a from 

the station, taken for each compartment separately, keeping in mind always that we are computing 
only the correction to the vertical attraction of an infinite horizontal plain through the station, 
and therefore only need take account of deviations therefrom. The total correction for a station 
will of course be the sum of the corrections for the separate zones. Where the station is at the 
summit of a small hill rising out of a comparatively level country, it will generally suffice to treat 
the hill a.s a cone without dividing the country into compartments; the formula for this case is 

dg = 7c v ~
2 

12, which represents the difference between the vertical attraction of an infinite plain 
a+i 

of thickness hand a cone of height hand radius a. 
The eftect of topographical irregularities has been investigated in the manner described for 

all the stations of the past season, usiug wherever available the contour maps of the Geological 
Survey. Although applied in all cases where appreciable, at only one station, Pikes Peak, was 
this correction found to be of real importance. This is partly due to the favorable location of the 
stations, but also to the fact that except on the summit of rugged mountains or very close to their 
base, or in deep, narrow valleys, this correcti.on must necessarily be small. The effect of placing 
an infinite horizontal plain 114 feet (35 metres) in thickness, or a sphere 338 feet (103 metres) in 
1liameter, and of density equal to one-half the mean density of the earth, immediately above a 
station would be to diminish gravity by only ·004 dyue, or about the no1000th part, which may at 
present be taken as the utmost limit of probable accuracy of observation. These considerations 
indicate that for a majority of stations in opeu country a rough estimate will show that the 
topographical correction is inappreciable. 

The question of the proper reduction of pendulum observations to the level of the sea, involv
ing as it does the various theories of the condition of the earth's crust, and affecting very mate
rially the use of such observations in deducing the figure of the earth, is a most important one, 
and has led to the expression of many different opinions. Bouguer's reduction, above described, 
has been very generally adopted. Professor Helmert, in the masterly discussion of pendulum 
observations in his Bohere Geodiisie, develops and uses the condensation method, assuming a 
surface 21 kilometres below the sea level, to which all the overlying material is condensed. As 
approximately applied by him in the discussion of continental stations this reduction amounts to 
omittmg the correction for attraction (second term) in Bouguer's formula, but not so in coast a~d 
oceauic island stations, where the effect of the lesser density of sea water is taken into account. 

• Taking !J ""' 979•5, o = 2·56, 6 = 5·58, r = 20 890 000 feet, or 6 367 000 metres, k = ·000 0323 with h and a in feet, 
or A·=-- ·OOO 1059 with h and a in metres. 



24 UNITED STATES COAST AND GEODETIC SURVEY. 

' . 
M. Faye, in papers published in Comptes Rendus in 1880 and 1883, advocates that the conti-
nental attraction term in Bouguer's formula be omitted, but that all local deviations of the eleva
tion of the station from the general level of the land surface or sea bottom be allowed for, as, for 
instance, the attraction of a mountain on a station at its summit, or of an isolated island. This 
subject bas also been discussed by Stokes, Peirce, Ferrel, and many others. In the recent reports 
on pendulum observations in the Proceedings uf the International Geodetic Association, the 
reductions have been made by two methods: First, with Bouguer's formula, and second, using 
the reduction for elevation, omitting the attraction term; aud the same plan is followed in the 
summary of results given in Table E. The surface densities here given have been kindly furnished 
by Mr. G. K. Gilbert, of the United States Geological Survey, who visited personally many of the 
stations and made careful estimates for all.• They represent the average for the mass above sea 
level at each station. The value 5'58 has been used for the mean d~nsity of tl1e earth. So as to 
be able to study the results more intelligently, the values at sea level have been compared with 
those computed by an assumed theoretical formula g = 978·066 (1 + ·005 243 sinz <p), which is based 
on Olairant's theorem, Olarke's figure of the earth, and the assumption that gravity is normal on 
the eastern coast of the United States. Finally, this table gives the differences observed, minus 
computed gravity, for both methods of reduction to sea level. These differences are shown graph
ically in the diagrams in connection with the map (fig. 4), where also are included two stations, 
San Francisco and Mount Ha!llilton, previously determined. 

While it is somewhat unsafe to draw general conclusions from a single series of observations, 
yet the favorable and systematic situation of these stations with respect to an unusual variety of 
continen.tal conditions perhaps warrants the pointing out of a few possible inferences. With Bou
guer's reduction there is apparently a considerable defect of gravity under the western mountains 
and plateaus having a striking relation in amount to the average continental elevations. This can 
not be accounted.for to any great extent by a supposed abnormal condition in the mass above sea 
level, as it would require that that mass should have a density of zero to offset this defect; the pre
sumption is, therefore, that there is a deficiency of density below sea level which in general com· 
pensates the elevated masses. Oontrary to a recent assertion, the residuals do not appear to have 

"Mr. Gilbert also furnished the following euumeration of the more important underlying rocks, stated in the 
order of their relative thickness, for each of the gravity stations except Boston, Cambridge, and Philadelphia: 

Princeton, 
Washington (Coast and Geodetic Survey), 
Washington (Smithsonian), 
Ithaca, 
Charlottesville, 
Deer Park, 
Cleveland, 
Cincinnati, 
Terre Haute, 
Chicago, 
St. LOUIS, 

Kansas City, 
Ellsworth, 
Wallace, 
Colorado Springs, 
Denver, 
Pikes Peak, 
Gunnison, 
Grand Junction, 
Green River, 
Grand Canyon, 
Norris Ba.sin, 
Lower Basin, 
Pleasant Valley, 
Salt Lake City, 
Mount Hamtlton, 
San Francisco, 

Shale, sandstone. 
Sand, clay. 
Sand, clay. 
Shale. 
Gneiss. 
Sand, shale. 
Shale. 
Shale, limestone. 
Shale, sandstone, limestone. 
Limestone. 
Limestone, shale. 
Shale, limestone. 
Shale, sandstone. 
Shale, sandstone. 
Shale, sandstone, limestone. 
Sandstone, shale. 
Granite. 
Granite, sandstone, gravel. 
Shale, sandstone, gravel. 
Shale, sandstone. · 
Shale, sand11tone, rhyolite, limestone. 
Shale, sandstone, rhyolite, limestone. 
Shale, sandstone, rhyolite, limestone. 
Sha.le, sandstone, limestone. 
Sand, clay, gravel. 
Saudstone. 
Sandstone. 
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any relation to distance from the sea, or to the elevation of the particular point of observation, 
as is shown by the fairly horizontal lines under that part of the central plain (Cincinnati to Ells
worth) where the altitude is nearly the same, and the nearly equal deficiencies found at stations 
which, like Gunnison, Pikes Peak, Colorado Springs, and Denver, vary enormously in elevation. 
With the reduction for elevation only the apparent defect of gravity largely disappears, as shown 
by the nearly horizontal line of residuals under the great central plains, where the altitude varies 
from 151 to 1841 metres (495 to 6041 feet), and by the average result in the mountain regions. 
In the latter, however, the line shows considerable departures from the normal, both positive and 
negative, the residuals showing a striking relation to the elevations of the stations as compared 
with the elevations of the surrounding country. Pikes Peak, Pleasant Valley, Mouut Hamilton, 
and the Yellowstone station are above the average level and show an excess of gravity, while the 
remaining Rocky Mountain stations are below the general level and all show a defect of gravity. 
This condition is especially markAd in the case of Green River and Grand Junction, in the 
bottom of great eroded valleys, and Pikes Peak station, on the summit of an isolated mountain. 
The residuals are not proportional to the elevation of the station itself above sea level, as is at 
once seen by comparing Mount Hamilton, Salt Lake, Green River, Grand Junction, and Denver, 
which are of nearly equal elevation. Finally, with either system of reduction the residuals point 
to the probability tha1i gravity is large on the seacoast as compared with the interior. Whether 
this can have any connection with the effects of erosion and deposition of continental matter is a 
question upon which the observations in this series are far too limited to throw any clear light, but 
for investigating which certain portions of the United States would furnish an excellent field. 

The results of this series would therefore seem to lead to the conclusion that general conti
nental elevations are compensated by a deficiency of density in the matter below sea level, possibly 
in much the same way that the portion of an iceberg standing above sea level is compensated by 
the difference in density of Jee and water below the surface, but that local topographical irregu
larities, whether elevations or depressions, are not compensated for, such irregularities being 
maiutaincu by the partial rigidity of the earth's crust. 

The resiuuals with Bouguer's reduction should then be interpreted as a measure of the 
deficiency of density, and, on the other hand, the residuals with the reduction for elevation should 
be taken as a measure of the lack of compensation, after allowing for uncertainties of observation 
and the effects of local geological conditions. Developing the idea of M. Faye, observed values 
of g may be corrected for this lack of compensation by adding or subtracting the vertical attraction 
of a horizontal plain whose thickness is the difference in elevation between the station and the 

average surrounding surface. This correction may be expressed dg = 2 g Ji_
4
3_i_, which repre-

r 6 

sents the attraction of an indefinitely extended horizontal plain of thickness h and density o, 
and the correction is positive for stations below the average level and negative for those above. 
This method bas been tested by applying it to the stations most affected in the present series, 
the average elevation being approximately estimated from a contour map for the country within 
an arbitrarily adopted radius of 100 miles of each station. The resulting corrections are shown in 
the following table, together with the residuals, g observed minus g computed (under the head of 
"Faye's reduction"), when this compensation correction was applied, together with the elevation 
and topographical corrections. These residuals are also compared with those obtained by the 
two methods of reduction in Table 0. The sums of the residuals (regardless of sign) for the 
fourteen stations are-

With reduction by Bouguer's method ~ •577 dynes. 
" " for elevation 0 ·677 " 
" " by Faye's method 0 ·175 " 

indicating apparently a considerable advantage for the latter. It is probable that no particular 
significance attaches to these residuals remaining after the application of Faye's reduction, for 
several reasons; other values would certainly result if a different area were considered in estimat
ing the average surrounding elevation, or if weight were given according to proximity to the 
station in making this estimation; and the average elevations here given are subject to some 
uncertainty, as they were obtained from a small seafo map. 
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Elevation. Residuals, 
Correction to c obscrved-g computed. 

Station. Average 
'f~:~~~kdof 

Difference, compensatioo 
within radius Station average •c~ ~ .~ Faye's Reduced for Houguer's of 100 miles 

of station H. minus station r46 reduction. elevation. reduction. 
H,. h=H1-H. 

A ppalaclzian. 
Metres. Metres. Metres. Dynes. Dynes. Dynes. Dynes. 

Ithaca 345 247 + 98 +·010 -·029 -·039 - ·063 
Charlottesville 341 166 + 175 +·019 -·019 -·038 - ·056 
Deer Park 479 770 - 291 -·029 -·005 +·024 - ·053 

-----------
Central plains. Sums ·053 ·101 ·172 

Colorado Springs 2258 1841 + 417 +·041 +·003 -·038 - ·221 
Denver 2212 1638 + 574 +·056 ·ooo -·056 - ·215 

----
Rocky Mountains. Sums ·003 ·094 ·436 

Pikes Peak 2258 4293 -2035 -·220 +·oo6 +·226 - ·239 
Gunnison 2724 2340 + 384 +·042 +·035 -·007 - ·263 
Grand 'Junction 2251 1398 + 853 +·085 +·033 -·052 - ·192 
Green River 2Il2 1243 + 869 +·087 -·003 -·090 - ·214 
Grand Canyon 2137 2386 - 249 -·026 -·010 +·016 - ·236 
Norris Basin 2137 2276 - 139 -·014 +·016 +·030 - ·205 
Lower Basin 2137 2200 - 63 -·007 -·001 +·006 - ·221 
Pleasant Valley 2044 2191 - 147 -·015 -·013 +·002 - ·220 
Salt Lake City 1894 1322 + 572 +·055 +·002 -·053 - ·179 

-----
Sums ·119 ·482 l ·969 

------- ----·-- ------

An inspection of the table shows that the residuals with Bougucr's reduction are very nearly 
proportional to the average surrounding elevations, though bearing no relation to the actual 
station elevations. 

The true reduction of gravity observations to sea level would appear to be one that would 
take account not only of the attraction of matter above the sea level but also of the general dif
ferences of density below, as well as Of the local lack of compensation if the latter can be proved 
to have a systematic relation to the topographical situation of the point of observation, as is 
strongly indicated by these results. With such a method it is quite possible that the so-called 
anomalies of gravity will largely disappear and that the distribution of gravity on the earth's 
surface will be found to follow Clairaut's law sufficiently closely to greatly enhance the value of 
pendulum observations in relation to the problem of the earth's figure. · 

As furnishing further evidence on this su~ject, there is collected in Table F a summary of 
the various other Coast and Geodetic Survey series of gravity measurements based on Washing
ton, and made by Dr. Mendenhall, Mr. Preston, and Mr. Smith. As these include a number of 
oceanic island and coast stations, it was necessary in applying Faye's idea of reduction to take 
account of the difference in density between sea water and land. This was done by assuming the 
water as condensed down until its density equaled that of land, and using the upper surface of 
this condensed mass lD estimating the average elevation of the surrounding region. In applica-

tion, the depth of sea water at any point, multiplied by ( 1- i), where 01 is density of sea water 

and o is density of land beneath the station, gives the depression below sea level of the assumed 
surface. By taking these depressions as negative elevations, the average surrounding elevation 
may be conveniently estimated for all stations, whether on large or small islands or continental 
coasts, the principal difficulty being the lack of sufficient data as to ocean depths, and of contour 
maps, and the uncertainty as to how large an area should be considered for each station. A 
similar treatment could be applied to continental stations where the regions surrounding varied 
considerably in density. In Table Fare given the elevations of the stations, the average elevations 
within a radius of 100 miles, considering the water as condensed (estimated in nearly all cases 
from very imperfect data), the observed values of gravity, and the residuals, observed g minus 
computed g for both Bouguer's and Faye's reduction to sea level. These reductions were applied 
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in the r;ame manner as before; the same theoretical formula wa:-:; used for computed y, and average 
values were taken for the density of land (2·56) and of sea water (1·03). The mean residual:-:; for 
each group and method of reduction, including also the results of the past r,waHon, are plotted to 
scale in the diagram (fig. 5), showing graphically tue excess of gravity oil iRla11ds an<l the defect ull 

Asia 
Australia· 

"' "' .., 
0 
u ... 
• 

... 

Pacific Ocenn 

.... ·-~" ....... 
5 • •·• 
•\I • .... 

] ...... --
... .. 
d 

8 

North America. Atlantic Ocean Africa. 

" ~ 
0 

u .Normal - ·. - .._, ___ ......:i 
-.100 ...i 

\) 

.---········--·~· 
.·' ~~ 

-.200~ ~ 
-.300 c::i ~ 

l<'ig. 5.-Dllferencee, obeerYed computed gmYity, from C. and G. Survey obeervntioos. 
Using Ilcmguer's reduction to sen love! ................. . 

. , Fu.ye'e ,, "----

continents when the sea-level reduction is made by Bougner's formula, as bas been pointed out 
from other series of observations. These apparent anomalies very largely disappear, however, on 
applying the theory of Faye. Most important light would be thrown on this subject by the meas
urement of gravity on tile open sea, which may some day be accomplished IJy working Oil large 
fields of ice: 

c}5 
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TABLE E.-Summary of results, tl'ith reduction to sea level, and co.mparison with theoretical formula. 

Reductions to •ca level. g reduced to sea 
level. Residuals. 

Sur· Ele- face 
No. Station. Latitude. Longitude Vil- den- g-ob- Eleva- Attrac-1 Topo· Cor- ffo com-

· tion. Bou-
H si~y. served. tion. tion. graph· guer's rected puted. 

og-!! H 3 8 lea\ formula for ele- Ki-Co C2-go 
2c-.:...- correc· vation. r r 46 tion. g, g, 

----------- ---
Dynes. 1-Dy11es. 

---------
Atla11tz'c cotUf. 0 , 

" 0 , 
" Mtrs. Dynes. Dynes. Dynes. Dynes. Dynt·s. Dynu. Dynes. 

3 Boston, Mass. '42 21 33 71 03 so 22 [•·5] 9So'J82 + '007 - 000 'ooo 980. 387 9So. J89 !18°'394 -·007 -·005 

2 Cambridge 1 Mass. 42 2:3 48 71 07 45 14 [2'5] 98o'J84 + '004 -·001 'ooo 98o'J87 98o'J88 98o'J96 -·009 -·ooS 

6 Princeton, N. J. 40 20 57 74 J9 28 64 2'44 980' 164 + '020 -·oo6 ·ooo • 9Bo· 178 9So• 184 9So·216 -'OJ8 -·032 

7 Philadelphia, Pa. J9 57 o6 75 II <fO 16 [2'5) 980' 180 + ·005 -·002 'ooo i 98o' 185 9ao·,e7 QSo0181 +·004 +·oo6 
I Washington (C. and 38 5J IJ 77 00 J• 14 o'J QSo'OQB + '004 -·001 ·ooo 980' 101 98o• 102 98o·o87 +·014 +·015 

G.S.). 

0 Washington (Smith- 38 53 00 77 OI JO 10 •'J [9So·100] + 0 00J -·ooi. ·ooo i 980'102 98o•103 98o•o87 +·015 +·016 

sonian). 

Apjalackian ele11att'o11. 

4 lthaca,N. Y. 42 27 04 76 •9 00 •47 2'4 98o 0286 + •076 -'024 +·001 98o'339 Q8o'J6J 98o•402 -·o63 -·039 

5 Charlottesville, Va. J8 02 01 78 JO 16 166 .-65 979'924 + ·051 -·018 ·ooo 979·957 979•975 98o'o1J -
0 056 -'OJ8 

8 Deer Park, Md. 39 25 02 79 19 50 770 2•4:11 979•921 + '•J7 -·077 'ooo 98o 0081 980°158 98o•134 -·053 +·024 

Central plains. 

9 Cleveland,Ohlo '41 30 22 81 36 38 010 2'4 98o'227 + •o65 -·021 'ooo 98o'271 98o•292 98o'Jl8 -·047 -

0 026 

27 Cincinnati, Ohio 39 o8 20 84 25 20 245 2·45 979°99" + ·075 -·025 +·001 98o'o41 9So•o66 QSo•109 -·o68 -·c43 

26 Terre Haute,Ind. 39 •8 4• 87 2J 49 151 2 "J5 9Bo·o58 + ·046 -·015 'ooo 98o'o8Q 98o' 104 98o• 139 -·050 -·o35 

IO Chicago, Ill. 4r 47 25 87 36 OJ 182 2'63 98o'264 + •056 -·020 'ooo 98o'300 98o'320 98o•343 -'oH -·023 

25 St. Louis, Mo. 38 J8 OJ 90 ,. 13 154 2°6 979'987 + •047 -·017 'ooo 98o'o17 98o·o34 98o•o65 -·048 -·031 

24 Kansas City, Mo. 39 05 50 94 35 21 278 2·s 979'976 + 'o86 -·029 ·ooo 98o'o33 QSo'o62 9l10• 105 -·072 -·o43 

2J Ellsworth, Kans. J8 4J 43 98 13 J2 469 2'4 979°912 + ., .. -'046 •ooo 98o'o10 QSo•o56 98o·o73 -·o63 -·017 

22 "\Vall ace, Kans. J8 54 .. 101 35 26 1005 2·4 979'741 + 'J09 -·100 ·ooo 979•950 98o'o50 98o'o89 -·139 -·039 

19 Colorado Springs, J8 50 44 104 49 02 1,841 0.4 979' 476 + '566 -'I8J +·003 979'86• 980'045 98o'o8J -·221 - 0038 

Colo. ., Denver, Colo. 39 40 J6 104 56 SS 1638 20 JS 979' 595 + '504 -·159 +·001 919'941 98o'100 980°156 -·215 -·056 

Rocky MountaJ0ns. 

20 Pikes Peak, Colo. 38 50 20 105 02 02 4•9J 2°62 978·940 +l'J2I -·465 +·048 979'844 98o'J09 98o'o83 -·239 +'2•6 

18 Gunnison, Colo. J8 J2 J3 1o6 56 02 •34o 2°65 979'J28 + 0720 -'256 +·002 979°794 g8o'o50 98o•o57 -·26J -·007 

17 Grand Junction,Colo. J9 04 09 1o8 3J 56 1398 2'42 979'619 + •430 -·140 +·ooo 979·9u 98o'o51 98o'103 -·192 -·052 

16 Green River, Utah J8 59 23 no 09 56 1243 2'42 979'6.2 + 'J83 -·124 +·001 979'882 QSo•oo6 98o'og6 -·214 -·ogo 

12 Grand Canyon, Wyo. 44 43 16 110 •9 44 2386 2·s5 979'885 + '734 -'252 +·002 98o'J69 98o 0621 98o'6o5 - 0236 +·016 

'3 Norris Geyser Basin, 44 .. 09 110 '42 02 2276 2·5 979'936 + •700 -·235 ·ooo 98o·~o1 98o'636 98o'6o6 -·205 +·030 

Wyo. 

II Lower Geyser Basin, .. J3 • 1 IIO 48 o8 2200 2'5 979'918 + '677 -·227 +·001 98o'36Q QSo'596 98o• 590 -·221 +·oo6 

Wyo. 

1S Pleasant Valley June- J9 so 47 III 00 .f6 2191 2•45 979' 498 + '674 -·222 +·001 979•951 98o'173 98o•171 -·2:10 +·002 

tlon, Utah 
+•;,.,4 I 98o'oH 980'200 I 98o'o53 14 Salt Lake City, Utah 40 46 04 111 53 46 2322 2•3 979•789 + '407 -·126 -'179 -·053 
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TABLE F.-Summary of formf11' gravity ikterminati-Om baaed on Waahington. 
I 

Ave~e r observed 
gobserved -gcomputed. 

Station. Latitude. ElevaUonof eleva on (not re-
station. within duced to Bouguer's Faye's re-

JOO miles. sea level). reduC:tlon. ductlon. 

Continental stations. 

Asia and Australia, east coast: 0 I Metres. Metres. Dynes. D~s. Dynes. 
Tokio, Japan +3S 42 6 -18o 979·774 -·037 -·056 
Singapore +I 17 14 0 978·070 +·004 +·004 
Sydney, Australia -33 52 43 - 300 979·670 +·020 -·oII 

Means -·004 -·021 
North America, west coast: 

+ 690 Yakutat Bay, Alaska +S9 32 4 981 ·821 -·054 +·019 
Pyramid Harbor, Alaska +59, IO 5 +1000 '1)81·808 -·039 +·o67 
Juneau, Alaska +s8 18 5 + 8oo 981·730 -·047 +·038 
Sitka, Alaska +57 ·03 9 - 6o 981 ·68o +·005 -·001 
Wrangell, Alaska +s6 28 7 + soo 981 ·589 -·039 +·014 
:Burroughs Bay, Alaska +55 59 0 + 500 981·492 -·097 -·044 
Port Simpson, British Columbia +54 34 6 + 370 981·450 -·019 +·021 
Seattle, United States +47 36 74 + 530 98o·712 -·135 -·079 
San Francisco, United States (1891) +37 47 II4 - 28o 979·951 ·-·017 -·047 
Mount Hamilton, UnitedStates(1891) +37 20 1282 + 80 979·646 -·039 -·030 

Means -·048 -·004 
North America, east coast: 

Hoboken, United States +40 44 II 0 98o·256 +·oo8 +·008 
Baltimore, United States +39 18 30 0 98o·o83 -·034 -·034 
Washington, United States (Smith- +38 53 IO 0 98o·100 +·015 +·015 

sonian). ------·~ 
Means -·004 -·004 

Africa, west coast: 
Loanda, Angola -8 49 46 - 220 978·137 -·040 -·063 
Cape Town, Cape Colony -33 56 II - 70. 979-006 -·056 -·o64 

--------
Means -·048 -·064 

Oceanic island stations. 

Pacific Ocean: 
St. Paul, Alaska +57 07 12 - 6o 981 ·661 -·018 -·025 
Honolulu, Hawaiian Islands +21 18 6 -1930 97!S·936 +·194 -·010 
Waikiki, Hawaiian Islands +21 16 3 -1930 978·922 +·182 -·023 
Haiku, Hawaiian Islands +20 56 117 -1930 978·900 +·203 -·002 
Lahaiua, Hawaiian Islands +20 52 3 -1930 978·850 +·134 -·071 
Pakaoao, Hawaiian Islands +20 43 3001 -1930 978·266 +·214 +·010 
Kawailiae, Hawaiian Islands +20 02 2 -1670 978·803 +·136 -·041 
Mauna Kea, Hawaiian Islands 19 49 3981 -1670 978·o6o +·244 +·068 
Kalaieha, Hawaiian Islands +19 43 2030 -1670 978·490 +·26o +o83 
Caroline Islands -10 00 2 -18oo 978·361 +·141 -·050 
Auckland, New Zealand -36 52 8o - 8o 98o·o20 +·124 +·115 

--------
Means +·165 +005 

Atlantic Ocean: 
St. Georges, Bermuda +32 23 2 -2400 979·753 +·217 -·037 
Georgetown, Ascension -7 56 5 . -156o 978·237 +·074 -·092 
Green Mountain, J\scension -7 57 686 -1560 978·084 +·065 -·100 
Jamestown, St, Helena -15 55 10 -2400 978·659 +·209 -·045 
Longwood, St. Helena -15 57 533 -2400 978·520 +·179 -·075 

Means +·149 -·070 

Mean density of the earth from Pikes Peak pendulum observations.-A value for the mean 
density of the earth has been deduced from the gravity measurements made on the summit of the 
Peak and at Colorado Springs, near the base. This method of comparing the known mass of a 
mountain with the unknown mass of the earth bas been used on at least four previous occasions, 
but not, it is believed, under as favorable conditions as the present, for in this case contour maps 
of the Peak and surrounding country were available, and the mountain itself was found to be 
composed of rock of an unusually uniform densit.y. Mr. Whitman Cross, of the United States 
Geological Survey, who has studied the geology of the vicinity, kindly furnished data in regard 
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to the specific gravity of the rock of which the Peak is composed. Twelve specimens collected 
from various parts and determined under Mr. Gilbert's direction gave values as follows: 2·57, 2·60, 
2·61, 2·61, 2·62, 2·67, 2•57, 2·58, 2·1Jl, 2·61, 2·63, 2·71. The mean, 2·615, bas been adopted. 

The ~itterence in gravity at the base and summit of a mountain will be, by Bouguer's formula, 

dg = 2 g H cl _ ~ i..) = 2 g H _ ~ go H, 
r 46 r 2r6 

considering the upper station as on an infinite horizontal plain, tho lower station as unaffected by 
the attraction of the mountain, and neglecting the insignificant effect of change in centrifugal force. 
Here His the difference in elevation of the two stations (2452 meters), r is the radius of the earth, 
o is the density of the mountain (2·615), and 6 is the mean density of the earth. The correction 
to observed gravity for local topographical irregularities (or departure from the condition of a 
horizontal plain) was carefully computed for these two stations as described in discussing the 

reduction to the sea level, and found to be for Pikes Peak + : g 0 439, and for Colorado Springs 

+ ; '/. ! 27 (using the metre as unit of length). The· observed" v~lues of gravity were for Pikes 
Peak 978·940, and for Colorado Springs 979·476, to which must be applied the above corrections 
for topographical irregularities to obtain dg for the above formula, which then becomes: 

dg = (979·4 76 + 2_3 g 
0 

21) - (978·940 + 23 g 
0 439) = 2 

g 2452 - 23 g 
0 

2452 
r6 r& r r6 

which reduces to ·536 = 
2-/! ( 2452 - ! 1530) or 6 = 2·153 o = 5·63. 

'fhe value for the mean density of the earth derived from thC1 Pikes Peak observations is 
therefore 5'tJ3. In this computation no account has been taken of the estimated difference in 
density below the level of Colorado Springs. 

'fAllLE G. *-Pcnduluni observations and reductions. 

W ASIIINGTON, D. C. (COAST AND GEODETIC SURVEY). 

Coincidence Total Period uncor- Corrections (seventh decimal Period corrected. lntcrve.l. arc. 
~ 

reeled. place). 

0 ei ---
~ z .= " Date. ~ ~ . <l 

~ 0 " ... 
b/) ::l -.:J ~ 

p. ::l 
p.~ ~ Rate Rnte 

c "' ·in 1828. 1823. -; s ~ 1828. 1823. 
1828. 1823. 

::l 1828. 18•3. Mean. 
"i <l ~ f:i a" :l " 0 ] 

c " .,~ " rJJ ~ :i.. [; .... ~ < .... p'.; ii: 
- - - --------- ·------------- -- - ---- - ---------

1894. s. s. I I 0 c. "'"'· s. s. s. s. s. 
I A4 D Jan. 8 297•43 294. 56 39 9 10•63 499 •500 8419 . 500 8501 ' -3 +183 +1 +173 -1-86 -6 •500 8767 •500 8762 ·500 8764 

2 A4 D 9 297·42 294 •52 42 12 10·50 500 8420 8503 -4 +188 o +173 +86 -6 8771 8767 876g 

3 ~ D 9 297•77 294•58 42 12 10'45 499 8.po 8501 -4 +191 +1 +173 +86 -6 8765 876g 8767 

4 A4 R 9 297•94 294 •58 37 12 10°47 498 8405 8501 -4 +190 +1 +173 +86 -6 8759 8768 8764 

5 A4 R 9 297•75 294 •6.i 37 12 10'47 498 8410 8499 -4 +190 +1 +173 +86 -6 8764 8766 8765 
6 A4 R 9 297•98 294•65 37 10 10'43 499 8404 8499 -3 +191 +1 +173 +86 -6 8760 8768 8764 

7 As D 9 375·91 370·03 41 13 10·45 496 ·500 6659 •500 6765 -4 +191 +3 +173 +86 ~6 ·soo 7016 •500 7035 . 500 7026 

8 As D IO 375° 15 370•09 41 13 10·45 497 6673 6764 -4 +191 +3 +173 +86 -6 7030 • 7034 7°3• 

9 As D 10 375·21 370'21 4• 10 io·35 496 6672 676• -4 + 195 +3 +173 +86 -6 703) 7035 7034 
10 As R 10 376·02 371 ·26 42 12 10·20 494 66s8 6743 - .. +201 -j-4 +173 +86 -6 7026 7024 7025 
II As R 10 375•6o 371•75 42 12 10'07 494 6665 6734 -4 +•01 +4 +173 +s6 -6 7°39 7021 7030 
12 As R 10 376°10 371°80 42 II 9•97 495 6656 6733 -4 -j--211 +4 +113 +86 -6 7o34 7024 7029 

13 A6 D 10 398•6o 3920 9" 42 14 10'02 496 ·soo 628o ·500 6371 -5 -j--209 +J +173 +86 -!; 'soo 6654 •500 6658 ·500 6656 

14 A6 D II 397• 40 391°80 42 12 IO'o:i 496 6299 6389 -4 +209 +3 +173 +86 -6 6674 6677 6676 

15 A6 D II 397·40 391·30 42 12 10°02 497 6299 6397 -4 +20<) +• +113 +86 -6 6613 .6684 6678 
16 A6 R II 3g6•6o 391•70 37 12 10'40 493 6311 6391 -4 +192 +s +173 +s6 -6 6671 6664 6668 
17 A6 R II 3g6' 30 391°10 39 12 10·43 493 6316 6400 -4 +191 +s +173 +s6 -6 6675 6672 6674 
18 A6 R ll 395•8o 390•6o 39 12 10°45 494 6324 6409 -4 +191 +s + 113 +s6 -6 6683 6681 6682 ------------

•500 7489 •500 7490 •500 7489 

• In this table, in the column "Position," D (direct) denotes face of pendulum with date toward observer, and R the reverse position he 
average number of seconds In one coincidence In terve.l ls given for each chronometer used; the temperature ls the corrected mean for the swing, 
weighted, where Intermediate rClldings were taken; the pressure is reduced to o° C.; the re.le conectlon Is applied for each chronometer seP
arately; the final mean period i~ derived by combining the separate mean~ for each pendulum In each position. 
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TABLE G.-Pmdu.Zum obsirvations and r11du.otiom-Continued. 

c .. urnRIDGE, MASS. 

Coincidence Total Period uncor- Corrections (seventh decimal Period corrected. interva.1. &re. rectcd. place). 

0 a Date. ~ 
~ t!!. .; z " = :! ... f! 

bO :l 0 "' ~ "'"' ~ Rate Rate ;j 1814. 1828. ~ ~ ! 1824. 1828. .,, ... 
~ 18 .... 1828. Mean. 

" "' ·i;; g BB 1824. 1828. 
·~ I ~ " "' ~ "' 0 ·a ... ., 
ti) p.. p.. .... ii: p.. < !-- p.. ti; 

- ---------- - -------- - -- - ------------------
18g4. s. s. I I •c. mm. s. s. .. s . .. 

I A4 R Mar.6 352· 53 393'82 35 10 3'40 Sii •500 7102 ·soo 6356 -3 +•86 -8 +4s8 +121s -6 ·soo 8029 ·soo 1l<>40 ·soo 8o34 

2 A4 R . 6 3S4'82 396'97 34 II .-6o so6 7056 63os -3 +s= - s+•s8 +•••s -6 8o20 8o26 8023 

3 A4 R 7 3SS"o6 39'1"36 3S II 2"40 498 7os1 6284 -3 +s28 + 21+4s8 +121s - 6 8o30 Sooo 802s 

4 A4 D 7 353 ·91 397• 47 37 14 2"50 so• 7°74 6298 -4 +5•4 - I +4S8 +121s -6 ao.s So.6 8o36 

s A4 D 7 3s4·20 397's6 35 12 2·40 502 7o68 6296 -3 f-528 =:it::: +121S -6 1l<>43 8028 8036 

6 A4 D 7 354 .,. 397'14 37 12 2'50 503 7070 6303 -4 +s•4 +•••S -6 1l<>40 8o30 8035 

7 As R 7 468'78 547'29 38 13 2'60 497 ·soo 5339 ·soo 4S73 -4 +5•o + 21+•6· +•••3 -6 ·soo 6313 ·soo 6298 •500 63o6 

8 As R 7 468 ·7• s46• 46 3S 13 •. 55 503 5340 4~78 -4 +s•• - •1+462 +1213 -6 6312 6301 63o6 

9 As R 8 469• 37 545"81 3S 12 2°50 S"9 S33• 4s8s -3 +s24 - 1.+462 +1213 -6 6302 63o6 6304 

JO As D 8 471·54 sso· 46 3S JO •. 4S 495 s307 4s46 -3 +s26 + 4.+462 +1213 -6 6290 628o 6285 

11 As D 8 471 '31 548"77 
I . 

2'40 496 '"01 .,001_, 1+•• +3 +46• +1213 - 6 6294 629s 6294 
12 I As D 8 470'30 S4S '24 

3s I 121 
2· 4S s3211 4s89 -4 +s26 +462 +1213 - 6 6294 6313 6304 37 II 507 

·soo 49ss ·soo 4210/-3 +s22 

-s 

I 
13 A6 R 8 so4 ·9s S94. 36 J4 10 ; 2'S5 494 +4 +462 +1204 -6 ·soo 5934 . 500 5931 . soo 5932 

14 A6 R 8 504· 13 . s93·31 37 91 2' 52 so5 4964 4217 -3 ,+s23 - 4 +462 +1204 - 6 5936 5931 5934 

I 15 A6 R 9 sos»7 ; 590·97 36 
141 

2°50 501 49S3 4233 -3 /+524 - I +46. +1204 - 6 5929 5951 594° 
16 A61 D 9 5os'26 I 591"16 38 12 2' 52 5°3 49S3 4232 -41+523 - 2 +46• +1~04 -6 s926 5947 5936 

17 A6 i D 9 ~·~ I '"." . ~ 13 2'50 512 491io 4191 -4 +524 - 9 +462 +1204 - 6 5927 5900 5914 
18 .A6, D 9 505. 82 594 '96139 

131 
2·50 497 4947 4205 

-41+5•41+ r462 
+1204 - 6 59•5 59•S 59•S 

I ---1--
I 

• 500 67s5 . soo 6753 . 500 67s4 

BOSTON, MASS. 

I I A4 R . Mar.11 I 314 • 56 40 I 14 19•77 491 •500 796o -41-200 I+ 1'+•94 -6 ·soo Bost 

2 A4 R j 12 \ 314·82 38 13 19·54 496 7954 -4 -190 + 31+290 -6 8047 

3 A4 R 12 315·11 37 12 19°4• 198 7946 -4 -185 + 2i+286 - 6 8039 

4 A4 D 12 31s·67 38 II 19'20 496 7932 -4 -176 + 31+286 -6 803s 

5 A4 D 12 31s·s3 39 II 19'02 5°3 7936 -4 -168 - 2 +286 -6 8042 

6 A4 D 12 315·44 39 .. 19·10 498 7939 -4 -172 + •'+286 - 6 8o45 

7 As D 12 403'20 4S 16 19'22 503 •500 62o8 -6 -177 - 2
1
+28s -6 . 500 6302 

8 As D 12 403'07 38 11 19· 17 508 6210 -4 -175 - 6/+•8s -6 6304 

I 
9 As D t3 403'38 40 13 t9'22 500 6205 -4 -177 o,+.85 - 6 6303 

JO As R 13 403' 12 39 12 19·22 502 6209 -4 -177 - 2 +•85 - 6 6305 

JI As R 13 404 ·21 I 38 9 19·14 496 6192 -3 -173 + 3!+28s -6 6298 
I 

- •'+•So 

I 

12 As R 13 403 '36 39 II 19'14 sos 62o6 -4 -173 -6 6299 

13 A6 R 13 427'61 37 II 19·42 498 •500 5853 -4 -18s + 2 !+214 -6 '500 5934 

14 A6 R 14 427· S4 38 9 19· 42 49S 58s4 -3 -185 + 4:+•74 - 6 5938 

J 

•s A6 R 14 427'61 40 12 19·12 49S s8s3 -4 -18s + 4'+274 - 6 s936 
16 A6 D 428°24 498 s84s -176 I - 6 14 39 ll 19'20 -4 ~.~!!:~: S934 
17 A6 D 14 426·74 40 •s 19'34 S13 5865 -s -182 - 6 5936 

~J: 
D 

141428'17 I I 41 12 , 19· 34 s02 I s846 -4 
-18• 1- t274 I - 6 5927 ----

I ' 1 '500 676o 

' I 



32· 

I 
I 

ci 8 Date. z " ci .. :; 0 

"" 
·.c c ·;;; 

'fi c 
" 0 

(/) c.. c.. 
- - - ---

1894. 
1 A4 R Mar.21 
2 A4 R 22 

3 A4 R 22 

4 A4 D 22 

s A4 D 22 

6 A4 D 22 

7 As' R 22 

8 As R 23 

9 As R 23 
10 As D 23 
11 As D 23 
12 As D 23 

13 A6 R 23 
14 A6 R 24 
IS A6 R 24 
16 A6 D 24 
17 A6 D 24 
18 A6 D 24 

ci Ei De.tc. z " ,; 
'3 0 .. +l c "" ·;;; 

i c 
" 0 

(/) c.. c.. - - - ---
1824. 

1 A4 R Mar.30 

2 A4 R 31 

3 A4 R 31 

4 A4 D 31 

s A4 D 31 
6 A4 D 31 

7 As D 31 

8 As D Apr. 1 

9 As D I 

10 As R I 

11 As R 1 .. As R I 

13 A6 R 1 

14 A6 R 2 

IS A6 R 2 

J6 A6 D 2 

17 A6 D 2 

18 A6 D 2 

I A4 R Apr.2s 

• A4 D 26 

3 As R 26 

4 As D 26 

s A6 R 27 
6 A6 D 27 

UNITED STATES COAST AND GEODETIC SURVEY. 

TABLE G.-Pmdulum observations and reductions-Continued. 
l'l'H.AC.A, N. Y. 

Coincidence Total Period uncor- Corrections (seventh decimal 
Interval. arc. 

!! 
rccted. place). 

"---
~ .; ~ !! !! ;j " ~ 8.!! " Re.le Rate 

1824. 1828. ;j "" 1824. 1828. 
~ " ·.c 8 .. !:! ~.e 1824. 1828 . .. 

c i: " ] ~ " .. Ii: E-< c.. < E-< c.. 
--- ---- - --- ------- - -- - ------

s. s. I I 0 c. mm s. s. 

303·99 3S 12 19•44 494 ·soo 8237 -3 -186 +4 +.s3 -19 

3o3·92 3S 12 19·44 4¢ 8239 -3 -186 +3 +.s3 -19 

303"86 36 JO 19°44 498 8241 -3 -186 +2 + 2S3 -19 

303'42 37 12 19'H 499 8•s3 -4 -186 +1 + 2s3 -19 

303•68 36 9 19'40 499 8246 -3 -184 +1 + 2S3 -19 

303•98 36 11 19°34 500 8237 -4 -182 0+2s3 -19 

38s·s9 37 12 19'37 so4 'soo 6493 -4 -183 - 3 +.s3 -19 

38s· 46 38 9 19·32 sos 6494 -3 -181 -4 + 2s3 -19 

38s'33 37 12 J9'32 sos 6496 -4 -181 - 4 + 2s3 -19 

38s"68 3S J2 19'34 498 6490 -3 -18• I+ I +2S3 -J9 

386·1s 3S 12 19'30 soo 6483 -3 -•So o+.s3 -19 

386'20 34 9 19°20 soo 6482 -3 -J76 0+2s3 -19 

4o8'67 3S JI 19'J7 SOI ·soo 612s -3 -17s - 1 +2s8 -19 

409'<>!1 37 9 J9'04 s02 6120 -3 -J69 -1 +2s8 -J9 

409·37 3S 10 18'84 so2 6114 -3 -161 - 2 +.s8 -19 

409•40 36 JO 18'73 sos 6114 -3 -J56 - 4 +2s8 -J9 

409'71 3S Jb 18'61 so6 6109 -3 -151 -s +2s8 -19 

.po·ro 3S JO J8°48 so7 6J04 -3 -146 - s +2s8 -19 

W .ASHING TON, D. C. (CO.AST .AND GEODETIC SURVEY). 

Coincidence. Total Period uncor- Corrections (seventh declmlli 
interval. Arc. rected. place). 

.; .. 
E !! s . .; .. .; 

;j x. " " Rate Re.te .. 
1824. 1823. ;j 1824. 1823. ""e ~ 8 !!! ~ s= ill 1824. 1823. ':l c " e " ] ii; 

., .. .,~ 

r;; E-< c.. < E-< c.. 
------ - - -- - ------- - -- - -- ----

s. s. I I 0 c. mm s. s. 

300'76 290°S4 36 11 12°6o 488 ·soo 8326 ·soo 8620 -4 +101 +9 1+335 +47 - 6 

301·00 290'78 37 10 12·6o 488 8319 8612 -4 +101 +9 +33S +47 -6 

30J 0 o8 290'81 37 II 12'SS 488 8317 8611 -4 +•03 +9 +33S +47 -6 

3oo•s6 290°22 3S 12 12' SS so6 8332 8629 -3 +103 -s +33S +47 - 6 

299'72 290'36 33 13 12°63 497 83ss 8624 -3 +100 +2 +33S +47 - b 

299·2s 289'90 37 11 12•73 soo 8368 8639 -4 + 9S 0 +335 +47 - 6 

378'17 363•65 38 J2 12'8S •89 ·soo 6619 ·soo 6884 -4 +go +8 +321 +40 "- 6 

377•95 363'26 36 11 13°00 490 6623 68g1 -3 + 84 +8 +321 +40 - 6 

377•43 362°61 38 9 13•13 490 6632 69<>4 -3 + 78 +8 +321 +40 - 6 

378"s8 362°68 38 12 J3'3S 486 66J2 69<>2 -4 +69 +11 +321 +40 -6 

378"16 361·8s 38 13 13'so 486 6620 6gJ8 -4 + 63 +n +321 +40 -6 

377· 47 36J ·30 38 JO 13·70 487 6632 6g29 -3 +SS +10 +321 +40 - 6 

398•u 38o'81 36 J2 13'99 48s ·soo 6288 ·soo 6.S74 -3 + 42 +n +321 +40 -6 

397•90 38o'so 34 10 14•09 48s 6291 6s79 -3 + 38 +n +321 +40 - 6 

397•s1 38o'37 37 11 14°16 486 62¢ 6s81 -3 + 3S +n +329 +29 - 6 

397'01 379'37 36 11 14°26 497 63os 6s98 -3 + 31 +2 +329 +.9 - 6 

3<]6'72 378"38 37 11 14•39 498 6310 66J6 -3 + 26 + 2+329 +•9 - 6 

3<]6'74 378'24 37 10 14'42 4g8 6309 6618 -3 + 24 + 21+329 +,9 -6 

WASHINGTON, D. C. (CO.AST .AND GEODETIC SURVEY). 

g97·70 SS 21 16°19 S4 ·soo 84J2 -9 - so +6 +48 - 6 

297•so S3 21 J6°04 s8 8418 -8 - 44 +• +48 - 6 

374•92 SS 21 J6'14 SS ·soo 6677 -9 - 48 +s +48 - 6 

374'68 S3 21 J6'39 56 6681 -8 - s8 +4 +43 - 6 

39S
0

97 S2 21 16•46 53 ·soo 6321 -8 - 61 +1 +43 -6 

394'so SS 21 J6°6g S7 634s -9 - 71 +3 +•3 - 6 

Pt.riod corrected, 

1824. 1828. Mean. 

-----------
s. s. s. 

. 500 8286 

8287 
8288 

8298 

8294 
828s 

• s00 6537 

6s40 
6s41 
6s40 

6s34 
6s31 

. 500 6J8s 
6186 

6187 

6J90 
6189 
6189 ---

·soo 7oos 

Period corrected. 

J824. J823. Mean. 

-----------
s. s. 

·soo ,~7641 . soo 8761 ·soo 8767 

87s4 81s9 87s6 

87s4 8760 87s1 
87s6 876s 876o 
8763 8764 8774 
8788 8771 878o 

• soo 7028 ·500 7012 •500 7020 

7027 7014 7020 
7030 7021 7o"6 

7003 7012 7oo8 

700S 7022 7014 

7009 702S 70J7 
·soo 66s3 •500 66s8 ·soo 66s6 

66s2 66s9 66s6 
6662 6647 66s• 
66s8 66s1 66s4 
66s8 6664 6661 

66ss 6664 666o 
---------
·soo 748o ·soo 748o ·soo 748o 

·soo 8401 
8410 

'soo 6667 

6656 
·soo 62¢ 

63os ---
. 500 7123 



H.EPOH.T FOH, 1894-P ART II. 33 
TAllI.E G.-Pm11lul11n1 obse1·vatio11s and 1·eii11ctions-Co11tinued. 

CHARLOTTESVILLE, VA. 

Coincidence I T::-1 ___ . Period uncor- Corrections (seventh decimal Period corrected. 
interval. : arc. 

1

: . rccted. place). 

,j EI c i Dnte. --·--1-1'-1- ~ · ··1 ~ -~- ---i--1 :----1-.. 
- .; o I I . i ti :::..~~=' i82•. ' 1823. ,,~· ""s".,~ ~ ~ i Rat<· Rate ~ I 8 ' .~ ] I :r: 1824. 

1 
1828. ~ ~ 8 : .. ... ~ ~ 

1

1 18:z 4 . ~ 1823 • ~ 1 24. I 1823. 

rs: \ "'~ i o ! . ·a : .= I ~ ... ~ , 

; :\lcnn. 

(/]~IP- . . I • I""' I ' .-.: ;_ .... -"" I"-

~; A4 l:-:-'-~-~8-,:•J_2_8;_:_c'O_l_2_77_':-~-":-:-~:-1:;~~~- :~:Jl!~-oo s~-7S-7 !.soo-~0391-• i_,,, ::=•~ 1:.~ 1 -,.-.s-oo-,~-8-45-i 5°" s~8s7 ·soo 88s1 

f 

A4I R 4 · 28s's8, 278·14 SJ 20 18'48 6o 8769 9004 -8 ;-146 o H-301 !"f"7S -s2 i 8864' 88731 £868 

11 A4: R 6 28s'18 · 277·90 SJ oo 118'91 6o I 8782 ! 9012 l-8 l-164 o .+Joo :+61 -s2 88s8 i 88ss: 88s6 

2 A4: D 31 286· 43 277'82 ss 20 j17·98 S9 : 8744 901s 'i' -8 -125 +• 1+2871 f-17 

8 A4 D s 2£5·41 278'04 s3 n '18'48 6o . 877s 9008 ,-8 -146 II o 1··301 +1s 

3 I As I R 3 356'73 343"94 56 '00 118'23 6s ·500 7018 ·soo 7279 ~-9 ,-IJS -s 1+287 +11 
91As

1
R .. 3ss·s8 344· 78 s1120'18· 73 61 7041 7261 -9 -1s6l-1 +301 + 7s 

10 As· R 5 . 355 ·63 . 344 ·26 57 20 118·91 62 7040 7272 ,-9 -164 -2 l+300 :+61 

4 i As 1 o 3s6'66. 344·13 s6: 20 :18·21. 66 7019 I 7263 i-9 -134 -6 i·i-281 ~+48 
s 1 A61 R 41' 376·94 364'06 SJ 21 i18'15 S4 soo 6641 ·soo 6876 i-9 -132 ,+61+287 j+48 

12 A6 R 6 374°42 361·82 SJ, 20119·04 s8 6686 69191-8 -169 +2 -f-300 '+61 

6 I A6 I D I 6 s 8 6666 68 8 ' I- I I- I . . : , 4 J7S'54 3 J 0 0 , SJ 17 !I '43 S9 9S - -144 ,- I ;- 287 T4'l 

- 52 8847 ' . 8848 . 8848 

_ s2 8870 I 8877 i 8874 
-52 ·soo 7104 ·soo 7095 :·soo 7100 

-s2 7 124 7118 I 7 121 

-52 1113 . 111a I 7 112 

-52 I 7105 ! 7no : 71o8 

-s2 :·soo 6741 ''soo 67~7 l·soo 6739 

_ s2 i 67s9 ,

1 

67s9 ! 67s9 

- s2 I 67so 6740 I 674s 

_J~soo ~1:_ 1 ·soo_1s12_1_:00 7572 I 

WASHINGTON, ll. C. (COAST AND GEODETIC SUJ\\'EY). 

1 i A41 R 
2. A4 D 
3. A5i R 

4 i Asl D 
s I A6i R 
6 f A6I D 

l
:l1ay1013~1-~:-;1:92·9s ! s2 19 19·44·11 -~~ l~s:-~:1~1-~= 0547 

1-8 --1861-• 1+2901+s1-j- 6 ·soo 8401 J··:~ 84:~lsoo 8402 

11 301·21 I 292·93 I s3 21 19"42 61 · 8314 8s49 ·-8 -18s 
1
-1 J-J-290 +s1 I - 6 : 8404 1 84o6 I 8405 

11 I 381·24. 368'2s i s6 21 19·42: s81·soo 6s66 ·soo 67981-9 -185 .+2 :+290 +s1: - 6 :·500 66s8 /·soo 6657 ·soo 66s8 

I 
11; 381'28 361·41 . 5s 20 19·42 • 6o 6s6s 6812 -9 -18s I o :+304 +61 I - " . 66"9 I 6679 6614 

i I 

, 12 404'20 389 ·33 53 21 19·341
1 

s8 ·500 6193 ·soo 64301-8 -182 
1
+2 ;+304 +61 1·-6 

1
·soo 6303 ,·soo 6303 ·soo 63o3 

I ' ; I 1 : I ·----- -

I 
12 403'8s 389·441ssI21 ,19'37 56 6198 6428 ·-9 -183 .+41+304 +61 - 6 6303: 6301 6304 

I I I I ' ! -------~---\ ·500 7124 ··~~--~~2~ [= 7124 j 

PIUNCE'l'ON, N. J. 

I i I ' I ' I 

11 'A4 
R 

I: I~: R 
R 

l May 17 I 310·61 , I 
191308"44 
21 311 · 42 

; 302'o6 SJ I 19 :1o·s5 6o ·soo 8o62 l"soo 8290 -8 6s ' o +2s6 +66 -32 ·soo 8243 1·soo 82s1 ·i ·soo 8247 

303 16 ' S2 20 16'26 63 8o41 826o :-8 SJ l-3 +301 !-j-91 -32 8246 82ss. 8250 
300'20: SJ 21 117·78 62 8118 8342 :-8 ,-116 -2 ,+2821+69 -32 82421 82s3 ! 8248 

30>'41 I S3 21 16·38 S9 8os4 I 8281 j-8 .- s8 
1
+1 +286 i+66 -32 8243 8250 ! 8246 2 I A4 

12 'A4 
I 

181 A4 
3 As 
8 As 

' 14 j As 

4 I As 

D 

D 
D 
R 

R 
R 
D 

18. 310'91 

21 1· 310'07 
2J 312·20 

18 394°81 

20'. 392'43 

22 I' 400'40 
18 394 "29 

tt : As D 2t 398·72 

3o.- 3o 53 21 

1

, 7·o4 62 8o7s 8284 1-8 ·- 8s -2 1-295 +83 -32 8243 8240: 8242 

3o4 ·s4 : 53 21 1s·s2 61 8020 1 8223 '-8 ;_ 22 -1 +303 +9s -;i2 8200 82ss I 82s8. 

381° 70 i ss 21 l16'81 '60 ·soo 6340 :·soo 6sss ·1-9 I- 76 o +286 +66 -32 ·500 6s09 soo 6507 1·soo 6508 1 

380·04 
1 

ss, 2011 7 ·91 62 6319 I 6s07 -9 1-1221-· .+282 +ex, -32 ! 6496 6491 I 6494 

387 ·s4 : s2 . 21 1s ·46 59 i 62s2 I 64s9 /-8 I-. '9 1+1 1+301 +91 · -32 • 649s I 6492

1

1 
6494 

381·09. S3 19 !16·98 s8 6348 I 6s~ ;-8 ;- 83 ,+2 ,+281 
1
+6B -32: 6so8 I' 6s16 6s12 

386°o6 SJ 20 11612 61 6278 ·1 6484 ,-8 - 47 (I :+29s •+83 :-j2 6485: 6479 6482 

389°16 SJ 17, As D 231401'88 

I s A6 R 19 418'24 

1

91 A6 I R 20 ! 416°72 

21 l15·04 61 6228 64321-8 ~- 2 :-1 1+303 l-r9s i -32 I 6488 · 6484 6486 
21 ;1 7 ·~ s8 soo s98s ·soo 6194 -8 1- 87 .+2 +281 

1
+6a 

1 
-32 ;·soo 6q1 'oo 6:37 ·soo 6139 • 

21 11 7 ·s5 62 ooo6 I 6216 -8 !-107 ·-2 +282 .-;-c9 -32 j 61;9 6136 61381 

7() .15•29 61 5892 : 6J05 -8 I - 12 - I +301 1+9t -32 6140 6J,'3 6t42 

404' 15 SJ 
402· 70 SJ 

is ; A6 I R 22 . 424 • 78 

6 A6 · D 19 i 416·90 

10 I A6 
1

1' D w i 420'29 

I ~:.6_:J _:_2_i _42-s'28 

21 i17°48 s8 6oo4 l 6217 -8 i-1041+2 1+281 -+68 i-J2 6143 6143 6143 

20 :16·s4 6o 59S5 

1

. 6177 -8 ,- 64
1 

0 1-r295 ·!-83 -32 6146 61s6 61s1 I 
15' 16 59 s88s 6101 -8 ,- 7 (·1 !+303 i+9S I -32 6142 61so 6146 

I ------·---- ---- '·- i -- __ J__ I -- 1-soo 
69~2 !-s"" 696;-1-;;~--;I 

410·00 s2 
402 •62 S3 
405'21 SJ 
410'30 53 

l'IIILADl~Ll'HlA, PA. 

1: A41 R l:ll11y26 314·s2 ____ 1_3o6"1-;-1s:1'21 11s·94 ;~;.;~-:~~r-:oo 817~-,-~~-,~~9-·1_;2 :+281.f-!~64 6 !·soo 8191 '"soo 8~~~-~-s~ 8192 

21 :\4: D 27' 314'14 3os•95 56 21 1s 0 89. 6o: 797'' 818s -91- 37' 0 1+281 !+64 - 6' 8200: 8197: 8198 
3: Asl R 27 401·24 387·18 I s3121 16'14 1 6o,·soo62391·soo 6465 -8 ,- 48' o 1+281 +64 - 6 ,·soo 6458 "soo 6467 ;·soo 6462 

41 As j D , 21, 400'46 386'76 SJ . 19 '16·36 : 6o: 6251 i 6472 -8 ;- s1 . o ;+273 1-r45 · - ti / 6;~3 / 6446 I 6450 

s A6 R ! 28' 404 87 409°78 ! s2 I 21 16'49 63 1·soo s89r 

1 

.. 500 61~ 
1
-8 j- 62 1-3 .+27.3 +45 ; - 61·soo 6085 .·soo 6o74 :·500 ~o 

6: A6,1 DI 28 i 423'S4 406'67; so I 20 ;16 61 i S9; s910 61ss i-81- 67 !+1 !+271 -j-45. - 6 --6~-~_1 __ 6~1 __ 6~.' 
I I I I _i ___ , __ i __ __c_ __ .'_ __ i _____ i -·- . 1---~----~ ___ : ____ J__ __ Jsoo 691s 1.soo _:~_i~s_".:_~~~J 

S. Ex. 8, i>t. 2--3 



34 UNITED STATES COAST AND GEODETIC SURVEY. 

TABLE G.-Pe11dulu111 obBervatio11B a11d reductions-Continued. 

WASlll~GTO~. D. C. (COAST AND GEODETIC SU'RVEY). 

WASHINGTON, D. C. (COAST A~D GEODETIC SURVEY). 

I 
------· ·--· -

I IA•/ R 
I ' 

21 i23 '04 , s9 Junc23 I 29s·70 I 286'6s S3 
• ,A4 D 24 295"28 1 286"21 S3 21 123·01 6o 

3 IAs 1 R 24 I 37 I . 42 , 3s7. 53 SS ., ,23. 19 i 59 
4 'As D 241371 '63 356'98 53 20 23'31 60 

s A6 R 2s 391'74·37s·44 S3 '21 1.3. 58 59 

D 
I 

21 

1

•3 ·90 / 58 6 A6 2s 1390 '73 ! 374 ·97 S9 

i I I I I I 

soo 8469 .~(X)-;73; I~ B,~33;-,1~1 11~280-~17 ·1- 6 : . 500 8399 '. soo ~404 - 1 .~ex>~::-1· 
8481 87so I_ 8 -336 o +•Bo +11 / - 6 : 8411 8417 i 8414 . 

soo 6740 . 500 700• 1- 81-343 +1 .+2Bo +11 . - 6 1 · soo 6664 . soo 6663 1 · soo 6664 : 

6736 7013 ,·- 8 -3481 o 1+284 +10 1- 6 · 66sB 6661 , 6660 : 
soo 6390 ·soo 6668 - 8 -360 +1 +•84 +JO - 6 '500 6301 ·soo 63os 1 ·soo 63031· 

6407 66761-101-3731+21'+284 1+101- 6 --~3041--6~--6302 , I : ·soo 7"3 ·soo 7,.s J·soo 7124 \ 
.. _ - ----------- : , . I ' 

DEER PA.HK, 'MD. 

~-, AJ;-1-~uly :r·28~~28 i-2;7.~5--s; f 1~--11;-~7 l-~6 i_:soo 87791·500 901~ -,~- 8i~;-;1·~ ;::2~~~-:-~-:~T~=-864;1.~:: 885~ 1·500 88s3 

2 : A4 l D 3 / 283'74 i 276'76 s2 • 21 .19·59; 61 : 8826 9049 - 8j-192 -1 -t"57 ll+30 -161 8866. 8862 ! 8864 
3: As R 3 351'92 1 341'52 :;s I 24:20·501s81·soo 7114 ·500 7331 ,-ro,-230 +2 J+•s1 +Jo -16 ·500 11111· 500 7107 /'soo 7112 

4 i A51 o.j 4 ; 59 ·01 · 34B·3s 53 . 22 l11·42 · 61 • 6972 1•86 l- 9·-101 -1 •+257 + 35 -16 7102; 7094 709s 

5 I A6j•R I 4 376·Bs I 364'40 52!21

1

:18·11 j s9 [·soo 6642 ·soo 6870 I- 8~-130 +1 ~·+2s7 1·+3s -16 /'500 6746 ·soo 67s2 l·soo 6749 

611 A6: D 11' 4 37•'2611 36o'oo ss, 23 19·6s ii S71· 672s 69S4 ·1- 911-195 +3 !+257 +Js -16 I 676s I 677• 6768 

---- --------------- ---------------- !:-;;-;;;-::;;;-;;; :;;;-;;; 
CLEYELAND, OHIO. 

I! A4 IR r Jul}~7T~.-1-·1-B-,1-3~1~ ~5i~:1.-~:~:-~~ !'.'~00~046 i:~~ ;~-1=-~:=-24-~-,-+-2-:+-29-~~-:-I~ -_-_-o-j-~~-~12 ,:soo;,;;s-1-·s-~-Bo-7_4_ 
2 A4, D B ! 311·58 300'29 s1 171•0·39 sB I 8036: 8284 j- 1

1
-226 +• !+29B :+51 -20 \ 8o83 8oB4 Bo84 . 

As: R' B, 397so1382'74 s2 21 2o's4 s4 l·soo 6297 !'500 6540 1- Bl-23• /+6 ;+298 ;+sr ;-20 ;·soo 6341 '500 63311·soo 63;9 
4 A51· D 8 i 397·66 383'49 s2 18 j20'24 6o 629s 1 65>8 1- s,-220; o :+218 :+so/ -20 i 6325 6330

1 

6328 
6 A6 R: 9 '2<'•9: 4o6'02 s1 20 20·34 s8 :soo 5941 .'500616s1- 8 -224 ;+2 '+278 ,+so 1-20 i'soo 5969 -500 5¢ 5 ·soo 5967 , 

s I A6

1

1 
D 9 I 422'39 j 4o6'Bo 1 s3 21 120·07 s1 ' s926 

1 
61s3 - 8j-212 i+3 1+218 j+so -20 i __ s~ _ s966 ·_ s¢6 I 

----- I i . ------- ___ : __ - ... 1_ : I --~ __ !_k~_3J~: 6793 l·soo 6793 

CHICAGO, ILL. 

-; : ~:-~T;u~~-:;; :-:~:~:/::-::; :: : :: l!:: . .£1!:1-~-~-:!:-:1-::::~--=-:1=~:: i~; i~:~:~!~~=-!--1. 500·;~: :·-: ~:;: 1,:~00 ;::~I 
2; A4 D 12' 311'46' 302·s9 S3 19 22'64 ! 6o I 8039 8276 - 81-320 I 0 1+268 !+33 - 3' 7976' 7978 79771 
8 'A4 D 16' 31o·sB 301·96 S7 20 23'26 6o I 8o6• I 8292 - 9 -346 0 ·+210 '+43 - 3' 7974 7977 I 7976 

3 I As R 12 394·69 38o 97. s6 22 
1
23·s3 62 /·soo 6342 :·soo 6s71 - 9:-3s7 -2 !+268 '+33 - 31·500 6239 I soo 6•331·500 6236 

9 IA5 R 16; 394'75 381'63 '56 21 ,23·s8 6• I 6341 I 6s6o - 91-36o ,-21+210 1+43 - 3 I 6237 6229 6233 
4 , As D 12 · 396·34 381·12 i S3 21 ,23' 53 61 ! 6316 6s6B - B -357 -1 !1+299 i+ss - 3 , 6240 • 6248 \ 6244 

s:A6 R 13°421·00 404·1slss 21:23·46 ool·soo5945 50061941-9-3s41 o,+299/-f-ss
1
-31·soos87B1·soosS831·soos8Bo 

6 : A6 D 13 / 420·4s i 404 ·20 : s3 •o :•3 ·63 I s9 1 s9s3 6193 :- 8;-362 1+1 /+299 l+ss 
1
. - 3 i--~~~!- s876 __ s~ 

I
I I ' I I ! I I ' ' ·soo 6696 1·500 6698 •500 6697 

, , I • 
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TABLE G.-Pe11dulum obsert:atio11B and reduotfons-Continued. 

LOWER GEYSER BASIN, WYO. 

----·-----··--------· ·------·---------.,.-----------. 
Period corrected. ! Coincidence ] Total. 

1 

Period uncor- 'I Corrections (seventh decimal 
! interval. · urc. rcctcd. place). 

,o I ~ Date.1--···--·i-1-1 ~ : .; --- ·-!---1-1-i ___ .; -·- -- --- ------~--I 
,.;· c1 I I 1 ~ 1~ · ~-1~1 I ~ 
·~ J l :t j : 1824. 1823. ! ~ i ~ , ~-

1 
~ I 1824. 1823. ~ \ t ~ 

1

. ~ I ~~~~ 
1 
~~~~: ~ 1824. 1823. Mean. 

~~_..:__, _____ 1 ___ .----1·.:;_I ;,._l_::__:..:__1_ -- -·---<: l__::_____::...!1--·-:- 'I :;::_ ----·· ···-·---
1 1894. i s. s. 1 I I i 0 c. i,,,"'1 s. .i:. I I 1 s. I s. s. 

l A4 R I July 24. 281·42 274 °26 : 53 : 21 j20·00 156 1·500 8899 . 500 91321- 8, -210 •+4 1+223 -10 i -52 . 500 8856 1· 500 8856 . 500 8856 

2 A 4 D: 25 280·6<) 273 ·36, 55 ! 20 120·24 61 I 8922 9161 - 9:-220 -1 1+223 -1oi -52 8863

1 

8869 8866 

As R , 25 343•6<) 332'86; 53 : •9122'46 62 !·soo 7285 ·i·soo 7522 ,- 8
1
-313 -2 .+223 -10 -52 ·soo 7133 ·soo 7137 ·soo 7135 

4 As D ) 25 345 ·s• 334 ·99 ' s3 i 19 21 ·92 1 58 I 7246 7474 - s•-290 +2 +210 1-21 1-s2 71o8 7105 71o6 

5 A6 R 26 365">1 353°49 53 19 20·89 I 59 ,"500 6855 '·500°7082 - 8 -247 +1 +210

1

-21

1

-52 ·soo 6759 .·500 6755 ·500 6757 

6 :\6 D 26 362'77 350 82 I S3 21 121 ·88 I s6 I 6901 I 7136 - 8 -288 +4 +210 -21 -s2 _.!.767 ! __ 6'.'..'..:_1 ___ 6769 

I I I I I J ' i I • SOO 7s81 • 500 7582 
1

·500 7s81 

~:I 
As 

Asl 
S A6 1 R ~o ! 

6 A6 I J) 30 I 

R 1July28 
D 

1 
29 

R · 29 

D 29 

·--------------··---- ----------·- -------------
GI~AXD CA:!)l'YO::o!, WYO. 

290·01 

290'¢ 

356•05 

359· so 

281·ss ! 53120 113·10 56 ·s 

282' 29 53 19 : 12' 34 ' 62 

343·18 s3 I 2• :1s·76 1 ss ·s 

346·81 53 ~ 20 14 ·41 59 

378"27 364"14 53 21 :14·67 55 .'S 

373 ·o8 I 3s9">6 S3 : 16 
1

16· 48 61 I 
I . I . 

-·-·--·· 

00 8635 

8007 

00 7031 

6¢4 
00 6618 

6710 

-----
·500 8895 I- s!+ Bo +41+271 

8872 - s
1

+111 -2 1+271 
. soo 7295 - s,- 32 -+ 5 1+271 

7219 - s•+ 25 +• i+262 
. soo 6875 -l" 1+• I+••• ~70 - 7 - 621-· 1+262 

NOHUl::-l GEYSJm BASIN, WYO. 

+ s: -46 

+ 8 ;-46 

+s -46 
+ 5; -46 

+ 5 ! -46 

+ 5 i-46 

i 

·s 

·s 

. ~ 

00 7221 

7198 
00 684s 

68s6 

. soo 8933 

8935 
'500 7222 

71¢ 
. soo 6845 

6859 

I 
;·soo 8934 

8934 
·500 7222 

7197 
. 500 6845 

68s8 
-
•5 00-;665 :~66;-1·500 7665 

--·- -----· ----

:T~:1· :~ . ~::.~:: :::.:: r~:~: : ::r :~-!:~ :~:l~-.··:: :~~:-:: ~: :: :=-::!~;~- 11~: \!:::11

t:: 1 :=::~Vi: ::: : ~:-::;fl:!: :~: 
3; A6i R' l i 374·791362"68 SS i 27 l16'87' s8 ·500 6679 !•soo 6903 -111- 78 +2 :+246 +25 -1171°·soo ~ ·soo 6721 1·soo 6722 

I ! I I I I i I I •500 7s36 ·soo 7S37 ·soo 7336 

------·---------- --· .. ---- -----·-· ·------ ------
SALT LAKE CITY, UTAH. 

I 
I 

I ' I I . I I . I : 1 A4 R '7 22°97 . s6

1

·soo 9332 !"soo 9566

1

._ 8
1
-334 +4 j+24s + :i - 46 ·500 9193 :·soo 918s ·soo 9189 l 

2 I A4 D 21 .22°01 65 93o8 I 95SS - 9 -294 -5 :+24s + 31- 46 I 9199 I 92041 9202 I 
3 : AsJ R 20 ,24·16 ! S9 i·soo 76561·soo 7904 :- 9-384 +1 :+245 + 3 1

- 461

1

.500 7463 j·soo 7469 ·soo 7466

1 4 As: D 20 :23·86 I 61 ! 7638 . 78741- 9 -371 .-1 
1
+236 I+ 1 1- 46. 74471 7448 j 7448 

s I A6: R 19 ;22·s8: 62 i'·soo 7208 ·500 7445 ,- 8-318 !-21+236 :+ 1 .- 46l·soo 7070 ·500 7072 1·soo 7071 l 
6 II :\6 '1, D 21 :23·77163 7282 i 7518 ;- 9 -367 ·-3 +236 :+ I I- 46 : __ 7093 l--7~: __ 7094 ! 

! I j >soo 7911 1·500 7912 !·soo 7912: 

----·----'-------'-------·------I ____ . ·---------· , . 

PLEASANT VALLEY JUNCTION, UTAH. 

--·----·:~~~~sT~~;~l1 3·8~T~~Tsoo 96~-: s:-::2--1-8:~ 48 -~-~~268-~;~o ;~:·~1·soo-~46 i·soo 994S 
1
·soo-9946 I 

253·56 i s2 ; 19 13 s2 621 9624 , 9879 - 8

1

+ 62 ,-2 +268 1+20 !- 16: 9928 Q935 9932 

307·00; 53: 21 113°69 [ 61 ·soo 78881··500 8141 !- s+ SS j-1 ·+268 :+20 - 161'-soo 8186 "soo 8191 ·soo 81881 

308·44: s3 : 19 13·62 I s9 1874 81ts 1- s + 5s +, +287 
1
+22 16 81961 817s 8186 

322·13 i ss '21 l13·4s, s9 ·soo 7so3 l·soo 7773 .- 9.+ 65 +• +287 .+22 16

1

'500 7831 ·500 78361·500 7834 I 
321»8 s3 

1
20i13·48'62 ! 7504 77Q31- 8:+ 64 -2 +287 !+22 1- 16 __ 1~~'--7~--1~, 

! I I i ' ·500 86s3 [·soo 8656 ."soo 8655 I 
· , · I I 1 

I 

1 I A4: R Aug.1ol 2s9·43 

2 I A4 i D 11: 26o':q 

3 As! R 
I 

317• 45 

41 As i D Jl 318°01 

5 A6 R 12:333'70 

61 A6 
]) 12' 333 ·64 

I 
-------------· -----··- ---· 

GREEN RIVER, UTAH. 

1 A4·i R jAug.13 2s9·26 · 2s3'39 l S3 ·:~·i-2-1-·3_1_i_6~ 1 :sa:-;~~:~.-s:~~~~-l~~-!1=-2~4T o-1 +--::9-,i=-~---~~·soo 9006 ·500 959S '"500 96oo' 

2 A4! DI '4 2s9'94 2s3·55: S3: 20
1
2o·so ! 59: 9636' Q879 .- 7-230 +1 +229 - 6 13! 9616; 96241 9620: 

Asl R 14 316·30 .

1

3o6·93: s6 21 °20·72 ! 6o :·soo 7916 ;·soo 8158 !- Ql-240 o :+229 - 6 •.1 "soo 7883 ,"soo 7890 500 7886 I 
Asl D 14 316»1 301· 46 i s 3 17 .21·01 

1 
s9 791 9 : 81451- 7-2s2 +1 +236 .+ 2 , 3 , 7884 . 7876 I 788o' 

A6' R 15 331·07: 320·92 j 55 21 l21·09' 561·500 7563 !·soo 78o2 - 9
1
-255 .+41+236 !+ 2 13 ·soo 7526 •·500 7531 1·soo 752R 

6 A61· D JS 331 .. 07 Ii 321·04 I SS 21 :21·26155 75631 7799 :- 91-262 +s '+236 [+ 2 13
1 
__ 7~,--7~ __ 1s2~; 

I l I ' ! I ! ; ; i. 500 833Q 1·500 83~0 : . soo 8339 ~ 
'--'---'----'-----'----'---- ·--·-·- .. -·-------·--· 
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TABLE G.-l'endulum observations and reduclio11s-Continued. 

GRAND JUNCTION, COLO. 
------------------------~ 

Corrections (Sc\·enth decimal 
place). 

Period currcctcd. 

GUNNISON, COLO. 

• A4 i R Aug.nil 2-14'44 239·o8 I S3 I •9 !

1

,6.88 
1 

6o l·so1 0248 l'so1 04781-8 j- 791 o 1+"8 '-18: - 6 :-so• 0373 :·so• 0367 ·so• 0370 

2 :A4i D 23 244'76 239'rn ! SS! 21 16'46: 6o I 0235 0478 -9 ·1- 61 o 1+218 .-18 .- 61 03771 0384 0380 
As R 21 1 29,·6s 286'50: S7 I 20 ;·6· 49, S7 ! 100 8499 l·soo 8741 -9 - 62 

1

+3 +"8 1-18 - 6 1·soo 8643 l·soo 8649 ·soo 8646 

4 As, D 2~ 1 29s· 39 I 287'38 I s6 22 i'6·24 : 56

1 

8478 ! 8714 -9 - s21+4 
1
+218 

1
-24 ! - 61 8633 . 8627 , 8630 

, s A6 ! R 24 1 3'° 15: 300·81 
1 

ss 21 
1

1s·66 S7 ·soo 8o74 i·soo 8324 
1
-9 1- 28 +3 ,+218 l'-24

1

- 6 ,·soo 82s2 :soo 826o i soo 8256 

6 I:. A6 :; D 24 ; 309·18 : 299·881 ss 22 :16·09 i s8 . 8099 j 83s1 1-91- 461+2 
1
+218 :-24 . - 61~j __ 8~I- 8263 

I ______ J ___ ~_ . --------- _______ , ___ I . I ! I ·soo 9o89 ·soo 9093 !'soo 9091 

I 
I 

A41 R 
A41 D 
As, R 

4 Asl D 
s A6 R 
6 

! A6 ID I 

Aug.>7 
28 

28 

28 

29 

29' 

-·--------

2s3·30 I 247·64 
I 

S3 I '9 
253'12; 247°18 53 ' 21 

3o6'10 297 · s8 SS .. 
3o6·91 298'7s S3 19 
321°16 311. 72 53 17 

320' 37 311. s8 s6 21 

COLORADO SPlUNGS, COLO. 

:;::! i: ;·soo :::~ 1

·
5
01 ::~: :

1

:::: ii:::::.: I+:!!::: I:::::'::::: 1·500-::~: 
1

5': :'. ·soo :~; 
17'68 i 631·soo 8181 ·soo 841s -9 -112 !-3 ;+218 -16 -to !·soo 826s ·soo 826s ·soo 826s 

17'6o I s6 81s9 8382 -8 -109 '+4 '+214 - 9 -10 I 8250 82so 82so 
17·4s 62 ·soo 77¢ ·soo 8o33 

1
-8 -103 '-2 +214 I_ 9 -10 ·soo 7887 ·soo 7901 ·soo 7894 · 

:1 7 · 7s , 62 781s ; ao36 .-9 
1
-us 1-21·+214 1- 9 -10 I 7893 ! 7891 

1

. 7892 , 
I I I 1----------

·----- ' ' ___ I-~ I ,'Soo 8712 j·soo 8713 1·soo 87121 ' ! . ---------
PIKES PJ,AK, COLO. 

------------
7~-l·soi 07-~ls~1-;os2f~-l~~:-=-1~:+2;~-1+~-~~o-:_-~~~~1~6-.1

,.so·:-13661·so1 13661 
I I A4 IR Aug.31 I •3•·01 I 226·71 ; s2 17 7'•3 

• A4 D Sept. l 231'981026·7; ! s2 7"88 

As R I 273':.zS 266'12: 52 21 9·64 

As D 1 277'91 I 269'84 I 52 17 7'44 

s A6 R 2 288°671279'60 ' S3 21 7'40 

6 A6 D • 28s· 43 276'68 I Sl 20 9· 34 

: ! I 
____ 1 ___________ __1_ _______ : __ 

50 o8oo 104fs 1-8 +298 +10
1

+276 -t-23 -10 j 1366 1361 1364 I 

6o 'Soo 916s 'soo 9412 -8 +22S 0!+276 i+23 -10 j'Soo 9648 '500 9642 l"SOO 964S 1 

59 9012 9282 -7 +3•7 + 1.+276 1+23 -10 I 95891 96o6 95981 
60 ,·soo 867s ·soo 89s71-8 +3•8 0+280

1

. o -10 j·soo 92ss ·soo 92s7 ·soo 92s6 

S7 J 8774 I 90S2 -8 +237 + 31+•80 O -1o 1 __ 9~·---9~·---9~ 
' I I I : I 
I - _J_ j_ __ J ___ --- i. SOI oo83 'SOI oo8s I' SOI oo84 

J>ENVJ>R, COLO. 
·-------·--·-· ------------------------- --

R Sept. s 2s9 ·o6 2s4 · S9 [ SJ I 19 19 · 37 . 6o ; · soo 9669 i · S"'-' 9839 :-8 , - 183 Ii 01
1

'+20• '_+32 I -16 .. soo ¢841 · soo ¢64 . 500 9674 ! 
2 ~:I 
3· As 

4 As 
s .\6 

6 A6 

' ' ' ' I ' I I D 6 2s9·o8 I 2s3'86 I S3 ! 19 19-"7' S7 II <]668; 9867 ,-8 :-179 :+ 3,+222 +3• -16. <](iqo 9699 9694' 

R 6 31;'so I 307'86 ! 56 I 19. 19·ss I 61 ·soo 7937 :·soo 8133 i-91-1911- 1l+220 :+32
1

-16 !'soo 7942 1·soo 7948 ·soo 794S 

D: 6 31s·96 308 82: s6 19 19·39, s8. 79251 81081-9 -184 + •+2301+46 -16 79481 7947 7948 RI 330'82 320·50. 5S '20 19·37: s8 ['soo 7s68 ·soo 7764 ,-9 -183 .+ •i-l-230 ,+461-16 ·soo 7s92 ,·soo 7004 [·500 7s98 

J) 7, 330·88 322'91 , s6 1 ·s 19·32 : 6o: 7s67
1 

77S4 !-7 -181 I 0

1

+230

1

+46
1

- 16 __ 7~'--7~.-__?S'4_ 
I _ _ ___ ! · I ·soo 84o8 

1
-soo 8410 i·500 8-~09 , 

WALLACE, KANS. 
·----------------· --- ·----

269'20 i 52 20 1s·99 i ss 1·500 9112 i-500 9304 l_5 I_ 41 I+ sl+276 
1
+77 !-23 ·soo 9321 ·soo 93141·soo 9318 

1 

269· 43 S3 •9 l1s·76 I S9 ' 9091 I 9296 ,-8 1- 321+ 11+276 -+77 ' -•3 93os 9311 9308 
3•6·93: s6 21 ·17·6s ! s61·soo 7464 ·soo 76s9 !-9 :-111 + 4 +276 l+n :-23 ·soo 76o1 ·soo 7S91 I ·soo 7S99 

327 ·22 53 , 20 , 7·91 s7 74;o. 7652 -8 I_, ... + 3·+256 1+66. -23 7s76 I 7568 •

1 

1s72 

343·98; ss: 20

1

117·71 S9 :·soo 7o84

1

:.soo 7278 !-9 !-114 '+ l,+2s6 !+66 ,-23 '·soo 7•9S ·soo 7199 ·soo 7197

1 

I IA4 
R Sept.14 274 '86 

2 A4 D •s •7s · 48 

3 As R 1s 335. 4S 

4 IAs D •S 33s· 1s 

s J A6 R 16 I 3S3. 41 

6 IA6 D 16 i 3SI. s6 

I 

342'•9 : S3 : "I 18'21 s6 i 7121 7314 i-8 .-134 '-\- <1!+2s6 .+66 I -23 I 7216: 7219 7218 

- · _______ ! -- --~--- I i i I i I ! i~s;,;-·~ao;-i~~; 
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TAllLF. G.-l'endulrmi ob8ervatio11B and reductio11s-Continucd. 

ELLSWORTH, KANS. 

Period corrected. Coincidence 1· Tuortc.~.l ·-·--1--~od unc=r- Corrcctio:-(sevent~-decimal 
interval. 1 reeled. place). 

~ I ~ c lJate. I t I ~ I!-------- -·--~ ~ II Rate IRatei.' ~ -

.E ,. -g ·~ I 1824. It 1823. ; ~ ~ 8 ~ 1824. 1823. ~ ~~ ~ 1824. 1823. ~ 1824. 

~~,.,O ) •C:ti: ~ ct 1 <~ ~ 1 &:;1 
~1-- _ _:___ ______ ! ____ ,I~ ~-0 -.1--1--- -----1-1-1--1-- Mean·. 

1 1894. s, I s. ; (. ,mm. s. .r:, r s. ,)·, s. 

, i A 41 R Sept.18 281·68: 276· 44 I 53, 20 20"83 J s1 [·soo 8891 1·soo 906o 1-s -244 + )+2s1 +12 1-13 ·soo 8880 ·soo 8870 ·soo 8875 

•

1 

A4 ID 19 281·s• I •1s·16 s3 I 21 20·91: s9 I ss96 .· 908• 1-s l-248 + .l+•s• + 72 !-13 • ss79 sss6 8882 
3 As 

1 
R 19 349"4S; 340"81 s5 1 20 ".1·16 '. ss ·soo 7164 !·soo 7346 -9 

1
-2s8 

1
-r 2l+2s1 +1• 1-•3 ,'500 7137 'soo 7140 ·soo 7138 

4 As; D 19 349·29 341 "10 ss I '° :21 ·39 I s1 7168 1 1340 -9 -268 + 3 +•6o +1s . -13 ' 7141 ! 7131 71 36 
s A6' R 20 368·36 3s8'37 53 21 !2,·40 I s6 ;·soo 6796 i·soo 69861-9 -268 I+ 4+26o +18 ;-13 1·soo 6770 ·soo 6778 ·soo 6774 

6 A6, D 367·s4 3s7·Ss SS '1
1

16 ~21·s2 sS ! 6811 i 6996 l-7 -273 !+ 2+26o +18 j-13.

1 

__ 678o1 __ 6~--67~ 

----~------'---- ----···- · I ___ I _______ 1 -·---·----- __ 1 ___ :~00 7=9~00 7598-~oo 1s9B I 
KA:N'SAS CITY. MO. (ON A II). 

--------- -- -------·-

ST. LOUIS, MO. 
... ·-·- --------·· -----------------

1 :A4J RI Oct.11 I •9>'8s: 286°47 S3 ! 21 [17°68 !60 ·soo 85s1 ·500 8742j-s1-1121· 0!+290 '+78 :-32 l·soo 8689 J-soo 8668 ,'Soo'8678 
2 'A4 D 12 291·61 '284°02 SS: 21 118'31 16. I 8588 8818 :-9 -139 - ·'+•90 +18 i-32 I 8696 8714 87os 

3. As R J 12 · 363·s7·; 3s>'16 s3 ~ 20 119°13; 61 1·soo 6880 ·soo 7"97 l_s !-173 :- •1+•90 +1s '-32 ,·soo 6956 ]·soo 6961 ·soo 69sS 

4 
1 As D I 12 368'46 '357·39 S3 20 l,7·6s · 61 · 6794 , 7cx•s 1-s -111 ,_ 1 +302 +ao -32 . 6944 . 6933 6938 

s 'A6 R 13' 388'74: 37s·s4 S3 21 117·74 64 :·soo 6B9 :.soo 6666 -8 -us i- 4.-f-302 '+Bo· -3• 1·soo 6s82 \·soo 6s87 ·soo 6s84 

6 A6 D q! 391'56: 377·78 s3 21 l11·15 s1' 6393 ! 6606 ·-8 - 90 I+ 31+302 j+8o l-32 __ 6s6s ; __ 6~--6~ 

____ .. _______ . [ ____ i _____ :___ 1 I , J I 1·s
00 

74o6 _i~-~-7-407.L~ex>-~4_:_, 
TERRE HAUTE, IND. 

I ....... , ---,--------- ...... ·---·-·--------· ' I ....... I 

1 I A4: R Oct. 161
1 

294·s71287'12 
1 

s• 19121°19: 6o i"soo 8so1 1·500 8722 -8 -2591 )+281 1+76 l-•3 ll.soo 8492 ·soo Bso8 j·soo Bsoo 

: A4: D 17 292·a4 , 286°04 ss 21 21 '72 I 58 ' 8551 ' 8755 -9 -282 
1
+ •1+281 1+16 · -23 , 8520 , 85191 8520 

3 'As; R 17: 366·93 I 3s6'34 56 23 ;n·33 I s6 ·soo 6823 
1
·soo 7026 -9 -307 j+ 4 +•S• 1+16 -•31·soo 6769 ·soo 6767 ·soo 6768 

4 ; As 1 D •1 1372'26 J61 '71 1 s3 10 120· sJ . 62 672s : 6921 -8 
1
-232 1- •i+•81 1+16 -23 , 6741 ! 673• , 6736 

5 'A6: R 18 390°74 378"37 53, 21 121·11. 63 ·500 6407 '1·500 6616 -8 !-2s6 .

1

_ 3,+281 

1

+76 -23 l·500 6398 :·500 6402 i·soo 6400 

61 A6 I D 18 I 386'89 374 ·74 I S3 : 21 !22·48 I 58 6470 668o -8 :-313 + •:+281 +161-•3 I 6409 I 6414 I 64121 

, __ I--·----'···· __ l_J_) i ____ L ) ! l~i·soo 7~1.-=00-7223 __ 

1 A4! R 

2 A4 j D 
As R 

4 As D 

s A6 R 
6 A6 D 

CI!WINN A TI, OHIO. 

Oct.22 I 291·96 2S4·s4 ·1··~-3-1 ~:·1::·;·7-1:·11 :·:.=,-s:-~~-8~--s l-17J"- ol+.~~74 -26 j-soo 86s7 ·soo 8667 ·soo 8662 

2): 292·ss .ss·6<J. S3 21 17·74 6. 8s59 
1 

8766 -8 
1
-11s 1

1

_ ·~+•89 i

1

+,4 -26 •

1 

8697 8689 8693 
23 · 367°03 3s6·12 s3 21 l'7 71, 6o ·500 6821 1·500 7030 -8 ,-114 o,+289 +74 -26 ·soo 6¢2 ·soo 6<;s6 ·soo 69S9 
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II.-OBSERVA'.l'IONS WITH QUARTER-SECOND PENDULCMS, AND SPECIAL PENDULUM 

INVES'.l'IGATIOXS. 

p 

Fm. 6.-~ full 
eizo. 

A c JJescripf'ion of quarter-.~ccond pendulum apparatu8.-,Vith tlie 
idea of obtaining instrurne11ts for measuring relative gravity still 
more portable than thoHe lrnretof'ore used, early in 18!H there was 
coustructed, as planned by Dr. Mendenhall, a set of quarter
second pendulums, with receiver and flash apparatus correspond-
ingly reduced in size. Xo detailed description is necessary, as the 
whole is very similar, except iu size, to the half-second apparatus. 
Au iugeuions starting and Htopping- device, desig11ed by Mr. E. 
G. Fischer, Chief l\lechanician, has been added to the case. By 
turning an arm 011 the outside of the receiver the pendulum is 
pushed out of the vt>rtical, with an adjustment for any desired 
amplitude of oscillation. A further movement of the same arm 
automatically releasP8 tlie pendulum, setting it in oscillation, and 

by a still further movement it is gently brought to rest by the coll tact of a camel's. 
hair brush. The flash apparatus, which has also been designed hy l\lr. Fh;cher, is 
different in constructio11 from that used with the half-second peud nlums. 'l'he anna
ture of the magnet, instead of directly moviug a shutter across a slit, releases a tooth 
of a ratchet wheel each time the circuit is broken by tl1e chronometer. This ratdiet 
wheel is revolved by a suspended weig-ht, aud carries with it a disk ha\'iug· slits cut 
near its edge. Each time a tooth is released a slit in this disk passes across a fixed 
!:!lit in the front of the flash box, aml light is throwu upon the pellllulum aud fixed 
mirrors. The peudulum receiver is about 13""1 hy l.J" 111

, aml 17"111 high. \Vith the 
portable air pump the air nrny be exhausted from this receiver to 40111111 i11 half a 
minute. 'l'he pendulums weigh about ~00 grammes (0·7 pouud.) each. The entire 
apparatm; packed weighs about 48 kilogrammes (lOtl poun<ls), aud is undoubtedly the 
smallest aud most compact ever used for the purpose. In figure G are shown the 
relative sizes of three types of pendulums, P being the Peirce reversible metre pen
dulum, A the half-second, and C the quarter-second, all drawn to the sa1ne scale (one
eighth full i:;ize). 

Relative mca.mremcnts with quarter-8econd p<:nd11lw11s.-I 11 order to test the efliciency 
of this apparatm1, as well as the agreemc11t of results with pendulums of different 
lengths, the~c pendulums were swm1g· simultaneousl.r with the half-seco11d pendulums 
at three of the stations of the transcontinental serie>:, a;; well as at \Vashington before 
and after. In order to increase the value of the te:,;t, the stations selected, Chicago, 
Denver, and Pikes Peak, were such as to give a maximum range of conditions as 
respects nrngnitude of g and difforeuce of temperature. The method adopted in 
using the apparatus was to swing each of the three pendulums, 0 1, C 2, a11d 0 ;{, 
onec in each position, with au air pressure of 4011

" 11 , iuitial total arc about 1 o 20', and 
length of swing four hours. 'l'he swiugs of the C pe11dulu111s were made ut the same 
time as t.hose with the A pendulums, two U swings covering the same i11terval as one 
A. To avoid night work the C swings were only made during the day, and the diurnal 
irregularities of rate are eliminated by deducing tlrn rate from the correspouding 
swing of the A pendulum, l>y comparing the mean A period for the station, the 
observed A period for the swing, and the average of the differences at all the stations 
of each .A pendulum from the mean. Both sets of apparatus were always set up in 
the same room, at 'Vasbington and Chicago ou distinct piers, and at Pikes Peak 
and Denver on the same concrete floor, but sufliciently distant to not affect each 
other. The temperature and pressure coefiicients were determined at Washington 
by swinging under different conditions, in the manner before described, and the flexure 
coefficient was computed from the theoretical formula. The flexure was always meas
ured, using the same appliances as with the A apparatus and a weight of 1·5 kilo
grammes. The corrections to the periods in seconds were applied as follows: 
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P Jlf sin (qJ + q/) sin (cp- q;') ·. . . , 
Arc correction = - ,, T 1 · -. --- - 1 - ·-- .--1 , where PIS per101l, M 1s modulus, <p and q; 

._,:.. og sm <p - og sm <p 
are initial and fi11al 8emiarcs. 

'femperature correction = + 0·000 002:t'3 (1130 - ~/>..;), where 110 is observe1l temperature in 
<legrecs <:eutigradl'. 

Pressure correction = + 0·000 OOOOG6 ( 4(J - 1 +·(~;;Iii 10·), where l'r is observ1~d pressure 

in millimetres and T 0 is ternpemturc. 
Iiate correction = + 0·000 01157 ll P, where l' is perio1l a111l ll is 1laily rate 011 si1lereal time 

in seconds ( + if losing, - if gai11i11g). 
Flexme correction = - 0·000 000;14 D, where]) is the observe(l displacement of lmife-edg·e iu 

microns wlien force of l ·;3 kilogrammes is applied horizoutally in the plane of oscillation. 
The periods were reduced to standard conditions, arc iufinitely small, temperature mo C., 

pressure 40111111 at oo C., sidereal time, aud inflexible support. Below· are given the corrected 
periods at each station for each pendulum and also the values of gravity de1luced therefrom, based 
as before 011 g at Washington (Coast and Geodetic Survey Otnrn) = !)80·098 dynes. The rather 
large change iu period at '\Yashington, considering the slight nse of the pendulums, may be due 
to the fact that the knife-edge was nearly new when used in Juue. 'rile chnnge in period at 
Washington Iias lJeen distrilJuted uniformly in computing g for the other stations. 

Stuliun. Jlatc. 

---·-·-·---1·-·-
. 1894. 

\\'ashington 1' June 24-27 
" Nov. 1-3 

Chicago 
l'ike:; l'eak 
Denver 

July 
Sept. 
Sept. 

13-14 
1-2 
6-8 

\\'ashington (Coa't a11<\ (;codcii,o !
1 Survey) 
! 

Chicago 
l'ikes Peak 
J>en\'t.:r 

- ·-·--·---------·---- ----

Pendulum 
CI. 

.<. 

·250 2929 
2920 

2738 
44°5 
3564 

Periodc; (corrected). Differences from mean. 

Penclulum 
c .. 

s . 
·250 2236 

2223 

2034 
3708 
2873 

----·- --------- -------- --- --
1 ; I 

l'cndulum 
c 3· 

~lean of three· \. l' 
! 1>cn<lulu111s · ' 1 

• ':a. . I 
----- ---- ... ---· ____ ! _____ -- --·· 

s. : 
·250 2034 I 

2033 I 

18441 
3495 . 
26791 

·25C:·2400 I +s29 -164 · --366 
2392 ) +528 -169 I --359 

-171 
-161 
--166 

1;R.AVITY (IX llY!\ES). 

980·246 i 
978·940 ·1' 

979·595 

980·254 
978·941 
979·591 

980·247 
978.955 
979·592 

98o·o98 

980·249 
978·945 
979·593 

--.003 + ·005 1· -- ·002 
5 - 4 L IO 

-j- 2 . -- 2 --- I 

From the agreement of the pendulums and. the accord of the results with those obtained with 
the more elaborate observations with the halfsecoud pendulums, it is indicated that quarter· 
second vendulums may give results of nearly the same order of precision as larger apparatus. 
Their smallness, however, renders their use inconvenient in some respects, and the increaRed labor 
of observing result.ing from the necessarily shorter swings tends to offset the gain in portability. 
As the weight of the pendulum appamtns itself is uot more than lmlf' that of the cut.ire outfit 
necessary for accurate gravity measurements, a reduction in it alone is not a very important gain 
in ordinary work. Undoubtedly there will be special cases, however, where this saviug of weight 
will be an extremely important consideration, and for such this apparatmi will lJe most valuable.· 

A curious phenomenon was notell in connection with the use of these short pendulums. '\Vhen 
lowered on the knife-edge and brought perfectly to rest, they were found in a short time to take up 
a slight oscillation, amounting· sometimes to two minutes of arc. 'l'his was undoubtedly the effect 
of earth tremors, and was noticed at all places where they were used, including the summit of 
Pikes Peal.:. At Washington this oscillation was observed to be greater in the daytime than at 
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night, but was still present after the movement of cable cars and other local disturbing causes 
had ceased.• 

Comparison of result.~ with different pendul1i111s.-In the following table are coilected the results 
for gravity, all based on the same value for Washington (Coast and Geodetic Survey Office), at all 
stations where independent relative determinations have been made with more than one of the 
following sets of apparatus: 

.First. Half-second (one-fourth metre) invariable pendulums A 4, A 5, and A 6 on knife-edge 
A l (including also two stations, Sau Francisco and Mount Hamilton, determined in 1891 by Dr. 
Mendenhall with pendulums A 1, A 2, and A 3). 

Second. Same on knife-edge A II. 
Third. (~uarter-second (one-sixteenth metre) invariable pendulums C 1, C 2, and C 3. 
Pourth. 1'hree-quarter-second (one-half metre) "reversible inversable" pendulum; observa

tions made by Commandant Defforges in 1893. (See Part V of this report) The values given are 
those of Commandant Defforges with a constant quantity (·069) subtracted, so that they will be 
based on the same value at \Vashington as the others. 

The stations are arranged in the order of magnitude of g, and the reimlts are the mean of 
three pendulums, except those of Defforges, which were obtained with a single pendulum, swung 
in different positions. 

------------- ----------------------···-------------

Statum. 

Chicago 
Washington 
San Francisco 
Salt Lake City 
Mount Hamilton 
Denver 
Pikes Peak 

1 ·1 . - d I I Results for gravity in ynes (not reduced to sea level). 
1 

Differences 111 Jyncs. 

'

-----·-··· -···--- -- ----. --------· ··---- ··------·-- .... ··-I 
Ele\·ation. A I A I : ! I I 

i i sec._ pend's I 1 sec, pend's: a sec Cpcnd's ! Deffo.gcs. . A-C. A - Deffor 

_____ 11 ~~kn'.~e-~~;~~I · .

1 

' gcs. 
--1---

llfetres. 1· I ·; 
182 980·264 980·263 980·249 I 980·276 +·015 - ·012 

14 : ·098 ·098 ·098 ·098 ·ooo ·ooo 
114 979·951 979·947 + ·004 

1322 ·789 ·747 + ·042 
1282 ·646 ·614 + ·032 
1638 ·595 979·596 979·593 ·615 +·002 - ·020 
4293 978·940 978·945 -·005 

' -----··-- ·-·------ --·----------

The value 979•651 was obtained for Mount Hamilton by Mr. Preston with half-second pendu
lmns B 1, B 2, aud B 3, in 1892. 

The half-second. pendulum stations of 1894: were nearly id.entical with those of Commandant 
Defforges in 18[):), At Washington the same pier was used; at Chicago the same pier, though 
built about 1 metre higher than in 1893; at Salt Lake the same high stone pier, though a capstone 
found loose was removed in 1894; at Denver the same concrete floor, but the half-second pendulum 
case was set nearer the outer foundation wall, where this floor iR more solid. 

Experiments with knife-edges of vurious widths and angles.t-A number of experiments in regard 
to knife-edges were made by Dr. Mendenhall in 1892. An experimental pendulum was used, hav
ing a steel plane set in its head, an1l this was swung upon a steel knife-edge which was ~et in a 
bl'avy metal block, so arranged that it could be taken from the receiver and reground at will. .Altc~r
nate swings were made with the same pendulum upon an agate knife-edge whose condition was 
not changed durmg the operations, and from these corrections for variations in the rates of the 
two chronometers used were deduced and applied. Experiments were first made with difterent 
widths of the steel knife-edge, it being originally ground to a sharp edge by Mr. Pischer, and then 
from time to time slightly flattened by rubbing on a fine stone. The successive widths of edge 

----·------· 
*Tho effect of earth vihrations on pendulum observations has recently received some attention. See paper by 

C. E. SchiUtz, published by Die norwegische Gradmessnng Commission, Kristianu, 1894. Our own experience would 
indicate tha.t such effects arc negligible, u~ no systematic differences have been det-0cted between observatiol\S ma.de 
during day and night, or on different days. 

t See paper "On the use of planes and knife-edges in pendulums for gravity measurements," by Dr. T. C. Men
denhall, American Journal of Science, Vol. XLV, page 144. 
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were measured by Dr. Mendenhall with a microscope, but on account of ditliculties of illumination 
they can be considered as only approximately correct. The following table gives tlle corrected 
periods ou the edges of different widths, indicating a rapid diminution of period, or acceleration 
of the pendulum as excessive widths are reached: 

I Width of edge.) Period (corrcctect). , Loss of period. 

I 
µ I s. I s. 
I I ·500 8880 

! 2 8839 ·ooo 0041 

I
I 5 8756 0124 

6·5 8503 0377 

. !~--- . --·~6~~ _. -··- __ -.... ___ 12s~ ~-_I 

In the same manner the periods were determined with the steel knife-edge ground to different 
ang"les, with the following results: 

[ AnRlc at whi~1 plar;:~ - p~;i~d ~or~~~:,,~~·! 

l 
meet to form edge. • / 

I I 
-------, ·1 

I 
;o ·sCX:·8875 I 

110 8880 J 

I 
~~~ ~~~! 
160 8852 

As a result of this experiment the angle of 130° has been adopted. 
Variation of period at different arcs.-A preliminary investigation of this subject was made by 

swinging two pendulums simultaneously on independent piers, using the same chronometers. One 
pendulum used as a standard was restarted each hour and a lialf, the suecessive swings being 
made under exactly the same conditions, while the other was allowed to swing continuously for 
ten hours, the arc gradually diminishing meanwhile, observations being made each hour and a 
half. Thus the period of the latter (A 4) was obtained at various arcs, free from errors of rate. 
This pen<lulum swi11gs upon an agate knife-edge which 11ad had comparatively little ·use. 'rhe 
results as given below seem to indicate that the period will diffe1· somewhat at different arcs, even 
after the arc correction has been applied, undoubtedly due to the fact that different portions of 
the knife-edge are brought int-0 use. 'rhis is an experimental proof of what has already boon sup
posed to be the case, and justifies the precautions usually taken to use uuiform limits of arc in a 
series of observations. 

_________ ._ ____________ 
I Total arc. 

I I 
I :-..:o. j l'crio~ (<:orrcctcd). 

!--· 
Initial. Finni. 

.<. I 

I 
84 4') ·500 8784 

2 49 30 8781 
3 30 18 8771 

i 4 18 12 8775 
5 12 7 8770 
6 7 4 JI, 8775 
7 4y,' 3Yz 8778 

A diagram (tig. 2) has been given showing observations of the decrement of arc of penduJmn 
A 4 (half second) when swingi11g in the receiver at a pressure of 502mm, and also with the receiver 
exhausted to 3311101• Thl' full lines indicate the theoretical decrement between the observed limits 
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on the supposition that tlie arc diminishes in a geometrical ratio as the time increases. On this 
theory, on which Borda's formula for arc correction is based, the arcs at equal intervals of time 
will be expressed bya series of terms, as rp, cpr, <p r 2

, cpr 3 (pr 11
-

1
, where <pis the 

initial arc, n the number of terms, and r the ratio; if <p1 is the final arc (=rpr 11
-

1) then r= n:;~~· 
The dots represent observed values a11d indicate that the pendulums follow this law closely, the 
greatest difference (2' or 3') beiug so small as to have a negligible effect on the arc correction. 

Use of pendulurn apparatus for inve8ti!fat'tll!f chronometer.~.-The use of invariable pendulums. 
as time standards has been suggested by Dr. Mendenhall.* A special application of this idea 
would be the. use of the ha1f-se<:oml apparatus for investigating the temperature compensation of 
chronometers, as well as diurnal tluctuations of rate and the rate changes due to other causes, as 
moisture, atmospheric pressure, etc. By comparison with a pendulum whose period is known it is 
possible to obtain the rate of a break-circuit chronometer with eonsiderable precision in half an 
hour. Of course for other than break-circuit chronometers some intermediate means of compari
son would be necessary. 'fhe effect of rapid changes of temperature on chronometers Negus 1829 
and 1823 was tested in this way, as shown uelow, the peudulum swiugs being an hour long, and 
about an hour all(l a half ueing- allowed for the chronometer to acquire the changed temperature. 

Cl1ronomctcr. 

1\:cgus 1829 
" ' ~ 

Negus 1823 

! > • 'I Corrcctc<l Jcriod 
1 

• ! • _ . • : ; 

1

1 cnod of pcndu- of pcnclu\mn ID1ffcrcnce correr..I Rc;snltmg dail) Temperature 
lum corrected prcviouslr deter- tion for 'rate I rutc of of chronometer 

except for rate. mined. · , chronometer. · +- i - i - - -- - : . 
s. 

·500 8744 
8745 
8755 

I 

I 
! 
I 

s. 
'500 8765 

8765 
8765 

s. 
1- '000 0021 

+ 20 
-'-

!
+ 

10 

12 

19 

37 

s. 
+0·36 
+0·35 
+0·17 

-t-0·21 

+o-.B 
+0'64 

0 c. 
14'0 
21-0 

30"7 

III.-TELEGRAPHIC COMPARISON TIETWEE:'.'< BASE S'l'ATlONS IN WASIIING'.l'ON, D. C. 

Mention of this work and its objects has already been made (H.eport 1891, Part II, p. 563): A 
room having been fitted up for pendulum work in the basement of the Coast and Geodetic Survey 
Office, it was desired to compare this station with the former base station at the Smithsonian Insti· 
tutiou, so that relative gravity observations referred to either point as u. base could be reduced to 
a common system. For this purpose the telegraphic method was employed, which consists in the 
simultaneous swinging of two pendulums at stations connected by wire, so that the same time
piece may be used at both, thus freeing the observations from the rate of the chronometer, and 
avoiding the necessity for time observations. If the })e11<lulums are then interchanged between 
the stations and the operation repeated, or if they are compared at the same place before or after
wards, the difference in the force of grayity may be deduced. The telegraphic method has been 
employed iu Europe, t but is modified in the present instance by the alteruate use of a chronome
ter at each eud of the line, with the object of thus eliminating the effect of any variation in the 
transmission time that might occur during a swi11g.:j: 

Description of 8tations.-At the Coast and Geodetic Survey Office observations were made in 
the pendulum room already described. At the Smithsouian Institution the pendulums were swung 
in the room in the northeast basement, wllicli )lad previously been used for this purpose. 'fhe 
receiver was placed on the same brick pier on which the half-second pendulums were swung in 
March, 1891. This station is about 1430 metres west and 180 metres north of the Coast and 
Geodetic Survey Office, and the elevation above mean sea level is 10 metres. 

*Report United States Coast and Geodetic Survey, 18!Jl, Part II, page 523. 
· tPhilosophical Transactions of the Royal Society, 1856, page 297, G. ll. Airy. Mittheilnnheu des kaiser!. 

konigl. Militiir-Geographischen Institutes, Vol. III, page 59, Von Sterneck. Comptes Rendus do !'Association 
Gcodcsique Internationale, Nioo, 1887, Appendix V, Dofforgos. 

; Hcport Coast and Geodetic Snrvey for 18!Jl, Part II, pa:;e ;i!!8. 
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Apparatus.-The A and B sets of balf-secoud penduJum apparatus were used, but only one 
pendulum of each set was swung, B 1 and A 4. B 1 is one of the original type of these pendulums 
carrying a knife-edge, while .A 4 is of the modified form with agate plane in bead, as described in 
the first part of this report. Break-circuit sidereal chronometers Negus 1823 and 1824 were use1l, 
1823 being at the Smithsonian and 1824 at the office in the comparison between the stations. The 
thermometers and barometers had their errors carefully determined. 

The diagram (fig. 7) shows the general arrangement of circuits. 'l'hrough the courtesy of 
Mr. Marean, a Western Union wire was used between the stations. In addition to key and sounder 
for communication there were two local circuits at each station, one containing flash apparatus, 

tel. line 

flo•h 

Station A 

Chronometer A 
FIG. 7. 

battery, and the points of a 50-olun relay whose magnet was in the main line, and the other 
containing the chronometer, a single cell, and the magnet of a 20-ohm relay whose break-circuit 
points were in the main line. Either chronometer could be cut out from tlie main line by a shunt 
plug. 

Plan of observations.-Eudeavor was made to make the swings of the pendulums at the two 
stations as nearly simultaneous as possible. A convenient code of signals was arranged so that 
the observers could readily communicate with each other. The two pendulums were started swing
ing at the same time and four coinciclcuces observed with the chronometer at Station B, breaking 
the main line circuit. This chronometer was then cut out aud that at Station A put in, and four 
more coincidences observed. At the end of the swing· of about an 11our's length the same order 
was followed. The temperature, pressure, and arc were read immediately after the first and last 
coincidences with each chronometer. The observations with B 1 were made by the writer, and with 
A 4 by II. B. von der Trenck, Acting Aid. 

Reductions and determination of eocfficicnts.-The separate swings with each pendulum aud 
chronometer were reduced to standard conditions, arc infinitely small, tem1>erature 150 C., pres
sure ooouuu at 0° C., in the manuer already described, the only difference being that no rate 
correction was applied, as the rate was eliminated in the fiual combination of periods, and no 
time observations for rating of chrouometers were made. The temperature coefficients of the 
two pendulums were determined by tlle comparative method, using first one and then the other 
pendulum as a standard, and varying the temperature conditions of the remaining one. Six 
results were obtained for each pendulum, each deduced by comparing· swings at high and low 
temperatures (range about 25° C.), as follows: 

Position. l'cmlulum A 4. Pendulum B 1. 

---··--- ·--·-- -·· 

Direct 

Reversed 

" 

s. s. 
·00000 416 ·00000 422 

417 420 
419 421 
420 417 
420 418 
420 421 

Mean 1--.~ 419---.~----:;;;-' 
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The above mean temperature coefficients (representing increase of period for 10 C. increase of 
temperature) were used for the two pendulums, respectively. 

Table H gives a summary of tlte reduced periods, and the differences A-B, for each chronom
eter and swing. In these tables of difierences it will be noted that large values with one chronom· 
eter are in general accompanied by small values with the other, probably indicating the effect of 
variations in the line, as the chronometers were at the two ends. The last column in this table 
shows the precision with which successive comparisons of the periods of two pendulums can be 
made under unchanged conditions, the greatest discrepancy from the mean of any group being 
about one-millionth part of the period. 

Results.-Below are collected the mean periods for each relation of the pendulums, averaging 
also the results by the two chronometers: 

I I 
I 

Pendulum. j 
i 

__ _I 

I 
A at office. 
B at ufficc. 

Direct. Reversed. 

JI I A at office. 
Ill 

Hat office. 
Bat Smithsonian. I 

1---- -----

A at Smithsonian. 

----,----------
Direct. 

1 
Reversed. \ Direct. Reversed. 

I 
I s. I s. 

·500 8650 I ·500 8675 
·500 7631 I ·500 7657 

s. 
·500 8688 
·500 7680 

. _____ i ---·---- ----

The relation between the force of gravity of the two places may be computed in three ways 
from the above relative periods. Thus, if A 0 B 0 be the periods and {lo the force of gravity at 
one station, and A., B., and g. the periods and force of gravity at t.lrn other, we have expres· 
sions for gravity at the uuknown station, as shown in the following table, where are also given 
the resulting computed values (based on g. at Smithsonian assumed to be 980·100). The three 
results will, of course, not be independent, as will be seen at once by multiplying together the first 
two formulas. The third expression may be put in the more convenient form for computation 

g0 = g. [] + :'.!-.!...A
0

A 0 +-1!.·;-j!0 J, neglecting an inappreciable term. The difference in gravity at 

th t -t t' . tl .. - [A.-Ao B.-Bo] e wo s .a 10ns IS iere1ore g0 - f/8 - g. ---- ... - -- + -- - . 
Ao Bo 

Sets combined. I Formula. 

---,-G-:~ity at C-o-:-:;;~i:-S~~vey Office. 

-;.;~~u~::\ Pendulums I ~,~---
direct. 1 reversed. [ 1 can. 

·--- --------- ------------1-----j--- 1-----1 
Dynes. I Dynes. I Dpzes. 

I and II 980·097 I 980·098 ! 980·098 

I 
980·099 j 980·09S I and III (Bo A,)• 

go=g• Ao X Bo 

I 
980·098 I 98o·o98 

----'-----

II and III 

···-··~- -··--··---------

From the above gravity is seen to be 0•002 dyne smaller at the Coast and Geodetic Survey 
Office than at the Smithsonian. The difference in elevation, 4 metres, would account for a differ
enec of about 0·001 dyne. 
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I 
No. of I swing. Date. 

i ---r·------

2 

3 
4 
5 

J3 

6 
7 
8 

1 J893. 
: Jan. 7 

7 
9 
9 
9 

J2 

Means 

Jan. JO 
JO 
10 

I 

Means i 

TABLE H.-Periods corrected except for rate. 

1.-BOTH A AND ll AT COAST AND GEODETIC SlTHYEY OFFICE. 

---- ------------- ----- ----··-----------------
Periods. 

-----------···------- ----------- Difference in vcrio<ls,.r\-B lSC\'• 
I enth decimal place). 

Penclulums and Pendulum A. _J Pcnclulum ll. 
positions. 

__________ ·-·---- _cl~r~=-,~-·-3· I Chron'r:•4~ l __ ~~roll~1~~~· [_~~~~~~::~J~~~3~-.~ I c::~~:·~ i Mean. 

A4 D 
1 

Ill D J024 J020 1022 
2J 25 23 
J7 J7 J7 
J8 23 20 
20 24 22 
J9 24 22 

J02J 

JOl5 JOJI 

I 
1013 

II 15 13 
II 13 1_:_:_ 

s. s. s. s. 
·500 8680 ·500 8626 ·500 7656 ·500 76o6 

8683 8628 7662 7603 
8654 8592 7637 7575 
8658 8605 7640 7582 
8665 8604 7645 . 7580 
8653 s519 _ 7634 1555 I 

·500 8666 1~ 8606 I ·500 7646 : ·500 7584 ,I 

B1 R ·500 8683 ·500 8629 . ·500 7668 ·500 7618 i 
8687 8646 I 7676 7631 i 
8686 8635 1 1615 1622 I 

JOl3 

~--------1_ - ----- --- ·-----

~8685~~1~76D~7624 i 

II.-A .AT COAST AND GEODETIC SURVEY Ol'l'ICE, ll .AT SMI'l'HSONl.AN'. 

---------,--------,-------------------·-· ·-------------

·500 8774 ·500 8534 ·500 7749 ·500 7508 / 1025 14 
J5 
16 
17 
20 
2J 
22 
23 

Jan. 14 
15 
16 
16 
18 
J9 
J9 
J9 

Means 

18 Jan. 17 A4 R 
19 J8 
24 20 
25 20 

____ I_ Means_ 

B1 D 
8764 8533 . 7743 7501 2J 
8764 85J6 1133 7486 I 31 
8766 8507 7740 7479 26 
8765 8493 7739 7458 I 26 
8789 85 J8 7762 7486 : 27 
8784 8526 7755 . 7504 29 

1 __ 8790 i--8546 1 __ 7760 1-~~ 30 

·500 8774 I ·500 8522 ·500 7748 ·500 7492 

JOI7 
19 
15 
21 

JII.-B .AT COAST AND GlWDJCTIC SURVEY OFFICE, A AT SMITHSONIAN. 

------------·-- - - . --------·--- --- ------ ---------
I ' 

22 ! A4 I BI 
i ' 

26 Jan. D D ·500 8785 ·500 8535 I ·500 7768 i ·500 7519 1017 
27 23 I 8756 I 8556 i 77~7 _ 7542 i. 19 
30 23 I 8782 8603 I 77b4 ; 7587 I 18 
31 23 __ 8776 : __ 8605 ! __ 1156 1 __ 1586 I 20 

Means ·500 8775 i ·500 8575 I ·500 7756 , '500 7558 i 
I I ' ' 

28 Jan. 23 A4 R B1 R '500 8774 '500 86o1 i ·5oo 7j65 I '500 7593 : 1009 
29 23 I 8778 I 8600 , ,,,, , "'' : 05 

~oo 8776 ·500_8~ i -·~:-7~69 :~oo 75;;-: Means 

J026 1026 
32 26 
30 30 
28 27 
35 30 
32 30 
22 26 
31 30 

102J 
18 
18 
22 

JOl6 
14 
16 
19 

1028 

1019 
18 
16 
22 

1019 

JOl6 
16 
17 
20 

-----
1017 I 

I 
J008 1008 I 

09 07 
---

1008 I 
I 

IV.-SUMMARY OF l'HE CONNECTIONS BETWEEN AMERICAN AND EUROPEAN GRAVI'l'Y STA'l'IONS 

llY MEANS OF RELA'l'IVE PENDULUM OBSERVA'l'IONS, AND 'l'HE REDUC'l'ION 01~ ABSOLUTE 

DE'l'ERMINATIONS OF GRAVITY TO WASHINGTON. 

The rapidly increasing number of gravity observations in various countries renders it desirable 
that a preliminary discussion should be made of the existing data which may be used in connecting 
those determinations which depend on Washington with the work that has been referred to the 
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principal base stations of Europe. The following is a list (in chronological order) of the various 
pendulum expeditions which give, either directly or through some intermediate station, the connec
tion desired : 

1. Prcycinet, 1817-20, using throo invariablo ;pendulums, starting from Paris. Stations in common ~ith Ameri
cans: Mauwi (only one pendulum used), identical with Preston's station, Lalmina, 1883-87; Port .Jackson, less than 
1 mile from and 10 metres lower in elovation than Smith's st1ition, Sydnoy, 1883-84; Capo of Good Hopo, identical with 
Preston, 1889-90. Results published in Voyage Autour du Mondo par M. Loms de Freycinet, Vol. V, Paris, 1826. 

2. Duperrey, 1822-25, using two invariable pendulums, starting from Paris. Stations in common: Port .Jackson, 
probably same as Freycinet's, and hence bearing same relation to Smith's station, Sydney, 1883-84; Ascension (only 
one pendulum used), very nearly same as ProHton, 1889-90 (Georgetown). Results published in Connaissance des 
Terns, 1830, page 83. 

3. Sabine, 1822-24, using two invariable Kater pemlulnmM, starting from London (Mr. Browne's house, Portland 
place). Stations in comm'.:'n: New York, Columbia College, latitude 400 42' 43" N., elevation 67 feet (20 metres); 
this is about 10 metres more elevated and 1'·5 south of the station at Hoboken, Peirce, 1876-77; Herschel, 1881-82; 
Mendenhall, 1891. Results published in An Account of Experiments to Determine the Figure of the Earth, by Ed ward 
Sabine, London, 1825. 

4. Fallou>s, 1825-28. one invariable Kater pendulum swung at London (Mr. Browne's house) and nt Cape of Good 
Hope, same station as Preston, 1889-90. Philosophical Transactions, 1830, page 153. 

5. Lutke, 1826-29, one invariable Ka tor pendulum, Russian expedition, inclndmg Greenwich; St. Helena, not 
distant from and nearly same elevation as Preston, 1889-90 (.Jamestown); Sitka, supposed to be near station of 
Mendenhall, 1891. Momoires Pres. al' Acadomio imp. cle St. Petersbourg, 1837. 

6. Fostc1-, 1828-31, four Kater pendulums, two invariable and two reversible, starting from London (Mr. Browne's 
l10use). Among the stations ar-3: Ascen8ion, identical with Pre8ton, 1889-90 (a°eorgetown); St. Helena, not distant 
from and nbout same elevation ns Preston, 1889-90 (.Jummitown); Cap11 of Good Hope, same as Preston, J889-90. 
Memoirs of tho Royal Astronomical Society, Vol. VII, Louclon, 1834. 

7. Peirce, 1876-77, one Repsol<l revorsiblo llondnlum. Absolute determinations of gravity maclo at the European 
base stations: Paris, Observatory, Hall of the Meridian, 74 metres elevat.ion; Borllu, comparison room of the Imperial 
Eichungsamt, garden of the Observatory, 35 metres elevation; Kew, at the Observatory, 7 metres elevation. The 
pendulum was also swung at Hoboken (same station as Herschel, 1881-82, and Menclonhall, 1891), but only n relative 
value deduced. Tho results at the European stations were also combined relatively. Amoricnn Journnl of Science, 
Vol. 20, 1880, liage 327; Heport United States Coast and Geodetic Survey, 1876, Appendix 15. Geneva was not 
included in this relative comparison on account of change in the 1iendulom after the work there. 

8. Herschel, 1881-82, thrM invariable Kater pendulums, swung at London, Langham place, 116 metres distant 
from and 4 metres lower than Mr. Ilrowne'll house; Kew; Greenwich; Washington, Smithsonian Institution; Hoboken, 
eamo as Peirce, 1876-77; Mendenhall, 1891. Philosophical Transactions Royal Society, 1890, vol. 181, page 558. The 
results with pendulum No. 11 at tho three stations near London were not used, as they are discordant. 

9. Smith, 1883-84, three Kater iuvariablo pendulums, at Sydney, near, but 10 metres higher than, stations of 
Frcycinot and Duperre~·; Tokio, near pl11co where Mendenhall made absolute <letermination in 1880; Washington, 
Smithsonian Institution. Report IJuit(J(l States Coast and Geodetic Survey, 1884, Appendix 14, page 472. Result 
with pendulum No. 4 at Tokio not used. 

JO. 1'1·eato11, 1883-87, ono Peirc.-, rnversible pomlulum swnug ut Lahaina, same as Freycinot's station, Mauwi, 
1817-20. Connection with Wm;l11ngton by way of San Francisco. Report United States Coast and Geodetic Survey, 
1888, Appendix 14, pagm1 G81, 56:{. 

11. Preston, 1889-90, two l'drcc revorsil.Jlo pendulums, starting from Washington (Smithsonian Institution). 
Station!! in common: Rt. Holen:~ (Jamestown), 11early same as Liltke, 1826-29, and Foster, 1828-31; Ascension 
(Georgetown), 1<a1110 us Dnperrey, 1822-25, Sabine, 1822-24, Foster, 1828-31; Cape of Good Hope (Cape Town), same 
as .F'reycmet, 1817-20, Fallows, 1825-28, Fost.er, 1828-31. Report United States Coast and Geodetic Survey, 1890, 
Appendix 12, page tl84. 

12. Me11dc11hall, 1891, three in\·ariahle half-second pendulums, starting from \Vashington (Smithsonian Institu
tion). At Sitka, probably near statiou of Liitko, 1826-29; nt Hoboken, same as Peirce, 1876-77, Herschel, 1g81-82. 
Roport United States Coast and Geodetic 8urvoy, 1891, !'art II, page 561. 

13. Dcfforr1e•, 1893, one "reversible inversahle" pendulum swung at Paris and Washington, Coast and Geodetic 
Hurvoy Office. Comptes Rendns, ,Jannary 29, 1894. Value for PariH taken from Memorial dt1 D6pl\t G6noml de la 
Guerre, Tome XV, 1894. 

For the first six expeditions in this summary, the results as given by Helmert in Hohere 
Geod1isie, Vol. II, were used. These are mostly l>ased 011 Baily's discussion and correction of the 
original observat10ns, Memoirs Hoyal Astronomical Society, VII, 1834. The values are reduced to 
sea level (with the exception of Sabi11e's; see remark by Peirce, Report United States Coast and 
Geodetic Survey, 1881, Appendix 15, page 442), so that for the purposes of this discussion the 
elevation correction is reapplied so as to reduce them l>ack to the point of observation. For 
expeditions seven to thirteen original authorities wen~ consulted. Allowances were made for 
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differences of elevation and latitude of connecting stations when they were not identical. The 
difference between the two stations in Washington was also applied, and all results were finally 
referred to the Coast and Geodetic Survey Office in Washing ton, and in Europe to one of the 
following: Peirce's stations in Pal'is, Berlin, and Kew; f_,ondon (Mr. Browne's house), or Greenwich 
(Observatory). 

Oollecting the results from all the above connections and expressing them differentially, we 
have the following table (l), in which the last column is the excess of gravity at the European 
station over gravity at Washington in dynes: 

TAllLE I.-Connectio11B betwemi WUB/iington (Coast and Geodetic S1t1·vey Office) a11d Eu1·opean gravity stations (not redtwed 
to sen level). 

- --------------------------- ---·- -----------------------------,---------, 

l European base station. Observers and <lutes. Conncl·tic1n. 

Excess of 
gravity at 
European 
station. 

-- - -------- ----- -----, ----1 

Paris (Observatory) 

l.onclon (Browne's 
house) 

Greenwich 

Kew 

'Preston 1889-90 
Preston 1889-90 
Preston 1883-87 

. Smith 1882-84 
Smith 882-84 
Defforges 1893 
Mendenhall 1891} 
Herschel 1881-82 

Preston 1889-90 
Preston 1889-90 
Prestpn 1889-90 
Preston 1889-90 
Herschel 1881-82 
Mendenhall 1891} 
Herschel 1881-82 
Preston 1889-90 

Herschel 1881-82 
l're,ton 1889-90 
Mendenhall 1891 

Duperrey 1822-25 
Freycinet 1817-20 
Freycinet 1817-20 
Freycinet 1817-20 
Duperrey 1822-25 

Peirce 1876-77 

Fallows 
Sabine 
Foster 
Foster 

Sabine 

Foster 

LUtkc 
Liltke 

1825-28 
1822-24 
1828-31 
1828-31 

1826-29 
1826-29 

Herschel 1881-82 
Mendendall 1891} Peirce 
Herschel 1881-82 

Mendendall 1891 } 
llerlin (Observatory) Herschel 1881-82 Peirce 

Via Ascension 
Via-Cape of Good Hope 
Via Lahaina (Mauwi) 
Via Sydney (Port Jackson) 
Via Sydney (Port Jackson) 
Direct 

Via Hoboken 

Via Cape of Good Hope 
Via Ascension 
Via Ascension 
Via Cape of Good Hope 
Direct 

Via Hoboken and Kew York 

Via St. Helena 

Direct 
Via St. Helena 
Via Sitka 

Direct 

Via Hoboken 

Via Hoboken 

Dynes. 
0·763 
0·774 
0·787 
0·789 
0·825 
0·831 

0·865 

0·805 

1 ·026 
I ·029 
1·033 
1·063 
1 ·089 

1·089 

i 1 ·093 

i~6o 

1·062 
1 ·071 
1·087 

1 ·073 

1·100 

1 ·106 

I "!03 

No attempt is made at present to weight or arljust these connections, which are in some cases 
quite discordant. Several direct connectionfl between the European base stations have been 
made, some of which have not yet been published. When more of these are available an 
adjustment can be made of the connections between Washington and the base stations, and tile 
direct connections betweeu the latter, and the more direct and reliable results cau be given 
greater weight. 

'faking the mtian of the results for each group, we hnve: 

g at Paris (Observatory) -g at Washington (Coast an<! Geodetic Survey) 
g at Lond_on (Browne's house) -g at Washington (Coast rnd Geodetic Survey) 
g at (;reenwich (Observatory) - g at Washington (Coast and Geodetic Survey) 
g at Kew (Obsen•atory) - /;at Washington (Coast and Geodetic Survey) 
,i; at Berlin (Observatory) - g at Washington (Coast and Geodetic Survey) 

Dy nos. 

= + 0·805 
= + 1·060 
'--"""' + 1·073 
= + 1·103 
= + 1·167 
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AA nearly all of the most important absolute determinations of gravity have been made 
either at 011e of these base stations or at points which have been referred relatively to them 
these values can now be reduced to Washington. This has been done, and the resulting values 
of !I for Washington are collected in the following table (K). Of course the results are not 
free from the errors of tlie relative connections, but these are probably sma11 compared with the 
actual discrepancies which appear in the absolut~ measurements themselves. The difference 
between the smallest arnl largest value (omitting Kater's) amounts to about the one seven
thousandth part of g. 'l'he simple mean of the twenty-nine values (omitting Kater's) is !)80.107, 
not very different from the provisional value adopted for Washington. )fo determinations are 
included in this list previous to that of Borda in 17tl2. 

TABLI'. K.-Abso/11te detcrminatio11s of the force of gradt,11, with 1·cszilts reduced to Washinyton, Coast and Geodetic Surve:iJ 
Office (not. 1·ed11ced to sea level). 

No. Observer. 

...... -- --··--------

1 Peters 
2 Preston 
3 Sabine 
4 Lorenzoni 
5 Anton 
6 Peters 
7 Peters 
8 Bessel 
9 Peirce 

10 Plantamour 
I I Plantamour 
12 Mahlke 
13 Heavisiue 
14 Peirce 
15 Peirce 
16 Biot 
17 Bessel 
18 Biot 
I 9 l'ucci and Pisati 
20 Oppolzer 
21 Von Orff 
22 Messerschmitt 
23 Biot 
24 Borda 
25 Peirce 
26 !\1endenhall 
27 Defforges 
28 Defforges 
29 Defforges 
30 Kater 

: Date. Place of 
clctcrmination. 

i 
I 

Apparatus. 
I 

Result rccluced to \Vash· 1' 
ington Coast and 

Geodetic Survey Office. 
I I 

Length I Gravity. 

I ,, ________ - 1--- -----·------ ·-·---- :.e:c~z~nd.1- Dyne~~ 
1869 Berlin 
1890 Washington 
1829 Greenwich 
1886 Padua 
1878 ! Berlin 
1869 I Altona 
1870 Konigsberg 

1826-27 Konigsberg 
1875 I Geneva 
1869 I Berne 

1865-71 Geneva 
1891 Hamburg 
1874 Kew 
1876 i Berlin 
1876 Kew 
1825 Padua 
1835 Berlin 
1824 Milan 
1882 Rome 
1884 Vienna 
1877 Munich 
1889 Zilrich 
1824 Paris 
1792 Paris 
1876 Paris 
1880 Tokio 
1893 Washington 
1888 ; Greenwich 

1889-901 Paris 
1817 i Lonuon 

Lohmeier reversible pendulum 99·2995 I 980·047 
Peirce reversible pendulum ·2998 ·050 
Kater convertible pendulum ·3005 ·056 
Repsold reversible pl!ndulum ·3007 ·058 

Lohmeier reversible pendulum 
" " " 

Ball and wire, 2 lengths, differential 
Bessel reversible pendulum 

,, " " 
" 

Kater convertible penuulum 
Bessel reversible pcnuulum 

" " " 

Ball and wire, 2 lengths, uilTerential 

Bessel wire pendulum 
Repsold reversible pendulum 

" " " 

Ball and wire 
Bessel reversible pendulum 
Hall and wire 
Two reversible penuulums, differential 
" " 

Kater convertible penuulum 

Mean 

·301 I ·062 
-3013 ·065 
·3017 ·068 
·3021 ·072 
·3022 ·073 
·3024 ·075 
·3028 ·079 
·3033 ·o84 
·3036 ·087 
·3048 ·099 
·3051 ·102 
·3054 ·105 
·3055 ·106 
·3062 ·113 
·3065 ·116 
·3085 ·135 
·3088 ·138 
·3092 ·143 
·3098 ·148 
·3102 ·153 
·3109 ·159 
·3114 . 164 
·3115 ·165 
·3134 ·i84 
·3144 ' 194 

[ ·3236] [ ·285] 

--------------------------------------" -

Authorities 11.nu reforences for the values of absolute gravity referred to 'Vnshington, as given in the table: 
Nos. 1, 4, 5, 6, 10, 11, 12, 17, 20, 21, 22 ure from the valuoH gi von for Vienna by Von St~rneck lMittheilungen des 

k. u. k. milit. goograph. Institutes," Vol. XII, 1892, p. 40), and u.re reduced to Berlin by his relative connection 
between Vienna and Berlin. Nos. 1, 5, 17 nro also given for Berlin directly, and Nos. 6, 12 for Hamburg (p. 39), as 
furnished by Helmert, with corrections supplied by him. 

No. 2, Preston, Report United States Const and Geodetic Survey, 1890, Appendix 12, page 683. 
Nos. 3, 13, 30, Herschel, G. T. Suney of India, Vol. V, Appendix 4, page 99; the scitrc values as recomputed and 

corrected by Herschel. 
Nos. 7, 8, Helmert, Hiihero Geodiisic, Vol. II, page 209. The values thero given are rmluccd to sen level, so 

that this correction is subtrncted. They arc then referred to Berlin by a1>pfying the mean of the results of Bessel 
and Peters for the difference between Berlin aud Konigsberg; the values are really, therefore, not independent of 
Nos. 1and17. 
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No. 9 is taken from Von Sterneok's table as above, and reduced to Berlin, and a slight correction applied, so that 
the correction for the length of the standard referred to shall agree with Nos. 14, 15, 26. 

Nos. 14, 15, 25, Peirce, Report United States Coast and Geodetic Survey, 1876, Appendix 15, page 320; also Amer
ican Journal of Science, Vol. 20, 1880, page 327. To the lengths of the seconds pendulum there given a correction 
of -·000 0094 metre is applied, based on later investigation of tho reforenoe standard of length (No. 49). Bulletin 
No. 17, United States Coast and Geodetic Survey. The values as used are combinations of relative and absolute 
determinations. 

Nos. 16, 18, 19, Lorenzoni, Atti del U. Istituto Venoto di soienzo, lettere ed arti, Tomo V, Serie VII, 1893-94, page 
293. These results are given referred to Vienna, and are reduced from Vienna to Berlin by Von Sterneck's relative 
value, as in tho first group. 

Nos. 23, 24, Peirce, Report United States Coe.et and Geodetic Survey, 1881, Appendix 17, page 462. These are the 
values as corrected by Peirce. 

No. 26, :Mendenhall, Memoirs of the Science Department, Tokio Daigaku (University of Tokio) No. 5, 1881, page7. 
Referred to Washington by connection with Kater pendulums (1882-84). 

No. 27, Dofforges, Comptes Rendus, January 29, 1894. 
Nos. 28, 29, Dofforges, M6morial du D6p6t G6n6ral de lo. Guerre, Tome XV, Observations du Pendule, Paris, 1894. 

V. -ANOMALIES IN THE FOROE OF GRAVITY ON THE OONTINENT OF NORTH AMERIO.A., BY 
OOMM.A.ND.A.NT DEFFORGES. 

[Translation.] 

The studies of the force of gravity undertaken by the "Service Geographique" of the army 
have permitted the formulation of some interesting empirical laws, which were submitted on July 
15, 1893, to the judgment of the Academy by the minister of war. 

It is shown by the recent measures, and by a certain number of older determinations which 
can be combined with certainty with the contemporary observations, that the shore of the same 
sea appears to possess a characteristic force of gravity, the variation of which along that shore 
follows sufficiently exactly the law of the sine squared of the latitude announced by Olairant. 
But, on the one hand, the islands which arise from the great depths of the sea present a con
siderable excess of gravity, as has been inferred since the first discussions of observations 
with the pendulum made during the old voyages of circumnavigation; and, on the other hand, 
upon the continents of Europe, Africa, and Asia there is proved a defect of gravity which seems 
in the distribution of the masses of the terrestrial crust to counterbalance the excess of the 
islands of the ocean. 

It was of interest to extend and confirm this last law, and to ascertain if the American con
tinent actually presented, like the other continents, this negative anomaly of gravity, and to what 
degree. Taking ad vanta.ge of a voyage of duty to the United States, I have been able, with the 
aid of funds generously placed at my disposition by the Academy, to execute with the" reversible 
inversable" pendulum relative observations of the force of gravity at seven stations on the con
tinent of North America. 

Furthermore, upon a courteous request addressed by Dr. T. 0. Mendenhall, Superintendent 
of the Ooast and Geodetic Survey, to the director of the "Service Geographique" of the army, I 
have measured the absolute force of gravity at Washington with the pendulums of Bronner. 

The relative stations have been chosen in such a manner as to bring out as much as possible 
the continental anomalies. Two of the stations, Sau Francisco and Washington, are situated near 
the shores of the oceans, and within a few degrees upon the same parallel. A central station, 
at Salt Lake City, not distant from the Great Salt Lake, occupies a point in the lowest part of 
the great plateau between the Rocky Mountains and the Sierra Nevada. Another station at the 
observatory recently founded at Denver, on the other side of the Rocky Mountains, at more than 
1,600 metres elevation, is situated upon the vast plateau which serves as a pedestal to the Rocky 
Mountains and descends by insensible degrees to the valley of the Mississippi. 

These two stations, Salt Lake Oity and Denver, are sufficiently distant from the most elevated 
mountain masses to escape the topographic attraction, and their situation upon the solid mass 
itself of the backbone of the American continent render them well suited to reveal the conti
nental defect of gravity with its greatest value. 

S. Ex. 8, pt. 2--4 
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The other stations, Mount Hamilton, Chicago, and Montreal, situated on both· sides of the 
stations of the great plateau, serve for transition to the stations on the borders of the oceans, and 
permit the following of the variation of the anomaly, referred to gravity observed at Paris, until 
beyond its change of sign, which takes place at some distance from the ocean shore, following the 
law already established in Europe and Algeria. 

The absolute force of gravity, measured at Washington in the pendulum room of the Coast 
~nd Geodetic Survey Office, is 

g = 9·80 165 metres 

The relative measure gave, between Paris and Washington, 

g = 9·80 169 metres 

The accord of the two values is entirely satisfactory. I have adopted for Washington the mean 

g = 9·80 167 metres 

The table which follows includes the values of g measured, relatively to Paris, at the seven. 
American stations, and for each of these: First, the reduction to the level of the sea, following the 
formula of Bouguer; second, the theoretic gravity, calculated according to the law of Clairant and 
with the flattening of Clarke, considering as normal the force of gravity at Paris; and finally, 
third, the anomaly of the observed gravity. 

Reduction S' 

Station. Latitude. Altitude. obsc~ed. of Anomaly. 
Bouguer. Reduced. Computed. 

G. m. m. m. m. 
Washington "43·21 IO 9·8o167 + 2 9·80169 9·80127 + 42 
Montreal 50·57 100 9·8o729 + 18 9·80747 9·80716 + 31 
Chicago 46·46 165 9·8o345 + 30 9·8o375 9·8o386 - II 
Denver 44·33 1645 9·79684 + 299 9·79983 9·80216 -233 
Salt Lake City 45·30 1288 9·79816 +234 9·8oo50 9·80293 -243 
Mount Hamilton 41·47 1282 9·79683 +233 9·79916 9·79991 - 75 
San Francisco 41·98 II4 9·8oo16 + 21 9·80037 9·80030 + 7 

*Latitude = 38° 53'·2 = 43·21 G. Incorrectly given in original. 

The curve (here omitted) gives a very clear idea of the general change of the anomaly of 
gravity on the American continent.• 

Although the deviations of the vertical have not yet been determined at the American sta
tions, the largest values which experience has given for this deviation on the globe would not 
affect the anomalies to a sensible amount. 

These results entirely confirm the facts of observation announced in the note of July 15 last. 
It is interesting to note that the continental anomaly upon the high American plateau is very 
nearly equal and of opposite sign to the anomalies of the islands in the great depths of the Pacific 
and Atlantic. 

Atlantic Islands. American continent, Pacific islllllds. 

m. m. '"· St. Thomas +·oo 172 Denver -·oo 233 Ualan +·oo 283 
Ascension + 151 Salt Lake City - 243 Guam + 197 
St. Helena + 225 Mauwi + 18o 
Fernando de Noronha + 196 Ile de France + 224 -----

Mean anomaly +·oo 186 -·oo 238 +·oo 221 

"The two extremities of the curve of anomalies are elevated above the level of the sea in consequence of the 
adoption of gravity at Paris as normal. Gravity at Paris is, in faot, affected by o. slight oontinentul defect. 



A REPORT ON A GEOLOGIO EXAMINATION OF SOME COAST AND GEODETIO 
SURVEY GRAVITY STA'fIONS. 

By G. K. GILBERT, Geologist United States Geological Survey. 

DEPARTMENT OF THE INTERIOR, 
UNITED ST.A.TES GEOLOGICAL SURVEY, 

Washington, D. 0., March 19, 18.95. 
DEAR SIR: In accordance with an informal arrangement made a year ago between this office 

and the Superinteudent of the CoaRt Survey, Mr. G. K. Gilbert was iustructed to make some special 
geological examinations in conjunction with the work of Mr. Putnam in the measurement of 
gravity. As this work on behalf of the Geological Survey was merely accessory to that of the 
Ooast Survey, it seems proper that its results should be published by the Coast Survey in conjunc
tion with the report by its own officer. I ther~fore transmit to you herewith J\Ir. Gilbert's report, 
which is in the form of a letter addressed to yourself. 

Yours, with respect, 
OBAS. D. W .A.LOO'.I.'T, Director. 

Gen. W. W. DUFFIELD, 
Superintendent United States Ooast and Geodetic Surw:y. 

DEPARTMENT OF THE INTERIOR, 
UNI'.I.'ED STA'l'ES GEOLOGICAL SURVEY, 

Washington, D. 0., March 19, 1895. 
SIR : About a year ago Dr. T. C. Mendenhall, then Superintendent of the Coast and Geodetic 

Survey, inv1ted me to make suggestions as to the selection of points for gravity stations. He 
was \\t that time planning a transcontinental chain of stations, approximately in latitude 39°, and 
he desired to have the'points of observation so chosen as to give light not only on geodetic prob· 
lems but also on problems of peculiar interest to geologists. In one of the conferences on this 
subject it was suggested that special geologic examination of stations occupied was desirable, 
and as I was to be engaged in field work in Colorado while the gravity determinations were made, 
it was informally arranged that the precise points occupied by the observer should be communi
cated to me in Oolorado, and I should visit as many stations as pra-0ticable on my way back to 
W asbington in the autumn. This arrangement was afterwards carried out, permission therefor 
being granted by the Director of the Geological Survey, and all necessary information as to places, 
etc., being forwarded to me by Mr. G. R. Putnam, the Assistant in charge of the work. The sta
tions visited by me woce Colorado Springs, Denver, Wallace, Ellsworth, Kansas Oity, St. Louis, 
Terre Haute, Chicago, Cincinnati, and Cleveland. 

As the mean density of the earth is greater than the density of the visible crust, there must 
be a general increase of density downward. So far as zones of equal density are spheroidal shells 
parallel to the superficial spheroid of reference, the distribution of densities may be regarded as 
regular or normal. To whatever extent the different parts of a spheroidal shell vary in density 
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the distribution is irregular. The geodesist and the geologist alike are interested in the deter
mination of the nature and extent of such irregularities. With the outermost portion of the 
lithosphere the geologist has some acquaintance, and he knows that it is not of uniform density. 
He suspects that the zone of heterogeneity extends farther, characterizing all that indefinitely 
limited portion of the lithosphere which he calls crust, and he hopes that with the multiplication 
of pendulum stations much may be learned of the extent and distribution of crustal inequalities. 

If the heterogeneity indicated by the pendulum is confined to the zone which is subject to 
direct observation or clear inference by tlie geologist, or if it resides chiefly in that zone, then the 
application of a correction properly ha.Bed on geologic observations should render the measure
ments of local gravity more harmonious. If the application of such a correction fails to diminish 
the discrepancies of gravity determinations, the chief cause of local variation would seem to lie 
farther beneath the surface, or at least to range farther from the surface. 

At each station visited I examined the formations visible at the 1mrface, collected samples to be 
used afterwards for the determination of specific gravities, and compiled such data as were avail
able from wells and the labors of other geologists as to the character of underlying formations. 

The densities, or specific gravities, of the specimens collected were determined by Mr. George 
W. Stose, Assistant Geologist, United States Geological Survey. For this purpose blocks of the 
size known as hand specimens were employed wherever practicable, and care was taken to obtain 
the specific gravity of the rock as saturated with water, except in the case of specimens repre
senting formations which lay above water line. Determinations were also made of a considerable 
number of other specimens in order to obtain average values for the densities of such rocks as 
were reported in well records, but were not available for specific determination. 

A great region, including the stations visited, is characterized by sedimentary rocks lying in 
nearly lwrizontal beds. These are of such vertical extent that at none of the stations have they 
been completely traversed by the drill; but it is legitimately inferred from a study of t}le relations 
of these rocks as exhibited elsewhere that they have a total thickness ranging from one-half mile to 
3 miles, and that beneath them are crystalline rocks which a:re not similarly arranged in horizontal 
strata. but are disposed in beds of less regular shape whose boundaries are often highly inclined 
or vertical. The particular disposition and arrangement of these crystalline rocks in the vicinity 
of any of the stations can not be inferred from data now in the possession of the geologist, so that 
they must be classed for the purposes of this discussion with the subcrust of unknown density. 
Nevertheless, as the sedimentary columns are of unequal height, their attraction can not be com
pared ~o advantage without making some assumption as to the density of the crystallines on 
whose uneven surface they stand. The particular assumption on which the computations and 
accompanying tables are ha.Bed is that the average density of the crystallines is 2·70. An average 
density of 2·65 was also assumed, and the computations repeated, but the results were so nearly 
identical that they are omitted to avoid prolix repetition. 

The standard density, 2·70, was subtracted from the densities of the various sedimentary rocks 
determined, reported, or inferred to occur beneath each of the gravity stations, and the dittere_nces 
were employed in the subsequent computations. 

In Table I the stations are listed in the order of their longitudes from east to west. The thick
ness of the sedimentary rocks was in each ca.Be partly determined by local well records and partly 
estimated by the aid of well records or surface measurements at other points. In the ca.Bes of 
Ellsworth and Wallace the wells are shallow, and the bases of inference were so slender that the 
estimates of thickness have small value. In the computation of mean densities the measured 
densities of individual formations were used so far as possible, and in the absence of direct measure
ments limestones were estimated at 2·70, shales at 2·43, and saudstones at 2·40. The densities 
ascribed to the rocks at Wallace and Ellsworth are interpolations. The corrections to the local 
determinations of gravity (column 6) were computed by means of the formula 

dg=2g !!..~ 0 - 2·7 
r4 6 

where H represents the thickness of the sedimentary rocks, o their mean density, 6 the earth's 
mean density, and r the earth's radius. The quantities in column 7 are residuals derived from 
those in column 6 by subtracting the mean of the qnantities in column 6 from the several quantities. 
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TABLJ·: I.-Injluet108 of aedimentary rooka on local val'U8s of gravity. 

l 

Station, 

Cleveland 
Cincinnati 
Terre Haute 
Chicago 
St. Louis 
Kansas City 
Ellsworth 
Wallace 
Colorado Springs 
Denver 

·-·-

~ 

Altitude 
of 

station. 

Feet. 
689 
804 
495 
597 
505 
917 

1539 
3297 
6039 
5374 

---- ---

I 3 

Orderofabun-
dance of lime-

stone, sand-
stone and shale. 

ls. sh. SS. 

ls. sh. ss. 
sh. ls. ss. 
SS. ls. sh. 
ls. SS. sh. 
ls. sh. SS. 

sh. ls. SS. 

sh. SS. Is. 
sh. SS. ls. 
sh. SS.' Is. 

" ~ 6 

Estimated Mean den- Correction 
thickness of sity (6) of to attraction 
sedimentary sedimentary for differ-

ence of den-rocks. rocks. sity. 

Feet. Dynes. 
4500 2·56 +·008 
3000 2·58 +·005 
7000 2·53 +·015 
2800 2·52 +·006 
4500 2·60 +·oo6 
5500 2·6o +·007 
t6ooo~ f 2·50~ +·015 
6000 2·45 +·019 
7700 2·43 +·026 

15800 2·42 +·056 
---

Mean ·016 

-------- - - -----
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7 

Residuals 
from column 

6. 

Dynes. 
-·008 
-·ou 
-·001 
-·010 
-·010 
-·009 
-·001 
+·003 
+·010 
+·040 

----
·010 

In considering the effect of applying such geologic corrections as appear in column 6 of 
Table I to local observation of gravity two quite distinct and opposing points of view should be 
kept in mind: 

(a) High rigidity.-The earth's crust may be regarded as rigid, or at least stiff enough to sup
port the continents by its stiffness. In this case no necessary relation exists between altitude 
and density of crust. On this theory every measurement of gravity on land should be corrected 
by subtracting from it the attraction due to the matter lying between the station and the surface 
of the spheroid of reference. 

(b) Isostasy.-The earth's cru~t may be regarded as relatively weak and plastic. In this case 
the continental masses and ocean beds are in quasi-hydrosta.tic equilibrium, and altitude is 
inversely related to the density of the crust beneath. Ou this hypothesis the correction should 
not be apl_)].i1\d, 

The method employed in discussing the effect of the geologic corrections was (1) to make the 
determinations as homogeneous as possible by applying all corrections except the geologic one, 
and then note the outstanding discordance as shown by the residuals, or differences between 
individual measures and the mean of all the measures ; (2) to repeat the process, including the 
geologic corrections, and thus derive a second series of residuals; and (3) compare the two series 
of residuals. 

In Table II, postulating the theory of high rigidity, column 8 gives the observed values of 
gravity after correction for latitude, altitude, local topography, and the attraction of matter above 
sea level. Tile adjustment for latitude consisted in reducing each value to its equivalent at lati
tude 400. The corrections for altitude and for the defect of attraction ascribable to the local 
topographic relief were those tabulated by Mr. Putnam. The correction for the attraction of 
matter above sea level assumed the density of that matter to be 2•70. It should be noted in this 
connection that the (positive) correction for altitude and the (negative) correction for the attrac
tion of matter above sea level are both too small under the theory of high rigidity; for these 
corrections, as computed, are proportional to the height of the stations above the geoid, whereas 
they should be proportional to the height of the stations above the spheroid of reference; and 
the theory of continents upheld by terrestrial rigidity implies that the geoid.in continental areas 
lies above the spheroid of reference. It is probable that if due account were taken of this factor 
the divergence of the values in column 8 would be 8ornewhat reduced. The values of gravity in 
column 9 were obtained by adding to the values in column 8 the geologic corrections of column 6 
(Table I). The discordances of the values in columns 8 and 9 are exhibited by the residuals in 
columns 10 and 11. 
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TABLE 11.-Effeot of applying c!m'eotionfor denBity of local aedimentary rocka to obaerved valuea of 
gravity previously oorreoted under the hypothesia of high rigidity. 

I s 9 •o ---.-.-I 
St..tion. ~~r~~r;,';~~ f ~:r!~~ o~~r~~~~l~l~Y itudc, altitude, column 8, and Residuals from Residuals lrom topography, and also for density of column 8. column 9. attraction of ma~ 

ter above sea. sedimentary rocks 
level. (column 6). 

·---

Cleveland 
Dynes. Dynes. Dy ms. Dynes. 

98o·135 980·143 +·055 +·047 
Cincinnati 98o·114 98o·119 +·034 +·023 
Terre Haute 98o·132 98o·147 +·052 +·051 
Chicago 980·141 98o·147 +·o61 +·051 
St. Louis 98o·136 980·142 +·056 +·046 
Kansas City 98o·110 980·117 +·030 +·021 
Ellsworth 980·115 98o·130 +·035 +·034 
Wallace 98o·o33 980·052 -·047 -·044 
Colorado Springs 979·940 979·966 -·140 -·130 
Denver 979·945 980·001 -·135 -·095 

--------------------
Mean 980·080 980·096 ·064 ·o54 

It appears from the footings of the table that the gravity determinations at the ten stations, 
if compared under the hypothesis of rigidity (but without allowance for the deformation of the 
geoid), exhibit a diversity or discordance measured hy the mean of residuals, 0·064 dynes; and 
that the application of the geologic correction reduces the discordance to 0·054 dynes. If these 
measures of discordance be further compared with the measure of the diversity of the geologic 
corrections, 0·010 dynes (column 7, Table I), it appears that the geologic corrections have the 
maximum possible effect in the direction of harmony, for it is only through their own diversity 
that they affect the diversity of the quantities to which they are applied. 

If any general conclusion may be drawn from these data, it would seem to be that corrections 
for the densities of the local formations may advantageously be applied to gravity determinations 
discussed under the hypothesis of terrestrial rigidity. 

Table III is based on computations in which isostasy is postulated. The values of gravity in 
column 12 were corrected. as before for latitude, altitude, and local topography, but not for the 
attraction of matter between the surface and sea level. In this case the correction for altitude 
needs little qualification for the deformation of the geoid. The values of gravity after the appli
cation of the geologic correction appear in column 13. The quantities in columns 14 and 15 are 
residuals from columns 12 and 13, respectively. 

'!'ABLE III.-Effect of applying correction for denaity of local aedi111entary rockB to obBerved valuea of 
gravity previoualy olm'ected unde1· the hypotheBiB of iaostaay. 

---

·~ 13 ... 13 
-- ---

Station. Observed ~vlty 
Observed !ra~ity 

correcte as m 
correcte for column u1, and Residuals from Residuals frolll 

latitude, altitude, also for density of column 12. column 13. 
and topography. sedimentary rocks 

(column 6). 

---- ---

Cleveland 
Dynes. Dynes. Dynes. Dynes. 

980·158 980·166 +·009 +·001 
Cincinnati ·141 ·146 -·008 -·019 
Terre Haute ·149 ·164 ·ooo -·001 
Chicago ·161 :-X67 +·012 +·002 
St. Louis ·153 ·159 +·004 -·006 
Kansas City ·141 ·148 -·008 -·017 
Ellsworth ·167 ·182 +·018 +·017 
Wallace ·145 ·164 -·004 -·001 
Colorado Springs ·146 ·172 -·003 +·007 
Denver ·128 ·184 -·021 +·019 

----- ---
Mean I 980·149 98o·165 ·009 ·009 
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From the footings of this table it appears that the gravity determinations at the ten statiouR, 
if compared under the hypothesis of isostasy, exhibit a discordance measured by 0·009 dynes, and 
that the application of the geologic correction does not reduce the discordance. No evident advan
tage, therefore, results from applying a correction for the local density of the rocks accessible for 
examination when the observations are treated under the hypothesis that the altitude of the 
surface is a function of the density of the underlying crust. 
, Acknowledgments are due to Prof. F. W. Oragin, of Colorado Springs, Colo.; Mr. Sheriff, of 

Ellsworth, Kans.; Dr. G. Hambach and Messrs. Robert E. McMath, M. J. Murphy, and B. H. 
Colby, of St. Louis, Mo.; Dr. J. T. Scoville and Profs. G. L. Mees and M.A. Howe, of Terre Haute, 
Ind.; Mr. 0. H. Gordon, of Ohicago, Ill., and Prof. H.P. Cushing and Mr. Percy Rice, of Oleve
land, Ohio, for geologic a.nd topographic data, 

Very respectfully, 

Gen. w. w. DUFFIELD, 

G. K. GILBER'l', 

Geo"logist United States Geological Survey. 

Superintendent United States Coast and Geodetic Survey. 
(Through Hon. O. D. Walcott, Director United States Geological Survey.) 
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APPENDIX No. 2-1894. 

TELEGRAPHIC DETERMINATION OF THE FORCE OF GRAVITY AT BALTIMORE, MD., 
~'ROM SIMULTANEOUS PENDULUM OBSERVATIONS AT 

WASHINGTON AND BALTIMORE. 

By E. D. PRES'l'ON, Assistant. 

Submlttod for publlcntlou l•'obruary 15, 1895. 

57 



Blank page retained for pagination 



APPENDIX No. 2-1894. 

TELEGRAPHIO DETERMINATION OF THE FORGE OF GRAVITY AT BALTIMORE, 
MD., FROM SIMULTANEOUS PENDULUM OBSERVATIONS AT WASHINGTON 
AND BALTIMORE. 

By E. D. PRKBTO:-J, Assistant. 

Submitted for publication February 15, 1895. 

In obedience to instructions of June 29, 1893, a determination of the relative force of gravity 
between Washington, D. C., and Baltimore, Md., was undertaken. The exact points occupied 
were the Coast and Geodetic Survey Office in this city and the Johns Hopkins University at 
Baltimore. Through the kindness of President Gilman and Professor Rowland the basement of 
the physical laboratory was placed at our disposal. The height above mean tide is 100 feet (30·5 
metres). 

At Washington the pendulum was 45 feet (13·7 metres) above mean tide. The instruments 
used were the recently constructed half-second pendulums, and the method was that of swinging 
simultaneously two pendulums, the periods of both being determined by means of the same 
chronometer. The signals were transmitted telegraphically. The distance from Washington to 
Baltimore is 40 miles. It is obvious that in the application of such a plan it is unnecessary to 
know the rate of the chronometer, and hence we may dispense with the star observations, a very 
laborious part of the usual scheme in the relative determinations of gravity. 

This method, the first account of which appeared in the report of Dr. T. C. Mendenhall on the 
transfer of our initial gravity station from the Smithsonian Institution in this city to the Coast 
and Geodetic Survey Office, promises to be one of surprising accuracy. The work just referred 
to, executed by Mr. G. R. Putnam, Assistant, Coast and Geodetic Survey, and Mr. Von der Trenck, 
Acting Aid, gave results in which the greatest discrepancy from the mean was only one pa.rt in 
two and a half millions (Appendix No. 15, Report for 1891). The line, however, was short; but 
there is no reason why the distance between the stations should enter as a function of the 
accuracy, granting that the electrical connections, batteries, etc., remain the same from day to day. 

For details regarding the execution of the present work reference may be made to Appen
dix No. 15, above cited. The system followed in the Washington-Baltimore determinations was 
essentially the same and need not be retold. The use of two chronometers, one at each station, 
eliminated from the result any error arising from the variation of the transmission time of the 
electric current during the experiment. 

The pendulums used were A 4, A 6, and As at one station, and B1, B2, and B3 at the other. · 
A. and B1 were swung simultaneously, as likewise were A6 and B2, and finally As and B3. The 
B pendulums are of the old form, having the knife-edge on the pendulum and the plane on the 
support. The A pattern has the plane on the pendulum and the knife-edge on the support. 

After three days' work with B at Washington and A at Baltimore the pendulums and receivers 
were interchanged and another set was made with A at Washington and Bat Baltimore. 

5B 
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Finally, the pendulums were simultaneously swung at Washington, A 4 being compared with 
B1, As with B2, and Ao with Il3. 

The pendulums were swung in the prime vertical at both stations. Sidereal chronometer 
Negus No.1823 was used at Washington and No. 1824 at Baltimore throughout the work. 

From these three sets,, that is, from the swings before and after the iuterchauge, and from 
direct comparison at the same place, it is possible to deduce a value for the difference of the 
force of gravity between Washington and Baltimore and also two values for the difference of 
the times of oscillation of the pendulums. A complete and symmetrical scheme would necessitate 
another direct comparison at the second station (Baltimore), which would furnish another value for 
the difference of gravity also. 

Letting 6 tP = the difference.of the periods llf 'two pendulums swinging at the same place. 
6 tg =the difference of the periods of the same pendulum when swinging at. different 

places, and representing the pendulums by capital letters and the places by exponents, as 

A n=the period of pendulum A at Baltimore, 
BW=the period of pendulum Bat ·washington, 

from the work before the interchange we have 

and after intercha11ge 
A"-BW= LJtp+ 6fg 

Aw - nu= 6 tP - 6 tg 
These equations will give 6 tP and 6 t"'. 

(1) 

(2) 

The period of A is greater than that of B at the same place, and the period of the same 
pendulum is greater at Baltimore than at Washington. 

From the direct comparison at Washington we get 
AW -BW= 6tp 

This value serves as a check on the value of 6 tP derived from the interchange, and it also 
gives us a criterion to judge of the consistency of the values of 6tg from equations (1) and (2) by 
its substitution therein, but it throws no new light on the mean value of 6 tg, since it must be 
substituted in equations which have already given this value. 

For each swing the pendulums were used in the direct and reverse positions, and both chro
nometers were used, so that we have four values for each pair of pendulums. These may be 
combined in different ways for the sake of comparing results obtained under like conditions 
as regards chronometers, position, etc. Moreover, the mean values for each pendulum may be 
treated by deducing values of 6 tP from the separate consideration of the periods of the differ
ent pendulums in the same place and by deducing values of 6 tg from the same pendulums in 
different places. 

The mean results of 6 tP and 6 tg from these separate treatments will of course be the same. 
Subtracting the differences An - nw and Aw - BB in the times of oscillation of the two pen

dulums at the two•stations before and after the interchange, we have 

(3) 

which terms represent two independent determinations of the relative force of gravity by the 
transportation of both pendulums from one station to the other. 

Adding the differences, we have 
(AB-BB)+ (Aw -BW) (4) 

in which case the terms represent a comparison of the pendulums in two different places. 
In both the above cases by taking the mean we of course arrive at the same result which we 

would have obtained by solving equations (1) and (2). 
The second term of (4) was determined by direct experiment. We therefore have two values 

for the difference of period of the two pendulums, but since the difference of gravity must be 
obtained from equation (l) and (2), where we have 

from (1) 6tg = (A8 - BW) - 6tP (5) 

and from (2) (6) 

6 tP is eliminated in the solution and the same value of 6 tK results whatever the value of 6 t,,. 
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It is true that from (1) and (2), by using the direct determination of 6 tv, we may by substitu
tion get values of 6 ti; corresponding to the.work before and after the interchange, aml these values 
will be different from that furnished by (1) and (2) in the ordinary solution; but the meau reverts 
the original value for the reason above stated. 

The observations at Baltimore were made by Mr. F. A. Wolff, jr., those at Washington being 
made by myself. The apparatus was set up and the electrical connections arranged at both places 
by Mr. Wolff, who also made a complete reduction of the work. This has been checked by Mr. 
Putnam and myself. 

The periods of oscillation were reduced to an infinitely small arc, to a temperature of 240 0. 
(a mean value), aud to a pressure of 500m111 at oo 0. 

The constants employed were slightly different from those previously used and given in Appen
dix No. 15. 'fhey were chauged by a subsequent discussion, but the temperature varied so little 
during the time of experiment and the pressure was maintained so near the standard adopted 
that either set of constants would have answered for the reductions. 

A correction for "lag"-that is, for the difference of temperature, between that indicated by 
the thermometer and that actually existing in the pendulum-bas usually been applied to work of 
this kind. In the present case, however, this quantity is without any real influence, because it is 
insignificant when compared with err9rs of reading and graduation. 

The following tables give the individual results for the different days in the two positions and 
for the two chronometers used. The numbers given are units in the seventh decimal place, and to 
each result the quantity 0·500• is to be prefixed. For example, the value of B 1 at Washington on 
July 17 in the direct position aud by chronometer No. 1823 is understood to be 0•500 8118•, and 
likewise for the others. 

l--·--·------------------------------·-----

____ w_n_•h_1n_g_to_n_1_1,_. ___ l _______ ~lalth~~~~-:~- ____ __! 
Chron. No. I! Chron. No. '1 Means by Chron. No. I Chron. No.' Jllcans by I 

1823. 1824. position. r823. 182... position. 

----1----:l ____ ;!----1-----1----1----1-----1 

Date. Position. 

1893. 
July 17 D 

R 

Means by chronom
eters. 

8u8 
8137 

8127·5 

8o66 8o92·0 
8o52 8109·5 

---
8074·0 8100·8 

Washington A •. 

9156 9105 9130·5 
9160 9106 9133·0 

----------
9158·0 9105 ·5 9131 ·8 

'Baltimore B1• I ! 
----i---------,------,-----1------,------:-----1 

July 25 D 9137 9070 
1 

9103·5 8172 I 8110 8141 

R ~-~~~05·0 l~-l~-~4-
Menns by chronom- 9137·0 9071·5 9104·2 I 8179·0 

1

1 8116·0 8147·5 
eters. 

I 
Aug. 11 

Aug. 28 

Aug. 29 

D 
R 

D 

R 
R 

A~ - B'~ = + 1031·0 

Af -B~ = + 956·7 

I Washington B1• 

8u8 8063 
8136 8077 

8142 8069 

8151 8112 
8158 8115 ----

Means 8141 ·o 8o87·2 8114·1 

/).tp = + 993·8 

f:::,.tg= + 37·2 

Washington A •. 

9121 9062 
9 12 5 9 062 

9138 9064 

9136 9097 
9145 9099 -------·----
9133·o 9076·8 9104·9 
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A 6 AND B,. 

-·· 

Date. 

'Vashington B,. llaltimore A6 • 

sition. I "''"" No. I co,.; No. I Means by Chron. No, I Chron. No. Means by 
1823. 1824. position. 1823. 1824. position. 

I 

I 
I . 

I 
D 7293 

i 
7222 7257·5 7415 7351 7383·0 

R 7250 7181 7215·5 7409 I 7349 7379·0 

1893. 
July 19 

D I 7295 i 7225 726o·o 7429 7363 7396·0 
! : R 7257 I 7191 7224·0 7422 7358 7390·0 

21 

--i----------------
-~~ns I 7273·8 7204·8 7239·2 7418·8 7355 '2 7387·0 

---------

M 

--- .. 
I "Washington A 1• Baltimore B 2• I 
I 

I D I 7374 7320 7347·0 7318 7271 7294·5 
R 7371 7333 7352·0 7281 7236 7258·5 

July 28 

--------------------------
M eans 7372·5 7326·5 7349·5 7299·5 7253·5 7276·5 

-·---. 

A~ - B~· = + 147·8 [l.tp = + 110·4 
A;-B~ =+ 73·0 Li.ts=+ 37·4 

----
I Washington A 6• Washinitton B2 • 

I D 7394 7328 I 7297 7234 
R I 7391 73 23 7265 7190 

Aug. 5 

D I 7397 7355 7299 7261 
R 7403 7355 7274 7224 

30 D 7397 7360 7298 7262 
R 7396 7352 7264 7228 

----------------------------
M eans 7396·3 7345·5 7370·9 7282·8 7233·2 7258·0 

A'c; - B'~ = + 112·9 
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A, .AND B1• 

I 
Washington 8 1 . I Baltimore A,. 

Date. Position. 
Chron. No., 

----· 
I Chron. No. Means by Chron. No. Chron. No.

1 

Means by 
I 1823. 1824. position. 1823. 1824. position. 
! 

i 1893. I 
July 20 D 6619 6557 6588·0 7059 6998 7028·5 

R 6636 6573 6604·5 7061 6998 7029·5 ---- ---
Means 6627·5 6565·0 6596·2 7060·0 6998·0 7029·0 

Washington A1 • Baltimore 81• 

July 29 D 7030 6964 6997'0 6682 6615 6648·5 
R 7041 6974 7007'5 6692 6628 666o·o 

------------
Means 1035 ·5 6969·0 7002·2 6687·0 6621 .5 6654·2 

A: -B~=+432·8 D,tp = + 390·4 
A': -B~ =+ 348·0 D,t,=+ 42·4 

W ashlngton A1 • Washington B,. 

Aug. 12 D 7019 6974 6624 6582 
R 7019 6974 6646 66o1 

25 D 7029 6986 6629 6587 
R 7037 6989 6658 66o9 I 

Means 7026·0 698o·8 7003·4 6639·2 6594·8 661ro 

A': -B~ =+ 386·4 

From the foregoing values, when swinging was done simultaneously at the two stations, we 
hiwe the following results: 

I Set. Pendulums. Alp . 
Ale 

I 
Date. 

--
1893. 

I A,.-B1 +993'8 +37'2 July 17 and 25. 
II Ao -B• +110·4 +37'4 July 19, 21, and 28. 

III A 6 -B, +390'4 +42'4 July 20 and 29. 

From direct comparison of the pendulums at the same station we have 6 tP and 6 ts as follows 
( 6 tP being substituted in equations (5) and (6) gives 6tg = + 1031·0 - 990·8 = + 40·2, and so on): 

Set. Pendulums. At. Ate Date. 

Before. After. 1893. 
I A,-Bt +990·8 +40'2 +34'1 Aug. II, 28, and 29. 

II Ao-Ba +u2·9 +34'9 +39'9 Aug. 5, 26, and 30. 
III Ao-Bs +386·4 +46·4 +38·4 Aug. 12 and 25. 

the mean value of 6 t11 before and after the interchange being the same as that obtained above 
by the elimination. We therefore have in units of one-millionth of a sidereal second for the mean 
difference in the time of oscillation of a half-second pendulum 

(Baltimore) - (Washington) = + 3•90 
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and for the mean differences in the pendulum periods 
A 4 - B 1 = + 99·1 
A5 - BJ = + 11 ·3 
Ai; - BJ = + 38·6 

The difference in the time of oscillation of the three pendulums is entirely without influence on 
the values oft:::. tg in the three sets. In passing from Washington to Baltimore the length of the 
period is increased by only one hundred thousandth part of itself, so that even if the pendulums 
differed in their times by 0·001 • this would not influence the above results. .As a matter of fact, 
they differ by only one-tenth of this. 

The following tables show the difference, in the seventh decimal place, of the ti.mes of oscilla
tion for the different positions of the pendulums: 

DIRECT MINUS REVERSE. 

I 
' A,. Aa. I Aa. 

Date. 
I ! 

I 
I 

; 

I 18•3 . 18•4. 18•3. 

I 
1824. 18•3. t8"4· . 

! 

I893. 

I 
July I7 -4 - I 

Hence-I9 +6 + I 
Dir. - Rev. for 20 -2 0 

21 +7 + 5 A,= - 2• X 10-7 
25 0 -3 -7 A&=+ 2X10_

7 28 + 3 -13 A6=- 4 x IO 
29 -II -IO 

Aug. 5 + 3 + 5 
II -4 0 ' ' 12 0 0 
25 -8 -3 
26 -6 0 
30 +I +8 

~leans 1--=-3-:-=-,-1+-2- +-1-1--=-5-1-=-3-

-·-

=-----1 
--

ll,. B,. s.. 

-16 July 17 -19 
19 +43 +41 

_:.I6 20 -I7 
2I +38 +34 Hence-25 -I4 -I2 

Dir. - Rev. for 28 +37 +35 
29 -10 -I3 B1 = - 10• X Io-7 

Aug. 5 +32 +44 B2 = + 36 x Io-7 
II -I8 -I4 B3 = + I8 X Io-7 
12 -22 -19 
25 ! -29 -22 
26 I +25 +37 

30 1-- +34 +34 
----------

Means ' --17 -I4 i +35 +37 -I9 -I8 

·---· 

Assuming the value of g at the Coast Survey Office to be 980·098 dynes, the value at the 
Johns Hopkins University would be 980·083. 

The value of the difference of gravity between the two places is known with much greater 
accuracy than the absolute value at Washington; indeed, the absolute value of gravity is not 
known anywhere to the degree of precision indicated above, and can not be so known with the 
appliances now at our disposal and by using the present methods. 

It is assuming all that is warranted by work hitherto done to state the absolute value of g 
at Baltimore as 980·08 dynes. 

Since in general only one swing was made with each pair of pendulums before and after the 
interchange, a comparison of these results would hardly form a means of judging of the ability of 
the pendulums to repeat themselves under similar conditi'ons. 
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The greatest discrepancy from the mean, in the results by the different pairs· of pendulums, 
for the excess of' the period at Baltimore over that at Washington, is less than one part in two 
million. 

It is of course understood that the preceding treatment implies nearly equal periods in the 
two pendulums that are interchanged. It is assumed that the change in A in passing from Balti
more to Washington is the same as that in B in passing from Washington to Baltimore. For 
examples, our first experiment gave 

A" - B"' = + 1031·0" X 10-7 

"When A is transported to Washingtou, we have for its period An - a.A, and when B is taken 
to Baltimore, its period becomes Bw + oB. The difference given by direct observation was 

AW - B 8 =(A" - o.A) - (BW + oB) = + 95(Vi" x 10-7 

= .AH - B"' - oA - oB = " 
hence by subtraction 

<>A+ oB = + 74·3 

so that when we give+ 37•2 as the effect of gravity, the supposition is that o.A. = oB. oA and oB 
here represent the actual change in the period in consequence of a change of the force of gravity, 
and are expressed in units of the seventh decimal place of sidereal seconds. Assuming their 
equality, the absolute difference between the pendulums at the same place results from the follow
ing equations: 

AH - BW = + 1031·0 = L::.tp + 6tg 

oA = + 37·2 
A 8 

- oA - Bw =·A"' - B"' = + 993·8 = L::.tp 

If the periods of A and B are widely different, the above method can not be employed, because 
the change in the time of oscillation of a pendulum depending on a change in the accelerating 
force is a function of the period. In the case where the value for A is twice as large as for B, 
that is, when a metre pendulum is employed at one place and a quarter-metre one at the other, 
the value corresponding to 2 6 ti; in the solution of equations (1) and (2) would be composed of 
two parts, oue of which would he twice as large as the other and would be 6 tg from the A pen
dulum, the remainder being 6 t, from the B pendulum. There would, however, be 110 way of 
finding the respective values of 6 t, from a simple interchange of positions. 

Within the limits of the United States, say from latitude 25° to latitude 49°, the greatest 
change of period of a pendulum would be about one thousandth part of itself (more exactly, 
0·00~ 036). Hence, if quarter-metre pendulums are employed, the value of oA would be 0·000 518•. 
If the pendulums differed in their periods by one thousandth of a second, the value of oB would 
be 0·000 519•. In this case the assumption that r\'A and oB are equal would involve an error of 
half a unit in the sixth place of decimals. This would make it necessary to have the difference 
between the periods of A and B 11ot greater than one five-hundredth part in order to have the 
sixth decimal place accurate in the result fqr any determination within the latitudes given. 

The effoct of a change of elevation on the force of gravity is such that the above limit of one 
thousandth of the period would not be reached in any mountains in this country, the change in 
gravity being the same for 15 feet of elevation as it is for one minute of latitude between 250 and 
4907 viz, 0·000 00144th part of itself. This does not take any account of the matter lying between 
the upper and lower station, but is purely the effect of the increased distance from the earth's 
center. 

We can therefore say that for all work in the United States it is sufficient and necessary that 
the quarter-metre pendulums employed in the telegraphic method of finding differences of the 
force of gravity should not differ as much as one thousandth of a second in their periods. 

S. Ex. s, pt. 2--5 
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The telegraphic determination of the difference of the force of gravity between two places by 
simultaneous oscillations gives rise to two methods of treatment-that of differences and ratios. 
The following is a statement of these methods, with an application of the data already given in 
the case of one set of pendulums, A, and B 1• 

In considering the ratio of the times of oscillation of the pendulums we shall treat this quan
tity as A + B. The ratio of the places will be taken as the time of oscillation of the pendulum 
at Baltimore divided by the time at Washington. 

Before the exchange we have 
AD AH BB 

(7) K. = gw =BR . nw = ratio of pendulums at Baltimore multiplied by ratio of places from B 
pendulum. 

A" A 11 AW = W =A"'. B w = ratio of pendulums at Washington multiplied by ratio of places from A 
pendulums. 

(8) 

or K 1 = ratio of pendulums multiplied by ratio of places. 
After the exchange 

BR BR AB 
(9) K, =Aw = :An. A''° = inverse ratio of pendulums at Baltimore multiplied by ratio of 

places from A pendulum. 

(10) = !:,. = ~: .. ! : = inverse ratio of pendulums at Washington multiplied by ratio of 
places from B pendulum. 

or K, = inverse ratio of pendulums multiplied by ratio of places. 
In general terms we can say that the value of K1 is equal to the ratio of the pendulums at 

the place indicated in the numerator multiplied by the .ratio of the places as determined by the pen
dulum indicated in the denominator, or, which gives the same thing, the ratio of the pendulums 
at the place indicated in the denominator multiplied by the ratio of the places as determined 
by•tlte pendulum indicated in the numerator. A similar statement can be made in regard to~. 

l t may be mentioned, although the fact is evident from the interchange, that in order to bring 
out the factors composing K, we introduce precisely the quantities BB and Aw, which are directly 
observed in the new position, and which determine the value of K~. If, in introducing the lden
tfoal factors in the two equivalent expressions for K1, they are chosen so that the ratios of the 
pendulums in the two places are equal, the ratio of the places must necessarily be ·equal, and vice 
versa in the case of K,. 

Multiplying (7) and (9) 
Al> BB 

K, K, =Aw· B"' =(ratio of places)2 

dividing (7) lJy (9) 
K AW AB . K: =-.Bw. )fB = rrat10 of pendulums)2 

We have the following numerical data: 

Before exchange. 

A 11 = 0·500 913188 

B"' = 0·500 81008 

After exchange. 

A"' = 0·500 910428 

B0 = 0·500 814 75 

The last decimal place is uncertain. It is carried along merely to avoid discrepancies. 
From the above we have by the differential method 

from which 

AR - nw = + 1031·0 = L.tp + Dtg 

Aw - BB = + 956·7 = 6 tp - 6 t 

6tp = 993·8 

6tg = 37·2 
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By the method of ratios we have 

A 0 0·500 91318 
K1 = B'" = 0·500 81008 = 1 ·000 20587 

BB 0·500 81475 . 
K., = Aw = 0·50Cfl)1042 = 0·999 80901 . 

K 1 K, =(ratio of places)2 = 1·000 01484 
ratio of places = 1·000 0074 

The ratio of the places would be found by the differential method thus: 

A II = 0·500 9131 ·8 
37·2 

c:,. tP = 0·500 9094:·6 = Aw (calculated) 

ratio of places = 1: = ~:~~~ :~:~:: = 1 ·000 007 4 

67 

The result for the ratio of the places is the same whether we use the differences or the 
quotients of the observed quantities. 

The same may be shown in finding the ratio of the two pendulums. 
By the method of differAnces we had 

AB= 0·500 91318 
c:,.tp = 9938 

B 8 (calculated)= 0·500 81380 

and the ratio of the pendulums is 

A 11 0·500 91318 
n••= <F5oo 81380 = l·ooo 1984 

By the method of mtios 

K 1 1 ·000 20586 
~=-0.999 80900 1·000 39693 = (mtioofpe.ndulums)2 

1·000 1984: =ratio of pendulums as before. 

These two ways of reducing the observations are ea~h ciipable of bringing out the final values 
for the difference of the force of gravity in the two places, and also the difference of the times of 
oscillation of the two pendulums in the same place. 

There is still another way in which the observations may be combined. Although viewed from 
a. different standpoint, it leads precisely to the same r~sult. 

Inasmuch as the entire operation consists essentially of oscillating each of the two pendulums 
at each place, we may simply compare the times of the oscillations in the two places for the differ
ence of gravity and the times of the two pendulums in the same place for the difference of the 
pendulums. The values of the difference of gravity for the two pendulums will not be equal; 
neither will the values for the difference of the pendulums in the different places be so, but tqe 
mean value for gravity in the first case and the mean difference in the pendulums in the second 
will be identical with the values heretofore obtained by the other two methods. This is shown in 
the following scheme (seep. 61). As heretofore, we are using units in the seventh place of decimals 

A"= 9131·8 
A"'=9104·2 

27·6 = b.tg =difference of periods at Baltimore and Washington from A pendulum. 

B 0 = 8147·5 
B"'= 8100·8 

46·7 = 6 tg =difference of periods at Baltimore and Washington from B pendulum. 
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The mean of these is 37·2, as before. 
Likewise for the difference of the pendulum per~ods 

A" = !)131·8 
B 8 = 8147·5 

984·:3 = 6 tP = difference of periods of A and B at Baltimore. 
AW =9104·2 
nw =8100·8 

' 1003·4 = 6 tP = difference of periods of A and B at 'N ashington. 

The mean being !J93·8, as before. 
By means of the values of 6 tP and 6 tg we may reduce the period of either pendulum at either 

place to the other pendulum at the other place. For example: · 

Pendulum A at Baltimore =A" = 0·500 9131·8 
Reduction from pendulum A to penuulum B = t:::. tP = 993·8 

Pendulum B at Baltimore (calculated) 
Reduction from Baltimore to Washington 

Penuillum B at Washington 

= B 11 = 0·500 8138·0 
= 6/g = 37·2 

= BW = 0·500 8100·8 

In the same way B" may be reduced to Aw, and of course the reduction may take place 
inversely. 

The value for B 8 (calculated) does not agree with that observed. 

We have B 11 (observed),= 8147·5 
B" (calculatcu) = 81.'JS·O 

Difference = 9·5 

This is owing to the fact that on account of minute errors of observation and slight imper
fections of workmanship the pendulums will not repeat themselves in two successive independent 
experiments. 

If we reduce A"' to Bw we have 

Aw= 9104·2 (observed) 
993·8 = 6tp 

8110·4 = BW (calculated) 
8100·8 = BW (observed) 

9·6 = difforence. 

The sum of these two differences = l!H, which is the difference between the two values for 
~ti, found at Baltimore and W asbington. 

W~ must bear in mind, however, in these last examples that we are making the reduction 
from one pendulum to the other by means of a mean value for the differences of the pendulums. 
If we transform the value of A at. Baltimore, or A", into B at Baltimore, or B", by means of the 
difference of the pendulums determined at Baltimore, there would be no discrepancy; as, for 
instance, 

and similarly for Washington. 

A"= 
A"- B" = + 

B" = 

0·500 !)131·8• 
084·3 

8147·5 = B 11 (obRerved) 

In regard to the determinatfons by ratios, it may be added that the ratio of the two places 
may be found by taking tlie mean for the two pendulums as long as the individual values do not 
differ more than about one thousandth part. ' 
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In our numerical data we had 

A 8 B 0 0·500 913185 0·500 81475 
Ki K 2 = B"' ·A"' = 0:5(f() 8f008-. 0·500 91042 

A combination of the numerator of the first fraction with the denominator of the second, and 
vice versa, gives the respective values for the ratio of the period at Baltimore to that at Wash
ington, first by the A pendulum, and second by the B pendulum. Moreover, this method of treat
ment makes the fractions more convergent in a series, which is much th€ easiest way of evaluating 
them. We have from 

Pendulum A 
Pendulum B 

1·000 00551 
1·000 00932 

The question now arising is how great this disparity between the two pendulums may be with
out vitiating the result when we simply take tlie arithmetical mean, the true value sought being 
a mean proportional between them, or the square root of their product. 

It appears by mere inspection that in order to have the mean of two quantities equal to the 
square root of their product to the nearest millionth part the quantities should differ only by 
about one thousandth part; but a clear conception of the case may be had,.as well as a rigorous 
solution obtained, by reference to the following diagram: 

a d 
c 

g 

Any vertical line being a mean proportional between the two parts into which it divides the 
diameter, we only need to find the sine of an arc, ca., whose versed sine a c is one millionth part 
of the radius. This gives us at once c d = ·0014. for a value of a c = 0·000 001; so that the two 
ratios should not differ more than one seven-huudredth part if the result is carried to six decimal 
places. 

The radius being taken to represent the ratio of the places when the values given by the two 
pendulums are equal~.f h may be taken for A andfb for B. The mean of these will be af, wliich 
will also be a mean proportional between them. If the two values are unequal and we represent 
the one from pendulum A by !I h, and the one from B by g b, their mean will still be af, but the 
square root of their product will be g d, and this will <lifter from the direct mean by only one 
miJlionth when the difference between the respective values or f g is one seven-hundredth part. 

It has already been found that the greatest variation of gravity within the territory of the 
United States dependent on either a change of latitude or of elevation would not modify the period 
of a pendulum by more than about 011e thousandth part, so that for the case under consideration 
we may ueglect tlie influence of a change of the force of gravity. 

The conclusion is that the method by differences is to be preferred on account of its dealing 
with small numbers, the methocl of ratios requiring either eight-place logarithms or else some 
approximate way of evaluating the fractions. The precautions to be taken in order to insure 
correct results within the limits of our own country are: 
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With half-second or quarter-metre pendulums, that the times of oscillation of the two pen
dulums vibrating under similar conditions should not differ more than one thousandth of a second, 
and when the reductions are made by the method of ratios the direct mean may be taken between 
the result§! for the two pendulums considered independently as long as they do not differ by one 
seven-hundredth part. 

We now compare the results obtained in the foregoing paper with the theoretical values of 
the force of gravity deduced from a general empirical formula. Professor Harkness gives• the 
following equation for the variation of gravity (g) with the latitude ( <p); 

g = 9·779886"' + 0·052210m siu2 <p 

Taking the latitude of the Coast Survey Office as 38° 53' 13", and that of the Johns Hopkins 
University as 39° 1 i' 50", we deduce the following table: 

Stalion. 

Office) Washington, D. C. (Coast Survey 
Baltimore, Md. (Johns liopkins U niversity) 

<p 
! ------··· -

0 I II 

38 53 13 
39 17 50 

4 g calculated. tr observed. C- 0. 
--

Feel. Dynes. Dynes. Dynes. 
45 980·042 980·098 -0·056 

100 98o·o74 98o·o83 -0·009 

-------

From this it would appear that the force of gravity at Washington is in excess of the normal 
value by 0·056 dynes, and at Baltimore we have also an excess of 0·009 dynes . 

. -- - ·-·--· -------------------------· -- -- -------------
• The Solar Parallax and its Related Constants. Washington, 1891, page 139. 
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STANDARD GEODETIC POSITIONS IN SOUTHEASTERN ALASKA, DEPENDING ON 
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By C. A. SCHOTT, Assistant. 
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APPENDIX No. 2-1894. 

STANDARD GEODETIC POSITIONS IN SOUTHEASTERN ALASKA, DEPENDING ON 
ASTRONOMIC OBSERVATIONS MADE DURING 1892, 1893, AND 1894. 

By C. A. Scnorr, Assistant. 

Reports of December 27, 1893, March 28 and August 7, 1894. 

REPORT OF DECEMBER 27, 1893. 

I have the honor to present herewith the results of the difference of longitude between 
Tacoma, \Vash., and Sitka, Alaska, also. between Sitka and Yakutat, Alaska, from observations 
made in 1892 and computed at the office by Mr. D. L. Hazard. 

For the purpose of determining the longitudes of certain standard stations in Alaska, to begin 
with, t;wo chro1iometric expeditions were fitted out in 1892, one to fix the longitude of the astro
nomic station at Sitka, the chronometers being carried on board the Pacific Coast Steamship 
Company's steamer Queen, the other to fix the longitude of the astronomic station on Khantaak 
Island, Yakutat Bay, the chronometers being carried on board the Coast and Geodetic Survey· 
steamer Hassler. Between June and September the Queen made six round trips between Tacoma 
and Sitka, and between May and September the Hassler made seven round trips between Sitka and 
Yakutat. 

At Tacoma transit observations for time were made by Assistant J. F. Pratt. He used 
meridian telescope No.13 (aperture 5~cm) and observing (8id.) chronometer Hutton No. 207. There 
were also kept at the ·observatory and rated by comparisons the auxiliary \nean time chronome· 
ters Frodsham No. 2490 and Hutton No. 231. A table of the resulting chronometer corrections 
and rates is given in Supplement A. July 18, chronometer Hutton No. 231 was transferred to 
the Queen. 

·At Sitka transit observations for time were made by Subassistaut F. Morse. Be used merid
ian instrument No. 1(aperture7c111

) and observing (Sid.) chronometer Hutton No.194. There were 
also kept at the observatory and rated by comparisons the auxiliary (Sid.) chronometer Frodsham 
No. 3479 and (M. T.) chronometer·Fletcher No. 1707. A table of the resulting ehrouometer cor
rections and rates is given in Supplement ll, and the rate of the chronometer 'LS a function of the 
temperature is graphically represented. Additional observations for time were made on the sun 
by means of a vertical circle and a sextant. 

At Khantaak Island, Yakutat, transit observations for time were made by,Assistant J. H. 
Turner. He n!IBd meridian telescope No. lG (aperture 6·6° 111 ) and observing (Sid.) chronometer Bond 
& Son No. 380. There were also kept at the observatory and rated. by comparisons the auxiliary 
(M. T.) chronometer No. 4969 and (Sid.) chronometer No. 387. A table of the resulting chronome
ter correctionR aud rates is given in Supplement 0. Between July !) and August 31 we have 
chronographic record. Some supplementary observations of the sun, for time, were made with a 
vertical circle and a Lorieux sextant, but the former were not needed. The party at Yakutat 
Bay was in charge of Assistant J.E. McGrath. 

'fhe usual precautions for protecting the timekeepers from undue exposure were taken. All 
comparisons were made by means of coincidences of beats, and when in port at any of the above 
three places the comparison with the local time was effected by means of a hack, the chronome
ters remainiug on board. The instruments on the Queen were in charge of Mr. T. D. Davidson; 
those on the Hassler in charge of Lieutenant Chase, U.S. N. The two steamers were at Sitka at 
the same time each trip. 
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The method of reduction of the observations for longitude was as follows: The traveling or 
sea rates of the chronometers were deduced from the comparisons at the observing or first station, 
made just before starting and immediately after the return thereto, for each trip, the accumulated 
rates while at the second station having been deducted. Thus, each chronometer for each round 
trip furnishes a result for longitude. Similarly, as furnishing another combination, the starting 
and returning is made from the second station, but in this case instead of n, all-round trips, 
there will be only n - 1. 

The advantage of making these two combinations lies in this, that the presence of any con
sistent accelerated (or retarded) rate would be indicated by the results, and it serves to some 
extent as a check to the computations. To then - 1 results that deduced from the first outer 
and the last return trip can be added, thus making use of all observations. To get a measure 
for the relative performance of the timekeepers and accordingly to assign weights to the results 
by the several chronometers, their variatious in rates during the several trips were made the 
criterion. Thus, let l1, li, l:i .... l11 be the values for the difference of longitude for the different 
trips by any chronometer, and let l be its mean value; then the weight p to the chronometric 
result is given by 

where n =number of round trips and" a constant introduced for the sake of convenience. The 
resulting difference of longitude of each round trip was further subject to weighting, depending 
on the duration of the trip, and was taken inversely proportional to the number of days consumed. 
A further refinement for (roughly) taking into account the loss in time occasioned by unfavorable 
weather for transit observations, in which case the rate of the observing chronometer had to be 

. depended on, is readily made by adding this interval to the days of actual travel. 
The symmetry of the arrangement .was interfered with toward the close of the work by 

exchanging or transferring certain chronometers from one steamer to the other. The object was 
to strengthen ~he result from the last round trip between Tacoma and Sitka. It had, however, 
the effect of rendering the results from the two determinations (longitudes of Sitka and of Yaku
tat) to some extent dependent upon one another as to weights of the chronometers carried in both 
expeditions. 

Summary of results for difference of longitude of Tacoma, Wash., and Sitka, .LI.las/ca, from six round trips of the 
atean11n· Queen in 1892. 

FIRi::iT COMBINATION. 

Number and kind of Second trip, Fourth trip, Fifth trip, I Sixth trip, I 6.l 
II First trip, Third trip, Means by Weight 

chronometers. . June 5-17. June 20- July 5-17. July 20-
Aug. 4-16.1 

Aug. 19-

I 
each chro- ! 

I 
July 2. Aug.2. Sept. 4. nometer. 

m. s. m. s. 111. s. m. s. m. s. 111. s. m. s. 
297 (hack) M. T. 51 36·79 51 37·25 51 34·11 51 39·75 51 36·81 5 I 38·14 51 37·14 3 
223 s. 33·57 34·63 34·62 34·43 32·98 31·93 33·69 II 

2637 s. 33·74 32·91 33·11 33·00 33·86 34·61 33·54 21 
2535 M. T. 34·31 34·25 34·37 33·00 34·34 34·00 34·05 16 

557 " 33·80 33·91 34·67 34·13 34·13 8 ----- -----1 1510 " 34·05 34·o6 33·52 33·46 --- -- ----- 33·77 30 
214 " 32·71 36·04 37·04 36·38 35·54 2 --- --
229 " 33"53" 34·71 33·31 32·41 39·49 32·61 . 34·34 I 

231 " 33·97 34·33 34·241 34·18 20 
4794 " 33·10 33·10 *24 
1745 " 33·65 33·65 *19 
1639 " 33·58 i 33·58 *38 
1327 " 34·62 i 34·62 *31 
1110 " 34·891 34·89 *25 
1347 " 34·59 34'59 *31 

------------------------ --------
Means 51 34·06 51 34'72 51 34·34 51 34 ·so 51 35·30 " 34"'' I Weightp 92 92 92 112 72 240 
Weighted means 51 34·00 51 34·04 51 33·90 51 33·75 51 34·16 51 34·09 

*These chronometers were taken trom the Hassler, and the weights arc the same as derived from the comput&tion oft,>. Sitka and 
Yakutat. 

First combination: Resulting value, weighted mean, 51m 341·00 ± 0"·04. 
N. B.-The durations of the several round trips are so nearly equal that no special weights were demanded on account of 

this difference. 
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Sumniary of results for difference of longitude of Sitka, .<l.laska, and Tacoma, Wash., from six round trips of tht 

steamer Queen in 189e. 

SECOND COMBINA'£ION. 

Aug. 27-Sept.I ,6.:1. Second trip, Fourth trip, Number e.nd kind ot First trip, Third trip, Fifthtrlp, "cJ sixth tnJ' I Me1rns bv Weight 
chronometers. June 11-27. June •1- July u-•6. July 26- Aug. 10-27. 

own 1 an , each chrci- I July 10. Aug. 10. first trip up, ! 
June 5-11. J 

nomcter. 

I I 111. s. m. s. "'· s. "'· s. "'· s. "'· s. m. s. 
297 (hack) M. T. 51 34'43 51 37·22 51 38·95 51 36·20 SI 39·63 SI 35 ·80 51 37·04 3 
223 s. 33·08 34·07 33'27 34·47 32·85 34·85 33·76 II 

2637 s. 34·54 34·07 32·94 32·ss 33·22 33'54 33·48 21 
2535 M. T. 33·69 35·9I 33·10 33.55 33·90 33·93 34·01 16 
557 " 33·38 35·59 33.27 36·40 34·66 8 

I ----- -----
1510 " 35·07 35·10 35·04 33·58 34·70 30 -----
214 " 34·75 39·45 34·38 32·31 3S'22 2 ----- - ----
229 " 34·22 3S'86 36·os 3~·97 38·34 21 ·82 34·38 I I 

23I " 3S'IS 34·2s 33·I6 34·19 20 
4794 " 32·22 32·22 24 -----
I745 " 33·92 - ·--- 33·92 19 
I639 " 33·28 33·28 38 
1327 " 34'25 34·25 31 -----
II IO " 33'44 

I 
33·44 25 --- --

1347 " 33·s1 ---- - 33·51 3I 
--- ----------i-------

Means 51 34·14 SI 35·91 51 34·62 51 34·91 SI 34·40 
Weight/ 92 92 92 Il2 240 
Weighted mea s 51 34·29 51 35·10 51 33·98 SI 34·05 5I 33·59 

: 
' 

Second combination: Resulting value, weighted mean, 51m 34•·01 ± 0'·15. 

Final result for .6 .:t. 

By first combination 
By second combination 
.6 ;\. Tacoma and Sitka 

m. s. s. 
51 34·00 ± 0·04 
SI 34·01 ± O'IS 
SI 34·00 ± 0·10 

SI 32·18 ' 
12 I 

s1 33·66 : 

Summary of results for differenoe of longitude of Sitka, Alaska, and Khantaak Island, Yakutat Bay, Alaska, from. sevtn round 
trips of the steamer Hassler in 1892. 

FIRST COMBINATION. 

I 
Si th tr! Seventh trip, I ,6.l I Weight Number and kind 0£ First trip, Second trip, Third trip, Fourth trir., Fifth trip, Means by Me.y 13- June•7- July •1- x p, Aug,.7-

chronometers. June 9. J~ne 11..,.6, July IO, 
July 12-• . Aug. 10. Aug. IC>-94. -~ept. 5• - ! each chro- /> 

nomcter. 
-- ---

m. s. m. s. m. s. m. s. m. s. m. s. 

I 
f!l. s. m. s. 

1327 M. T. 17 46·61 I7 47 ·28 17 47'92 17 47·91 17 47'83 17 ----- 17 ----- 17 47'5I 3I 
llIO " 46·63 47·03 47·6I 47·46 48·13 --- -- - - --- 47·37 2s 
I347 " 47·03 47·37 47·76 47'9I 47·79 --- - - -- -- - 47·57 31 
1639 " 47·06 47·54 47·70 47'75 47·79 -- ---

I 
--- -- 47·57 38 

I745 " 46·53 47·16 47·55 48·I2 48·15 --- - - - - - -- 47·50 19 
2167 " 46·50 47·0I 47·33 47.99 48·o6 47·71 47·78 47·48 34 
4794 " 47·07 47·05 47·76 47·88 47'95 --- - - I 47'54 24 
208 " 46·74 46·85 47'43 47·82 48·02 47·60 47·70 47·45 39 
557 " 47·73 47·30 47·52 *8 
2I4 " 47·41 47.'46 47·44 *2 

1510 " 47·70 47·88 47·79 *30 
4969 " 46·6I 46·61 ts 

' 380 s. 47·88 47·88 ts 
387 s. 48·72 48·72 ts ----- ---

Means 17 46·77 17 47·16 17 47·63 17 47·86 17 47·96 17 47·63 17 47·67 
Weight/ 241 241 24I 241 24I 113 128 
Weighted means 17 46·78 I7 47'17 17 47·62 17 47'85 I7 47·95 I7 47 ·67 I7 47·74 

w. ! 
I I 

*These chronometers were to.ken from the Quun, and the weights e.re the so.me e.s derived from the compute.lion for b >.Te.come. and Sitko.. 
t Little weight he.s been assigned to these results, stationary rates having been used, 

The durations of the several round trips are nearly equal, except the first, which is nearly double the average value, and 
there is greater uncertainty in the time determination by sextant; it has therefore the combination weight ~. 

First combination: Resulting value, weighted mean, 17"' 47•·58 ± O''Il. 
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Summary of result8 for difference of longitude of Khantaak Island, Yakutat Bay, Alaska, and Sitka, Alaska, from set'e11 round 
trips of the steamer Hassler in 1892. 

Number a.nd kind of 
chronometers. 

' 
1327 M. T. 
II JO " 
1347 " 
1639 " 
1745 " 
2167 " 
4794 " 

208 " 
557 " 
214 " 

1510 " 
Means 
Weightp 
Weighted means 

w. 

First trip, 
June 8-13. 

m. s. I 
17 47·13 

47·22 
47·11 
47·23 
47·36 
47·31 
47·14 
47·21 

---
17 47·21 

241 
17 47·21 

! 

SECOND COMBINATION. 

Second trip, I Thir 

----- ·-- I -----r--

1 

Aug. 8-10, 

·-----

Aug.29'"'Segt. 
. - h · . fifth trip 

June 24-->9. July 
d tnp, F ourt tnp, down, and. 

8-14. July 23-29. first up, 

! 

m. s. 
17 46·83 

46·68 
46·62 
46·67 
46·33 
46·6o 
46·38 
46·47 

---
17 46·57 

241 
17 46·6o 

·-·-·-

m. 
17 

--
17 

s. 
48·17 
48·20 
48·24 
48·10 
48·13 
47·85 
48·33 
47·82 

'Ill. s. 
17 47·92 

48·00 
47·86 
47·80 
48·27 
48·06 
48·00 
48·JI 

. May 13-22. 

' "'· s. 
17 47·80 

46·82 
48·24 
48·29 
47·64 
47·19 
48·01 
47·49 

48·10 17 48·00 I 17 47·69 
2 41 241 241 

17 48·08 17 47·99 17 47·70 
t 

61 
Sixth trip, 5, sevent Means by trti down, Aug. 23-->9. an sixth up, each chro-

Aug. 10-1~. nomcter . 

-----i 
;~ 41~51 j 'Ill. s. Ill. s. I 

I 

17 17 
! --- -- - - - - - 47·38' 

--- - - -- - - - 47·61 
- -- -- - - - - - 47·62 
- --- - --- - - 47·55 
47·60 47·96 47·51 
-- - -- ---- - 47·57 
47·64 47·63 47·48 
48·16 46·60: 47·38 
48·01 46·31 I 47·22 

~~·40 ~-36 :~·88 

: 17 47·77 17 47·381 I 113 11 3 
' 17 47•6r 17 47·82 I 

i 
I I ·---·-····-·-----· ------------'--

Second combination: l<esulting value, weighted mean, 17m 47•·54 ± 0'·13. 

Final result for 6.:1.. 

By first combination 
By second combination 
61 Sitka and Yakutat 

m. s. s. 
17 47·58 ± 0·11 
17 47·54 ± 0·13 
17 47 ·56 ± o·i2 

DESCRIPTION OF LONGI'.l'UDE STATIONS. 

Weight 
/> 

31 
25 
31 
38 
19 
34 
24 
39 
8 
2 

30 

At Tacoma, Wash., the astronomical station of 1892 was established by Assistant Pratt in 
the northeast corner of Wright Parle It is connected with the triangulation of Puget Sound. 

At Sitka, Alaska, the new astronomical station was located in .May, 1892, by Subassistant 
Morse. The oldtr stations of 1867, 1869, and 187 4 were on the Parade Ground,• and that of 1880 on 
Japonski Island,+ but in 1892 these locations were found undesirable for various rea.sons. The 
new station is in front of the Presbyt~rian church, on an outcropping ledge. A pier of brick and 
cement was constructed and capped with a block of granite. At the close (\f the season the pier 
was left standing. Its position is further secured by a number of witness marks. Assistant David
son's station of 1867 (also of 1869) was relocated and found to be nearly 32·6 metres south and 21·8 
metres east of the 1892 station. These numbers correspond to 6 qi= + 1"·05 and .c::. i\. = + 1"·30 
to reduce the old to the new station. The station of 1874 was also on the Parade Ground, in front 
of the officers' quarters. It is not identical with, thoug·h near to, the station of 18137-69. 

At Yakutat Bay the astronomical station of 189.2 was located on the narrow strip of land known 
as Turners Point, at the southeastern end o.f Kba.ntaak Island, Port Mulgrave. It is to the north
west of the fodian village and separated from it by a small lagoon. A pier was built of brick laid 
in cement and surmounted by a stone cap. It is supposed to be sufficiently off the beach not to be 
disturbed by the winter storms. The position is also secured by two reference marks (copper bolts 
in rocks). The Dall and Baker astronomical station of 187 4 + was southeasterly of the 1892 station 
and nearer to the end of the point of laud. It is nearly 294 metres, or 9"·50, south, and 301 metres, 
or 19"·17, east of the new station, according to Assistant Turuer's topographic survey. 

-- --- ---- -----·- ------------------ - - --.---- ---------------------------
• Coast Pilot of Alaska, first part (G. Davidson), 1869. Washington, 1869, page 120. . 
t Seo Pacific Coa.11t Pilot, Alaska, Part I (Dall nnu llakor), 1883. Washington, 1883, pages 141 and 150. 
t Pacific Coast l'ilot, Part I, Washington, 1883, pago 208. 
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As soon as the telegraphic lougitude of Tacoma becomes known the allsolute (Greenwich) 
longitudes of Sitka and Yakutat can be assigned. 

In Supplement D will be found some particulars respecting the results for longitude of Port 
Simpson, British Columbia, and of Sitka, by means of chronometers carried by the Coast and 
Geodetic Survey steamer Bassler, in command of Lieut. G. B. Harbor, on the first trip up the coast 
in 1892 

SUPPLEMENT A. 

CorrcctionB ttnd daily rates of Bidereal chronometer Hutton No. :207 at Tacoma, Wash. 

- -·---·---------------- --· - - -··-. -- ... ·- - . ----- -···--

1892. 
1 Sidereal 6 T 6T 1892. 

Sidereal 6 T 6T 
I epoch. I epoch. 

--------- - I ----- ·-

h. s. s. 
i 

h. s. s. 
June 1 

I 

17·0 -11·72 +0·89 July 19 17·9 -11 ·41 
3 16·0 - 9·98 I 20 16·8 -II ·53 

-0·13 

4 19·3 - 8·72 +1·11 
31 I8·1 -15 ·17 -0·33 

5 18·0 - 7·84 +0·91 Aug. I 17·9 -15·65 
-0·48 

6 I 15·2 - 7·35 + 0 ·55 2 17·9 ~16·04 -0·39 
+0·56 -0·25 

7 

I 
14·8 '-- 6·79 +0·86 3 18·0 -16·29 -0·81 

8 14·8 - 5·93 +0·56 4 18·4 -17·11 -0·26 
9 14·8 - 5·37 -0·18 5 18·2 -17·37 -0·23 

13 15'4 - 6·10 -0·26 15 19·1 -19·65 -0·14 
I6 19·2 - 6·91 -0·23 

16 18·1 -19·78 +0·03 
I7 15·3 - 7·10 -0·08 17 18·2 -19·75 -0·15 
21 16·2 - 7·41 18 18·3 -19·90 
22 15·2 - 7·50 

-0·09 19 I8·2 -20·41 -0·51 

23 15 ·4 - 7·82 -0·32 20 18·4 -20·72 -0·31 

24 15·2 - 8·32 -0·50 30 19·2 -20·45 +0·03 

July I I 16·6 - 1;92 
+0·06 3I 

I 
19·2 -20·07 +0·38 

2 16·2 - 7·99 
-0·07 Sept. I 19·2 - 19·78 +0·29 

3 16·2 - 8·31 -0·32 2 19·2 -19·83 -0·05 

5 16·4 - 8·53 
-0·22 

3 I9'0 -I9·99 
-0·16 

7 16·0 -Io·31 -0·90 
4 I9·I -19·97 +0·62 

16 17·7 -10·82 -o·o6 
5 20·3 -20·02 -0·05 

I7 17·1 -II'02 -0·20 6 I9'2 -20·20 -O'I9 

IS I7'5 -II:o7 -0·05 

i -0·33 

N. B.-The chronometer appears to be slightly accelerated by increase of temperature, though the change is very small and 
not regular. · 

SUPPLEMENT B. 

Corrections and daily rates of sidereal ohronometer Hutton No. 194 at Sitka, Alaska. 

May22 
26 
27 
28 
31 

June 3 
4 
5 
6 
7 

11 
13 
15 
16 
I9 
20 
21 
22 
28 

July 4 
9 
9 

Sidereal 
epoch. 

h. 
14·0 
14·0 
14·0 
14·0 
14·0 
14·0 
14·0 
14·0 
14·0 
14·5 
15 ·5 
15·5 
15·0 
15 ·5 
17·0 
15·0 
15 ·o 
15 ·5 
16·0 
16·5 
16·5 
20·5 

s. s. 
-21·10 +1~49 
-15·14 
-14·41 +0·73 
-13·39 +1·02 
-10·61 +o·93 
- 9·57 +0·35 
-10·33 -0:76 
-11 ·55 -1.22 
-12·30 -0.75 
-12·47~~~-0 17 . -0'01 
-12:52? -0·63 
-I3 78 -0·11 

=:;:~ +0·07 
-I4·56 -0·2I 
-I4·27 +0·32 

-0·32 
-I4'59 -1·22 
-15·81 -0·21 
-I7·08 
-16·1 I +o·I 6 

--I 5·10(?) ~~:~~ 
-15·37 -I ·66 

July IO 
11 
12 
25 
26 
28 
29 

Aug. I 

5 
9 

I3 
17 
18 
19 
23 
25 
29 
30 

Sept. I 
2 

3 
IO 

Sidereal 
epoch. 

h. 
16·5 
17·0 
16·5 
16·5 
I8·o 
I7'5 
17·5 
17'5 
20·0 
I8·o 
18'0 
18·0 
18·0 
18·0 
18·0 
17·5 
18·0 
I8·o 
18·5 
I8·5 
I8·5 
I8·5 

ST 

s. s. 
-16·75 -2·23 
-19·03 -1 ·26 
-20·26 -0·70 
-29·39(?)_I •18 
-30·59 -0·96 
-32·49 -0·92 
-33·41 . 0·96 
-36·3o(?C0 .g5 
--39·75 -0·48 
-41·63 
-45·28 --0·91 

-I'24 
-50·24 -I ·66 

=~~ :~~ -I ·56 
-57 ·30(?)~:~~ 
-58:28(?)_0·53 
-60 43 -0·37 
--6o:8o -1 ·87 
-64 57 -1·14 
-65·71 -1·26 
-66·97 -I ·05 
-74·35 

'--------------··-----···-· -· ---· ----------------·--
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Plotting the rate and. observed temperature as coordinates, it was found that the former 
followed closely the latter, as shown in the accompanying diagram. Accordingly we have the 
expression for the rate: 

r = - 0•·48 - 0·192 (t - 580·85) 

where t =temperature of exposure of chronometer, expressed in F.'s scale. 

SUPPLEMENT 0. 

, Correctiona and daily rate11 of sidereal chronometer Bond <f· Son No. 980 at Yakutat Bay, .&laaka. 

1892. Sidereal 6T aT epoch. 
-

h. h. 11l. s. s. 
June 3 15·52 -I 07 23·36 

+2'49 5 14·73 -I 07 18·46 
17 18·28 -I 06 47'85 +2'52 
20 16·95 - I 39·92 +2·69 

July 9 17'42 - 58·18 +2'19 
IO 17'41 -- 56·18 +2'00 

13 17'30 - 49·35 +2'28 
Aug. 4 18·98 - 3·15 +2'09 

5 18·45 - 1·58 +1·60 

13 21 ·16 + 14·79 +2'02 

:1 23·22 + 25·01 +2·50 
18 22·92 + 27·30 +2'32 

30 . 22·25 + 58·50 +2·61 

31 20·27 + 60·5 I \ +2·r9 

SUPPLEMENT D. 

The steamer Hassler, after receiving the Greenwich noon signals on April 25 and April 28, 
1892, at Port Townsend, as telegraphed from the Mare Island Navy-Yard, Oal., started from that 
port for Sitka with fourteen chronometers on board. A short stop was made at Port Simpson 
where a set of transit obRervations were made by Ensign H. C. Poundstone, May 6, for a determi
nation of the longitude of this place. The Hassler reached Sitka May 14. 

The sea rate of any of the chronometers was then unknown, and a first trial was made for 
determining A Sitka, using the mixed rates as found at Port Townsend for Sid. chronometers 380 
and 387 and M. T. chronometer 4969, the stationary rates as found at Sitka for Sid. chronometers 
3479 and 194 and M. T. chronometer 1707, and the rates for M. T. chronometers 1327, 1347, and 
17 45 were made to depend on the rate curve, a function of temperature as determined at the 
Mare Island Navy-Nard,. The results from this proceeding proved unsatisfactory, and a second 
computation was made, employing the sea rates as· found from the first round trip from Sitka 
to Yakutat, but omitting the six chronometers first named as of little importance. The results 
for .:>.. Sitka and those for Port Simpson worked out by this second more satisfactory method are 
as follows: 

Chronometers. A Sitka. I p A Port Simpson. 

It. 111. s. h. m. s. 
1327 M. T. 9 01 22·89 3 8 41 45·8o 
1110 " 22·01 3 45·35 
1347 " 18·42 3 42·23. 
1639 " 20·6o 4 44·22 
1745 " 19·04 2 43·01 
2167 " 20·41 3 44·57 
4794 " 17·97 2 41 ·25 

208 " 21·54 4 45·32 

Weighted mean* 9h 01m 20"'57 ± 0"·40 Weighted mean 8h 41m 441 ·19 ± 0"·36 

•For final value sec Report of August 7, 1894, page 84. 
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For P()rt Simpson we have several determinations, viz: 

In 1867 
" 1883 
" 1885 
·' 1886 
" 1892 

Davidson and Mosman 
Lieutenant Nichols and Morse ' 
Lieutenant Clover and Marr 
Lieutenant Snow and Marsh 
Ensign Poundstone 

h. m. s. 
8 41 40·30 

42·24 
42·51 
42·20 
44·19 

.79 

The several stations are not identical, hence no combination can be made until they are locally 
connected by triangulation. 

The latitude of Port Simpson was observed by .Assistant F. Mor8e in July, 1882. He found 
540 33' 28"·4. 

REPORT OF MARCH 28, 1894. 

I have the honor to submit herewith the results for difference of longitude of three stations 
in southeastern .Alaska, in continuation of what was done last year for the establishment of certain 
standard positions in the Territory. 

The differences of longitude determined in 1893 are the results of chronometer transporta
tions from and to Sitka, as the standard station, and comprise the astronomical and geodetic 
stations Taku, Fort Wrangell, and Burroughs Bay. The method of reduction is the same as that 
adopted for last year's work and is fully explained in my report of December 27, 1893. 

The office computation was made by Mr. D. L. Hazard. 
Time observations at Sitka.-The transit observations were made by Subassistant 11'. Morse, 

at the Parade Ground station of 1892, with meridian telescope No. 16, between May 16 and 
.August 25, 1893. This instrument is one of the larger meridian telescopes and needs no further 
description llere. Transits were noted over nine lines. Time 'vas kept by observing chronometer 
Hutton No. 194 (sidereal). Daily comparisons were made with M. T. chronometer No. 1713 and 
sidereal chronometer No. 1458, 

T·ime observations at Taku.-Meridian telescope No. 9, one of the smaller instruments, was 
used for the determination of time; Aid 0. B. French, observer (II. G. Ogden, chief of party), 
from May 16 to September 1, 1893. 'I;ransits were noted over five lines. Time was kept by 
observing chronometer Fletcher No. 1507 (M. T.) between May 16 and 21. .After that time side
real chronometer Hutton No. 202 was used. M. T. chronometers Hutton No. 231 and Negus 1542 
were compared at the station and kept rated. 

Time obsei·vations at Fort Wrangell.-At this place meridian telescope No. 13 was mounted. 
Observations for time were made by Subassistant G. H,, Putnam and Aid H. U. Lord (0. H. Titt
mann, chief of party) between May 12 and Septemper 2, 1893. Though thirteen lines were ruled 
on the diaphragm, but five were used in the transit work. Sidereal chronometer Negus No. 1771 
was observing chronometer. Sidereal chronometer Negus No.1841 was compared with it and rated 
until June 1, when its mainspring broke. On June 17 sidereal chronometer Negus No. 1589 took 
its place. M. T. chronometer Hutton No. 229 was also rated at this place, but found very poor. 
Personal equation was observed on .July 7, and the observations made by Lord between July 22 
and August 1 were referred to Putnam, observer. 

Time observations at Burroughs Bay.-Meridian telescope No. 7 was used here for time obser
vations between May 16 and September 2, 1893; H. W. Edmonds, observer (B. F. Dickens, chief 
of party). But five of the fifteen lines of the diaphragm were used. Sidereal chronometer Hutton 
No. 223 was employed for observing; M. 'r. chronometer Bond No. 177 and sidereal chronometer 
Hutton No. 207 were kept rated; No. 177, llowever, proved undesirable. . 

Chronometer transportation on the United States Ooast and Geodetfo Survey steamm· Hassler.
The chronometers on board the steamer were in charge of H. 0. Lord (F. Morse, chief of party). 
Daily comparhions were made between the nine chronometers carried by the Hassler, and seven 
round trips were made from Sitka to the other stations, which were visited in succession. The 
resulting differences of longitude were tabulated, following the plan adopted the p~evious year, 
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viz, first determining the rates from the round trips, starting from and returning to the base 
station, and secondly, determining the rates from round trips, starting from and returning to the 
outer station, and combining the first and last half trip to get an equal number of values. Weights 
are made to depend on the agreement of the results from the several trips, and the latter individu
ally received weights depending Oil the SUIIl Of the weights of the individual chrou,ometers carried 
and on the duration of the trip, i.e., inversely to the actual traveling time, inclusive of the interval 
between the comparisons with the observatory chronometers (three in number) and the nearest 
time set at the station. 

1898. D\fflTtmc1< of lo11git1ule of Sitka and Fort Wrangell, Ala8ktt. S1rnimar!J of ,·csults from s1:ven rou11d trips, sta1·ting 
from Sitka. 

~~--~~~~~~~~---,~~~~-,----~~~~~~~~,--~~----~·~~~~~~~~-~~~ 

Chronometers, ;\!. T. I First trip, I Second trip, I Third trip, : F<J>urnteh trip, Fifth trip, I Sixth trip, [Seventh trip, 
r ·I I ' 'I J ' J 11 30- J I 8 July 3i- 'Aug. 18-26. o SIC erea. . ,.., ay 17-22. unc 5-11. I unc 14-22. July S. u y 1 -24. Aug. to, 

Mt:ans ~A. \\r eights. 

------- -· --·---· ----··-···· ----1 ---·--·----· 
' 

.,r···-----1----·- -----

M. T. 208 
2167 
1728 

I96 
I7I7 
1542 
282I 

Sidereal I 589 
387 
38o 

Means 
Weighted means 
Weightp 

·----------·-

'1 ~'; 4/68 
! 48·01 

48·45 
48·18 
48·I7 

111. s. 
II 47·33 

48·60 
48·95 
48·93 
48·72 
48·12 

Ill. s. 
II 48·84 

48·54 
48·86 
48·90 
48·96 
48·86 
48·7I 

Ill. s. 
II 47·74 

48·37 
47·97 
49·28 
48·66 
48·54 
48·08 

1Jl. s. 
II 48·26 

48·66 
48·79 
49·0I 
48·81 
48·69 
48·63 

111. s. 
II 48·71 

49·14 
48·67 
49·23 
49·28 
49·14 
48·85 

111. s. I 111. 

II 48·48 . II 

48·25 I 
48·26 I 
47·99 ' 
48·33 
48·60 
48·34 

48·74 
48·56 

s. 
48·15 3 
48·51 II 

48·56 I 
48·79 5 
48·70 IO 
48·66 IO 
48·52 13 
47·96 6 
48·82 3 
49·0I 2 

189St Difference of longitude of Sitka and Fort Wrangell, Alaska. Swmmary of results from Blx round and two half round 
trips, btarting from Fort Wra-11gell. 

~ 1 

Chronometers, M. T. ·1 
or sidereal. I 

11 
.M. T. 208 

if 2167 
1728 

1, 

196 
I7I7 
I542 
282I 

Sidereal. 1589 
387 
380 

Means 

I 
Weighted means 
Weightp 

. Third trip, F urth tr"p I Fifth trip, [ Sixth trip, Seventh trip, I First trip, Second trip, May 20- June 8-17. June 21- ;°J I ' juJ:i,:22- I Aug. 8-20. Aug. 20-
June 8. July 3. u y 7-20. Aug. 2 • 

I 
Sept. 1. 

---- ··-- ·----·---- ---·- . ' 
I 

m. s. 11 111. s. Ill. s. m. s. 1/l. s. Ill. s. 1/l. s. 
II 47· 19 II 48·4I II 48·59 II 47·98 II 48·19 II 48·6I II 48·66 I 

48·56 48·54 48·67 48·33 48·95 48·55 48·59 . 
45"75 48·38 48·84 47·82 48·68 48·45 50·36 
48·53 48·7I 48·9I 49·39 49·08 48·24 48·56 
48·37 48·89 49·I4 48·64 49·03 48·79 48·57 
----- 48·47 48·88 48·57 48·7I 48·77 48·73 
-- -- - ----- 48·75 48·38 48·59 48·33 49·24 
48·I6 48·29 ----- ----- --- -- ---- - ---- -
49·72 49·00 48·86 49·08 49·3I 48·69 49·58 
48·84 49·90 49·0I 50·04 48·97 48·79 50·05 

----
II 48·I4 II 48·73 II 48·85 II 48·69 II 48·83 II 48·58 II 49"I5 

48·38 48·61 48·85 48·60 48·83 48·57 48·89 
5·s 7 7 II 5·5 9·5 3·5 

~weighted mean, um 48•·65 ± o'·o4. 
Mean of C1 and C., Fort Wrangell east of Sitka, Ilm 481·63 ± 0'·07. 
Same corrected for personal equation, I Im 48•·72 ± 0'·07. 

Means /:,A Weights. 

---
Ill. s. 
II 48·23 3 

48·60 II 

48·33 I 

48·77 5 
48·78 IO 
48·69 JO 
48·66 I3 
48·22 6 
49·I8 3 
49·37 2 

-------
II 48·71 

48·69 
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1893. Difference of longitude of Sitka and Taku, Alaska. Summary of results from seven round trips starting from Sitka. 

Chro:;';'::/~!;~~~· T. First trip, 
May 17-22. 

Second trip, 
June 5-n. 

Third trip, 
June 14-22. 

f<'ourth trip, 
June 30-
July 8. 

Fifth trip, 
July 18-24. 

Sixth trip, 
July 31-
Aug. 10. 

Seventh trip, 
Aug. 18-26. Means 6/1. Weights. 

m. s. m. s. m. s. m. s. m, s. m. s. m. s. m. s. 
M.T. 208 5 23·71 5 22·85 5 23·75 5 22·53 5 22·95 5 23·19 5 24·59 5 23·37 3 

2167 23·73. 24·04 23·73 23·83 23·37 23·83 23·81 23·76 II 
1728 24·05 24·31 23·93 23·24 23·32 23·33 23·84 23·72 l 
196 23·86 24'5I 23·88 24·24 23·80 24·03 23·11 23·92 5 

l7I7 23·92 24·07 23·84 23·71 23·64 23·94 23·80 23·85 IO 
I542 ----- 23·76 23·78 23·47 23·42 23·72 24·29 23·74 IO 
282I ----- ----- 23·54 23·28 23·48 23·70 23·50 23·50 I3 

Sidereal I589 23·72 23·4I ----- ----- ----- ----- ----- 23·56 6 
387 23·33 24·58 24·08 23·92 23·94 24·69 23·98 24·07 3 
380 23'9I 24·55 24·20 24·89 23·41 23·76 24·52 24·18 2 

------------------------ --------
Means 5 23·78 5 24·01 5 23·86 5 23·68 5 23·48' 5 23·80 5 23·94 5 23·79 
Weighted ineans 23·79 23·95 23·77 23·62 23·50 23·82 23·84 23·75 
Weightp 5 7 5 9 7 4·5 3·5 

C1 weighted mean, 5m 231·74 ::I:: oa·o4. 

1893. Difference of longitude of Sitka and Taku, Alaska. Summary of results from ai;i; round and two half trips, starting 
from Taku. 

First trip, Third trip, Fifth trip, First and 
Chro;:ro!fj!;~al~' T. Second trip, Fourth trip, Sixth trip, seventh trips, May21- June 6-15. June 15- July 1-19. July 19- Aug. 1-01. May 17-21, 

Means 6/1. Weights. 
June 6. July I, Aug. 1, Aug.21-26. 

m. s. m. s. m. s. m, s. m. s. m. s. m. s. m. s. 
M.T, 208 5 23·17 5 23·82 5. 23·06 5 22·84 5 22·87 5 23·85 5 24·30 5 23·42 3 

2I67 24·03 23·79 23·97 23·36 23·79 23·57 23·23 23·68 II 
I728 22·63 23·58 23·74 22·79 23·25 23·54 30·46 24·28 l 
196 24'I6 23·88 24'0I 24·18 23·95 22·96 24·49 23·95 5 

I7I7 23·98 23·96 24·02 23·58 23·90 23·84 23·27 23·79 IO 
1542 24·07 23·78 23·70 23'4I 23·47 23·79 ----- 23·70 IO 
2821 ----- ---- - 23·62 23'5I 23·51 23'I4 23·64 23·48 13 

Sidereal 1589 23·69 23'5I ----- ----- ----- ----- ----- 23·60 6 
387 24·6I 24·I5 23·88 24·07 24·49 23·94 2I'45 23·80 3 
380 24·42 24·6I 24·0I 24·40 23·90 23·97 22·73 24·0I 2 ---- ---------· ----- --------

Means 5 23·86 5 23·90 5 23·78 5 23·57 5 23·68 5 23·62 5 24·20 5 23·79 
Weighted means 23·97 23·85 23·80 23·55 23·72 23·55 23·56 23·7I 
Weightp 9 5 6·5 9 5·s 4 3 

Cs. weighted mean, 5m 23•.74 ::I:: 0•·05. 
Mean of C1 and C2, Taku east of Sitka, 5m 23•·74 ::I:: oa·o5. 

1893. Difference of longitude of Fort Wrangell and Burroughs Bay, Alaska. Summary of results from six. round 
· trips, starting from Fort Wrangell. 

Chronometers, M. T. 
or sidereal. 

First trip, 
May 17-..2. 

Second trip, 
June 5-u. 

Third trip, 
June 17-20, 

Fourth trip, Fifth trip, Sixth trip, Means 6/1. Weights. July ~-'1· July 20-22. Aug. 2-7. 

m. s. m. s. m. s. m. s. m. s. m. s. m. s. 
M. T. 208 5 08·75 5 09·28 5 08·34 5 08·39 5 07·94 5 07·86 5 08·43 3 

2I67 09·13 08·75 08·25 08·36 08·96 08·23 08·61 II 
1728 08·99 08·56 08·52 08"47 o8·II 07·77 08·40 I 
I96 09'2I 08·66 08·56 08·63 68·13 08·15 08·56 5 

1717 09·09 08·48 08·52 08·54 08·04 08·01 08·45 IO 
1542 ----- 08·88 08·49 08·45 08·05 07·96 08·37 IO 
2821 ----- ----- 08·46 08·06 08·09 07·90 08·I3 13 

Sidereal 1589 08·79 08.81 ----- ----- ----- ----- 08·80 6 
387 09·38 08·60 08·50 08·26 08·29 08·12 08·52 3 
380 08·85 08·87 08·64 07·69 o8·u 08·45 08·44 2 

-------------------------- --------
Means 5 09·02 5 08·77 5 08·48 5 08·32 5 08·I9 5 08·05 5 08·47 
Weighted means 09·05 08·74 08·45 08·34 08·25 08·04 08·44 
Weightp 4 4 9 6 7 6 

S. Ex. 8, pt 2-6 C1 weighted mean, 5m 08•·42 ::I:: oa·o9. 
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189/J. Differtnce of longitude of Fort Wrangell and Burroug111 Bay, Alaaka. Summary of reaulta from five round 
trips and two half trips, starting from Burrough11 Bay. 

Chronometers, M. T. 
or sidereal. 

M.T. 

Sidereal 

208 
2167 
1728 
196 

1717 
1542 
2821 
1589 
387 
380 

First trip, 
Mav1cr 
June 9. 

Second trip, Third trip, Fourth trip, 
June cr18. June JS- July 4-21. 

m. s. 
5 08·91 

09·03 
o8·o6 

. 08·96 
08·79 

m. s. 
5 08·69 

08·41 
08·75 
08·76 
08·65 
08·71 

08·86 08·93 

July 4. 

m. s. 
5 08·34 

08·33 
08·81 
08·05 
08·49 
08·28 
08·27 

09·38 08·67 08·03 
08·98 09·08 07·74 

m. s. 
5 08·27 

08·37 
07·77 
08·52 
08·28 
08·35 
08·27 

Fifth trip, 
July a1-
Aug. 4. 

m. s. 
5 07·58 

08·98 
08·07 
08·02 
07·88 
07·78 
07·69 

08·20 
09·01 

First and 
sixth trips, 
May 17-19, 
Aug. 4-10. 

m. s. 
5 07·48 

08·32 
10·04 
08·79 
08·12 
08·76 
08·52 

07·53 
07·75 

Means 61'. 

m. s. 
5 08·21 

08·57 
08·58 
08·52 
08·37 
08·38 
08·19 
08·90 
08·37 
08·36 

Weights. 

11 
5 

IO 
IO 
IJ 
6 
3 
2 

11--~--1-----1------------------- ----
Means 
Weighted means 
Weightp 

5 08·87 5 08·74 5 08·26 
08·93 08·68 08·28 
6 5 7 

~ weighted mean, 5m 08•·42 ± o&·og. 
Mean of C1 ancl C,, Burroughs Bay east of Fort Wrangell, 5m 08•·42 ± 00·09. 

RECAPI1'ULA'l'ION OF ItESULTS. 

Fort Wrangell, astronomic station of 1882and1893, east of Sitka, astronomic station of 1892-93, 

nm 48•·72 ± 0•·07 

Taku, astronomic station of 1893, east of Sitka, astronomic station of 1892-93, 

5m 23°·7 4 ± 0•·05 

Burroughs Bay, astronomic station of 1893, east of Fort Wrangell, astronomic station of 1882 
and 1893, 

REPORT OF AUGUST 7, 1894. 

I have the honor to report herewith the results of the .determination of several standard astro
nomic positions in southeastern Alaska, the observations having been made during 1892, 1893, 
and 1894. · 

The chronometric longitude expeditions of Alaska in 1892 and 1893 depend for their results 
on the longitude of Tacoma, Wash. In May and June, 1894, this place was connected with 
the telegraphic longitude system at Seattle, Wash., with the following result from the office 
computation: 

Tacoma west of Seattle, Oh oom 27•·159 ± 0•·0098 (see Supplement 1). 
Longitude of Tacoma, 8h 09m 47•·48 ::I:: 0•·08 (see Supplement 2). 
The results of the chronometric expeditions to Sitka and Yakutat in 1892 are given in my 

report of December 27, 1893, and the results of the expeditions in 1893 to Fort Wrangell, t;o Taku, 
and to Burroughs .Bay are contained in my report of March 28, 1894. The latitudes of these sta
tions were likewise reported. Putting the results together, we get the following values for A of 
standard positions in southeastern Alaska. They are connected with local triangulations and they 

. form the basis upon which the survey of this part of .Alaska will depend for its geographical 
positions. 
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R11Bulti11u lo11uitudes of astro11omio station• -in ..:Jlaska, 1892-94. 

A. Tacoma, 189~ 
6. .A Tacoma and Sitka, 1892 

A Sitka 
6. il Sitka and Yakutat, 1892 

A Yakutat 
;t Sitka 

6. le Sitka and Fort Wrangell, 1893 

lz. m. s. s. 
8 09 47·48 d: o·o8 + 51 34·00 ± 0·10 
9 01 21·48±0·13 

+ 17 47·56 d: 0'12 
9 19 09·04 d: 0·18 
9 01 21·48±:0·13 

11 48·72 d: 0'07 

A. Fort Wrangell 
6. A. Sitka and Taku, 1893 

A. Taku 
6. A. Fort Wrangell and Burroughs 

Bay, 1893 
A. Burroughs Bay 

83 

/z. m. s. s. 
8 49 32·76±:0·15 

5 23·74 ± 0·05 
8 55 57·74±:0·14 

5 08·42 ± 0·09 

8 44 24•34 ± 0·17' 

---------------------------------------------------- --

Fi1wl result• of g~ouraphio positio11s (astro11omic statio11s) . 

.... ·-------- -------------·----- -·-· - --------------------- - ---------------
Latitude. Longitude (arc). Longitude (time). 

o I II II I /I II lz. m. s. s. 
Tacoma, Wash., 1892, north end of Wright's Park 
Sitka, Alaska, 1892, in front of Presbyterian church 
Yakutat, Alaska, 1892, Khantaak Island 

47 15 46·38 
57 02 52·94 ± ·08 
593350·5 ±1·5 
56 28 16·46 d: ·09 

122 26 52·20±: 1'20 
135 20 22 '20 d: I '95 
139 47 15·60 d: 2·70 
1,32 23 II '40 d: 2'25 

8 09 47·48 d: ·08 
9 01 21·48± ·13 
9 19 09·04 ± ·18 
8 49 3276 d: ·15 Fort Wrangell, Alaska, 1882 and 1893, southern edge 

United States reservation 
Taku, Alaska, 1893, northem island southeast side of 

inlet 
58 26 15 ·64 d: ·06 

56 02 11·57 d: '10 

133 59 26·10 d: 2·10 

131 o6 05·10 d: 2·55 

8 55 57'74±: ·14 

8 44 24·34 ± ·17 Burroughs Bay, Alaska, 1893, near B. B. cannery, head 
of bay 

'----------------------------------- --------------

Respecting local deflections in longitude at Tacoma, Seattle, and Port Townsend, we have 
the geodetic and astronomic difference of Tacoma and Seattle as follows: D. i\g = 6' 49"·417 and 
6 A.,.= 27•·159 = 61 47"·39, hence differential local deflection 2"·02, a reasonably small quantity, 
showing that the deflection at Port Townsend is very much larger. 

SUPPLEMENT 1. 

Difference of telegraphic longitude between Seattle, grounds of the University, Wash., and 1'aooma, Wright's Park, Wash., 
from cxohange of arbitrary sig11als in May and June, 1894. 

Stations. 
Observers. 
Instruments. 

Seattle, Wash. 
G. Davidson and C. H. Sinclair. 
C. and G. Survey transit No. 18, made at the office in 

1888. 

Tacoma, Wash. 
C. H. Sinclair and G. Davidson. 
C. and G. Survey transit•No. 19, made at tl>e office in 

1888. 
For description see App. 9, Rep. for 1889. Aperture, For description see App. 9, Rep. for 1889. Aperture, 

7 ·5cm; focal length, 94cm. Magnifying power, 104 7·5cm; focallength, 94cm, Magnifying power, about 104 
diameters. Glass diaphragm of 13 lines, l 1 of which diameters. Glass diaphragm of 13 lines, 1 l of which 
were used in 3 tallies of 3, 5, and 3 lines. Pivot were used in 3 tallies of 3, 5, and 3 lines. Pivot 
inequality for band W. -0"·064, as determined at inequality for band W. + 0°·028, as determined at Little 
El Paso, Tex., in 1893. One division of striding level, Rock, Ark., in 1893. One division of striding level, 
111 ·674, as determined at the office in December, 1892. 1"·85, as determined at the office in March, 1893. 
Sidereal break-circuit chronometer Hutton No. 211, Sidereal break-circuit chronometer Negus No. 1769, 
breaks every even second and the first. Chronograph breaks the even seconds and the fifty-ninth. Chrono· 
Fauth & Co. No. 7; telegraph apparatus No. 1. graph Fauth & Co. No. 9; telegraph switch board No. 2. 

Telegraph lines and batteries.-The length of the connecting telegraph line is 40 miles and is of No. 9 galvanized wire, 
grounded at Tacoma and provided with a battery of 7 3 gravity cells u.t Seattle. 

Time determinations.-Two sets of transits were observed on every night of exchange at an interval of about one hour, 
and the same stars were observed, weather permitting, at both stations. A set usually consists of ten stars, one-half of the 
number observed with collimation east, the other with collimation west, and each part containing one azimuth and four time 
stars, two north and two south of the zenith, if practicable. 

Time exchanges.-They took place between the two sets of the transit observations, and consist of two or three dozen 
arbitrary break signals, sent and received at each station. During these exchanges the chronograph was run at double speed. 

Personal equation. -The differential personal equation as deduced from the longitude results themselves is D - S = - CJI· 342 
d: 0'·008, a large value, but in perfect accord with the value found at Carson City and Lake Tahoe in August, 1893; the first 
observer giving earlier time. 

Computations and resulls.-The field computations were made by the observers, and the office computation by D. L. Hazard. 
The method of reduction is explained in Appendix No. 8, Report for 1889. Probable error of a time determination by a single 
star (referred to the equator) for transit No. 18 d: CJ1·034, and for No. 19 ±: CJl.035; also for Davidson, observer, d: CJ1•043 and 
for Sinclair, observer, d: CJ1·026. 
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Summary of results for differenC6 of longitude, l'acoma and Seattle, Waah. 

I Observers at I From west or I From east or Mean of W. and Corr'n I Difference of Comb'n Residual Date. 
Tacoma Sea_t~l-~ 'Tacoma signals. Seattle signals. 

W.-E. E.signals. for pers. long Ci.II. weight 
fl eq'n. · " 

1894. 
! 

h. 111. k. 111. k. m. h. 111. s. s. s. s. s. s. 
May 21 s. D. 0 00 27·467 0 00 27·500 [-·033] 0 00 27·484 --0·342 0 00 27·142 5 -0·017 

22 s. D. ·395 ·388 ·007 ·392 ·050 3 - ·109 
23 s. D. ·509 ·496 ·013 ·502 ·16o 7 + ·001 
24 s. D. ·563 ·558 ·005 ·560 ·218 4 + ·059 
25 s. D. "5 24 ·527 -·003 ·526 ·184 5 + ·025 

Mean ·005 27·493 

May28 D. s. 0 00 26·793 0 00 26·786 ·007 0 00 26·790 + ·342 ·132 7 - ·027 
31 D. s. ·785 ·781 ·004 ·783 ·125 3 - ·034 

June I D. s. ·850 ·841 ·009 ·846 ·188 6 + ·029 
II D. s. ·863 ·854 ·009 ·858 ·200 6 + ·041 
13 D. s. ·769 ·768 ·001 768 ·110 2 - '049 ----------- ------

Mean ·006 26·8o9 27 "15 I 

Weighted mean 0 00 27·159 ::I: 00·0098 
i -- ---

'Iransmission or wave and armature time.-Omitting the value of May 21, we have for the transmission time 0'·003 ± 
oa·ooo5. 

Location and station marks.-The astronomic station at Tacoma was located in 1892 by Assistant J. F. Pratt. It is in the 
north end of Wright's Park, on the east side, near G street, and in the prolongation of First street south to the west. The pier is 
on a small knoll and is a few paces north of the park walk; it is dressed to 24 by 15~ inches at the top and has cut on the upper 
surface: 

u. s. 
c. & 
G. S. 

There is a copper bolt to mark the station, as described by Assistant Pratt. Assistant Davidsqn placed a granite pier 3~ 
feet long to the south of the observatory and in the meridian of the transit instrument, 498 J~ feet distant; and farther south, on the 
western edge of a spur, a second granite pier, 934 feet from the station, was planted in the same meridian. It is intended that 
these stones shall serve for a meridian line for the use of surveyors. 

At Seattle the station of 1888 was used. It was originally described by Assistant Gilbert in 1886, but was slightly remodeled 
by Assistant Smith in 1888. It is located in the grounds of the University. Since the location of the University is to be changed, 
the present grounds may be converted into a city park. 

Final result for difference of longitude; Tacoma west of Seattle, oh oom 27•· 159 d: o'·0098. 
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SUPPLEMENT 2. 

Telegraphio longitude of Taooma, Wash. 

(a) Northern route : It. m. s. 
I. Detroit [App. 11, Rep. for 1884) 5 32 12·170 

/:::,.it Detroit and Chicago, 1891 +o 18 17·272 
!:::,. I. Chicago and Minneapolis, 1891 +o 22 27·414 
/:::,. il. Minneapolis and Bismarck, 1890 +o 30 l l '078 
/:::,.;\.Bismarck and Helena, 1890 +o 45 00·852 
/:::,. i. Helena and Wallawalla, 1888 +o 25 14·510 
!:::,.:\. Wallawalla and Seattle, 1888 +o 15 57·028 
/:::,. I. Seattle and Tacoma, 1894 +o 00 27·159 

it Tacoma 8 . 09 47·483 W=J 

(b) Central route: 
it Kansas City [App. 11, Rep. for 1884] 6 18 21·370 

/:::,.it Kansas City and Colorado Springs, 1885 +o 40 55·327 
/:::,.}.Colorado Springs and Salt Lake, 1886 +o 28 18·471 
/:::,.it Salt Lake and Wallawalla, 1887 +o 25 48·186 
/:::,.I. Wallawalla and Tacoma, as above +o 16 24·187 

i. Tacoma 8 09 47·541 W=2 

( c) Southern route: 
it St. Louis [App. 11, Rep. for 1884] 6 00 49·163 

/:::,.I. St. Louis and Kansas City, 1882 +o 17 32·199 
/:::,.'A Kansas City and Little Rock, 1885 -0 09 15·644 
/:::,.'A Little Rock and El Paso, 1893 +o 56 51 ·687 

I:::,. I. El Paso and Nogales, 1892 +o 17 48·532 
/:::,.it Nogales and Yuma, 1892 +o 14 43·698 
/:::,.'A Yuma and Los Angeles, 1892 +o 14 31·986 
/:::,.'A Los Angeles and San Francisco, 1889 +o 16 41 ·252 
/:::,. ;\. San Francisco and Portland, 18C7 +o 00 59·981 
/:::,.I. Portland and Seattle, 1888 -0 01 22·476 
!::,.it Seattle and Tacoma, 1894 +o 00 27·159 

;\.Tacoma 8 09 47·537 W=l 

Weighted mean, it Tacoma, 811 09m 47•·51 ±<>"·08, estimated. 
Other combinations made gave a value about 0•·05 less; I have consequently adopted, for the present, 8h ogm 47••48::l:0"08. 
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APPENDIX No. 4-1894. 

DISTRIBUTION OF THE MAGNETIC DECLINATION IN ALASKA AND ADJACENT 
WATERS FOR THE YEAR 1895, AND CONSTRUCTION OF AN 

ISOGONIC CHART FOR THE SAME EPOCH. 
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APPENDIX No. 4-1894. 

DISTRIBUTION OF THE MAGNETIO DECLINATION IN ALASKA AND ADJACENT 
WATERS FOR THE YEAR 1895, AND OONSTRUOTION OF AN ISOGONIC CHAI~T 
FOR THE SAME EPOCH. 

By C. A. Scnorr, Assistant. 
Submitted· for publication December 19, 1894. 

Prior to the year 1892 our knowledge of the annual change of the magnetic declination was 
very imperfect over the vast region comprising the coast of Alaska, and still more for the interior. 
Since that time, however, observations made by the Coast and Geodetic Survey, especially those 
in connection with the survey of the boundary during the years 1889-1894, as well as information 
gathered from other sources, greatly aided in assigning improved values to the annual change and 
in clearing up obscure cases and giving new information at certain points. In the higher latitudes 
the evaluation of the annual change presents special difficulties in consequence of the paucity of 
the material and the comparatively large· diurnal variation which has to be allowed for in the 
resulting declination. As an illustration of the change brought about by the additional testimony 
of late observations, the case of Sitka may be taken. Here thl\ records up to 1881 and deduced 
curve given in Appendix No. 7, Report for 1888, pages 285-287 and plate No. 22, strongly indicated 
decreasing declination for the present time; yet the observations of 1892, 1893, and 1894, made at 
the same spot, flatly contradicted this inference and established the fact of an increasing easterly 
declination at this place,• and consequently also for a considerable region about it. Further proof 
of an increasing easterly declination in southeastern Alaska was obtained at Fort Wrangell in 
1893. At Port Simpson, however, no fresh evidence has been forthcoming since 1885, when a small 
increase was indicated. In this region, up to 1892, it was believed that the direction of the mag
netic needle was either stationary or slightly moving westward. This uncertainty of what was 
going on extended even as far south as the State of Washington. Observations had to be spe
cially ordered for Seattle and Tacoma, with the result that here also the easterly declination was 
found to be still advancing (May, 1894). Further evidence of this motion resulted from a discus
sion of observations collected for Esquimalt (Victoria), Vancouver Island, between the years 1858 
and 1892. All this shows that the ribbon, shown on the chart in 4-ppendix No. 7, Heport for 
1888, covering the space of stationary condition of the magnetic needle, needs correction and must 
be located more toward the eastern part of the State of Washington. The difficulty of ascertain
ing the annual change for places in Alaska may be further illustrated in the case of Yakutat Bay, 
where tbe survey of 1892 brought out the fact of a deflection of the needle of 47' at Khantaak 
Islanrl, as compared with other places on the bay, and these later observations demanded the 
cancellation of the annual change of +8'·8 on the isogonic chart for 1890 (constructed in October, 
1889) t placed against this locality and the substitution of the words "annual change inappre
ciable." 

•In consequence of t11is the compass placed on the older harbor charts had to lie corrected in the new issues 
by nearly 1 degree. 

t Chart No. 26, Appendix No. 11, Report for 1889. 
"8!) 
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With respect to the interior of Alaska, the most important station where information wa~ 
secured in 1889 and 1890 is Fort Yukon, where the declination was found decreasing a few 
minutes per annum, in entire conformity with the easterly decline noticed to take place all along 
the shores washed by Bering Sea and the Arctic Ocean. The fortunate recovery of Bering's mag· 
netic observations made on his first voyage to the coasts of Kamchatka and eastern Asia in the 
years 1725 to 1730, and their discussion by me in December, 1890 (published in Bulletin No. 20, 
December 12, 1890, and iu Appendix No. 5, Report for 1891), greatly extended and improved our 
knowledge of the secular variation of the declination in this part of the world and modified the 
former values of the annual change at stations on the opposite or American coast. 

Fully five years have elapsed since the production by the Coast and Geodetic Survey of an 
isogouic chart coveriug the whole of Alaska Territory and adjacent regions, during which interval 
so much of new information has become available, either in the shape of discovery of old records 
or of new observations, together with recent discussions, that an entire reconstruction of the 
isogonic chart became a necessity in order that the charts of this territory and the approaches 
therero may have their compass variations correctly indicated. For this the epoch 1895·0 wak 
determined upon, leaving future improvements to be made for a chart for the ~'ear 1900. 

For the reduction of the observed declinations to the epoch I have made use of all informa
tion at present available, resorting to interpolation in regions where only an approximate or no 
value for the annual change could be obtained. It is the uncertainty arising from this circum
stance which determined me to adopt 1895 rather than 1900 for the epoch. The values adopted 
for the annual change at thirty-seven localities, distributed ovei· the whole area are given below. 
The entire absence of late observations, or rather my inability to procure any, in the western part 
of Bering Sea and along the coast of eastern Siberia and Kamchatka, rendered it desirable to 
restrict the geographical extent of the investigation in the west to about 175° west longitude, as 
otherwise imperfect data near the Asiatic coast would have an injurious influence on our results. 

There are two ways of constructing isogonic curves-by means of a graphical and by means of 
an analytical process. The former is here out of the question by reason of the large geographic 
extent involved and the scarcity and irregularity of distribution of the observations. In fact, the 
graphical treatment is better adapted for investigations of magnetically disturbed regions, i. e., 
for the construction of isabnormal lines or curves of equal anomaly. 

The declination (D) (reduced to epoch) at any place within the spherical surface under con
sideratio0n may be expressed as a function of the latitude (<p) and of the longitude (i\). The form 
arid number of terms of the function adopted is the same as used by me in the preceding investiga
tion in 1889, and is as follows: 

D = D 0 + r • 6 <p + s • 6 .1 cos qJ + t . 6 qr + u • 6 <p 6 A. cos <p + v • 6 i\ 2 cos2 qJ + w . 6 <p3 

+ x • 6 qr 6 i\ cos <p + y . 6 <p 6 i\ 2 cos2 <p + z . 6 i\ 3 cos3 <p 

where 6 <p = <p - <po, 6 i\ = .1 - Ao, and r, s, t, u, v, w, x, y, z, represent unknown numerical coeffi
cients to be determined from the observations themselves. Terms involving higher powers in <p 
and A. than the third could be dispensed with. The values of <po and lo represent the average 
latitude and the average longitude of the magnetic stations, respectively, and IJo is the value of 
the declination corresponding to it. For the latter we take the approximate value IJ1 and find the 
correction, q, to it; hence .IJo = IJ1 + q. Applying the method of least squares to the problem, 
t~e observation equations take the form 

1

IJ1 -IJ + q 

0 
_ + <p1. r + i\1 cos q' . s 
- + <p12 • t + <p1 i\1 cos <p • u + A12 cos2 <p • v 

+ <p1
3 • w + <p1

2 A1 cos <p • x + <p1 l12 cos2 <p • y + A13 cos3 <p • z 

where for shortness we write cp1 for 6 cp and 711 for 6 il. 
Of these equations there are as many as there are observations, but as any large number 

would be either cumbersome or unmanageable, the observations need to be contracted into mean 
values, i. e., groups or so-called normals. The next step is the formation of the ten normal equa
tions and the evaluation of th~ unknowns q - - - .. . z. The success of the work is to be measured by 
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the degree of approximation between the computed and observed declinations at the normal places, 

and the probable error of a single i·epresentation is given by the formula r = 0·67 4 /]if"(l[ where V n-n11 
n =number of normal places or groups, and n1 =number of normal equations. 

The numerical equation expressive of D being thus established, a sufficient number of points 
for the delineation of any isogonic line can readily be computed, and consequently the whole 
system of isogonic curves laid down on a suitable chart. 

The selection of the groups depends primarily on the geographic positions of the magnetic 
stations, but must be such as to cover implicitly the whole area, aml with the groups distributed 
over it in such a way as to give great weight to the coefficients of t11e equation determining the 
declinations. Theoretically, ten groups suffice; but the greater their number the better will be 
the g011eral representation. 

Of the II!aterial on hand only the later observations were introduced, as less liable to error 
when reduced to the epoch."' 'l'he data themselves were taken from the general collection of 
magnetic observations on file in the Computing Division.t As usual in the Survey, east declination 
is expressed by a minus sign prefixed, aud the same sign is given the annual increase (a); for a 
decrease (a) would be positive. Groups may consist of any number of observed values, located 
sufficiently close together to be united into a, me;1n. Here the numbers vary between oue aud 
fifteen, but the mean values are all taken as of tl10 same weight. 

Fo1'1natio11 of 91·011ps. 

------------------·---------------------------------. 

~ro~p~·n;d name~f-statio~--- Lo<.~ '"":·.'·I-~";:,',,':{, _ o°'''" ·~~;,'" 1_D_•&J_s·-<--. -i---R-em_a_rk_s. ___ 
1 

0 o: 0 0 0 ' 

I. Puget Sound. 

Seattle 
Tacoma 

Mean 

II. Strait of Juan de Fuca. 

Esquimalt ancl Victoria 
Port Towmend 
Dungcness 
Discovery 
Beechcy Hea<l. Wcight=t 
Striped Peak 
Sheringham 
Admiralty Head 
Bellingham Bay 
West side Point Robert 

47·61 122·33 I 
47·26 ___:::~1 

. 47·44 122·39 

48·43 
48·12 
48·18 
48·42 
48·33 
48·16 
48·38 
48·15 
48·55 
48·98 

123·46 
122·75 
123·11 
123'22 
123 ·66 
123·68 
123·92 
122·68 
122·45 
123·08 

Weighted mean 48·37 123·16 

III. Cape Flattery. 

Neeah Bay 
Tatoosh Island 
Class et 
Waadah 
Slip 
Vancouver 
Clattam Bay 
Hecate Bay 
Onchucklin Harbor 

Mean 

48·36 
48·:w 
48·39 
48·38 
48·26 
48·58 
48·25 
49·25 
49·00 

124 ·63 
124'73 
124·66 
124 ·60 
124 ·24 
124·64 
124·27 
I 25 '93 
125·00 

1894·4 -22·68 
1894·4 -22·51 

1892·7 
1888·5 
1892·7 
1892·7 
1892·8 
1893·5 
1893·5 
1857 ·5 
1859·5 
1859·5 

1881 ·8 
1893·7 
1893·7 
1893·6 
1893·6 
1893 ·6 
1864·5 
1861 .5 
1861 ·5 

-23·22 
-22·81 
--23·44 
-23·18 
-24·62 
-23·20 
-22·72 
-21·90 
-22·15 
-21 ·75 

-22·74 
-23·75 
-23·11 
-23·44 
-23·51 
-23·86 
-22·50 
-22·65 
-24·22 

·02 -22·70 
'02 -22·53 

'IO 

·27 
·10 
'IO 

·09 
·06 
·06 

-1·56 
-1·48 
-1·48 

·44 
·04 
·04 
·05 
·05 
·os 

-1'02 
-1·12 
-1·12 

-22·62 

-23·32 
-23·08 

-23·54 
-23·28 
-24·71 
-23·26 
-22·78 
-23·46 
-23·63 
-23·23 

-23·33 

-23·18 
-23·79 
-23·15 
-23·49 
-23·56 
-23·91 
-23·52 
-23·77 
-25·34 

-23·75 

-2 

-2·5 

-2 

I 
i D of east side Point 
[ Roberts excluded. 

I 

Station Arch Rock 
omitted as too far 
east and D of too 
large a value. 

*Many of the results for annual cbo.ngo contuine<l in Appendix No. 7, Report for 1888, he.vo since become obso
lete or were found •lefective, and are now superseded by more reliable ones depending on the latest acceBBible data. 

t The lo.test Al~kan observations published are contained in ApJ>endix No. 11, Heport for 1892. 
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Formation of groupB-Continued. 

Group and name of station. Lat. <p Long.>. Year of Obs'd D Red'ntol D 

I 
a Remarks. 

obser'n. •895· '. 18<)5•0 

-· I 
0 0 0 0 0 I 

IV. Nootka and Quatsino Sounds. -1·5 

Friendly Cove 49·59 126·62 1881 ·7 -23·6o - ·33 -23·93 
Quatsino Sound, north harbor 50·49 128·06 1881 ·7 -24·90 - ·33 -25·23 

----
Mean 50·04 127 ·34 -24·58 

v. Thompson River. -I 

Town of Yale 49·57 121 ·42 1871 ·5 --24·00 - ·39 -24·39 
Mouth of Thompson River 50·22 121 ·6o 1871 ·5 -25·00 - ·39 -25·39 
Thompson River, mouth of Nicola 50·45 121 ·37 1871 ·5 -25·50 - ·39 -25·89 
Thompson River 50·68 120·20 1871 ·5 -24·00 - ·39 -24·39 
Thompson River near Kamloops 50·70 120·50 1877 ·5 -24·25 - ·29 -24·54 
Thompson River 50·77 I 21 ·08 1871 ·5 -23·50 - ·39 -23·89 
On Little Shushwap 50·83 119·77 1871 ·5 --24·50 - ·39 -24·89 
North Thompson River 50·95 120·47 1871·5 -23·88 - ·39 --24·27 
North Thompson River 51 ·20 120·37 1871 ·5 -24·12 - ·39 -24·51 
North Thompson River 51 ·47 120·42 1873·5 ·-25·33 - ·36 -25·69 

--- ----
Mean 50·68 120·72 -24·78 

VI. Great Fork Frazer River. -I ' 

Clearwater River 52·20 120·20 1873·5 -24·50 - ·36 -24·86 I Fort McLeod excluded; 
Tl!te Teanne Cache 52·97 119·83 1876·5 -26·33 -: ·31 -26·64 too far north. 
Jasper House 53·27 118·17 1871 ·5 -26·00 - ·39 -26·39 ; 

Mouth of Chilaccot River. 53·83 123·00 1875·5 -28·25 - ·33 -28·58 ; 

Weight ?i I ----
Weighted mean 52·96 119·91 -26·34 

VII. Queen Charlotte Island. -1·5 

Rose Harbor 52·15 131 ·25 1881 ·7 -26·01 - ·33 -26·34 

VIII. At sea,* northeast Pacijic 
Ocean 

45·00 135 ·oo -21·75 (?) 

IX. At sea,f northeast Pacijic 45·00 128·50 -21·75 (?) 
! Ocean Value of a (?) 
: X. At sea,* northeast Pacijic 47·00 155·00 -19·75 (?) 

Ocean 

i XI. At sea,f northeast Pacijic 51·00 145·00 -23·80 (?) 
Ocean 

I 

i XII. Port Simpson and Skeena 
I 

-2 
River. 

I 
Port Simpson 54"57 130·43 1885 ·4 -28·06 - ·32 -28·38 South base, Portland 
Port Essington 54·23 129·78 1879·5 -27·33 - ·52 -27·85 Canal omitted; value 
Head of Work Inlet 54·30 129·72 1879.5 -27·50 - ·52 -28·02 of D too large. 
Twenty miles up the Skeena 54·32 129·32 1879·5 -27·33 - ·52 -27.85 
Thirty miles up the Skeena 54"37 129·00 1879·5 -26·75 - ·52 -27·27 
Fifty miles up the Skeena 54·50 128·58 1879·5 -26·50 - ·52 -27·02 
Howcan Mission 54·83 132·83 1881 ·7 -27·06 - ·44 -27·50 

I Bay, Portland Canal 55·22 130·06 1888·7 -27·74 - ·21 -27·95 
------- ----

Mean 54·54 129·96 -27·73 

-- -------- -
• The values for 1895·0 were deduced from the following observations by comparing them with the isogonic curves of 1890 and taking a 

mean difference (with regard to number of points): ' 

I 
0 I 0 I 0 I 

:~~& <p=4• •5 >.=156 •4 D= -16 25 Pt. I I U.S.S.Adams. 
4• 41 132 46 -19 35 8 , Alert. 

188<) 43 40 150 42 -18 15 I I Adams. 
1886 45 32 151 36 -19 00 8 I Alert. 

I 
1894 47 30 135 00 -22 40 I Adams. 
1894 48 JO 132 00 -23 10 I I Adams. 

t Obtained by interpolation, using the isogonic lines of 18go d1fferent1aliy. 
---·- ···----- ·----·---
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Formation of groups-Continued. 

---- -·· ··-----···-·-

Group a.nd name of station. Lat. <p Long.>. Year of Obs'dD Red'n to 
D 1895'0 a Remarks. obser'n. 1895. 

0 0 0 0 0 I 

XIII. Fort Wrangell. -1·9 

Fort Wrangell, astronomic station 56·47 132·38 1893 ·5 -29·64 - ·05 -29·69 
Tamgas Harbor 55·07 131 ·47 1883·6 -28·58 - ·36 -28·94 
Pen Island 55·38 131 ·73 1885 ·6 -28·12 - ·30 -28·42 
Union Bay 55'74 132·19 1885·6 -30·50 - ·30 -30·80 
Kasaan Bay 55·50 132·32 1880·4 -27·80 - ·46 -28·26 
Dewey Anchorage 55·93 132·36 1886·7 -28·50 - ·26 -28·76 
Port McArthur 56·07 134·10 1886·6 -27·83 - ·27 -28·10 
Point Chican 56·15 133 ·61 1886·6 -29·42 - ·27 -29·69 
Shakan 56·15 133·63 1881·6 -30·05 - ·42 -30·47 
Red Bay, Sumner Strait 56·33 133·25 1886·4 -29·67 - ·27 -29·94 
Fort Wrangell, north base 56·46 132·38 1886·5 -29·33 - ·27 -29·6o 
Frederic Sound, south base 56·91 132·85 1887·4 -29·63 - ·24 -29·87 
Duncan Canal, east base 56'6o 133·10 1887·6 -30·10 - ·23 -30·33 
Wards Cove 55"38 131 ·73 1882·7 -28·30 - ·39 -28·69 
Burroughs Day, astronomic station 56·04 131·10 1893·2 -30·40 - ·06 -30·46 

Mean 56·01 132·55 -29·47 

XIV. Sitka. -2 

Sitka, astronomic station 57·05 135·34 1894·4 -29·61 - ·02 -29·63 Principal secularvaria-
tion station. 

XV. Lynn Canal and vicinity. -1·5 

Muir Glacier 58·83 136·08 1890·7 -30·43 - ·11 -30·54 Holkham Bay and Port 
Taku River 58·44 133 ·99 1893 ·6 -30·27 - ·04 -30·31 Althorp excluded; 
Auke Point 58·19 134·55 1890·5 -30·73 - ·11 -30·84 local deflections. 
Funter Bay 58·23 134·91 1890·7 -30·25 - 'II -30·36 
Chilkat 59·19 135 ·45 1890·5 -30·65 - ·11 -30·76 
Point Lena 58·39 134·77 1890·4 -30·40 - ·12 -30·52 -------

Mean 58·54 134·96 -30·56 

XVI. Yakutat Ba;•. (?) 

Kbantaak Island. Weight 4 59·56 139·78 1892·7 -29·93 ---- - -29·93 
Malaspina, south base 59·72 140·20 1892·6 -30·90 ----- -30·90 
Malaspina, north base 59·70 140·09 1892·6 -30·70 ---- - -30·70 } M-"' with --Mount Hoorts 59·75 139·53 1892·6 -30·85 -30·85 pass declinometer. 
Ocean Cape 59·54 139·86 1892·7 -30·40 

____ ... 
-30·40 

Weighted mean 59·63 139·85 -30·32 

XVII. Vicinity o.f Mount Lorne. +1 

Lake Lyndeman 59·78 135·08 1887·5 -32·28 + '12 - 32·16 
Marsh Lake 6o·35 134·29 1887 ·5 -32·77 + ·12 -32·65 
Callon 60·70 135·07 1887·6 -30·92 + ·12 -30·80 
Lewis River 62·08 136·07 1887·6 -33·91 + ·12 -33·79 ------- ----

Mean 60·73 135·13 -32·35 

XVIII. Port Etches. +3 

Port Etches 60·35 146·63 1874·4 -29·16 +1·03 -28·13 
Phipps Point. Weight~ 60·35 146·84 1894·5 -27·40 + ·03 -27·37 

----
Weighted mean -27·88 

XIX. look Inlet. +4 

Dangerous Cape. Weight U 59'40 151 ·88 188o·5 -24·54 + '97 -23·57 \ 
Coal Point 59·6o 151 ·40 188o·5 -25·81. + ·97 -24·84 

-------
Weighted mean 59·50 151 ·64 -24·52 

XX. Kadiak Island. +4 

St. Paul 57·80 152·36 1880·5 -25·15 + ·97 -24·18 

'---- -------I --
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Formation of groups-Continued. 

Group and name of station. Lat.cp Long.>. Year of Obs'd D Red'n to 
D 1895·0 Cl Remarks. obser'n. 1895. 

-----·-

0 0 0 0 0 0 

XXI. Semidi Islands. +4 

Chirikof Island 55·8o 155 ·72 1874·4 -23·02 +1·37 -21·65 
Semidi Island 56·08 156·65 1874·5 -22·95 +1·37 -21 ·58 
Cliignik Bay 56·32 158·40 1874·5 -22·03 +1·37 -20·66 

Mean 56·07 156·92 -21·30 

XXII. Sliumagi"n Islands. +4 

Little Koniuski Island 55·05 159·38 . 1880·5 -21·42 + ·97 -20·45 
Dolgoi Island Settlement 55·08 162·00 188o·6 -21·43 + ·96 -20·47 
Humboldt Harbor 55·32 16o·52 188o·6 -20·28 + ·96 -19·32 
Chiachi Island 55·87 159·08 1874·5 -21·93 + 1·37 -20·56 
Port Moeller 55·92 16o·58 1874·6 -21·37 +1·37 -20·00 
Baileys Harbor 55·15 162·12 1879·5 -21·13 +1·03 -20·10 

-------
Mean 55·40 160·61 -20·15 

XXIII. Unalaska Island. +3 

Iliuliuk 53·88 166·52 1891 ·5 -18·11 ----- -18·07 Principal secular change 
station. 

XXIV. Pribilof Islands. +3.6 

St. Paul Island 57·12 170·32 1891 ·6 -17·01 + ·20 -16·81 

XXV. Hagmeister, Island. I +4"5 

Hagmeister Island 58·8o 16o·83 1874·6 -22·88 +1·53 -21·35 I 
XXVI. Nunivak Island. +5 

Nunivak Island 6o·42 166·13 1874·6 -21·56 +1"70 -19·86 

XX VII. Vicinity of Upper Ram· +2 
parts, Yukon River. 

Fort Selkirk 62·79 137'42 1887·6 -34·28 + ·25 -34•03 
White River 63·20 139·63 1887"6 -34·46 + ·25 -34·21 
Stewart River 63·37 139·48 1887·7 -33·88 + ·24 -·33·64 
Forty Mile River 64·42 140·53 1887"7 -35·01 + ·24 -34·77 

------- ----
Mean 63·44 139·26 -34·16 

XXVIII. Vu:inity o/ Boundary +3 
Mount, Yukon River. 

Near Boundary 64•68 140·90 1888·1 -35·78 + ·35 -35·43 
Camp Davidson 64·70 140·95 18go·6 -35·75 + ·22 -35·53 

-----
Mean 64•69 140·93 -35·48 Mean of three years' 

observation. 
XXIX. St. Miclzad. +6·5 

St. Michael 63·48 162·09 1890·6 -23·14 + ·48 -22·66 Mean of three meas-
ures. 

XXX. Port Clarence. +1·3 

Port Clarence 65·27 166·83 188o·7 -22·88 +1·74 -21·14 Combination value. 

XXXI. Kot:ebue Sound. +1·1 

Chamisso Island 66·22 161 ·82 188o·7 -26·82 +1·69 -25·13 

XXXII. Cape Lisbunu: and +8·5 
vicinity. 

Off Point Hope 68·32 166·77 1889·7 -23·17 + ·75 -22·42 U.S. S. Thetis. 
Near Cape Lisbume 68·88 166·10 188o·6 -25·71 +2·04 -23·67 

----I 

i Mean 68·6o 166·44 -23·04 
I 

·-·-
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Formation of groupa-Continued. 

Group and name of station. Lat. <p Long.>. Year of Obs'dD Red'n to 
D 1895·0 __ :__, Remarks. 

I obser'n. 1895. 

--· ---- -- - ----

0 0 0 0 0 0 ' 
XXXIIl. Ic;• Cape and vicinity. + 9·5 

At sea, Arctic Ocean 69·97 162·63 1881·6 -31·92 +2"12 -29·8o 
At sea, off Icy Cape 70·08 162·10 1881 ·6 -32·23 +2"12 -30·11 
At sea, off Icy Cape 70·25 161 ·92 1881 ·6 -32·20 +2"12 -30·08 
Near Icy Cape 70·22 162·25 188o·6 -30·10 +2·28 -27·82 
Indian Village 70·29 161 ·88 1889·7 -28·85 + ·84 --28·01 U. S. S. Thetis. 
Wainwright Inlet 70·62 16o·o5 1849·5 -36·68 +1·20 -29·48 

-------- ----
Mean 70·24 161 ·So -29·22 

XXXIV. Fort Yukon. + 4·4 

Fort Yukon 66·56 145'30 1890·6 -35·20 + ·32 -34·88 

XXXV. Porcupine River at +6 
Boundary. 

Camp Colonna 67·42 140·98 1890·5 -38·11 + ·45 -37·66 

XXXVI. Valley of Tltree Rivers. +s 

Three Rivers 68·61 141·00 1890·3 -40·55 + ·63 -39·92 

XXXVII. Firth River. +10 

Mouth of Firth River 69·39 140·00 1890·3 -43·37 + ·78 -42·59 
Herschel Island 69·55 138·95 1889·6 -43·67 + ·90 -42·77 U.S. S. Thetis. 

---- ---
Mean 69·47 139·48 -42·68 

XXXVIII. Cross Island. +12 

Off Cross Island 70·46 147·88 1889·6 -38·67 I +1:08 -37·59 U. S.S. Thetis. 

XXXIX. Point Barrow. +21 

Off Point Barrow 71·33 156·25 1881 ·6 -37·30 +2·68 -34·62 Plover Point, observa-
Uglaamie, U.S. Polar Station 71 ·30 156·66 1883·3 -35·62 +2'34 -33·28 tions of 1853 not 

available. 
Cape Smyth Signal Station 71 ·31 156·65 1889·6 l -33·67 +1·08 -32·59 U. S. S. Thetis. 

----
-;s6·52 [ I 

----
Mean 71 ·31 -33·50 



96 UNITED STATES COAST AND GEODETIC SURVEY. 

Recapitulation of normal valuea of magnetic deolinati-Ona in .Alaaka and ad:faoent parta for January, 1895. 

No. of group. Designation of group. No. of Lat. Long. I D 1895°0 stations. 
-----

0 0 0 

I Puget Sound 2 47·44 122·39 -22·62 
II Strait of Juan de Fuca 10 48·37 123·16 -23·33 
III Cape Flattery 9 48·54 124·74 -23·75 
IV Nootka and Quat:;ino Sounds 2 50·04 127·34 -24·58 
v Thompson River IO 50·68 120·72 -24·78 
VI Great Fork Frazer River 4 52·96 119·91 -26·34 
VII Queen Charlotte Island I 52·15 131 ·25 -26·34 
VIII At sea, northeast Pacific Ocean* 3 45·00 135·00 -21 ·75 
IX At sea, northeast Pacific Ocean* I 45·00 128·50 -21·75 
x At sea, northeast Pacific Ocean* 3 47·00 155 ·oo -19·75 

XI At sea, northeast Pacific Ocean* 4 51·00 145·00 -23·80 
XII Port Simpson and Skeena River 8 54·54 129·96 -27·73 
XIII Fort \\' rang:ell 15 56·01 132·55 -29·47 
XIV Sitka I 57·o5 135·34 -29·63 
xv Lynn Canal and vicinity 6 58·54 134·96 -30·56 
XVI Yakutat Bay 5 59·63 139·85 -30·32 
XVII Vicinity of Mount Lome 4 60·73 135 ·13 -32·35 

XVIII Port Etches 
' 

I 60·35 146·63 -27·88 
XIX Cook Inlet 2 59·50 151 ·64 -24·52 
xx Kadiak Island I 57·80 152·36 -24·18 
XXI Semidi Islands 3 56·07 156·92 -21·30 
XXII Shumagin Islands 6 55·4o 16o·61 -20·15 
XXIII Unalaslfa Island .I 53·88 166·52 -18·07 
XXIV Pribilof Islands I 57·12 ·170·32 -16·81 
xxv Hagmeister Island I 58·80 16o·83 -21·35 
XXVI Nunivak Island I 60·42 166·13 -19·86 

XX VII Vicinity of Upper Ramparts, Yukon River 4 63·44 139·26 -34·16 
XX VIII Vicinity of Boundary Mount, Yukon Rivet 2 64·69 140·93 -35·48 
XXIX St. Michael I 63·48 162·09 -22·66 
xxx Port Clarence I 65·27 166·83 -21 ·14 
XXXI Kotzebue Sound I 66·22 161 ·82 -25·13 

XX XII Cape Lisbume and vicinity 2 68·60 166·44 -23·04 
XX XIII Icy Cape and vicinity 6 70·24 161 ·80 -29"'22 
XXXIV Fort Yukon I 66·56 145 ·30 -34·88 
xxxv Porcupine River at Boundary I 67·42 140·98 -37·66 
XXXVI Valley of Three Rivers I 68·61 141 ·oo -39·92 
XXXVII Firth River 2 69·47 139·48 -42·68 
XXXVIII Cross Island I 70·46 147·88 -37·59 
XX XIX Point Barrow 3 71 ·31 156·52 -33·50 

I I 
* by interpolation, using the isogonic curves of :i:B<)o, values uncertain. 

The total number of stations involved is 131. 
An approximate central value of latitude is <p0 = 590·02 and of longitude Ao = 1450.12 ... 
For D 1, the corresponding declination, we assume the value D 1 = - 27°·16. 
With the above thirty-nine values, directly taken from observations, and the adopted v;iJ.ues 

for <p0 , A0 , and D 1, we get thirty-nine observation equations, of which number a few (the first dozen 
only) are here given as :.pecimens. The ten normal equations are as follows: t 

"* Originally derived from thirty-seven stations; two were added afterwards. 
t For the formation of the observation equations and the establishment and solution of the normal equations 

I am indebted to Assistant F. D. Granger and Mr. C.H. Kumm.ell, of the Computing Division. 
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I 
i q ,. ti ,. ~!' ~· J' 
1 .. -- _I --- -- . - - _I_ 

0=--4'54 i I ---11 ·58 ·-15·37 134·1 +178·0 236 / -1553 J --2o61 -2733 ·-3631 
-]'83 -10·65 --14·58 113·4 +155·3 213 -1208 I -1653 -2268 ··3°99 

3·41 I -10·48 -13·49 109·8 +141·4 182 I ·-1151 I ·-1480 -1907 ·-2455 
-2·58 - 8·98 --11·41 80·6 -j-102·5 130 -- 724 ! - 920 -1167 ·-1485 
·--2·38 I I - 8·34 -15·47 69·6 +129·0 239 I - 580 1 -1011 -1993 -3702 
-0·82 i I - 6·06 - 15·18 36·7 + 92·0 230 . ·- 223 I ··- 557 -1394 -- 3498 
-0·82 

I 
-- 6·87 -- 8·52 47·2 I- 58·5 73 I -- 324 -· 402 I - 502 618 

-5·41 -14·02 - 7·15 196·6 + 100·2 51 i -2756 -1406 -- 715 . - 366 
-5·41 -14·02 -11·75 196·6 -j-164·7 138 -2756 -2310 I -1936 ·-1622 
-7·41 i I -12'02• + 6·74 144·5 - 81·0 45 I -1737 + 974 . - 541 ·r 306 
--3·36 -- 8·02 - 0·08 64·3 + o·6 0 

i - - 516 - 5 I 0 0 
+0 ·57 I - 4·48 -- 8·79 20·1 + 39·4 77 -- 90 1- 177 I - 345 - 679 
etc. 

I I i 

Xo1·mal rqualiuns. 

-···- -·-- --- ··-· ·-··- ··-----

-·· ... _I_. __ _ 
I i " ; ,. I s ' I : u 71 w )' 

·---· --1 ·····--'. ·- ··- - - I·--··-··-·-· . '- ·--· -·-- ·-

o= - 9·21
1 

r39 I' - 21·99 Ii -· 40·2 I+ 2278 I + 1235 I+ 2729-- 4195!- 8214-- 147941-- 12206 
0==-!- 1166·4 -- -·-- -j-2278·0 , -j-1.235·31- 4195: - 82141- 14794 -j- 26o4271'-j- 142745 -j- 186643

1
-j- 197444 

O= - 464·71 ----1 -J-2729·1 -- 8214: - 14794 - 12206 -j- 142745 -j- 186643 -j- 197444,-J- 402244 
O=-!- 573'3 ----- +260427, -f-142745 +186643 - 9233361- 1156106- 16000991- 1806471 
0= - 3428·4 ,-----··---, -.L 186643 1 .L197444- 1156106;- 1600099 - l8o6471,- 2913556 
O= - 107o6·8 I ; ---1 +402244 - 16ooo991- 1806471 - 29135561- 3047116 
0 - _. +130052 . -- - +36030692+19578540 +21757970.+22180996 
o= + 26785 I ·- ·---~+21757970 +22180996;+ _N317458 
Q=c + 63688 1· +30317458 +377860921 
o-.= - · I 2880 1 , . . 1+74580184 

·-- -----·-- ---·- -·--· I . -· --· -···--·-·-

To facilitate the bolution and to reduce the fact.on; tu the ~:urnw or1lcr of rnag·11it.u<ic, put 

q=-J-o·o+q' i 1~-0·02+11 

r ... co-o·8-j-r1 I 110·_ ·;-0·07-!- 11' 

s.c.=-J-0·7+s1 i v=+o·o1+v' ! 

1011 =I" or /_c-·02-j-·1111 , .., __ _.-0·0003-;-w' 10011•'=-=w'1 orwc-=-·0003-r·o1 w" 
10 111=11" u=·-1- ·07-j- ·1 1111 I x=+o·oo2 +x' I 100 x1 =" -"·-=+ ·002 -!- ·01 .x'1 

IO••'=v'' 7'=·4-·01+·11•" I r=---+0·0006-J-J'' '1ooy1 c....oJ'" Y=+·ooo6+·01y11 

: ·~·-0·0005..+-z' ! 100 t 1 _.-=·z 11 ==-·0005-1-·01 zll 

wh•~re the third, fourth, and fifth equations were divided 
order to preserve the character of normal equations. 
equations: 

by 10 and the re111ai11i11g ones by 100, in 
Hence we haYe the moditied normal 

Mod~/ied normal eq11atio11B. 

!' q' I ,., s' t 11 u" -;;/' ';'I'~' .1·'' y" 

. i -----· -
' I i 

o·= + 30·48 
1
_±32_i- 21·99; --· 40·2 !+ 227·8 ,+ 123·51+ 272·9 - 41·95: - 82·14 147·94 :- 122·06 

o·-= -2(){)'684 I :.2278·0 ! -j-1235·3 I·- 419·5 1-- 821·4 -1479·4 +2604·27' -j-1427·45 +1866·43 l-!-1974·44 
o·= -288·123 1··-·------·1 +2729·1 , -- 821 ·4 1-1479·4 -1220·6 ·J-1427 ·45 \-1866·43 +1974·44 l-t-4022·44 
o·= +273·750 

1

. -----1+26o4·27 +1427·45j+1866·4 - 923·34 -1156·11 -1600·10 1-1806·47 
o·=- +249·108 1· 

1

+1866·43 -\-1974·4 --1156·11 -1600·10 -1806·47 !-2913·56 
o·oo= +333·737 '1 ---.--·-1+4022·44 -16oo·10 -1806·~7 ·-2913·56 i-3047·12 
o·c= -265·176 ' 1· ----- +3603'07' -j-195p.;5Ij-2175·801+2218·10 
o·= -279·182 ·I ' -----, +z175·80 +2218·10 :-J-3031 ·75 
o·= -338·698, 1 

j 
1
- ---- - -J-3031·75 l-J-3778·61 

o·= -481·9:9~~-- . -------·-·------·· .... J ___ ··- ____ i I -i~7458·02 
S. Ex. 8, pt. 2--7 
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Solving these equations, we get the following results for the coefficients: 

q' = -0·568751 
r' = +0·083118 
s' = +0·037312 
t" = -0·039820 
u" = +0·008927 
v" = +0·009148 
w" = -0·027445 
x" = +0·056132 
y'' o~ -0'040440 
z" = +0·016575 

q = -0·56875 
r = -0·71688 
s = +0·73731 
t' = -0·0039820 
u' = +0·0008927 
v' = +0·0009148 
w'= -0·00027445 
x 1 = +0·00056132 
y' = -0·00040440 
z1 = +0·00016575 

t = -0·0239820 
u = +0·0708927 
1J = +0·0109148 
w= -o·ooc57445 
... = +0·00256132 
)' = +0·0001956o 
z = -0·00033425 

Residuals in 
original normal 

equations. 
(1) ·ooo 
(2) -·01 
(3) -·01 

I
(~}) ~:~~ 
6 -·2 

7 - 4 
8) - 2 

(9) - 2 

(10)-4 

The expression for the distribution of the magnetic declination in and about Alaska for the 
epoch 1895·0 is as follows: 

D= -27°·7288- 0·71688 (/JI + 0·73731 ii., cos rp 
- 0·023982 rp1

2 + 0·070893 q>1 il, cos rp + 0·010915 il1• cos• <P 
- 0·0005744 <P13 + 0·0025613 rp1• ii., cos rp + 0·0001956 rp1 il,• cos• IP - 0·0003342 il.1

3 cos• rp 

where <p1 = <p - 59°·02 and A. 1 = A. - 145°·12. 

By means of this formula t11e declination was computed for each of the normal groups, and 
the differences between the observed and computed values ( 0- 0) show the closeness with which 
the observed facts are represented, as well as the deviations from a regular distribution of 
magnetism (as implied by the formula). 

I 
I Group 
I No. 
I 

,-~--
1 II 

IW 
VT 
Vil 
VIII 
IX 
x 
XI 
XII 
Xlll 

Obs'_d -~::-j

1
- ~-~i;.~--:~-~~--11 -;rou~ ~ :,.--i-Ob~~d-D-. j-~:~.1>'d ! c- o --il- -~~~:-N-' o-. - 1-<:~,~:-u 1-1.-j -c~~;l:~;r-c~-0-

o o I o (---- '---~--j----:-1------:,-----------------, , ___________ o __ _ 

-22·62 - --22·49 \ -j-0·13 fi XIV -29·63 -29·29' +0·34 XXVII -3:·16 '-3:·21 -0·05 
23·33 23·18. +0·15 'i XV 30·56 30·771-0·21 XXVIJI 35·48 34·81 +0·67 
23·75 23·47: +0·28 I\ XVI 30·32 30·18 +0·14 XXIX 22·66 22·57 +0·09 
24·58 24·62 -0·0411 XVII 32·35 32·96 -0·61 XXX 21·14 20·93 +0·21 
24·78 24·65 +o·q .· XVIII 27·88 28·09 ~ -0·21 XXXI 25·13 24·60 +0·53 
26·34 26·83 -0·491 XIX 24·52 25·41 I -0·89 XXXII 23·04 23·84 -0·80 
26·34 I 26·01 +0·33 XX 24·18 24·22, -0·04 XXXIII 2w22 28·78 +0·44 
21·75 22·04 -0·29 I XXI 21·30 21·84 0·54 XXXIV 34·88 34·65 -j-0·23 
21·75 22·04 -0·29 XXII 20·15 20·34 -=0·191 XXXV 37·66 38·10 -0·50 

. 19·75 19·57. -j-0·18 XXlII 18·07 18·14 -0·07 XXXVI 39·921 39·77 +0·15 
1 23·80 23·13 I +0·67 XXIV 16·81 16·96 -0·15 XXXVII 42·68 41 ·92 +0·76 I 
: 27·73 28·091 -0·36 I xxv 21·35 21·16 +0·19 : XXXVIII 37·59 38·19 6 I 

I + ' X'X\'I 86 · 6 I' X'XXIX I 8 -o· 
0
8 , --29·47 

1 
-29·00: 0·47 !i -19· i -19·21 I -;-o· 5 : . -33·50 -33·7 \ -0·2 

The sums of the positive a}l(l negative residuals balance well enough, and the probable error 
of a single representation becomes 

r = o·674 CJv~l 
'\/ n - n1 

where n = uumber of groups and n 1 = number of unknown quantities introduced, i.e., number of 
normal equations, and v = C - O, or difference between computed and observed values; we get 

r = 0·67 4 /_~:~477 = ± 00.323 or ± 19' 
'\/:-m-10 

This is an improvement on the value of r = ± 26' as found in the representation for the epoch 
1890; this is supposed due to the improved values for the secular change and the addition of more 
modern observations. 

The differences C - 0 are made up of four distinct sources of error, viz, errors of observation, 
errors in the reduction to epoch, errors due to imperfection or inefficiency of the analytical formulm 
employed, and, lastly and chiefly, to irregularities in the local distribution of terrestrial magnetism, 
and of which the general formula can not take cognizance. The largest discrepancy in the 1890 
representatiou was 1°·6, and the next largest l 0·:?; whereas in the present case for 1895 the two 
largest 1liff'<>rences are but 00.9 and 00·8. 
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For the construction of the ililogonic curves we need for any desired isogonic line a sufficient 
number of intersections with given parallels or meridians in order to trace out the curve by a free 
band through these points. It is most convenient to compute the intersections with a given 
parallel of latitude, and, after accommodating· the general expression for D to this particular par· 
allel, to solve the resulting cubic equations. Of such spedal equations found convenient for the 
computation of the intersections, and derived from]) by introducing the several values for cp, we 
present a few selected from a large number: 

For latitude 4S 0 

so 
SS 
6o 
65 
70 

where At = i\. - 1450·12. 

D = -20·8091 +0·17455 A., + 0·004086.:l,• -0·0001181 A13 

-22·7922+0·19685 +0·003781 -0·0000888 
-25·1972+0·28318 +0·003332 -0·0000631 
-28·4548+0·40463 +0·002777 -0·0000418 
-32·9961 +<>·52947 +0·002159 -0·0000253 
-39·2517+0·62400 +0·001528 -0·0000134 

By means of these equations the latitudes and longitudes of a number of points for any 
desired isogonic curve were readily obtained. The subjoined table contains a few of such positions 
for some of the leading isogonics. The comput:ttion and curves, however, should be limited to 
the area roughly bounded by the positions of the normals, and the curves themselves had to be 
modified near this boundary, and in particular in the North Pacific, in order to accommodate them 
to the conditions prevailing just outside the limit of this investigation. 

'P 
---

0 

70 
65 
6o 
57 
54 

IiiterBectioi;s fo1· the co11str11ction of some of the pri1icipal isogo11ic rurves. 

... 

[\'nines of A (weRl of Gre<mwich).] 

·---------· -· --·-·---· 

li=-15° 

0 

176·6 
175 ·o 
175·4 

I D=-:zo0 1-~~~-~~o ·----· 
0 0 

174·4 167·0 
168·1 159·5 
164·1 153·2 
162·5 149·1 
160·7 1.43·8 

-:zsO -260 

I 

I 
I 
I 
I 

120·2 i 

--1--· 
0 0 

121 ·5 

1.

1

-_ j)-:·~:0-r~·=--3::--D=--:0° 1>=-45° 
15;·4 1 .. -~5:.:· 14;·9 ·-~~~-
150·7 I 141·2 131·1 
141 ·2 125 ·7 
132·1 I ____ _ 

. - ..... i - . ·- .J -· - --· - .. 

134·4 
133·2 
125·0 

The accompanying isogouie chart of Alaska exhibits the resulting distribution of the magnetic 
declination in 1895. For the western part of Bering Sea this is only roughly indicated by a few 
lines from want of recent data, and the same is true for that part of the North Pacific adjacent to 
the Gulf of Alaska where the uncertainty in the declination is indicated by broken lines. This 
uncertainty may amount to half a degree, but is not supposed to exceed 1° about the southern 
and western limits of the curves. In this part of the North Pacific the want of recent and 
reliable observationi,: is much felt and the annual change is unknown. South of latitude 45° and 
between longitudes 1300 and 135° about and when approaching the 'l'ropic of Cancer the lines 
flat.ten ont and farther south change the sign of their curvature. According to Mr. Curtis J. 
Lyon, of the Hawaiian Government Survey, the east declination on these islands was on the 
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increase between 1850 and 1884, and the continuation of this motion has since been confirmed by 
the observations made by E. D. Preston, Assistant, Coast and Geodetic Survey, in 1892, at 
Waimea, at one of Mr. Lyon's stations. At this place (<p-:- + ~00021·0, i\. = 155037'·0W.) we have: 

In 1852, observed declination 
1872, observed declination 
1892, July, observed declination 

- 7° 52' 
- 8 30 
- 9 06 

C. J. Lyon } 
C. J. Lyon Resulting annual ir.crease - 11 ·8. 
E. D. Preston 

Even the earliest observation, that by Captain Oook in 1779 at Karakakoa Bay <p =mo 28', 
i\. = 1560001, and the one by Assistant Preston at the same place in August, 189.'.J (station called 
Napoopoo, <p = 19029', i\. = 155°59'), when compared, point to the same uirection of change. 

The singular oval area of west declination lying across the east coast of Asia, which was 
formed, or rather left in place, by the breaking through, about the close of the first quarter of' the 
present century, of the area of eastern declination across its southern neck, is apparently encroach
ing upon the western part of Bering Sea. Its central maximum declination has increased from 
7° to 100 and the agonic line at its eastern boundary is now supposed to pass in the vicinity of 
Petropavlovsk. At this place, in particular, new observations are needed before reliable results 
of the distribution of the declination over the western Bering Sea can be deduced. 
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ISOGONIC CHART FOR THE EPOCH 1895 
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NORMAL STATIONS OF MAGNETIC DECLINATION F 0 R 1895 
V: S. Coast. and. Geodedo Su7'1•ey Report;., 189.fL Appendix 4 . 
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APPENDIX No. B-1894. 

THE LENGTH OF THE HOLTON BASE LINE, INDIANA, WITH RELATED EXPERIMENTAL 
MEASURES DURING PART OF JULY, AUGUST, SEPTEMBER, AND OCTOBER, 

1891; A. T. MOSMAN, ASSISTANT, IN CHARGE OF THE PARTY. 

Reported by CI-'I:ARLES A. SCHOTT, Assistant. 

Submitted for publication August 23, 189•. 
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APPENDIX No. 5-1894. 

THE LENGTH OF 'fHE HOLTON BASE LINE, INDIANA, WITH U,ELATED EXPERI· 
MENTAL MEASURES DURING PART OF JULY, AUGUST, SEPTEMBER, AND 
OCTOBER, 18fll; A. T. MOSMAN, ASSISTANT, IN CHARGE OF THE PARTY. 

Reported hy CHARLES A. ScuoTT, Assistant. 

Submitted for publication August 23, 1894. 

lntroduction.-The Holton base is one of the linear measures which support the transcontinental 
triangulation. It is located in Ripley County, southeastern Indiana, distant about 330 kilometres 
from the St. Albans base, West VJrginia, to the eastward, and distant about 240 kilometres from 
the Olney base, Illinois, to the westward. Its middle point is in latitude 390 03'·3, and in longitude 
8{>0 22'·2 west of Greenwich. 'fhe line is inclined to the meridian 4° 06'·3, the azimuth of the north 
end being 175° 53'·8 (counted from south to west). The length of the base is 5·501 kilometres 
nearly, and the approximate height above the average sea level 283 metres. Appendix No. 8, Coast 
and Geodetic Survey Report for 1892, contains a full account of the measurement of this base by 
the observers, A. T. Mosman, who had general charge; by R S. Woodward, Assistant, in charge 
of the measures with the bar-in-ice apparatus and experiments with metallic tapes, and by O. II. 
Tittmann, Assistant, in charge of the contact·slide base apparatus. This appendix gives the 
reports of these observers, headed with a preface by the Superintendent. It comprises 174 pages, 
and renders it unnecessary t.o enter here into certain detail matter already stated or discussed in 
that place, except when directly connected with the base measures or computations. 

The primary base lines heretofore measured by the Survey, a.s well as all other lengths 
determined by it, depend for their unit on the Committee metre of 1799, the property 'of the 
American Philosophical Society of Philadelphia, but this unit of length was superseded in 1890 
upon the receipt by the United States of the National Prototype metres. The Holt.on base is the 
first prominent one which depends for its length on this new standard unit, and in consequence 
an account must be given here of some intermediate operations, introduced with a view to express 
the measured length of the base in terms of the prototype. For this purpose a new and most 
accurate base apparatus was designed and brought into use by Assistant Woodward, for a 
description of which see Chapter I of Appendix No. 8. This bar-in-ice apparatus was used for 
standardizing the new contact-slide bars employed in the measure of the base after its own length 
had been compared with that of the prototype metre. The same appendix treats at length of 
the experiments and results of tape measures. These are of less importance in connection 
with the Holton base, but will be found more fully referred to in the report on the length of the 
St. Albans base. 

The Holton base and its measures.-Tbe site for the base was selected by Assistant Mosman in 
October and November, 1890. It is on a nearly level table· land between the towns of Holton and 
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New Marion, with its north end about I~ kilometrl's east of the former place, and the south end 
al>out three-fourths of a kilometre north of the village of New .Marion. To get the elevation 
al>oYC' the !.'ea (about 28:! metres) a line of spirit levels connects tbe base with tbe transcontinental 
line of levels which starts from tide water at Sandy Hook, N. J. The base passes over grassy 
soil and plowed fields, and in part through woods. At certain places and times the ground was 
found wet and springy, :md unfavorable for the stability of the trestles. 

'l'he whole length of the base, with two extra measures of part of it, was measured twice with 
the contact-slide apparatus, and 1 kilometre of it also with the bar-in-ice apparatus, going over 
it four times. All measures with the contact bars were with rising temperat~res, and in direction 
one measure of the base was made forward, the other backward. 

The surface monuments and subsurface marks of the ends of the base are described and 
illustrated in Appendix No. 8.* Section stones set in concrete and marked each witl1 a fine cross, 
cut on the head of a copper bolt secured in it, were placed at distances of1·2, 2·1, 3·0, 4·0, and 5·0 
kilometres from south end. Stones were also set at 3·9 and 4·9 kilometres to mark the end points 
of the kilometres intended for the measure with the bar-in-ice. These stones are marked by 
spherical-headed bolts in connection with the use of the so-called cut-off apparatus. 

At the camp near Holton there was also established under a covered shed a standard 
100-metre comparat-0r. Its length was found from measures with the bar-in-ice apparatus, and 
it served for comparing or testing the combined length of the contact-slide bars as well as for 
ascertaining in particular tbe length of metallic tapes and for other purposes. Its terminals were 
provided with bolts for the cut-off apparatus. 

Length of the 5-rnetre steel bar No.17.-1'his being the bar by means of which the contact-slide 
bars were standardized, a first and important step was to obtain its length in terms of the 
International Prototype metre, or its equivalent, one of the National Prototype metres, for which 
No. 21 has been selected. Designating it by Pii. its length is given by 

Pzt = lm + 2•5 µ + 8·665 µ T + 0·0010 µ T 2, 

(± ·15) 

where µ denotes a micron or thousan<lth part of a millimetre a.nd T the number of degrees of 
temperature- of the centigrade scale of a hydrogen thermometer.t Bar No. 17, or simply B 11, 

was made in 1891, cross section 8·~ by 32·!!"'"'· Its length is defined by the distance of two lines 
transverse to two longitudinal ones and intercepted between them. The lines are drawn on highly 
polished platinum-iridium plugs, their surfaces Jyiug in the neutral plane of the bar. Four 
independent determinations of its length were made, viz: 

(a) Determination of length of B 11 011 office compar.ator, Washingtou, D. C., by Assistants 
R. S. Woodward and 0. H. Tittmaun, between July 6 and July 11, 1891.t Six micrometer 
microscopes§ were mounted on the iron beam in the vault, approximately 1 metre apart, and the 
distance between the terminal microscopes was repeatedly measured by means of P 21 , successively 
placed, as well as by B17, both bars being packed in ice. The result from ten sets of complete 
comparisons was 

B,1 = 5111 - 11·0 µ :!: 1·4 µ 

(b) A more elaborate series of observations was mttde in the same place and by the same 
means between Pebruary 4 and March 12, 1892; the observers were H. S. -woodward and J. S. 
Siebert.JI The resulting value from thirty-nine determinations, arranged in four groups, depending 
on special arrangement of bars and method of observing, is 

B 11 = 5m - 15·4 µ ±: 0·7 µ 

(c) In consequence of a want of perfect stability in the microscopes duriug the times of com
parison which the preeeding methods brought. to light, Assistant Woodward tletermined on a 

•Page 330 nml following. 
t Appendix No. 18, 1890, pnge 746. 
t Appendix No. 8, 1892, pai;tes 351-357. 
~Magnifying power of terminal microscopes, 50; of tl..te int~rruecliate ones, 27. 
~Appendix No. 8, 1892, pages 357-359. 
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method• which should diminh1h the interval dnring which dependence upon their stability must 
be had. A seeond steel bar, B 18 , of the same dimensions as B 17, was provided in 1892. It was 
subdivided into metre spaces, and platinum and iridium plugs were placed in the neutral plane 
aud marked with the usual fiducial lines. The method consisted essentially in comparing each sub
space or metre space of B 1a directly with P 21 , and, having got the whole length, to compare B 17 

w;th B 18-all bars, as in preceding cases, being immersed in melting ice during the operations. 
The observations were made tn the vault, as before, by Woodward and Siebert, and cover the time 
from April 25 to May 10, 1892. The program with respect to orientation and position of the 
bars and the observers was an elaborate one. There were ninety measures of the five subspaces, 
and from eighteen determinations, arranged in three groups. From these resulted the value 
B 1a = 5 P 21 - 54·3 µ ± 1·5 µ = 5m - 41·8 fl± 1·7 µ; further, from six sets the difference of the two 
bars was fouud to be B 17 - Bia= 30·1 µ ± 0·6 µ, whence we get the value 

B11 = 5m -11·7 II± 1•8 JI 

(d) The preceding results were not considered by the observer as of quite a satisfatltory 
quality and were primarily traceable to instability of microscopes. In June, 1892, it was determined 
to build a new comparator, t as free as may be of this and other defects. Six brick piers, one 
metre apart~ resting on one heavy foundation, were constructed to support the microscopes, and a 
track was supplied, but isolated from the piers, used for shifting and placing the bars in position. 
Tlie length of 5111 was first built up by successive additions of P 21 and then by suitable arrangement 
compared with B 17, the bars being surrounded with melting ice. The shed covering this field 
comparator was open to the north, and was placed in the level ground south of the office. The 
observatiolls cover the period from July 20 to August 9, 1892, and were made by Woodward and 
Siebert. The observed differences of 5 P21 aml B11 were as folio\\'~: 

Position: A end of bar 17, west. 

-------i 
Positio11: .·I end of bar 17, cast. 

Date. Dtff. I \\'dght. I 

-·----

,, 
1892. July 20 25·7 3 

21 28·1 4 
22 27"0 4 
27 27·3 3 
28 

DKte. Diff. i Weight. ---1 1---
µ 

I 
1892. Aug. 4 I 29·4 2 

5 307 4 
6 

I 
33·0 4 

8 29·5 4 
9 32·5 I 6 25 ·8 3 

Aug. IO 27·0 3 --! 
--

! \Veighte1\ meon 26·9 
Weighted mean I · 31 ·3 

± 0·4 
± 0·4 : 

i 
·- _1 ____ _ 

Uesulting difference, 29·1µ; hence B 17 = 5111 
- 16·6µ, but with the specific difference designated 

conventionally by A end west and east, viz: 

{ 
B,, = 5m _ 14·41, ± 0-41, for A end west, or left } f . t ti 1. 11 . h re crrmg o ie 1e ( comparator. 
B 17 = 5m - 18·8µ ± 0·4µ for A encl east, or ng t 

The two valnes deduced are ascribed to personal equations or to a different aspect of the 
graduation marks for the two observers, which transverse lines are not of the same width. 

Collecting the preceding results for length of B 171 we haVl" the following summary: 

Date. i Length of R 17 nt o° C. 

- -- -------------- --------
' ' 

July,1891 lsm-11-~11±1.4µ I 
February and Mnrch, 1892 ' 5m - 15 ·4 µ ± 0·7 µ 
April to May, 1892 j s'• - 11·711±1 ·8µ I 
July and Augu~t, 1892 I 5m - 16·6 µ ± o-~ 

Weighted mean . 5111 -16·2µ±0·4µ ! 

•Appendix !\o. 8, 1892, pagm• 3f>9-3!ill. 
t Ibid., pngo :iG!J. 
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In accordance with the conclusions reached by the observer, we shall adopt for the length of B 17 

the value 5m -16·2 µ ± l·l µ,where the increased probable error is due to the introduction of the 
probable error ± ·2 µ for P 21 ; but in case the same observers (Woodward and Siebert) determine 
the length by the same method, as they have done at the Bolton base, the special value (for A end 
right) 501 -18·0 µ ± 1·3 µis to be used.• 

.DeterminaUon of the coefficient of expansion of contact-slide rods Nos. 13 and 14.-The obser
vations for the coefficient of expansion were made in the comparing vault of the office in May, 
1891, by Assistant 0. H. Tittmann and L.A. Fischer, adjuster W. and M. For this purpose the 
ends of the steel rods (subsequeutly numbered 13 and 14)t were cut down to the medial plane and 
platinum-iridium plugs, 5·02 metres apart, were inserted. Two lines on the left-hand and three on 
the right-hand plug served for making the micrometric measures wlien tlrn rods were under 
observation. The general plan of operation was to compare the two rods through a large range 
of temperature alternately, as well as at high temperatures and at freezing temperatures. This 
was done by mounting the two rods in a zinc-lined trough, side by side, and by immersion in a 
solution of borax water, or packed in melting ice, as required. A second trough was provided for 
the case of one rod in ice and the other at a high temperature. The thermometers Tonnelot Nos. 
4654, 4655, 4656 were compared with the standards 4623 and 4624; hence the following· table of 
corrections : 

-··-------
I 

4623 i 4654 4655 4656 Temp. 

·-·---- ·-·-1 -----·- ----------·-· 

o C. 
0 

0 

+·02 

I 
I 0 0 0 

--·04 --·05 -·04 
21 -·02 +·13 +·13 +·12 
38 -·OJ +·11 ·oo -·05 

------------·------

For horizontal position of stern add + 0°·01. 
Value of 1 revolution of micrometer at 18° C.: 

Of micrometer No. 5, 74·615 µ 

" No. 6, 75·831 µ 
As detennined May 16, 1891. 

4624 

-----
0 

·oo 
+·02 
+·03 

.Abstract of results of oomparison of lengths at 1>arious temperatures. 

-~=e-. -i-- Time o{-- I Temperature of .. ~-~.-: --;;·i~er~~-ce_s_I 
j i Beg. End, ~od 13. Rod 14. sets. rod 14-rod , 3. 

Observation equations. 

" 15·36 a .. -15·36 a, 3 + c=+ 0·2 ! -
i 189t. 

May 18 
20 
21 
22 
22 
22 
23 
25 
25 
26 

Ii. m. It. m. 
11 52 to 3 02 

p.m. 
10 30 10 42 
9 16 9 25 

II 04 II 10 
3 17 3 24 
2 45 3 15 

12 33 12 55 
2b 5om 

1251 108 

0 

15·36 
34·21 
27·10 
20·43 
o·oo 

20·38 
37·90 
o·oo 
o·oo 
o·oo 

0 

15 ·.36 
34·21 
27·10 
20·43 
o·oo 
o·oo 
o·oo 

20·74 
o·oo 

36·11 

µ 
4 + 0·2 
2 17·6 
2 15 ·7 
2 
2 
2 

4 
4 
2 

4 

12·0 
13·6 

-1193·9 
-2248·4 
+1202·3 

6·8 
+2104·3 

34·21 -34·21 +c=- 17·6 
27·10 -27·10 +c=- 15·7 
20·43 -20·43 +c=- 12·0 

+c=- 13·6 
-20·38 +c=- 1193·9 
-37·90 +c=-2248·4 

20·74 +c=+ 1202·3 
+c=- 6·8 

36·u +c=+2104·3 
-·-· ---------·---·· -------'----------

and the normal equations 

6262·14 a14 - 2793·98 a13 + 226·16 c - 200 577·37 = 0 
+ 6082·14 - 208·64 - 196 026·98 = 0 
-- + 14·00 - 857·20 = 0 

Weight. 

2 

2 

2 

2 

•Appendix No. 8, 1892, pages 391 and 491. The probable error assigned inclutles suspected variability in personal 
equation. 

t The contact slides and agate ends were supplied afterwards; the whole apparatus was completed in July, 1891. 
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solving we get 

hence the coefficient of expansion of Rod No. 14 

"Roel No. 13 

µ µ 
a,.=+ 58·571 ± 0·144 
a10 = + 58·879 ± 0·133 
c= - 75 

0,000 011 714} 
± 29 for the centigrade scale. 

o·ooo 011 776 
±27 

107 

Determination of the length of oontaot-slide rods Nos. 13 and 14.-Tbere were four different 
determinations, two or three of which were of a confirmatory character only. 

(a) Oomparison of length of rods 13 and 14 at 22°·2 C with B17 in ice, in the office vault at 
Washington, July 15, 16, 17, 1891. Observers, Wood ward and Tittmann. Four thermometers 
were attached to the rods (Green Nos. 5609 and 5604 to No. 13, and 5606 and 5607 to No.14). Their 
indications were referred to the hydrogen scale as determined in August, 1890. 

'_'"' :_ I ':'"'""''-:' No ~!'-"°''""'~;' N" •< 

July 15 1 5m + 1277 5111 + 1281 
16 I 1290 1297 
16 I 1291 1296 
17 1272 1306 

... :: ,s:-~~1-.:-~~ 
These results refer to the temperature 220·2 C and depend on B t7 = 5 m -18 µ (in ice).• 

±1 
(b) A second value for the combined length of the rods is obtained by the measure of the 

Holton camp comparator of 100 metres by means of Nos. i:3 and 14 and comparing the result with 
the accepted length of the hectometre+ as found by the measure with the bar-in-ice apparatus. 
The camp comparator was covered with a wooden shed open to tJle north. The termini were 
hemispheric copper bolts sunk in stones for use in connection with the Repsold cut-off cylinder. 
The hectometre was measured twelve times by Woodward and Siebert, with the following results: 

For the period July 30-Aug. 7, 1891 Length of comparator 20 B,, + 39·518 I' 

Sept. 24-0ct. 6, 1891 " 20 B,, + 39'373""" 

1111/1, 

= 100 039·158 
± .030 

= 100 039·013 
± ·038 

where Bt7 = 5m -18·0p ± 1·3µ. The separate values from which the probable errors were in part 
derived are as follows: 

IJllll. 

July 30, 1891 1100 039·172 

~~ . :~~ j mm. mm. 
31 ·182 Weighted mean, 100 039·196 or 100 039·158, as preferred by the observer when discussing 

Aug. 3 ·283 ± ·016 · personal equation and measures in oppo-
4 ·190 (w=2) ± ·026 site directions. 
7 ·116 (w=2) 

Sept. 24 100 038·871 
Oct. 2 8·997 l mm. 

2 9·040 Mean, 100039·013 
6 9·036 ± ·028 
6 9·121 :f ·026 

But if the observer's supposition of a change in the position of the end marks, due to effect of 
moisture, be not entertained, the length of the camp hectometre may be taken as 100 03!J·09mm. 

±·04 
According to the supposition of an unchanged distance of the end stones, the probable error of 

•Appendix No. 8, 1892, page 491. t Ibid., pages 896-401. 
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a single measure of a hectometre by means of a bar-in-ice apparatus becomes ::I:: ·Os4mm, or ::I:: ·08Smm 
if the probable error of B 17 i8 taken into consideration; thus it may be said that with the bar-in-ice 
apparatus i~ probable error not greater than one part in one million of the length may be reached 
by a single measure. 

Soon after the measure of the Holton base was completed this standard distance was also 
measured twenty-one times with the rods 13 and 14 unde1· a variety of conditions.• The results 
of these measures by Assistant Tittmann when reduced to a uniform temperature (on the hydrogen 
centigrade scale), and employing the value H 0 =10U 039·09rn 01 for length of camp hectometre, we 
have the following values:+ 

17 
18 
18 
18 
22 
22 
24 
24 
25 I 
25 I 

I 
i 

11l11l, 

10 :::E (13 and 14)=1oom+26·08 
at 22°·2 C. 

25·87 
25·87 
25·85 
26·13 
26·15 
26·12 
26·15 
26·10 
26·30 
26·54 

! 1891 Aug. 25 j 

25 : 
25 
26 
26 
26 
26 
26 
26 
26 

111111. 

IQ :::E (13 and 14) = I0001 + 26·30 
at 22°·2 C. 

25 ·39 
25·39 
26·15 
26· 19 
26· 35 
26·35 
26·47 
26·28 
25 ·62 

Mean 26·08 
::!: ·05 

hence 2' (13 and 14) at 220·:.>,C = 10"' + 2•608 11"n. 
::I:: ·5 

(o) A third value for tho combined length of the rods is had by comparison of tl1e length ol 
the north end hectometre of the Holton base kilometre as measured by the bar-in-ice apparatm; 
and again with the rods. With the bar-in-ice we have the following four measures :t 

111111. 1)1111, 

Sept. 15 
1

. South to north i Hb = wo•n - 6·169 }-6·202 
15 N. S. \ ··- 6·235 ::!: So 
26 .1 " .. - 5·827 }-5·893 
26 Is. N. ! -5·960 ::!: 50 

The observer uses two values for Hb supposing that a change in the ground-marks took place; 
supposing no change we would have Hb = 9!} 993·952 111

"'. 

± ·()(i3 

The same line was measured thirteen times with '::E (13 and 14) on September 21 and 22, 1891. 
The table of results is as below, and is based upon the mean value of' Rb and the temperature of 
the rod'! reduced to 22°·2 ch. . 

Resulting length for ten combined rods or value of 10 :E (13 and 14): 

Sept. 21 (N. to S.) 

Sept. 22 (S. to N.) 

Ill/JI. 

IOO'" + 26·25 
26·20 
26·17 
26·08 

[25 ·57] rejected by observer 
IOOln + 26· 20 

26·15 
26·28 
26·01 
26·21 
26·10 
25·96 
25·97 

•Appendix No. 8, 1892, pages 492-493. 

Mean of 13 values 26•09tnm 
Mean of 12 values 26·13 ± 0·02mm 
Hence :::E (13 and 14) = 1bm + 2·613 

'f2 
If no rejection is made we have 

:::E (13 and 14) = wm + 2·609mm 
::!: 4 

t With respect to the individual values the observer's report may be consulted. 
t Appendix: No. 8, 1892, page 493. 
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The probable error of a siugle measure of the hectometre line by the two combined rods is 
± 0·13°1111 if no rejection is made, and :!: 0·07m111 if one value is rejected. This points to a probable 
error of between 'f'fo~oo and rnihn part of the length, which is about the same as was shown 
to hold for a single bar-in-ice apparatus measure. 

( d) 'l'be fourth and finally accepted determination depends on the comparison of the results for 
length of the Holton base kilometre (between section stones 3!}00 and 4900 metres from the south 
end). This distance was measured four times by Messrs. Woodward and Siebert with the bar-in
ice apparatus. The Repsold microscopes Nos.1, 2, 3, and 4 were used in the order of enumeration 
when placed on the microscope posts. The bar B 17 was mounted in a trough filled with pounded 
ice and resting on a movable track. The Repsold cut·off cylinder was used to measure all cut-offs 
on this kilometre; it was subdivided into four parts and measured as follows: 

First measure of kilometre from north to so~th made between Sept. 9-11, 1891. 
Second " south to north 14-15 
Third " north to south " 26-28 

Fourth " south to north " 

In the following table of resulting length of the quarter sections and of the whole kilometre 
the old value for B 17 = 5"' - 11 µwas retained from the second revised computation, and the 
required correction for B 17 = 5m - 18 µ is stated below: 

------------·--------- ·------ --- -·--··----··-·- ----- - --·--· -· ---·-- -···--1 
' 

Metre marks. l 3900 

----------------··1· --------- ------- --1--- ·· 1· 

111 • 111111. 111111. 
1 

1n111. 

1

1 111111. ~ m111. 

250 -21·114 +18·526 -5·980 +5·871 -2·697 First measure 
Second 
Third 

Fourth 

" ·-19 ·829 +18·816 -5·rn3 +5·970 -0·146 

-21 ·743 + 19·216 -6·151 +6·516 -2·162 
The observer attaches double 

weight to thesf' measures. 
-21 ·833 +19·119 -6·045 I +6·424 -J·335} 

Mean I 250 ~130 +iS.919 --5·820 I -j-6·1-;s-' -1·8;s-
Giving double weight to the third and fourth measures -1 ·973 
And introducing the proper length for B 17 to be used* -3 ·373 

•B17 ==5m-1Sp. forohscrvcrs \\r.anci S. 

Hence we have for the length of the base kilometre Jl = 1000111 
- 3·37111111 :le 0·37mm as measured 

with the bar-in-ice apparatus.• We have also probable error of a single measure of 1 km. :!: ·77 11110
, 

Six measures of this kilometre were made with rods Nos. 13 and 14, and computing the dis
tance between the marks at 390001 and 4900'" from the south end of the lmse, and assuming the 
approximate value ::E (13 and 14) = 10111 + 2·1.i20m111 corresponding to the temperature 22°·2 C1i, we 
get the following measures in September, when the ground was in a favorable condition: 

No. of bars. Result. 
1891. 11/. 11/f/l, 111111. 

Sept. 24 98oth to 93oth 250-j- 5·85} + 6·i6 
" 25 930 980 + 6·48 

24 930 880 250- 5 ·7 5} -- 5 ·66 
25 880 930 - 5 ·56 
24 880 830 250-j-20·19} -j-19·82 
25 830 880 +19·44 
24 830 780 250-22·83} -23·48 
25 780 830 --24·14 

During the four measures of the kilometre in August, 1891, the ground was very wet and 
springy over 0·6 of its length.t The September measures were made over dry g-round. 'l'otal 

•Appendix No. 8, 1892, page 496. 
t Tho following table for all measures is given by tho observer on page 4llG of Appendix No. x: 

• 1Jl. 111111. 

Aug. 4 to IO 11000-0·6 
" " -5·2 
" " ---9·2 
" " -5·5 

Sept. 24 i ·-3 ·9 
.. 25 I -5·2 

:\lean 1000-4 ·9 :!: o·8 

Another measure was taken October 5 and 6 
with Jailing temperature. It gave 1ooom + 3·411101, 
from which the observer infers a;Iag in the ther
mometer indications or 0 ·47 for /al/ill_,; tempera
ture. (See remark further on in connection with 
the probable error assigned to the bas'") 
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length, 10oom - 3·J6mrn = H99·99684m. The same distance as measured with bar-in-ice came out 
999·99663m: showing the small difference 0·21111111

• To make this disappear the value iom + 2·61Smm 
would be required. 

Sum1nary of results for ~ (lS and U) wlten at 22°•2 Cb. 

11J11l. 

(a) July, 1891, from comparisons with B 17 in vault 
(b) July-Oct., 1891, " " on Hin cc.mp 
(c) Sept., 1891, " " "Hon base 
(d) Sept., 1891, " " " Kon base 

1om + 2·575 ± 5µ To the first result the observer ap· + 2·608 ± 5 plies a correction of + ·03omm 
+ 2 ·6o9 ± 4 for slant of knife-edges. + 2·618 ± 5(?); . 

The value 10"' + 2·G10m111 has been adopted, i.e., for the average rod 5111 + 1·305°11n, as tlw best 
± 5 

value deducible; for any other temperature t (011 ) we have 5°' + 1 ·305n11n + 58·7 µ (t - 220·2). 
± :~ ::!: 2 

The measure of the Holton base proper.-The base was measured throughout with contact-slide 
rods Nos. 13 and 14, once forward and once backward, with -two additional measures over a small 
part of it. During all these measures the temperature was rising, as indicated by the thermom
eters in direct contact with the steel rods, and much the greater part of the work was done during 
bright sunshine. Appendix No. 8, 1892, page 499 and following, contains particulars respecting 
the construction of this new and improved secondary (so called) apparatus, referring t.o the agate 
ends, tho contact slides, index lines, wooden casings, thermometers, covers, sectors, aligning 
telescopes, trestles, etc. The thermometers Green Nos. 5609 and 5604 (near rear and front end), 
were attached to bar No. 13 on opposite sides, and thermometers Green Nos. 5606 and 5616 (near 
rear and front end) were similarly attached to No. 14. On .August 28 thermometer No. 5616 was 
accidentally broken and Green No. 5613 was substituted. The following table contains the correc
tions to the indications of these thermometers as determined from comparisons with Tonnelot 
thermometers Nos. 46:35 and 4656; the numbers refer to the centigrade hydrogen scale: 

-- ··--·- ----·- -------·-· 
; 

Green thermometers . I 
G. Ther. I 

.... I 
I 

~lean. 
New 

561~-- -1 5613. . mean. 
56'>9 56o-1 56o6 

I -- -- ------ ··---·---

0 i 0 0 0 0 0 0 

0 -·10 +·05 -·15 -·10 -·08 -·08 -·07 
3 ·16 --·24 ·25 ·23 ·22 ·25 ·22 
6 ·u ·19 ·31 ·19 ·20 ·19 ·20 

II ·13 ·18 ·33 ·21 ·21 ·18 ·21 
16 ·17 ·17 ·34 ·17 ·21 ·19 ' ·22 
21 ·26 ·21 ·23 ·21 ·23 ·21 ·23 
25 ·16 ·16 ·36 ·26 ·24 ·26 ·24 

I 
32 

I 
·21 ·21 ·36 ·26 ·26 ·28 ·26 

34 ·22 ·22 ·32 ·22 ·25 ·32 ·27 
37 -·26 -·28 -·28 -·28 -·28 -·28 -·28 

I -- . ----- ·-- ---·· - - ·----·- - ·---- -----

The stems are graduated info half degrees. The corrections were determined in June, 1891, 
but in August, 18!H, the r.ero corrections were observed to have changed. On August 28 they 
were found in the order of the table, _0.22, _o.rn, - 0·27, - 0·22; mean, _0.22; also for 5613, - 0·09. 
The difference of the two results or the value - 0 ·14 was applied as an additional correction to each 
of the numbers of column "mean" and the value - 0 ·11 to each of the numbers in column "new 
mean." The work in connection with the Holton base was under the general direction of Assistant 
Mosman. When measured with the contact-slide apparatus contacts were made by Assistant Titt 
mann, who in these measures was aided by Mr. Hayford, Professor Gore (part of the time), J\fr. 
Penni11gton, and Mr. Gjertsen for alignment, for reading of thermometers and sectors, and for 
recording. 
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Summary of 1·esults of the measures of the Holton base and its subdivisio118 with the new contact-slide appartitus, 1·udx Nos. 
19 and U. 

(The tabular quantities a.re based upon the relation~ (13 and 14) = iom -f-2°6:wmm at 22°·2.] 

-------------------------------------------·-··-- ------ -- ·-·---·· 

ci;~1f~>r I Date. 

I891. 
July 28 

Aug. I3 

July 28, 29 

Aug. I3 

July 
Aug. 

July 
Aug. 

July 
Aug. 

Aug. 

Aug. 

Ang. 

Aug. 
Aug. 

Aug. 
Aug. 

Aug. 

Aug. 

Aug. 

Aug. 

Aug. 

Aug. 

30 
12 

3I 
II 

4 

8 

8 

IO 

IO 
IO 

7 
7 

5 
8 

5 

6 

6 

6 

No. of bars 
From Tu 

South base. 66 

66 S. B. 

66 

I39 

I39 
240 

420 
6oo 

780 

800 

780 

800 

139 
66 

240 
I39 

420 
240' 

:~I 
780 . 

6oo 

800 

780 

800 

780 

800 875 
875 800 

875 980 1· 

980 875 

800 980 

98o 800 

980 1000 

1000 980 

1000 N. B. 

North base. 1000 

I 
Diff Temperature 

1

. 
· Ob~'d, Corr d. 

_____ i 

22·I4 2I~771 
66 

31·03 30·64 

73 

IOI 

I80 

22·55 
180 

I 28·38 

20 

75 

180 

20 

100 

27·46 

30·05 

3I'50 

30·00 

28·77 
22"I4 

24·92 

24·20 

3o·I8 
I9"14 

26·80 
26·88 

25·62 
27·49 

22·18 

27·99 

2ro8 

29·66 

31 ·10 

29·61 

23·31 
27"01 

32·38 

2I ·58 I 
31·24 ; 

South base to north base 

nation. 
Scale or cut·off 

measures. 

~-------

,,,,,,, 11l11l. 

82 ·39 o·o 
65·07 { -159·3 

+107·0 

161 ·06 o·o 
83·88 {-107·0 + 30·5 

22·75 
6·50 

38·57 
9·57 

51·64 
36·52 

8·07 

6·69 

7·54 

r68 

- 81·0 
- 30·5 

-281·3 
-3o7·3 

-156·5 
-191·6 

{
- 22·0 
-f--10I"2 
- 89·7 

{ 
+ 22·0 
- 49·98 -·02 

{
-269·5 
+235'4 
- 35·7 

{
-261·5 
+z26·0 

--------------------------

Resulting [ 1 1 • 

, __ 'e-ng_t_h_. _I Mean .eng.t 1. 1 

111. 

330·0021 

505 + 75 ·8 } 505 ·0765 
+ 77·2 

900 - 35·5 : } 
- 3I·61 

900 + 63·9 '} 
-j 6y6 I 

900 + 187 1} 
-f- 2I"4 . 

900·0200 

100-
4·1 } 

5·8 

6·6 } 
8·3 

11} 
99·9950 

99·9928 

~1ean 

\ 

99·9938 

Sum I ~ *900·00I7 

iJ 

500 +799"4 } 

+799"4 5007994 

I Mean 
*900·0025 

For the purpose of presenting the data required for the computation of the probable error of 
the measure of the base, the following comparative table of the forward and backward measures 
has been prepared: 
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I 

I Section of base. 1---------
1 

I 

South base to 66th bar 
66 139 

139 240 
240 420 
420 6oo 
600 780 
780 800 
" 

(800 
(875 

875) 
980) 

8oo 98o 

Mean 

Sum 

Mean 

1000 N. base. 

2:= 
Mean 

Forward 
measure. 

Backward r 

measure. 1 
Diff. 

-·-/--1 
111. 

330·0024 
364 ·9462 
505 ·0758 
899·9645 
900·0639 
900·0187 

99·9959 
·9934 
·9946 

(374·8747 
(525·1281 
900·0028 
900·0049 
9<>0•0038 

99·9451 
500·7994 

m. 
330·0018 
364·9439 
505 ·0772 
899·9684 
900·0636 
900·0214 
99·9942 

·9917 
·9930 

374·8751) 
525 ·1254) 
900·ooo5 
900·0017 
900·0011 

99·946o 
500·7994 

5500·8144 5500·8158 
5500·8151 111 

I 
I 
I 
I 
I 

1Jl11t. 

+o·6 
j-2·3 
-1·4 
-3·9 
+0·3 
-2·7 

o·o 

-1·4 

-------------·---------------

The above table has been condensed for further use as follows: 

liar No. I "!,~·,~( Length. Diff:.~_I 
j---- ·----·-- -1----·. j---111. 111111. 111111. I 

South B. to 240 

240 420 
·! 

420 600 

600 780 

780 980 

980 to North B. 

180 

180 

180 

200 

120 

I 

1200+ 24·4} + .5 + 22·9 I 

900- 35 ·5} _ 3 .9 - 31·6 
900+ 63·9} +0·3 

+ 63·6 
900+ 18·7 }-2·7 + 21·4 

1000- 1·5} + .5 - 6·o 4 
600+744·5 }-o· 

+745"4 9 

·--·--'-···· -----

The difference + 4.5mm for the space 780 to !l80 is derived from the several measureR involved 

Probable error of the measure of the base. 

Let s1 =length of Isl section and d 1 =cliff. of for. and hack. measures. 
s, 2d ti, 

'fhen the mean error of a single measure of the unit of length, here assumed 1 kilometre, 

m1 = I_!_ [d d], and the mean error of a double measure, mu = ~ /l_ [~--~], and the probable 
V2n . s .Yn s 

error of a double measure of a length L becomes 
. (L-[dd] 

r = 0·6745 mu ,/ L = 0·6745 V 4 n Ii· 

For the Holton base we get m1 = :!: 2·01 mm and r = :!: 2·24-mm (a) 
The probable error of the joint bars has been estimated at :::!: ·005°"11

, and since there are 550 
double bars the probable error of the base arising from this source is :!: 2·75111111 (b) 

Respecting any uncertainty due to imperfect data of the temperature relations of the rods, 
the thermometers, and the assigned length of tho rods, it may first bo noted that the coefficient of 
expansion of the rods appears to have been well ascertained, as is shown by the goo<l accord of 
the two measures of the same length, made with an average difference of temperature of 11° for 
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the 101 bars 139 to 240, and with an average difference of 9JiO for the 100 bars 1000 to N. B., in 
which la1:1t case the difference in length amounted to zero. 

The q uestiou of the relative temperatures of the rods and thermometers• was inquired into 
and from experiments made on August 26, 1891, when the length of the camp hectometre was 
measured seven times, it would appear that the rods take up changes of temperature faster than 
the thermometers; in other words, the thermometer indications lag about 00.3 0. To test the 
behavior of the apparatus under bright suushinet the base hectometre was measured five times 
on September 21 and eight times on 8eptember 22, with the result that the lag was practically 
insensible during bright sunshine, being only 0°·07. Respecting any uncertainty in the length of 
the base that might arise through Jag of thermometer~ (with respect to the rods), it should be 
remembered that the rods were standardized under the same condition of rising temperature as 
obtained when the base was measured; hence the assigned length of ~ (13 and 14) refers to this 
(rising tempera~re) condition and no correction to the deduced lengthf of the base is needed. 
On October 5 and G, 1891, some special observations were made for testing the length of the 
apparatus when used during falling temperature, in which case the thermometers sh"ow too high. 
The amount of lag deduced (nearly ~0) seems quite uncertain on account of the short distance 
measured and the small change of temperature, only about 2° on the 5th and no sensible ·change 
on the 6th. The variations in the deduced length of ~ (13 and 14), as found by means of 
measures of a known distance (as found by the bar-ii;i-ice apparatus), appear quite large, as may 
be seen from the tabular values given on pages 492, 494, and 495 of Appendix No. 8. These varia· 
tions are supposed due mainly to the varying rates of temp'erature changes. The effect of this 
on the base measure is supposed to be included in the above probable error of the measure. 
Any uncertainty in the zero correction of the thermometers would be felt as a constant error, 
and estimating it as ± 00·03 O. we would have for one bar ± ·05872mm x ·03 and for 1100 
bars ± 1·94mm. . . . . . . . • . . . . . . . . (c) 

In the reduction of the base line to the sea level an uncertainty of ± 0·6m in the measured 
elevation will correspond to ±o-53mm . . . . . . . . . . ' . . . • . . . . . . • (d) 

Putting together the preceding values of probable errors that of the base becomes 

-./ (2•24)2 + (2·75)2 + (1•94)2 + (0•53)2 = ± 4•08mm 

which is about 13-rlo-oo part of its length. 
The length assigned to the base is yet to be corrected for the small change made, in computing 

the base and its parts, in the length of the combined bars, viz, - 550 X ·01mm or by - 5.5mm; 
further, we may substitute the length of the kilometre measured with the bar-in-ice apparatus 
(!l99·9966m) for the length derived from the contact-slide apparatus (999•9968m), but the correction 
is uncertain. The length of the base becomes 550·809m. 

Reduction of the length of the base to sea level.-N o great elevations or depressions occur on the 
line. The range in height is but 21i feet, and in general the ground rises in proceeding from south 
to north. The north end of the base is 9·0 feet, or 2·743m, above its southern end. The average 
elevation of the line above its south end is 14·41: feet, or 4·40lm. Bench mark LXVII of the 
transcontinental line of spirit levels§ was connected with the north end of the base by levelmg. 
This operation was performed by Mr. J. S. Siebert, who measured forward between June 15 and 
June 22 and backward between June 23 and 27, 1891. He found difference B. M. LXVII and north 
base= 429·77 feet, and north base and B. M. LXVII = 430·03 feet, respectively; mean difference, 
429·90 feet, or 131·04 metres; hence height of north base 150·61m + 13l·04m, and of average base 
283·31 m. Adding to this 3·80 feet or 1·16 metres for height of bars above ground and subtracting 2 
feet, or 0·61 metres, for correction to height of bench mark LXVII, we get for height of base above 
the sea 283·86m; hence reduction to sea level - 0•2455m, and the final result for length of base 
becomes 5500•5G4m, and its logarithm 3·740 4073. 

±4 ±3 

•Appendix No. 8, 1892, pages 492, 493. 
t Ibid., pages 493, 494. 
t Appendix No. 8, 1892, pa.ge 497, where the observer proposes a correction of 7·7mm. 
~Appendix No. 11, Report for 1882, pages 547, 549. 

S. Ex. 8, pt. 2--8 



114 UNITED STATES OOAST AND GEPDETIC SURVEY. 

This is tlie length of the base as marked by the base monuments, but the triangulation station 
"south base" was Grnw inside the line; hence length of base for introduction to the triangulation 

5500•558m and its logarithm 3·740 4068 
±4 ±3 

The steel tape measures of the Holton base.-During part of August, September, and October, 1891, 
certain experimental work was undertaken at the Holton base,'having for its object the inquiry 
into the practicability of the _application of long metallic tapes for the measure of base lines of 
precision. These researches were conducted by Assistant Woodward, whose report on the results 
reached will be found in Appendix No. 8, 1892, pages 413-434. Briefly stated, the operations con
sisted in standardizing two 100-metre speel tapes, under given tension and temperature, on the 
ca.mp hectometre, and these were in turn used for the measure of the Holton base. 

The six sections of the base were measured from six to thirty times each, under various cir
cumstances, as to temperature, state of weather, day or night, etc., and the behrt.vior of the tapes 
was especially shown by the numerous measures of the base kilometre. Here the advantage a 
tape measure has over a bar measure could be fully realized-that is, the tape could be standard
ized at its total length and the measures of the base could be multiplied to a great extent without 
much cost when once the line had been prepared for tape measure. Thus the probable error of the 
long unit could be made extremely small and the mere error of measure of the base could be 
reduced to a minimum. The presence of coµstant errors are therefore those most to be feared with 
tape measures. 

Assistant Woodward adopts the length of the camp hectometre as follows (page 423 of 
Appendix 8): 

Aug. 1-8, 1891 I Hc=20B1r+;;~~~andwithB17 ato°C.=S"'-18µ Hc=I00~~3916 
Aug. 30-Sept. S + 39·44 3908 
Oct. 3-9 + 39·37 3901 

Between August 6 and October 9, 1891, the distance H 0 was recorded seventy-seven times 
with tape No. 85, and between August land October 9, 18:!1, the distance was recorded eighty-five 
times with tape No. 88. When these measureb were made the temperature ranged between 320·1 C. 
and 30.5 C. 

From these comparisons it follows that the probable error of a single measure of the length of 
tape No. 85 is ± 0·17mm, and for tape No. 88 ± 0·22mm. For the standard temperature 160·89 Ch 
the resulting excess of tape T 85 over the length 20B 17 was found to equal 22·35mm, aud the same 
equations made the expansion of the tape 1•0947ww for 1 o C.; hence the

1
length of T 85 supported at 

intervals of 10 metres and at a tension of 25 pounds and 9 ounces: 
T 85 = 20 B 17 + 22·35mm + 1·0947mm (t - 160·89) and Rimilarly for the other tape 

±·02 ± 21 
Tse= 20 B17 + 23.47mm + 1•0914rnm (t - 150·72) • 

±·02 ± 32 
or T85 = 100·02199m + l·o947mm (t - 16°·89) here the probable error assigned includes all 

± 4 ± 26 
T88 = 100·02311 + 1•0914 (t - 150·72) known 1:1ources t 

± 4 ± 26 
and for any temperature t: T 85 = 100 003·5omm + 1·0947mm t 

T 88 = 100 005·95 + 1 ·0914 t 

With these values the various measures with the tapes of the Holton base and of its parts 
were computed; hence the results reached by the tapes can be directly compared with the results 
deduced from the bar measures. The thirty tape measures of the base kilometre afford an 
excellent means for judging of the practical outcome of such measures. Part of the following 
table is transferred from page 445 of Appendix No. 8. The last column gives the error of measure 
as com pared with the true length K = lOOOm - 3.4mm ± 0·4mm, in the sense of observed - true, and 
a negative sign indicates tape measure too short. 

•See Appendix No. 8, 1892, page 430. 
t Ibid, page 433. 
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Summary of results of tape meaaurea of the base kilometre. 

Date. Time of dal, p. m. No. of Error of 
[a.m .. measures. measure. 

1891. k. 111. h. m. m11z. 
Sept. 8 s 2s- 7 12 3 + 3·2 
" 23 6 27 9 32 4 - 3·0 
" 30 6 33 7 SS 2 - 0·4 

Oct. I 6 so 8 07 2 - o·6 
" 2 6 48 7 SS 2 + 2'0 
" 3 2 56 4 38 4 - 4·6 
" 7 [10 02 II 31] s -10'0 
" 8 7 44 9 58 8 - 0·4 

It will be noted that the day measures of October 3 and 7 give results largely in error, 
whereas the mean of the night (evening) measures is fairly correct. Further attention may be 
called to the substantial agreement with each other and with the true value of' the measures of 
the base kilometre from the two tapes, their disagreement being less than the millionth part 
of the length of the line. 

Assistant Woodward concludes from the measures of the standard kilometre that the tem
peratures of the tapes when used at night in the open air were substantially as well defined by 
the mercurial thermometers as when the tapes were used under the shed of the 100-metre camp 
comparator, and he further points out that as a rule the day measures give results relatively too 
short. 

Such measures can nevertheless be used, though with less confidence, if we adopt the equa
tion of the tape to the special condition of day (sunshine) measures. When this is done the 
results may be combined with the results of the night or after-sundown measures. 'l'o effect this 
the length of the tape, to make it suitable for day measure, must be taken 0·74°uu longer than its 
value adopted for night measures. 

The following table exhibits a comparison between the results by the bar and tape measures 
of the length of the several sections of the base. Two sets of results are given for the tape 
measures, one depending solely on the night (after sundown) measures, the other depending on the 
night and day measures after the standard length of the tapes bad been changed to correspond to 
the case of insolation. Certain results of August 27 and 28 were rejected as being untrustworthy, 
and all measures of September 4 were omitted as affected by a strong breeze, rising to a gale at 
intervals. 

C01nparisoii of 1·esults for length of seotions of the Holton base by the contaot-slitk appa1·atus and the tape apparatus, both 
being standardized on the heotometre camp oomparator and verified on the base kilometre. 

Length by tapes by-

Total NJ ll. 
Section of base. Length• by rods 

Night and cor- of meas- bar minus 
Nos. 13 and 14. night 

Night measures. reeled day ures. measures. 
measures. 

-----
m. mm. "'· mm. m. 1Jlt/I.. 111111. 

South base to 1 ·2 km 1200+ 23·6 1200+ 30·0 1200+ 30·0 7 -.6·4 
1·2 km 2·1 km goo- 33·6 900- 30·0 900- 30·2 8 - 3·6 
2·1 km 3·okm 900+ 63·8 900+ 67·7 900+ 6s·4 7 - 3·9 
3·okm 3·9 km 900+ 20·0 900+ 17·0 900+ 16·4 6 + 3·0 
3·9 km 4·9km IOOO- 3·8 1000- 3·6 IOOO- 3·2 30 - 0'2 

4·9 km to north base 6oo+745·0 6oo+1so·9 6oo+7so·o { 1; }- 5·9 
------i------------------

Sum ssoo+8IS'O i 5soo+832·0 5500+828·4 -17·0 

•The length of the be.rs is assumed the same as in the summary of results. 
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Taking the night measures alone and forming the differences of each single measure from the 
mean value of the respective sections, the observer deduces from forty-six measures covering the 
six sections (excluding a seventh section of 100 metres) the probable error of a measure of a single 
tape ±0·55mm and the probable error of a single measure by the tape of a kilometre ± 1·74m111 , 

which equals nearly r;-n?-000 part of the length. The probable error of his adopted length of the 
whole base (5500·832m) is given on page 454 of Appendix N:o. 8 as ±3·68mm, which n.early equals 
1 4e-t-600 part of the length. 

According to the probable errors assigned to the resultant values of the length of the base by 
the measures with the contact-slide apparatus and with the tape apparatus it would appear that 
the two measures are of about equal value and each subject to a probable error of about rrrto 00 

part of the length, whereas they differ by 17wm, or about li'~-00 part of the length.• This shows 
that the assigned probable errors can not be depended upon, and the prevalence of minus differ
ences in the above table would indicate the presence of some constant error or errors not taken 
into account. So far as triangulation is concerned, even an uncertainty of one three-hundred
thousandth part would not be considered excessive. The great difference in the measures of the 
last 600 metres, which amounts to 100 

1
0 0 0 part, nearly, is remarkable, especially since the 8eparate 

measures agree well among themselves. 
It would seem quite plain that the great accuracy apparently reached with the tape apparatus 

must in any case depend on the close attention paid by the ob8erver to the minutest detail involved 
in the operation as well as upon favorable atmospheric conditions during the night measures. 
There appears to be no good reason why the results obtained by the bars and tape should not be 
united t.o a final result for the length of the Holton base. The difference in the results, however, 
indicates the presence of constant errors; hence the taking of the simple mean value is indicated. 
The two measures were not made at the same level. In the case of the tape measures we have 
their average elevation above south base about 4.9m, and with north base 2·61m above south 
base, and allowing - 0·61 m for the correction of the line of spirit levels, we obtain the average 
height of the tape, 283·33.m; hence the reduction to sea level, - 0·2450m, and the length of the base, 
5500·587m. The mean length, i (5500·564 + 5500·587), equals 5500·576m ± g.4mm. The probable 
error is of course very uncertain, but may be taken as 6 ~ 0 

1
0 0 0 part of the length. The base to 

be introduced in the triangulation is therefore 5500•570m, and its logarithm 3•740 4077 0. 
:I:: 8 :I:: 6 6 

"The difference amounts to 23mm as finally given. 
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Introduction.-The St. Albans base line forms part of the transcontinental triangulation near 
the thirty-ninth parallel of latitude. It is situated in the valley of t.he Great Kanawha River, 
near the village of St. Albans, in Kanawha County, W. Va. The nearest base in this triangulation, 
to the eastward of it, is the Kent Island lmse, Maryla.11d, distant from it about 545 kilometres as 
measured in the axis of the triangulation, aud to the westward we have the Holton baac, Indiana, 
about 330 kilometres distant. The middle point of the base is in latitude 330 23'·0, a11d in longi
tude s10 48'·9 west of Greenwich; the azimnth, east end tu west eud, is 108° 03'·9 (counted from 
the south westward). The length of the base is nearly 3·8~0 kilometres, and it lies about 180 
metres above the average surface of the ocean. 'l'he line between the end points is nearly level 
throughout. 

Tltis is the second base of precision the measure of which was effected by means of metallic 
tapes, and the first one where the tape measures were employed exclusive of other means. The 
experimental work at the Holton base, Indiana, in the preceding year, iuvolved the question of 
the comparative merits of the contact-slide apparatus and of the tape apparatus, when used for 
precise measures, and it was concluded that results by tho latter could be fully trusted in those 
cases in which the requisite minute attention is paid to all circumstances which have or may have 
influeuce on the result. Among these influences the condition of the atmosphere is the most 
potent, and measures made after sundown or during night time were considered as ma<le under 
more favorable circumstances than day measures. For a complete understanding of the use of 
meta.Ilic tapes for the above purpose uo better reference can be given than the report of Assistant 
R S. Woodward, by whom the method was developed on the Survey. (See Appendix No. 8, 
Report for 1892.) 

The base was located in the summer of 1891, by Subassistant W. B. Fairfield. The terminal 
stoues were set and the profile of the line and its connection with the height of the triangulation 
were ascertained under the direction of Assistant A. T. Mosman. The ground at west base is 
0·5 metre below the top of the stake at east base. 

In October, 189~, the base waR measured by the party in charge of Assistant R. S. Woodward. 
The line had been cleared of obstacles; and the marking and supporting stakes for the tapes had 

*For a. full account of the meD.8urement and resuit~, see the olJi;;;;~~r·; rep~~t,Appendi~N~ 8
1 
R;;p;;-rtf~r 1892, 

pa.ires 455-4741 and for tho theory of metallic tape measures, pages 480-489. 
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been placed throughout its length. These stakes were set 10 metres apart, aligned and cut to 
slope for each tape length. .All measures were made between October 10 and October 14; of these, 
one was merely experimental for training the party to the manipulation. Four were made at nigllt 
and one during bright sunshine, but this latter was not employed for determining the length of 
the base. Of the four effective measures two were forward and two were backward measures by 
means of the steel tapes Nos. 85 and 88, previously employe<l, and standardized at the Holton 
camp and base, Indiana. The dimensions of these tapes are, length, 101·01 metres; cross section, 
6·34 by 0·47 millimetre; their weight is 22·3 grammes per metre of length. The end graduations 
fall about half a metre from the tape ends; when not in use the tapes are rolled up on reels. As 
stated in .Appendix No. 8, Report for 1892, and in my report on the length of the Holton base, 
Indiana (of .August 23, 1894), the standard lengths of the tapes were found by repeated measures 
of the hectometre standard at the Holton camp, which length was laid Clown by means of the bar
in-ice apparatus. The length of this bar, known as B 17, was found to be 5 metres - 18·0 microns in 

::!:: 1·1 
terms of the international metre and when at the temperature of melting ice, as determined by 
.A.ssii~tant Woodward and Mr. Siebert; and the lengths of the tapes are given as• 

mm. mm. m. mm. mm. 
T85 = 20 B 17 + 3·86 + 1·0947 t or Ta~= 100 + 3·50 + 1·0947 t 
T88 = 20 B11 +6·31+1•0914 t Tan= 100 + 5•95 + 1·0914t 

This is for the standard temperature of 25 pounds 9 ounces and for the temperature t of the 
centigrade scale (referred to hydrogen). During the measure of the base the actual tension applied 
was but 25 pounds 6 ounces, which shortens the length of each by 0·14mru. In all measures 
.Assistant Wood ward was the observer at the front end, and .Assistant Haskell at the rear end, and 
the thermometers from which the tape temperature was inferred were read by these observers. 
The base was divided into four sections, represe11ting approximately kilometres excepting one 
section of about 869 metres. The fractional part of a tape was obtained directly from the 20-metre 
subspaces of the tapes, and a remaining portion of 9 metres was measured by means of an auxiliary 
15-metre steel tape, divided to millimetres. The several positions of the tapes were marked on zinc 
plates left in position throughout the measnres, the marks on which form part of the record. 
Respecting grades, the greatest difference in height of the pla.t-es for any tape length was 3·571 
metres. The corrections to the thermometer readings during the base measures are as follows: 

--·- -------·-

Thermometer, Green. 
Tempera-

tu re. ------ .. ---·-··------

5598 5620 56:Z1 

0 0 0 0 

0 --0·10 --0'20 --0·25 
5 ·12 ·15 ·20 

IO ·09 '21 ·26 
15 ·08 ·25 ·32 
20 ·08 ·27 ·34 
25 ·07 ·25 ·32 
30 ·04 ·25 ·25 
35 -·09 -·23 -·28 

'These thermometers were provided witb sheaths of thin steel tape slipped over their bulbs, in 
the hope of securing thereby a close approximation to the actual temperature of the tapes. Two 
thermometers were read when placed at a distance of 10 metres from the ends of the tape; the 
third was placed at the middle. The index correction to the spring balance measuring the tension 
of the tapes was ascertained on five days between October 10 and 21. 

' "Appendix: No. 8, Report for 1892, pages 433, 434. 



REPORT FOR 1894-P ART II. 121 

The results of the several measures• of the base aud of its subdivisions are giveu i;u the 
following table: 

I 
Direction of No. of Mean tem· Tempera- I Grade Date. Time of day ,p. m. ture rising or1 

measure. tape. perature. falling. corr'n. 
; 

i 
Distance west base 

to stake Jo: 
,...; J892. h. m. h". 111. 0 c. 

IF 
mm. . "' c Oct. 11 7 20-· 8 02 Westward 88 9·04 200 B,1+258·2 

;; ..,., 
.g ;; oO 
u 12 9 03 9 44 Eastward 88 . 7'62 R 244·5 I .. 13 7 06 7 40 \\' 85 13'30 F 252·6 en 

13 10 49 JI 2J E 85 9·56 R 251 ·5 
14 2 53 3 16 w 88 32·11 R,F 248·1 

Distance stake JO 
..... I to stake 20: ..... Oct. 11 8 02- 8 44 w 88 5·92 I F,R 200 B11+534·8 .oo 
c ;;~ 
0 12 9 44 10 25 E 88 6·39 F,R 535·5 ;; "" ';j 

13 7 40 8 12 w 85 10·38 F,R 533·0 °' u I .. 
53 E 85 F,R,F 536·0 u:i 13 II 2J II 9·05 

14 3 16 3 49 w 88 30·47 F,R 536·0 

Distance stake 20 
,...; to stake 30: ...... 

26 w 88 ...... Oct. 11 8 44- 9 6·23 R,F,R 200 B11+527·0 ·o c 12 7 40 8 22 E 88 7·84 R,F 524·0 ~ "' 0 ;; ;... ·.::i 13 8 12 8 44 w 85 9·92 F,R,F 527·8 u 
"' 13 9 45 10 17 E 85 8·75 R,F,R 528·9 en 

14 3 49 4 02 w 88 30·08 R,F,R 534·0 
----

Dist~nce stake 30 

:> to east base : 
...... Oct. 11 9 26-10 08 w 88 4·80 F,R 172 B11+9325 ·5 ·O 
c 12 8 22 9 03 E 88 

' 
7·92 F,R 9323·0 ~ ;;; 0 

8 16 w 85 F,R ·-e 13 44 9 9·24 9321·4 I .. 13 10 17 10 49 E 85 8·57 F,R,F 

I 
9328·6 en 26 w 88 29·80 R,F,R 14 4 02 4 9333·0 

Summai·y of resulting length• of each 1eotion and by each tap6, omitting the fifth or daylight measure. 
' 

Section. Tape No. 88. Tape No. 85. Mean. Corr'n for Resulting length. slope. 

mm. mm. mm. mm. 111. 

I 200B17 + 251 ·35 + 252·05 + 251 ·70 - 8·52 1000·239 6 
II 200 + 535 ·15 + 534·50 + 534·82 - 93·58 1000·437 6 
III 200 + 525·50 + 528·35 + 526·93 - 7·20 1000·516 l 
IV 172 + 9324·25 + 9325·00 + 9324·62 - 3·40 869·318 I 

---- ------
Total 772B11 +10636·25 +10639·90 +10638·07 -112·70 3870·5II 4 

Difference between the two tape measures, 3·65mm. The results for length of base by the 
westward and eastward measures are: 

Section. Westward. 

mm. 
I 200B17 + 246·9 
II 200 + 440·3 
III 200 + 520·2 
IV 172 + 9320·0 

---i----
Total 

1 
772 B11 I +10527·4 . ' 

Eastward. Dl1f. 

mm. mm. 
+ 239·5 +1·4 
+ 442·1 -1·8 
+ 519·2 +1·0 
+ 9322·4 -2·4 

+1052;1~~. 

Length of base: 
From 2 westward measures 
From 2 eastward measures 
Mean 

m. 
3870'513 5 

·509 3 
·511 4 

For deducing the probable error of the measure of the base the uight measures alone are 
used. Supposing ea-0h segment of a base measured n times, let :2 d2 represent the sum of the 

--·· --·-·----··---------
* Unreduced to tlrn sea level. 
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squares of the differences of each of its measures from the mean, then for i sections, the probable 

[
;8 d 2 + 2' d. 2 + J;i fk2 ••••• 2· 2] ~ 

error of the adopted length of the base is 0·674 . 
1 n (n __:: l) ' whence we 

(f42·7 
get for the St. Albans base 0·674 -y -12 = ± 2·32mm. This represents also the probable error of 

the result of a single measure of 1 km., since the base of four segments may be taken as about 
4 km. in length. 

A corresponding value,± 1·74mm, for the measure of 1 km. at the Holton base is given by the 
observer, page 449 of his report. (Appendi~ 8, 1892.) 

The probable error, ± 2·32mm, of measure of the base is equivalent to one part in 1660 000. It 
may also be deduced from the four differences of the forward and backward measures. In this case 

we have for the p. e. of the length of the base, regarded as two double measures, 0·674 )4ln[ds~J 
where.~ = length of a section and l = length of the base expressed in kilometres, the unit of length 

adopted; we get for four sections and s = 1, 0·67 4)~~i x 64·7G = ± 2·67m111
, a value 

slightly larger than that deduced above. 
The p. e. in the length of the base, due to uncertainty in the length of the tap3, is given by 

the observer (page 470 of his report) as ± 2·32mm. To this must yet be added the p. e. due to 
uncertaiuty in the reduction to the sea level given below as ± l·lmw; hence we have the p. e. of 
the leugth of the St. Albans base ./ (2·3:f)2-+(2-:-67l+:11;1y = ± 3·70mm, which equals about 
rorl-ooo part of the length.* 

For the reduction of the length of the base to the average height of the sea level we liave 
the following data: Average distance of tape below stone at west base, 2·66 feet; stone at west 
base, 1·29 feet below bench mark at St. Albans. Result of spirit leveling in November, 1891, by 
Subassistant Fairfield from forward and backward measures, bench mark at St. Albans below 
triangulation station Big lfocks, top of pier, 57G·ClG and 575·43 feet; mean, 576·05 feet ± 0·06 of a 
foot, and top of pier above ground at Big Rocks, 3·40 feet. Heuce, average height of tape below 
Big Rocks, ground, 576·60 feet= 175·75m. 'l'he beight of Big lfocks station was determined by 
means of zenith distances carried through the triaugulation from the District of Columbia and the 
Chesapeake Bay. From sixty-four cases of reciprocal zenith distances the value for tbe coefficient 
of refraction for this region was found to be 0·067 ± 0·0005. From zenith distances of Big Rocks 
observed at Table Rock, at Holmes, and at Piney, we get for the height of the station 357·04m, 
3f>7·46m, and 356·03m, respectively; weighted mean, 356·23m ± 0·23m. To this p. e. must be added 
that due to the height of the given statio11s, which was found to be± 1·74m ± uncertainty of 
starting height of Peach Grove, Va., and Stabler, l\'ld.; for the latter we take ± 0·1 m. With these 
data we have the height of the base 180·48m ± 1·76m, and the corresponding reduction to sea 
level - 0·1096m ± O·OOllm. The base, reduced to sea level, is therefore 3870·4018m. This result 
still requires a small correction, due to imperfect allowance for thermometer scale correction,t 
which on the average for the base is 00·023 C. The corresponding correction to the length of the 
base is + o.97mm; hence we have the final value for length of St. Albans base 

3870·4028m and its logarithm 3·587 756 17 
± 37 ± 42 

After the completion of the base measurement the observer made some special experiments 
supplementary to those made at the preceding base measure. The results of these special inquiries 
are given on pages 470-474 of his report. 

•This p. e. might bo slightly mcreased in consideration that the alignment as well as the grades, respectively, 
a.re the same for every tape measure, which may give rise to a constant error. 

t Pages 468, 469, Appendix No. 8, Report 1892. 
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.APPENDIX TO .A.BOVE REPOR'.l'. 

It will now be pertinent to inquire into the degree of accord of the Holton and the St. Albans 
base lines when referred from one to the other through the adjusted intervening triangulation, a 
dist:::i,nce of about 330 km. We have: · 
Holton base: log. length in computation of base figure a~justment 3·740 393 5 

log. true length as measured 3·740 407 7 
log. length of side Reizin to Culbertson in base figure 4·387 778 1 
log. true length' 4·387 792 3 

St. Albans base: log. length in computation of base figure adjustment 3·587 748 7 
log. true length as measured 3·587 756 2 
log. length of side Piney to Pigeon in base figure 4·378 835 0 
log. true length 4•378 842 5 

hence rsttio of length of sides, through the triangulation. 
1'rue value. 

Reizin to Culbertson 4·387 778 1 4·387 792 3 
Piney to Pigeon 4·378 835 0 4·378 842 5 

Difference 
Di,{ference. 

0·008 943 1 0·008 949 8 0•000 006 7 

This logarithmic difference amounts to about urlo-o- part of the length, which accord is satis· 
factory enough and falls in well with the fraction d~rived from the angular measures (through the 
closing of the triangles) which was -60h-o as computed in connection with my report of January 
31, 1891. 

The accord of the Kent Island and St. Albans bases can also be prese11ted, viz: 

St. Albans base: log. length of side Somerville to Joy in base figure and as derived 
from Kent faland . 4·888 941 2 

log. true value (from St. Albans base) 4·888 948 7 
Discrepancy in log's., 75. This corresponds to 57~1f0 part of the length, which is of a toleraUle 

though not of a ~Teat degree of accuracy. But here the remarks in the above report (of 1891) 
should be considered. 
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PREFACE TO PART III. 

The following pages have been prepared for the purpose of supplying some of the immediate 
wants of tlie Tidal Division. 'rhey constitute Part III of a proposed manual of tides, the plan of 
wbicb may be outlined tbus: 

Part I. Ilistory of tides, including old methods of treatment. 
Part II. Tidal observation, equilibrium theory, and barmonic analysis. 
Part III. Connections between harmonic and nonharmonic quantities. 
Part IV. Tidal theory and astronomical quantities deduced from tidal observations. 
Part V. Tidal <·urrents. 
':l'ables. Auxiliary tables and a collection of tidal constants, including cotidal charts. 
As no considerable portion of the material constituting Part III is elsewhere available, it has 

seemed desirahle to publish it in advance of Parts I and II, whose subject-matter has been largely 
treated in various publications. 

'rhe object of this paper is, iu a general way, indicated by its title; but it may not be out of 
place to comment here upon certain of its aims and features. 

Owing to a lack of reasonably precise definitions and adequate modes of reduction, the 
nonharmonic constants (i. e. those referring to high and low water) have too often been of little 
service where an accurate and satisfactory knowledge of the tide was desired. It .is true that 
quite accurate predictions have been made, based upon the tables resulting from nonharmonic 
discussions; but it is to be observed (1) that the tables so used were designed chiefly for particular 
stations and so were of little or no use generally; (2) that long series of observations were 
necessary for the construction of such tables; (3) that most nonharmonic discussions have been 
confined to stations wbere the diurnal inequality is so small as to give 110 serious trouble. The 
present attempt. to overcome these objections provides an approximate method of analyzing a 
single month's observations upon high and low water for obtaining both the harmonic and the 
nonharmonic constants, regardless of the amount of diurnal inequality, and without difficult com
putations. It also provides tables for the analysis and prediction of tides, designed for general use, 
regardless of the location of the station. 

Little attention has heretofore been given to the classification of tides for the purpose of 
selecting the best possible port of reference for a given subordinate station, proximity in geo
graphic position having been the sole criterion with few exceptions. Now, it is believed, are given 
for the first time such harmonic and nonharmonic criteria as will readily show how the types of 
tide at different stations compare. In this connection are given rules for referring one station 
to another. · 

The chapter entitled "Prediction of Tides" describes a proposed tide-predicting. machine 
combining the merits of the Thomson and the Ferrel machines; a general graphic process enabling 
one (by means of a set of curves constructed once for all from the harmonic constants of the 
given station) to predict tides without a machine and without computation, the amount of work 
involved depending upon the accuracy desired; also an approximate arithmetical method for 
predicting high and low waters from certain tidal constants. 
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By correlating harmonic and nonharmonic quantities a better insight into tides is obtained 
than from the consideration of eithel' alone. In this way observable phenomena may be inferred 
from harmonic constants, inconsistencies may be detected, and missing quantities supplied; also 
particular values of non harmonic quantities may be reduced to their mean values, and conversely. 

§§ 46, 47 are given mainly for the purpose of furnishing a key to the study of Ferrel's non
barmonic analyses. These discussions, covering years of observations, throw much light upon 
the_ nature of tidal inequalities. 

The appended tables, already alluded to, are based principally upon those of Baird and 
Darwin. The considerable computation involved in their preparation has been performed by 
members of the Tidal Division. Their scope differs somewhat from that of the paper accompany
ing them. This remark applies especially to Tables 1 to 13, which are designed for the harmonic 
analysis of tides from hourly ordinates, a subject to be treated in Part Il. 

I have to acknowledge much assistance from l\fr. L. P. Shidy, whose long experience in tidal 
work has rendered his advice particularly valuable, and whose cooperation bas enabled the work 
to go on. 
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CHAPTER I. 

PROPERTIES OF A COMPOUND WAVE HAVING A PREDOMINATING COMPONENT. 

1. The equation of a compound wave may IJe written 

y =A cos (at+ a)+ B cos (bt + fJ) + 0 cos (ct+ y) + (1) 

where A, a, a refer to the predominating component (i. e. the one which determines the number 
and approximate times of the maximum and minimum values of y) and where B, b, {:J; C, c, 
y; refor to the subordinate components. 

The values oft rendering ya maximum or a minimum are roots ·of the rlerived equation 

Aa sin (a.t + a)+ Bb sin (bt + /3) + Cc sin (ct+ y) + = O. (2) 

Any root of (2) which causes y to become a maximum may be written 

t=2n7r_V_~' 
a a a (3) 

and a minimum 
(2 n + 1) .,,. 11' a 

t= ----' a. a a (4) 

where n is an integer or zero and v, w, quantities usually small in comparison with 7f. v/a (orw/a.) 
is the amount by which the time of any maximum (or minimum) of the compound wave precedes 
the correspondiug time of the predominating coiuponent. 

2. Approximattt expressions for v, w, and y. 
When v is small and b not many times greater than a, we may assume 

b cos - v =cos v 
a 

. b b . 
SIU . V =--Sill v, 

a a 

(5) 

(6) 

and so for cos~ v and sin~ v. When b differs little from a these are approximations even if v be 

not so small. Of course the same approximations are true when w replaces 11. 

From equations (2), (3), and (4) we have 

A.a sin 2 n n: + Bb sin ~(-2n n:+-6-,B-a )+ccsin*(2n :rr+ :-y-a) + 

tan v=a~~2 cos·-~n n:+ Bb2 cos :(2n~+{-fJ--r)~-o~~~~-~-(2n~~-ir:__a)+ (7) 

. Aa sin 2 n+ l :rr+Bb siu~( 2n + l :rr+ b fi-a )+Cc sin ~( 2 n+l :rr+~ y-a )+ . . . 
tan w=a -- · · ---- ----~----'- -·· · ·· · --------------·. ·-===------· · --------, (8) 

Aa2cos2n+in+Bb2 cos It( 2 n+ln:+ ~ f:J-a )+ Oc2cos ~ ( 2n+l :rr+ : f:J-a )+ ... 
131 
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and the corresponding maximum and minimum values of y are 

y = [A cos 2 n 7C + B cos~ ( 2 n 7C + ~ /3 - a) + C cos ~ (2 n 7C + ~ y - a) + 

[A · 2 B b · b ( 2 a ) 0 c . c (" a ·). + sm n 7C + a sm ii n 7C +Ti /1 - (~ + (ism a ""n 7C + c y - a + 

·]cos v 

·]sin v, (9) 

.Jcosw 

.J sinw.(10) 

3. To find the approximate average value of the maxima of a compound wave when the speed$ of 
the components are independent of one another. 

Since 

1 tan2 v 3 t 4 COB V = - -
2
- + 2 . .f all V - • • • , (11) 

equation (9) may be written 

[ 
tan

2 
v J [ b ( a ) y = 1 - --2 + . . . A cos 2 n 7C + B COB a 2 n 7C + b /J - a 

c ( a ) J [ tan
2 

v + c cos a 2 n 7C + c y - a + . . . + tan v 1 - ~ + 

[A sin 2 n 7C + B ~sin ~(2 n 7C + i fJ - t~) + 0 ~sin~( 2 n 7C + ~ y - a) + ·] . (12) 

It is required to find an expression for the average value of y; that is, the value of 

(13) 

a, b, c, . . . being independent of one another. 
The part of (13) which is independent of v .reduces to A. The part of (13) which contains 

tan v to first power is 

00 
[ be a .) c(' a ) 

2 "' !:~~~~- n 7C _+ ~~i-~ a 2 ~~-~ b ~-::: ~- _ + ?~ ~in~- ~ n 7C + 0 v - __ t~-
00 L.J Aa2 cos 2 n 7C + Bb2 cos ~ (2 n 7C + blt__ fJ - a) + Oc2 cos ~ (2 n 7C + a r - a\ + n=O a a c ) 

.J (14) 

The approximate value of the denominator of (14) is Aa2
• The numerator consists of products 

and squares of its terms; the average value of any such product is zero, while for the squares we 
have, since the average value of (sine)2 = ~' 

. ~ [B2 bz + 02 c2 + . . . ]. 

Thus (14) is approximately equal to 

2~a:t[B2b2+02&+ ... ]. (15) 

ln like manner the part of (13) containing tan v to the second power is approximately equal to 

( I Ii) 
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The sum of (15) and (16) being 

1 
-·- [B2 b2 + cz c2 + 4 Aa2 · 

.], (17) 
it follows that 

'I'he average 'Value of t/t1; maxima of a C-01(ipound wave is, approximately, 

A+ _ _!_. [Bl b2 +oz c2 + 
4 Aa• 

(18) 

provided a, b, c, are each incapable of expression in terms of the others, and the quantity added 
to A is relatively .~mall. 

This also represents the average depression of the minima; or, it is the average amplitude or 
semirange of the compound wave. 

When there are fixed relations between the speeds of the components, the speeds of no two 
being commensurable with each other, formula (18) may still give the semirange of the compound 
wave, while the average elevation of the maxima or depression of the minima may not be given 
with sufficient accuracy. For, any alteration in the average range on account of such a relation 
implies an alteration in the average of the maxima or minima or both, while the average of the 
maxima or minima may be altered without necessitating an alteration in the average range. 

4. A wave composed of two simple waves of equal periods. 
Let its equation be 

y = A cos at + B cos (at + fi). 
B sin fl 

. . . _ tan at = tan 1' = tan w = A -flTCOs /1· 

y = ± v'A.-r+-Er-+_2_A_1Fcos /1· 

The average value of this radical, supposing fl to take all values from zero to 7l•, is 

(19) 

(20) 

(21) 

(22) 

'l'hfa integral represents the average value of the third side of a triangle two of whose sides 
are the tixed lengths A, B, while the included angle (or its supplement fl) varies uniformly. 

Tho integral 

1'" v' A 2+ Bl-t!CABcos73 d f:J (23) 

represents one-half the periphery of an ellipse whose semiaxis major is A+ B, and whose semi
axis minor is A - B. 

By writing 2 cp for (:J and sin fJ for 2 J A~~~J' this integral becomes 2 (A+ B) times the integral 

.E (sin O, cp) 

which is tabulated by Legendre in his Trait6 des Fonctions Elliptiques, Table IX. However the 
average value of y be computed, the result will serve as a test of the accuracy of formula (18) for 
this special case, even when Bis not small in comparison with A. Compare the values in the last 
column of Table 16 with column 9, Table 21, where the special form of (18), 

1 B2 

11+ 4 Aa2 lB2 bt] or A+ 4 A' (24) 
has been tabulated. 

* So far as obtaining an average valne is concerned, it is indifferent whether we regard tho speeds as equal 
and vary /J, or regard tho speeds a.s diff11ring by an lnflnitesima.1 and make {J constant or zero. In the latter case 
the radical may bo written 

v' A• + B• + 2 .A.B cos oo 
wher" 

oo =(a-. b) I. 
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It will be seen that the agreeme11t is very close when B is comparatively small; when B =A 
the discrepancy amounts to a trifle over 2 per cent of A or B. 

It fi:illows from this that if a aud l> <lenote the semiaxes of an ellipse, the periphery of the 
same is, as is well knowB, approximately 

[ 
(a - l>)~J 

7C (a+ l>) + 4-(a+bl · 
To find 

when /J' is ~mall . 

. Up.on replacin~ cos fl by 1 - 2 sin2 {, the rad~cal may be ~rit.ten 

which b~co~es 

2 4- B sin2 fl - 2 
A+B------· 

A+B 

fl'% 
when f3 is small. ThA average value of f:P when /1 varjes from 9 to fl' is -3-; tqis give~ for the 

required result 
/:J 12 AB A+B------. 
6 A+B 

In like manner the value of 

lf"+/3' P' v .A 2 + B 2 + 2 AB cos fl d /3, 

(25) 

which is the average value of the radical between f3 = -;r and /3 = -;r + f:J', becomes, when /J' is small 

fJ'2 AB A-B+-----. 
6 A-B 

5. A wave composed of two simple waves, the period of one being twice that of the other. 
Let its equation be 

y = A cps at + B cos ( bt + (J) • 

. ·. 4 A sin ~ v + B tan 2 v cos f3 - B sin (1 = ~ 
where v = - at and b = 2 a. The angle 2 v can be found by the following graphic process: 

Fig.I 

(26) 

(27) 

~2~) 

Lay off fJ from tbe horizontal line, figure 1, and let B be laid oft' in the direction thus determined. 
Draw an arc to the radius 4.A.; move this radius until the heavy lines are equal. The. angle so 
determined is 2 v. It is convenient to work upon cross-section paper, using a thread for the 
radimi 4.A. 
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'l'he valnes of 'V arn shown ou Plate I (Table 1 i) for each value of fl. 'l'he corresponding 
values of y are given 011 Plate II ('raule 18). Formula (18) now l>ecomes 

A+ 4"1 a2 [Bl ui] or A+ 1~2A (29) 

wlwse ,·alues are given in column 15, 'l'al>le 21. The values i11 tl~is colµmu, compared with tho.~~ 
ohtainal>le from Table 18, afford a means of testing formula (18) for the special case here considered, 
even when B is greatl'r than A. 

6. If the formula 

(30) 

expre11s~s the average ai~plitud~ ~f a wa:ve composed of the simple waves A an9, B, even when ~ 
is not small in comparison with A, then the formula 

l 
A+ .CXli2 [B2 bl+ 02 &] (31) 

expresses the average amplitude of a wave composed of the simple waves A, B, and O, provided 
c differs from b by an infinitesimal and BJ + 0 2 of (31) is not greater than B 2 of (30). , 

The amplitude of B and. C combined is 

vB'i'+c-i-+!nro cos (b -- c}t~ (~2) 

Heplaciug B 2 of (30) by the square of this expressio~, the average value of B2 becomes 

In like 111a1111er, if formula (31) apply to three waves, the formula 

I + __ l __ , [B2 b2 + 02 cf + n2 d2] 
• 4A1i2 (33) 

wilt apply to four waves, provided c and d differ from b, and so from each other, by an infinitesimal 
and Bl+ C2 + D 2 of ·(33) is not greater than Bl + 0 2 of (31) or B2 of (30). So one can proceed 
for any number of simple waves. 

Tables rn, 18, and 21 show that (30) is nearly true when a differs from b or from 2 b by an 
in~11itesimal, even if B is not small tu co1~pari~on with A. ~n the fornie~ ~a~e B ~ay be equal 
to A aud in the latter it may be equal to 2 A \Vithout sensibly affe~ting the trut4 ~f (3V)· 

7. The e.ffect of a subordinate wave having a variable amplitude of the form 

B 1 cos (b't + fj') + B", (34) 

whPre R" > B', -in inareasing the average amplit1tde of a given wave, 
In deriving formula (18) all amplitudes were assumed t-0 be essentially positive; therefore in 

applying it to the present case the variable amplitude must not become uegative. 
Since B"), B', all values of co.s (b 't + fl') from+ 1 to - 1 ~re to be ~sed, at~~ t\l~ av:erage 

value of B 2, or 
[B' cos (b't + /:J') + B11 ]2, (35) 

becomes 
(36) 

\Vhen .R" = 0, this becomes 
(37) 

i. e. the ~ffect is one-half as much as it would have been had the amplitude of the subordinate 
wave been constantly equal to B'. (It may be noted here that the average numerical value of B' cos 
(b't + /3') is 2 B' /1C, the square of which is about t B' 2 instead of 2 B 1 2.) 

8. To find the speed of a wave composed of two simple waves having approximately equal but 
not commensurable speeds. 
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If n' be such a value of n that 

b( ' 
ii _2 n' 71' + ~ /J - a)= o, 

then there is no displacement of the maximum of A due to B; i. e., A and B conspire at this 
common maximum. For the following minimum, 

b (,_____ a ) b a 2 n' + 1 71' + b /3 - a = a 71', 

b 
At this maximum of A the phase of Bis zero, at the minimum it is a "i the phase of Bat a 

time midway between this maximum a11d minimum of A is equal to}!_ "· At the rth subsequent ::; a 
maximum, minimum, and midtime the phases of B are 

respectively. If 

then 

and 

b b b ·--
a'], r ?r, a';!, r + 1 7r, 2a 4 r + 1 7(, 

b ·-- -- --
2 a 4 r + 1 7r = z, 

b b 7( 
- 2 r7C = z - - -· a a. 2 

b b 71' 
-·2r+l7r=Z+ -··' a a 2 

By means of § .2 we obtain for the length of a half period expressed in hours, say, corre
sponding to a phase of B equal to z, 

Bb sin (z + 1!_ 900) Bb sin (z - ~ 900) 1soo _ a , a i P, = - + o7·3 b + 57·3 ··· ---b-· · (39) 
a Aa2 - Bb2 cos (z + a;noo) Aa2 :- Bll2 cos ( z - a 900) 

If t denote the number of hours between the time of conspiring of A and B, and the given 
time for which the length of a half period is required, we have 

z = (b - a) t, 

Finally, the speed for this time is equal to 

3600 
P; 

At the time of conspiring the speed is approximately equal to 

and, at the time of interfering, 

Bb (b - a) a + a ------- . , 
Aa2 + Bb2 

Bb (b - a.) 
a - a -./fa2 - JJbi' 

9. Small components having speeds commensurable with the speed of the predominating one. 
Suppose now that in equation (1) there are terms of the form 

A, cos (i at+ a,) 

where ·i is an integer greater than uuity. 

(40) 

(41) 

(42) 

(43) 

(44) 
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So long as all speeds are independent of one another the average value of v or ·w will be zero. 
When the harmonics of A are included, the average values of (7) and (8) become 

~A .• · . (a, ) i , a.i sm i _ i - a 
tan v = a -----.-----·-· ··-- • 

A 2 2 A ( · )2 • (a, ) a + i I ta COS t ·r - a 

(45) 

and 
::EA . . . ( a, ) i , ai i:;m i 1T + T - a 

tan w = a ------
2

:-- ------ -- ___ . . . _ . -- -- . 
A a2 + i A, ( ia }2 cos i ( 1T + ~' - a)' 

( 4.6) 

wh~re 
i = 2, 3, etc. 

The respective values of each maximum and minimum of a wave compo.~ed of A and its harmonic 
· only are 

y = A cos v + ~A cos i c~ -a - v). i I . i (47) 

and 

y = - A cos w + f A, cos i ( 1T + ;~ - <r - w} (48) 

These individual values are equivalent to average values, because they recur at each 
period of A. 

If there are also very small components of tlie form 

(49) 

wherej is a vulgar fraction, the effects of one such term upon the average value of the maxima 
and minima are 

n=m-1 _ 
A; 2· cosj (2 n 1T + ~~! - a), 
m n= 0 .1 

and n=m-1 
:'!1 2' cos j (!:l n + 1 1T + <K_; - a\ 
m n = 0 J _) 

where m is the denominator of the fraction}. Special case: When j = ~' -~, ! . . 
these expressions reduces to zero. 

10. Oonditions for a predominating component. 

(50) 

(51) 

. each of 

In order to have a simple wave determine the nnmber of maxima and minima when combined 
with a series of other simple waves, it is necessary that its greatest slope be greater than the 
greatest possible slope of the series. For the two steepest parts of the predominating wave fall 
somewhere upon the serial wave; and the uvward and downward slopes at these points cause the 
resultant curve to slope upward or downward at these points. But a maximum or a minimum 
implies the existence of both an upward and a downward slope. 

Since the greatest slope of any simple wave is proportional to amplitude -:- wave-lellgth, the 
necessary condition for a predominating wave is · 

. ' 
.Aa > Bb +Go+ (52) 

This condition is also sufficient provided tho greatest curvature of the predominating com
ponent be not less than the greatest possible curvature of the serial wave. Now, the greatest 

·curvature of any component is at a maximum or minimum point; cons('\quently the greatest possible 
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cµrvature of a ~eries of waves would be the curvature at a tifne when all tbe ma*ima or the 
minima fall together. Writing the serial w;Lve, we l1aye 

y = B cos (ht+ /3) + 0 cos (ct+ y) + (53) 

-d~y = + Bb sin (bt + (J) +Ge sin (ct+ y) + 
d2 

:'."':'.d, ~ y = + Bb 2 cos (bt + /3) + Oc2 cos (ot + y) + 
t 

Let the origin of time be taken at this common maximum, say; then 

_-=_<}Y = 0 
d t 

-(<!_:_y) = Bb2 + Oc 2 + 
d t 2

. 0 

These values substituted in the expression for the radius of curvature, 

[ (dy)2]~ . d2y 
1 + .dt ..,.. df2' 

giVf'IS at this point 
1 

Po = Bb 2 + UcT+- ·~ -:-. - ; 
or 

curvature= Bb2 + Oc2 + . . . 

. , 

In like manner the greatest curvature of the predominating component is .Aa2 

remaining and, with (5!:!), sufficient condition for a predominating component is 

Aa2 > Bb 2 + Oc 2 + 

the 



CHAPTER II. 

C:P.~PUTATiON OF NONH~RMONIC QUANTITIES FROM HARMONIC TIDAL CONSTANTS. 

11. In the preceding chapter on w~ves nothing bas been said concerning the ~~u~e J>roducing 
them. It wil~ I!~w be assumed that the maximum of ~ C()~pouept follows it!' a,pp~r~ut cause, 
or fictitious moon, by a certain angle called the epoch of tlte cornponeµt, and whqse ya~u~ is S}l~P,. 
that if it be divided by the speed of the component, the quotient is the time elapsing between the 
tr!l'µsit of the fictitious moon and the occurrence of the maximum value of the component. For 
this reason the terms which have been written in the form 

A Coil (at+ a) 

will uow be written in the form 
A co,s (at+ ar~0 A - AO). 

A may be used to denote either the component A itself'orits ~mplitud~; 
a is the speed of the component expressed in degrees per mean Bolar hour; 
a is the initial argument or phase of the componeut A; i. e. its phase when t = O; 
arg0 A denotes the initial argument or hour angle of the fictitious moon producing A; for brevity 

it is usually called the initial argument or initial equilibrium argume11t of the compo
nent A. To avoid misunderstanding at+ a will be spoken of as the phase rather than 
as the argument of the component. 

A 0 denotes the epoch or lag of the component A behind its fictitious moon; 

A 0 /a is the epoch expressed in time and may then be called the interval of the component.. 
For harmonics of A 'Ye always have 

and usually 
arg0 A,= i arg 0 A1• 

The mean range, the spring range, etc., and the high or low water inequali(.y in height. 
For some purposes it is convenient to give names to various ranges of tide. 
Mean range is the average value of the semidaily range of tide. 

(55) 

Spring range is the greatest periodic semidaily range, occurring usually one or two days after 
new and full moon. 

Neap range is the smallest periodic semidaily range, occurring usually one or two days after 
the moon is in quadrature, that is, after the first and third quarters. 

Perigean range is the greatest periodic semida1ly range of tide, t-Ccurring usually from one to 
three days after the moon is in perigee. 

Apogean range is the smallest periodic semidaily range, occurring usually from one to three 
days aftt\r the moon is in apogee. 

Great diurnal ran!Je is the difference between tl1e mean of all the higher high waters and the 
mean of all the lower low waters of each day during one or more half tropical or declinational 
months. 
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Small diurnal range is the difference between the mean of all the lower high waters and the 
mean of all the higher low waters of each day during one or more half tropical or declinational 
months. 

Great tropic range is the greatest periodic daily range of tide, usually occurring soon after the 
moon is farthest north or south from the equator and therefore near one of the tropics. 

Small tropic range is the smallest periodic daily range of tide, usually occurring soon after 
the moon is farthest north or south from the equator and therefore near one of the tropics. 

Tides determining these ranges, or of simultaneous occurrence, may be referred to as spring, 
neap, perigean, tropic, etc.; a like remark is applicable to lunitidal intervals, and occasionally to 
other quantities. 

Diurnal inequality as here used generally denotes the greatest periodic difference in height 
between two consecutive high waters or low waters, usually occurring soon after the moon is farthest 
north or south from the equator; this inequality is therefore determined b~r the tropic tides. 

12. To compute the mean lu11itidal interval or corrected establishment. 
When the tide contains no components whose speeds are commensurable with that of M2, one 

can assume that the high water establishment is, in hours, 

Mzo Mzo 
28°·9841' or m2 ' 

(56) 

and the low-water establishment is the same increased, say, by one-fourth of a mean lunar day, 
that is 

When M2 has harmonics, which are denoted by M4, Ma, etc., the high water establishment is 

M20 -v 

a.nd the low water 
M2°-w -- ---- + 6h·2103 

1D2 

where from § 9, since a,= i arg0 A 1 - A,0 , 

2 M4 sin (2 M2° - M4°) + 3 M6 sin (3 M2° - l\f60) + . tan v- ·· -- ----------··· --··--- ------ --·--· - - -· ··-------
- l2 Mz + 22 M4 cos (2 .M2° - M4°) +32 Ma cos (3 ~12° - Ma0

) + 

2 M4 sin (2 M2° - M4°) - 3 Ma sin (3 M2° - Ma0 ) + . . . 
tan w = - l2 M2 + 22 M4 cos (2 M~·o-=.-Ji4°) -=32 Ma cos (3 :M;o-.=-Mu0 f + 

Less accurate formulm for v and w are 

tan v = ~_M4 sin (2 Mp ~ __ l\f4~ _t} M6 si_n (3_~2~_=-: Mo~.h 
M2 

_ 2 M4 sin (2 M20 - M40) -3 M6 sin (3 M2° - Ma0 ). tan W- ---------- ---- -----·--·- ·---- ---·· 
-M2 

13. To compute the mean range of tide from given harmonic constants. 

(57) 

(58) 

(59) 

(60) 

(61) 

(62) 

63) 

In formula (18) substitute M2 for A, and other components whose speeds arA incommensurable 
with m2 for B, C, etc. Mult.iply the result by 2. This should be increased by the excess of 
(47) - (48) over 2 M2 , which is 

M2 (cos v +cos w) 
+ M4 rcos (2 M2o - M4o - 2 v) - cos (2 M2° - .1\140 - 2 w)l 
+ M6 lcos (3 M2° - M6° - 3 v) +cos (3 Mz0 - M6o - 3 w)] 

+ 

where v an<l w have the values given in § 12. 

(64) 
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Since v and ware assumed to be comparatively small, and as vis often approximately equal 
to - w, the above may be written ' 

M2 (cos v +cos w) + 0·035 M4 (v - w) sin (2 M2° - M4°} + 2 Ma cos (3 M2° - M6°} - 2 M2 

where v and w are expressed in degrees. 
The complete formula now becomes 

/ 

+ K1 2 k12 + 0,2 
0 12 + . . . ], 

+ M2 (cos v +cos w) + 0·035 M4 (v - w) sin (2 Mz° - M,0 ) + 2 Ms cos (3 M20 - M6°) - 2 M2 (65) 

where the second part is due to the harmonics of Mz and is usually small except at river stations. 
Table 21 bas been prepared for the purpose of avoiding the la.bor of each time computing the 
residual effects of S2, Nz, etc., upon the range of tide, as indicated in (65). See also Table 22. 

The above formula for computing the range of tide is not vitiated because of certain fixed 
relations between the speeds of some of the components. 

Let the paralla.x wave, where n2 + 12 = 2 m2, m2 + 2 n = 2 n2, be first considered. I ts amplitude 
at any particular time is approximately of the form 

Nz - L2 cos2x + 2 N cos x, (66) 

the average value of which is N2• But in reality the residual effect of L2 and 2 N upon N2 is 

_ L22 122 + ~~)2 (2 n)2 

4 N2 11/ 4 N2 n 2
2 

instead of zero. Therefore in finding the residual effect of the parallax wave upon M 2, the 
amplitude to be used would be approximately· 

Lz2 ]z2 (2 N)2 (2 n )2 

Nz + 4N
2
n

2
z + 4 Nz ll22 - Lz cos 2 x + 2 N cos (-a:) 

The average value of the square of this expression (see § 7) multiplied by nz2 is, very nearly, 

N 2
2 1122 + L22 12

2 + (2 N)2 (2 n)2. 

The theoretical values of N2, L2, 2 N, give, for each value of x, an amplitude with which to enter 
Table rn. From Table 15 a correction to the phase ( - x) is obtained. The mean of the correspond
ing tabular values shows that the fixed speed relations do not sensibly increase the range of tide. 

For the declinational wave the fixed relations are k1 + o: = rn2, k1 + p1 = Si; the amplitude at 
any given time is approximately of the form 

K, + 0 1 cosy+ P 1 cos z. (tl7) 

Now increase K 1 by the residual effects of 0 1 and P, upon it, and (§ 16, remark based upon 
Table 18) multiply the average value of the square of the amplitude so altered !Jy the square of 
the speed. When the amplitude of th(~ deci'inatioual wave is great, the speed is a trifle greater 
than .m1; when tJie amplitude is small, the speeu ex~eecls k1.• For the present purpose the speed 
should be between m1 aud k 1, but nearer to 111 1• The result indicated above becomes nearly equal to 

K12 k12 + 012 
01

2 + P12 Pt2
• 

Having regard to the derivation of (15) and' (16), it is not difficult to convince one's self that 
small components like K 2 and S1, S4, S6, require no special treatment because of their speed 
relations to Ki and S2, respectively. 

------------------------------
"By means of Table 27, the speed of the K 1 0 1 wave may be ascertained for n.ny given time; it is approximately 

equal to 

where 8 i11 the number of days before or after the nearest extreme declination of the 1noon, or rather maximum 
declinational effect. See also § 8. 
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14. The mean range of tide as determined from the tidal components is invariably less than the 
mean range of tide determined from observed high and low u1atcrs. The difference between the two 
determinations is constant from year to year at a given station. 

In summing for any compouent, the curve is read at fixed times (which are determined in 
advance) de1lendi11g in no way upon the height of the sea. In summing for high and low waters 
the tidal curve is actually read at times which could be only approximately determined in ad Yance, 
aud which times depend to a considerable extent upon the height of the sea. In the former case 
the elevations and depressions other than those due to the component (with its harmonics) sought 
will eventually become eliminated. In the latter case we have the liberty of selecting readings at 
a.hout the fixed timel> of maxi111a of the wave got by combining all the tidal components. The mean 
range of tb.e obscrve<L tide will always be greater than that of the theoretical tide. For, in or1ler 
to get this observed range of tide to agree with that of the theoretical tide, we would ha~e to 
observe the height of the sea at the theoretical or predictable times of high and low water. 

Tile magnitude of the discrepau.cy jur.1t pointed out will depend largely upon who observes 
the tides, aud whether tile high and low waters arc observed upon a staff or are obtained from tile 
record of an automatic tide gauge. 

Let it he assumed that what is meant by high and fow water heigbts are heights obtained 
from a continuous curve by a tabulator who reads, as nearly as his.judgment will permit, a curve 
which will eliminate such irregularities as are obviously not predictable. With this definition of 
high and low waters, and in want of definite information, the discrepancy may be assumed to be 
perhaps 1 per cent of the computed range. For high and low waters as ordinarily tabulated this 
discrepancy probably amounts to about 2 per cent. 

15. To compute the hourly heights of tl!e M tide. 
The height of the M tide h hours after high water is 

M2 cos!28°59' h-v!+M4 cosf57058' h+2M20-M4°-2v! 
+M6 cosj860 57' h+3M20-M6°-3 v}; 

and h hours after low water 

-M2 cos{28059' h-w! +M4 cosj57058' h+2 M20-M~0-2w! 
-M6 cos 86057'k+3M20-Mo·0 -3w!. 

(68) 

(69) 

16. To compute the speed and range of the diurnal wave when the moon i.~ far from the equator; 
also the mean range of tide at these times. 

At the conspiring of K 1 and 0 1 the speed of the combined wave is, by § 8, 

(70) 

when th~ value of Ki/01 is assumed to be 1·4066. In other words, it is very nearly OO·l g~eater 
than m 1• 

Oalliug thiR speed d1, it follows tbat the mean semirange of the diurnal wave when the moon 
is far from the equator is 

1 ' 2 2 
K1 + 01 +4 (K1 + 0;) <112 [P12 P12 + Q1 Qi + · ·Ii (71) 

(72) 

when P1 and Q1 are given their theoretical values. Since K1 and 0 1 separate 130 32' in one-half 
of a D 1 day (i.e. in I2h·33), K 1 + 0 1 should be multiplied by 0·9977, formula (~5), thus making the 
required range 

(73) 
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hi computing the mean range of 'tides at these times it should be noted: First, that the 
K2 moon is approximately 180° from the M2 moon; second, the large wave whose amplitude is 
K 1 + 0 1 bas a fixed phase with respect to M2; third, from Table 18 it is seen that the mean range 
of a wave composed of a semidiurnal and a diurnal component is not sensil>ly affected by the 
phase of the latter with respect to the former. 

The mean range of tide at these times, which it is convenient to denote by Mc, differs from 
Mn, formula (6.'i), by the Rnbstitution of' (K1 + 01)2 d 1

2 in place of K 12 k12 + 0 12 0 12 and by the 
subtraction of 2 K 2 and the residual effect of K2. That is 

Mc = M n + (K1 + Oi)2 d12 
- K12 k12 

- 012 012 
-:::: __ ~(2~ k22 

_ 2 K. 
2 M2 rn22 2

' 

=Mn+ ~·12~_fK_!_ + 0 1):_M:;°'!35 ~-12 --:: ~'.116 21
2 

- ~?_40 iy _2 K 2
• 

Mc will exceed Mn whenever 

(K1 + 01)2 d12 - K12 k12 - 012 0, 2 > 4 M2 K2 m22- K22 k22; 

or, roughly, whenever 
K1 01 > 8 M2 K2; 

which is about equivalent to saying whenever 

D1 > 2 62, 

(74) 

(75) 

(76) 

(77) 

D 1 being the tropic amplitude of the diurnal wave and 6 2 the mean amplitude of the semidiurnal 
wave. 

17. Given the epoelts of two components t(.'hose speeds are nearly equal, to find how much the time 
of their conspiring lags behind the time of conjunction of their fictitious moons. 

When the moons are in coujunction the angle between the crests of the component tides is 

BO-AO. 

The time required for the crests to come together will be 

BO-AO 
T =:- U _.:-a (78) 

where a mean ,.-;olar hour is taken for the time unit. Whenever A 0 and Bo appear to differ by 
more than 1800, :I: 3600 should be applied to oue of them. 

r also represents the amount of lagging of the interference behind the time of opposition of 
the fictitious moons. 

For the components M 2 and S2 
S2°- Mio 

T = --1-:<)D;!f - = 0·984 (S2° - Mi0 ). (79) 

This may be written T (S2; Mi), meaning the aae, or retard, of 82 relative to Mi, expressed in 
. spring t' l M d S h like h hours. Assummg that IC es occur when 2 an 2 ave 'te p ases, this is the neap oppos1 

interval between new ?r f'uli moon and spring ti<les. 
moon rn quadrature neap 

In like manner 

(80) 

ARsuming that the parallax wave ~otnspfiires with Mz when M2 and N2 have 1ike phases, m er eres opposite 

this iR the interval between moon ip peri!.. eee and the greatest increase of range of tide due to 
moon m apo.,~ . decrease . 

parallax. 
Similarly 

(81) 
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is the number of hours between the time of the moon's extrem'e north or south declination and 
when the moon crosses the equator 

the time of the gl::;~st range of the diurnal wave. r (S2; M2), T (N2; M2), and r (01 ; K 1) may be 

referred to as the ages of the phase, parallax, and diurnal inequalities, respectively. 
18. To compute spring and neap ranges. 
The phase wave consists of S2 and µ2• Sz conspires with M 2 at spring tide and interferes at 

neap tide. The argument of the µ 2 moon exceeds that of the S2 moon by four times the mean 
longitude of the sun less that of the moon. Therefore, whenever the moon is new, full, or in 
quadrature, the S2 moon and that of µ 2 are in conjunction. For .this reason, and assuming that 
the epochs of S2 and µ 2 are equal, S2 and µ 2 conspire at the times of spring or neap tides. 

The mean range of tide with the residual effect of Si excluded is 

s 2 az2 
Mn - 2- Mzlui (82) 

Disregarding the time perturbati<;ms other than those due to phase, also the slight separation 

of M2 and S2 during a quarter lunar day, the spring range ought to be expression (82) 1d'ncreaseedd 
neap ecreas 

by 2 (S2 + µ2)· 
The perturbations just referred to diminish the direct effect of 82 aud µ2 by a bout 

0·02 + 0·04 c~_!_ + 01)
2 

M2 

part of their value; see formula (18). The diminution in S2 due to the separation in a quarter 
lunar day is by formulre (25) and (26) very small. Approximate values of the required ranges are 

CK+ 0 )' Sl Sg = Mn + 1·96 (S2 + µ 2) - 0·08 - 1 :M;-2 (S2 + µ2) - 2 M;' (83) 

(84) 

(85) 

19. To compute perigean and apogean ranges. 
These terms are here used to denote ranges analogous to the spring and neap, but referring 

to perigee and apogee instead of syzygy and quadrature. 
The parallax wave consists chiefly of N2, L2, and 2 N. 'rhc argument of M2 (i. e. of its 

fictitious moon) exceeds that of 2 NNb2 ~y ~heth mean longitude of the moon from its perigee; in y ~w1ce e 
. by the 

other words, by twice the moon's mean anomaly. 

The argument of L2 (simple) is greater than that of Mz by the mean longitude of the moon 
from its perigee+ 1800, From this it follows that when the moon is iu mean perigee the fictitious 
N2 moon is in conjunction with the fictitious M2 moon while that of IJ2 is in opposition. If con
spiring and interference took place immediately, the amplitude of the parallax wave when the 
moon is in mean perigee or apogee would be, approximately, 

N2-L2± 2N. 

Proceeding as in the case of spring and neap ranges, but remembering that true and mean 
perigee differ considerably, we obtain for the required ranges the approximate values 

[ ( 
S2 )

2
] (K1 + 0 1)

2 N 2
2 

Pn = Mn+ 2·1 - 2- )\:lz (N2-L2 + 2 N) - 0·08 ---iv.rr·-(N2 - Lz + 2 N)- 2Mz' (86) 

An= Mn-[ 2·1 _· ~c:;)2]<N2-L2-2N) +o·08(Kiit2°1
)

2 
(N2-L2-2N)-:~;; (87) 

N22 

·" Pn +An= 2 Mn - M; + 4 [2 NJ. (88\ 
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20. To find the heights and lunitidal intervals of the tropic tides which have a fixed order of 
occurrence. 

Oompute the semirange of the tide by formula (65), omitting the diurnal components, and 
diminish the result by K 2• The theoretical value of this is 

1·064 M2 - K2, 

or, more accurately, 
s2 

1 ·006 M2 + 0·27 M: -K2. (89) 

Where K 2 is not known it may be taken equal to 0·272 82• 

The semirange of the diurnal wave when K1 and 0 1 conspire is, formula (73), 

1·021 (K1 + 01)· (90) 

(90) divided by (89) gives the ratio with which to enter Tables 17 and 18. 
By § 2 we see that for finding the acceleration in the times of maxima or minima, or the 

resultant heights, certain angles are involved which are of the forms 

~ ( 2 n 7t + ~ fi - a), ! ( 2 n + 1 7t + ~ fi - a} (91) 

It will be convenient to refer to these as the high water and low :.cater phases, respectively; 
and when no value of n is specified it is assumed to be zero. 

The argument of the 0 1 moon added to the argument of the K 1 moon is equal to that of the 
M2 moon. When K1 and 0 1 conspire, the argument of either component or the half sum of these 
arguments is the argument of the diurnal wave. Putting b = 2- a, § 161 the high and low water 
phases become 

(92) 

Making n = 0 and 1, or any other even and odd integers, these phases become, after rejecting 
multiples of 3600, 

High water phase. 
~ (Mzo - K10 - 010), 
~ (M20 - Kio - .010) + 1800, 

Low water phtUe. 

2 (M2° - K1° - 0 1°) + 90°, 
~ (M2o - K 1o - 0 10) + 2700. 

These are the phases with which to enter Tables 17 and 18. 

(93) 

The heights of Table 18 are given in terms of the amplitude of the semidiurnal wave (89). 
The tropic lunitidal intervals are obtained from the mean values of the high and low water 
intervals,§ 12, by subtracting from them the tabular values, Table 17, divided by 28·984. 

When the harmonics of Mz are large, Mzo should be replaced by M 2o - v in the abo\Te 
expressions which refer to the maxima of M 2, and by M 2o - win those referring to its minima. 

Having now determined the amplitude and phase arguments, the required quantities are 
readily obtained from the values in Tables 17 and 18. • 

21. To find the height inequ.alities. 
When the order of the tides determining a height inequality is fixed its value becomes known 

by the preceding paragraph. Here it is proposed to find au expression for a height inequality 
when the sequence of the tides upon which it depends is subject to alteration. Suppose that we 
are here concerned with the high water inequality, HWQ, and let the value from the table be 
denoted by HWQ. 

For that portion of the time during which the change of order is not possible because the 
eftect of the P 1 wave in producing inequality in the heights of the high waters is less than HWQ, 
we have 

HWQ = HW-Q: (94) 

* Ha.vmg thus obtained the heights of the tropic tides, eaoh ">hould be diminished by llff cos MfO. This is of 
importance when trol'Jic LLW is reqmred for the plane of reference, See also 9 14. 

S. Ex. 8, pt. 2--10 
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Let x denote the distance in degrees of the maximum or minimum of P 1 from the maximum 
of M2; then 2 P1 cos xis the inequality in heights of the high waters which P 1 tends to introduce. 
Suppose that for the other portion of the time 2 P 1 cos x >HWQ. During this time one half of 
the inequalities will be in their normal condition and the other half will have their covdition 
altered. The values of the former are represented by 

and of the latter by 

where 

2 P 1 cos x + HWQ, 

2P1COSX- HWQ, 

1 = =-HWQ l > cos x > -- - = , say. 
2 P 1 

(95) 

(!Ju> 

(97) 

The average value of cos x between the limits cos x = 1 and cos x = l, or x between 0 and 
cos - 1 z, is 

cos-• zi 

this substituted for cos x in (95) and (96) will give the required average values. The respective 
weights to be given to (94), (95), and (96) are 

; - cos-1 l, fr cos-1 l, and ~- cos-1 l. 

The value of the required inequality is 

HWQ =(1- 2 
co;-

1 

l) HWQ + 4; 1 v 1- l2 

[ 
(cos-1 l)OJ --- 4 P1 _,--

= 1 - ~oo- HWQ + 3:-urn v 1 - zz. 
(98) 

The fraction representing the percentage of (tropic) high water inequalities which have the 
order of th~ll' tides changed is 

cos-1 l 
7( 

1 _1 (HWQ) 
=-cos ----- = X, say. 

7C 2 P1 
(99) 

(If quite Jimited periods be considered, for example, particular years, P1 will remain constant 
from year to year, but-HWQ will vary; see§ 48. Consequently values muist be given to HWQ 
suited to the particular years in order to ascertain the number of high water inequalities such 
that the high waters upon which they depend will have their order reversed.) 

22. To compute the great and small tropic ranges, and the heights of the tides between which they 
occur. 

These are the greatest and least ranges of the tide upon a day when K 1 and 0 1 conspire. 
Denoting them by Ge and Sc, respect.ively, we have 

Ge+ Sc =2 Mc, 
~c-Sc=HWQ+LWQ; 

Ge= Mc+ 2- (HWQ + LWQ), 
Sc= Mc-! (RWQ + LWQ). 

(100) 
(101) 
(102) 
(103) 

Suppose the inequality in low water to be the more pronounced; Table 18 gives the values of 
tropic low waters,§ 20. The tropic high waters are then obtained by the equations 

Tropic HHW =tropic LLW +Ge, 

Tropic l,HW = tropie BL W + R<'. 

(104) 

(105) 
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23. To find the average range of the diurnal wave; also, roughly, the great and small diurnal 
ranges of tide. 

The average semirange of the diurnal wave is, formula (18), 

K, + r:it~-ki2 [012 012 + P12 P12 + .]. (106) 

The theoretical value of this is 1·14 K1, or 1·61 O,. If this wave had a fixed position with respect 
to M2, the difference between the great and small diurnal ranges of tide would be almost directly 
proportional to the range of the diurnal wave. This can be seen by referring to Table 18. When 
the moon is far from the equator-i. e. when the diurnal wave is large-the position is nearly 
fixed. Assuming the fixed position to hold true for all declinations of the moon, the above 
~tatement may be written 

Gt - Sl _ Gt- Mn _ range of diurnal wave 
Ge - Sc - Ge - Mc - tropic range of diurnal wave 

(107) is theoretically equal to 

Gt+ Sl =2 Mn, 

Ge + Sc = 2 l\ic. 

- _ l ·14 }~!___- = ()-(j;), 
1·02 (K 1 + 0 1) 

(lOi) 

(108) 

(109) 

(110) 

Since the above assumption is not correct when the declination of the moon is small, and 
more especially since one is supposed to choose the greater range regardless of the sequence of 
the tides (see§ 21), tlw above ratio oug'l1t to be rncreascd oy'the positive quantity r; representing 
these effects. For stations where there are usually two tides daily, C may be taken equal to 
0·10, and for the present purpose Mc may be taken equal to· Mn. lnst~ad of (110) one may write 

Gt - Mn 3 (111) 
Ge ..::.-Mil= 4i 

3 1 ' 
· Gt = Ge ' - ~rn •• 4 I 4·' ' , (112) 

If the tide had no semidiurnal components Mn would be zero, and the sequence of tides would 
not enter into the question. In such a case 

g~=0·65. (113) 

For stations where there is usually but one tide a day, I; must be very small. Mn can not be 
obtained from observation; but it may be replaced by a rough value 2 (1·2) M2, while the ratio 

Gt - Mn 
<.:i-c - :Mn 

may be put equal to ~; consequently 

' 2 4 Gt = _
3 

Ge + r: M2• 
,) 

(114) 

At stations having tides of this character, the dinrnal range, Gt, is often called the mean range of 
tide. 

24. To compute roughly the average values of the height inequalit'ics; application to planex of 
refere1lce. 

If the sequence of tides remaiued fixed for all declinations of the 1Uoon, the average valne8 of 
the height inequalities would be to their maximum values (HWQ, LWQ) as the amplitude of the 
diurual wave is to its tropic amplitude, or as O·u5 is to l·OO, §§ 21, 23. 

Considering now the mo:e pronouneed ine11uality, low water, say, the average value ought t,o be 

O·u5 LWQ + a fraction of (Ge - Mn), say. 
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This assumed, the fraction must be such that it vary directly as Ge - Mn and inversely as LWQ. 
The expression now becomes 

_ Ge - Mn 
0·6n LWQ + E ---i:.;WQ (Ge - Mn) (lHi) 

where E is supposed to be constant. The special case LWQ = HWQ gives, making use of (111), 
E = 0·10. 

Assuming that the mean of the two tropic low waters is the same as mean low water, it follows 
that the depression of the lower low waters below me~w low water is 

(116) 

The average value of the other and less pronounced inequality is obtained by subtracting the 
one already obtained from the quantity Gt - Mn. 

The following equations are obtained from Table 18 and show bow the sum of the two tropic 
high or low waters differs from Mc, the mean tropic range of tide: 

Tropic HHW +tropic LHW =Mc - 0·126 (Ki~ O,)i cos (Mi0 - K 1° - 0 1°); (117) 

. . (K1 + 01)i 
Tropic LLW + troptc HLW = - Mc - 0·126 - -M- --- cos (Mi0 - K 1° - 0 1°). (118) 

~ i 

Less accurately we have 
(K1 + 01)i 

Mean HHW + mea11 LllW =Mn - 0·08 -M:;- -- cos (M2° - K1° - 0 10); (119) 

(K1 + 01)i Mean LLW +mean IlLW =Mn - 0·08 __ M _____ cos (M2° - K, 0 - o,o). (120) 
. i 

The mean of both high and low water heights is the height of mean sea level, or rather half 
tide level (H'rL), above the line about which the components are supposed to oscillate; that is, 
above mean sea level as determined from hourly ordinates (MSL). From§ 13 the mean of high 
and low water gives the elevation of nieau sea level due to the harmonics of Mi. 

(K1 + 01)2 

.·.RTL= MSL + M4 cos (2 Mio -MP) - 0·04 ---M~--- cos (M2° - K1° - M01°). (121) 

25. Stations where the tide is 1tsually diurnal. 
The tropic Iunitidal intervals may be found by means of formulre (58)-(61) after replacing 

6h·2103 by 12h·33, Mi, M2°, m2 by K1 + 0 1, ~ (K1° + 0 10), d1; and M4, M4°, m, by Mi, Mz0 mz, respec
tively, omitting the higher harmonics. 

The (great) tropic range of tide is by formulre (65) and (73) 

2 (1·021) (K1+01)+(K1+01) (cosv+cos w)-0·035 Mz (v-w) sin (M2°-K1°-01°)-2 (K1+01), (122) 

the corresponding high and low water heights being 

(cos v + 0.021) (K1 + 0 1) + M2 cos (Mio - K 1° - 0,0 ) - 0.035 M2 v sin (Mi0 
- K1° - 01°), 

and 
-(cos w + 0.021) (K1 + 0 1) +Mi cos (Mi0 - K1° - 01°) - 0.035 Mi w sin (M2° - K1° - 01c), 

where v and ware expressed in degrees. 

When Mi is small, this range is nearly equal to 

. (123) 

Mean daily low water is then about 

below MSL. 



UHAPTEH. III. 

REDUCTIONS OF OBSERVATIONS MADE UPON HIGH AND LOW WATERS. 

26. The main object of this chapter is to determine, from a series of observed high an<l low 
waters, certain harmonic and nonharmonic quantities which are of special importa11c~ in deter
mining the best port of reference for a given station. In so far as the amplitudes and epochs of 
various components are determined, the reductions constitute a rude harmonic analysis.• The 
non harmonic 'quantities obtained are of interest because of their obvious connection with observed 
tidal pheuomcna. The astronomical items used (transits, phases, etc.) are taken directly from the 
Greenwich ephemeris; the only change consists in using civil time. 

'l'he tables given at the close of this paper would, by some alteratious and extensions, enable 
one to use mean motions throughout, thus doing away with some of the i11accuracies which attend 
the process of reduction as carried out below. It is believed, however, that such errors are too 
small to be of much consequence in an analysis of the kind proposed. There are some advantages, 
especially when the series is short, in using the real motion!> of the bodies. 

For instance, the epo~h of S2 obtained from observing a few tides and referring them (without 
correction) to the mean sun will be much more in error than would have been the case had the 
true sun been used. But it will be seen from 'l'able 31 that the correction to he applied to the epoch 
of 82 because of T 2 and the solar part of K2 is practically the equation of time. 

FIRS'!' REDUO'l'ION.t 

27. In this reduction the first process consi8ts in tabulating the times and heigl..tts of high 
and low water, together with the times of transit of the moon across some known meridian. 
The next step is the subtraction of the transits from the times of the tides, usually selecting 
such transits as will give the smallest possible interval without introducing too many negative 
values. Before taking means of the intervals and heights, the length of senes to he used must be 
decided upon. 

Length of series suitable for finding the semidiurnal range of tide and the mean lunitidal inter
val.-Siuce the variation in range, from day to day depends chiefly upon the manner in which the 
semidiurnal components fall upon M2, the required length of series should be, as nearly as possible, 
a multiple of the synodic periods of S2, N2, L2, K 2, with M,; i. e. of the form 

a 8 2 14·765 + b (N2 + L2) 27·555 + c Kz 13·661 + 
S N I K (124) 2+ 2+ Jz+ 2+ 

where a, b, c, are integers. The weights 82, N, +Li, Kz, are given to the 
synodic periods because the direct effect of any component in altering the range of the tide is 
nearly proportional to its amplitude. · 

For the purpose of eliminating the diurnal inequality as far as possible, the h
1 

igh water which 
ow 

ends the series should be of the opposite kind from the 
1;<i>~~ 1 

water beginning it. As a length of 

·----·------------------· -- --------------------·--· ---··--
* For a moro elaborate mode of analysis, soo a J>apor by Prof. G. H. Dar~vm outitlod "Ou tho harmonic nualys1s 

of tidal observations of high and low water," Roy. 8oc. Proc., Vol. 48 (189Q), pages 278-340, see also a correctio;1 to 
this imper, ibirl., Vol. 52 (1892)1 pages 388, 389. 

t For an example see § 30. 
149 
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series suited to the high waters is generally also suited to the low waters, one should solve the 
above equation to the nearest lunar half day. This having been done, the results expres'.led in 
mean solar days are as follows: 

29, 58, 87, 105, 134, 163, 192, 221, 250, 279, 297, 326, 355, 384. 

It is often convenient to divide the series, whatever its length, into periods of 29 days each. 
Since the transits of the true (not the mean) moon are used, the lunar semidiurnal componentR 

N2, Li, lunar K 2, • • • have little effect upon the interval. Consequently the synodic month of 
29~ days might seem to be a better length of series for the determination of the interval. But on 
account of the diurnal inequality in interval it is probable that even for this purpose 29 days 
would usually be preferable to 29~. 

Having fixed upon the length of series to be used, the sums and means of the intervals and 
the heights.on stafi are then taken. The resulting intervals are reduced to a value which would 
have been obtained had local transits been used by adding 

S - L + 0·035 (E - L) (125) 

where E, S, and L are the west longitude in time of the meridian of the transits, i. e. of the 
ephemeris used, of the (standard) time meridian, and of the meridian of the station, respectively. 

Using now the corrected intervals or establishments (H\VI, LWI) expressed in hours, the 
epoch of 1\:1;2 is (unless M6 be large) 

14·4921 (HWI + LWI 'f 6·2103) = M2o. (l:!u) 

The ulppm sign is used when the low water interval is taken gi
1
·eater than the high water. 

ow er ess 

The resulting LW height subtracted from the HW height gives the range of tide for the 
period of the observations. 

The intervals aud ranges just considered refer to tides occurring twice daily. For this reason 
when evanescent tides occur such days' observations should be onntted in the summations. If 
only a few occur they may be interpolated, or if a continuous record be available the points of 
maximum curvature may be selected for the mis::;ing high and low waters.• 

For some purposes the average height of the higher high and lower low water may be useful, 
particularly for determining the great diurnal range of tide and the plane of reference defined 
by lower low water. These heights are always obtainable, as one high water and one low water 
occur each day, even when there are evanescent tides. In the first reduction, mark such heights 
ancl take the mean of the quantities so marked. The length of series used for this purpose 
should be an integral number of tropical months, or, less accurately, of half tropical months. 

The following numbers represent such periods expressed in mean solar days: 

(14), 27, (41), 55, (68), 82, (96), 109, (123), 137, (150), 164, (178), 191, (205), 219, (232), 246, (260), 273, 
(287), 301, (314), 328, (342), 355, (369), 382. 

28. Determination of mean sea level and long-period tides. 
Where hourly heights of the tide are given, it is obvious that a suitable period of time for 

determining mean sea level would be one in which each of the principal tidal components makes 
an integral number of oscillations. 

By taking multiples of the hourly speed of each component, it is readily seen that the period 
of 29 mean solar days and zero hours is the best value obtainable unless the given heights of 
the tide are taken at intervals of less than one hour. The same period may be adopted for the 
determination of mean sea l~vel (half-tide level, § 24) from observations of high and low waters. 
This mean S{':t level is the half sum of the 11eights of mean high and low water for the 29-day 
period or group. 

For long series of observations, it is desirable to have the periods conform to certain dates 
made out in advance. These dates should be the same for all stations in order that the fluctuations 

• Thit1 implies, as it should, that the small tropic range becomes negative. 
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of mean sea level at various places may be more readily compared. The following dates are 
supposed to refer to any year; the dates marking the middle of each group divide the average 
year into twelve equal parts; the length of group is 29 days, as is shown by the terminal dat.es: 

- ---------··--·-

Groups for mean sea level. 

Heginning Middle End 
(midnii;:ht pre- (noon). (midmi;:ht fol-

ccdmg). lowmg). 
----------- ·----

Jan. 2 Jan. 16 Jan. 30 
Feb. I Feb. 15 Feb. 29 
Mar. 3 Mar. 17 Mar. 31 
Apr. 3 Apr. 17 May I 
May 3 

! 
May 17 May 31 

June 3 June 17 July I 
July 3 July 17 July 31 
Aug. 3 Aug. 17 Aug. 31 
Sept. 2 Sept. 16 Sept. 30 
Oct. 2 Oct. 16 Oct. 30 
Nov. 2 I Nov. 16 Nov. 30 
Dec. 2 I Dec. 16 Dec. 30 I 

----· ! 

For all spring and summer months the groups begin on the 3ll of each month, while for aU 
fall and winter mouths (except February) they begin on the 2d. 

In harmonically analyzing the twelve ordinates thus obtained, it should be borne in mind 
that the first ordinate is 15·218 days after Oh (midnight preceding) January 1; this increases 
the V0 + u of Sa, Table 3, by 15°. If Yo + u be found for date of beginning of series used in 
analyzing Rhort-period tides, then it must be increased by the number of days from this date to 
the middle of the first 29-day group used, multiplied by 0·9856. Supposing the groups to be so 
taken as to conform to the above scheme, then it is clear that the values of Table 3 are simply 
increased by the amount 

30° x 1n - 150 

where ?n is the number of the calendar month approximately covel'ed by the group. 
Besides the yearly change in sea level, a small change having a period of about 428 days may 

be considered here. This depends upon the 428-day component of the variation of latitude. The 
annual and 428-day tidal components may be nearly ~eparated by combining 7 years' observations. 
If the annual inequality in sea level has been determined from analyzing the monthly heights .1ust 
considered for 7 years, it may be taken away from the sea-level curve and the residual curve read 
for the 428-day tide, using the true lengths of period for the particular years. 

The fictitious moon has the longitude of the in~ta11ta11eous minimum north latitude of the 
place so far as the latitude depends upon the 428-day component; this moon goes around the earth 
once in 428 clays from west to east. Suppose the time of minnnnm north latitude to be given for 
Greenwich, i. e. the time when the north pole of the earth's figure passes the instantaneous 
meridian of Greenwich ; the time for a place L hours west is · 

'l'ime of Oreenwich min. lat. - d--.-
1
1
.Q_L d days. 

a1 y spee 
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The average value of the daily speed is 0°·840. Formulm for more accurate values, together with 
a table of times of minimum north latitude or of high water of 428-day tide, are given below: 

where 

denotiug the year. 

; ·-- -

I 
:No. of 

penods from 
1865. 

I E 

Time of high water 
at Greenwich of 

428-day component 
tide. 

Amplitude of 
428-da y com- A mcf.litude of 

tfi~l~m.:'Je 428- aytidcfor 
latitude 45°. 

I 

-40 
-35 
-30 
-25 
-20 
-15 
-IO 

-5 
0 

+ 5 
+10 
+15 
+20 
+25 
+Jo 

T, 

Civil date. 
1818, June 16 
1824, Apr. 13 
1830, Jan. 28 
1835, Nov. I I 

1841, Aug. 29 
1847, July I 

1853, May 18 
1859, Apr. 20 
1865, Mar. 31 
1871, Mar. 13 
1877, Feb. 12 
1882, Dec. 31 
1888, Nov. I 

1894, Aug. 20 
1900, June 3 

variation. 

II Feet. 
0·184 0·062 

·170 ·057 
·146 ·049 
·118 ·040 
·096 ·032 
·085 ·029 
·090 ·030 
·108 ·037 
·135 ·046 
·162 ·o55 
·180 ·061 
·185 ·063 
·174 ·o59 
·152 

I 
·051 

0·124 0·042 

Amplitude = 0"·135 + 0"·05 sin lJf, 
Period = 428d·6 + 5d·26 cos lfF, 

T1 = 18H5·25 + 428·6 E + 55 sin lJf, 

lJf = ( t - 1865·25) 50.43, 

; 

lThese values are taken from Dr. S. C. Chandler's ~aper on latitude variation in No. 322 
(July 10, 1894) of the Astronomical J onrnal. J 

At the times of local upper transit of the fictitious moon, 

Height of 42~<1 tide= si~ 2 A. x change in latitude• (127) 

where the height is reckoned in feet from mean sea level, the (north) latitude, i\, is expressed in 
degrees, and the change in latitude, column 3, is expressed in seconds.+ 

This fluctuation or tide is of little or no practical importance. It is noticed here because, like 
the annual tide, it may be determined from a sufficient number of observations upon high and 
low water. 

In the special reductions which follow, the length of the series will usually be about one 
month. Certain modifications will be found necessary if, for any reason, other lengths be used. 

···-----·--··---·-------

•The rounded value 1r is written for 0·338. 
t A ready means of comparing theory and observation is to tabulate the times of local transits of tlie fictitious 

moou, aa the times of high and low waters of the 428-day tide, and to find tho reading of moan sea love!, at such 
times using a 29-day group on each occn.sion. The sea level ie then corrected for the annual component, and finally 
6 high water or 6 low water groups (approximately 7 years) are combined and the mean taken. 

From hourly readings (1870-1887) at Pulpit Harbor, Maine, (lat. 44° 09' N., long. 680 53' W.), the mean for the 
component high water Wllll 10·495 feet, and for low water 10·357, showing, upon application of the group factor 1 ·007, 
an amplitude of 0·069 feet. The theoretical value of this, formula (127), is about 0.059 feet. 

l''rom hourly readings (1869-1887) e.t San FrnnciRco, Cal., (lat. 370 50' N., long. 1220 24' W. ), the corresponding 
observed quantities were 8•285, 8•206, giving an amplitude of 0•040 feet, the theoretical value being 0·057. 
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REDUC'flON OP SPRING AND NEAP TIDES. 

2!>. In one column of the sheet headed "Ephemeris" will l>e found the times of the moon's 
phases expressed in the kind of time used in making the observations. Select from the first 
reduction, groups of ol>servatious, each group beginniug about a day and a half before the times 
of 11ew moon, full moon, or quadrature; then fill out the forms for i;;priug and neap tides. The 
correction for parallax is taken from 1'able 25, using for the amplitude of N2 the value } 1 Mn, 
and for its relative age the value at a neighboring station taken as 1 ·837 (M2° - N2°). For a series 
about 220 days in length the parallax correction becomes zero. Since transits of the true (not 
the mean) moon are used, the lunitidal intervals need not be corrected for parallax, especially 
when the springs or neaps are taken in pairs. 

The age of the ·solar tide.-The lnnitidal intervals found in the column headed "Average" are 
plotted one-half lunar day apart, at times found in the average time column. 'rhe plotted values 
of each group are then connected, as nearly as possible, with a straight line. Tho values most 
distant from the time of spring or neap tide, as the case may he, will, theoretically, depart 
most widely from the' straight line when the latter is properly drawn. The time of spring or 
neap tide is found by noting where the mean value of the interval (as determined from the first 
reduction before (125) has been applied) falls upon the straight line. Each such time is then 
diminishe1l by the time of the appropriate phase of the moon. The mean of these differences is 
the age of tlie solar tide relative to tho lunar. 

Spring and 1wap ranges . .:.......One range is obtained from the reduction· of spring tides, and one 
from that of neap tides. The age applied to the times of one or more phases of the moon will 
show what group factors must be used in reducing the amplitude of the solar wave as brought out 
from the spring and neap ranges. 'rhe group used in determining the ranges ueed not be as 
extensive as the group used in determining the age. 

According to § 18, the amplitude of the solar wave should be further increased by the factC'r 
HWQ2 + LWQ2 

1·02 + 0·04 --- ·-M
112 

(128) 

HWQ and LWQ may be taken from the first reduction with sufficient accuracy. This will be 
referred to as the inequality factor. 

30. Example. 
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The following tabulations, relating to a month's observations at Sitka, Alaska, show how 
these reductions are carried out: 

Sitka, Alaska. 
First reduction. 

·- ---·- ·----

i I 
Time of- Lunitidal Interval. Height of- Remarks. 

' Moon's Date. transits. I I Lat. = 57° 03' N. i 
HW 

I 
LW HW LW HW LW Long.=125 18=9lao1m \\1, 

--- ·---
1893. Ii. m. It. fll. h. m. It. m. h. m. Feet. Feet. 

(13 08) 
July I I 34 I 08 8 09 (12 oo) 6 35 I4·6 3·4 

( 13 59) 14 SI I9 54 I3 I7 (~ 55) I2·8 8·4 
2 2 24 2 OI 8 42 (12 02) 18 14·4 3·9 

(14 48) 15 25 20 50 13 OI (6 02) 13·0 8·3 
3 3 II 2 30 9 25 (II 42) 6 14 14·0 4·0 

(15 34) 15 58 21 14 12 47 (5 40) 12·8 7·8 
4 3 37 3 12 9 54 (11 38) 5 57 13·2 4·3 Observations in mean local civil time. 

(16 19) I6 37 22 IO 12 40 (S SI) I2'9 7·6 
5 4 41 4 05 IO 27 (11 46) 5 46 12·5 s·o 

(17 04) 17 23 23 23 I2 42 (6 19) 13·2 7·2 Greenwich transits. 
6 5 26 5 09 II I4 (I2 05) 5 48 12·0 S"9 

(17 48) 18 03 ------ I2 37 I3°6 --- To convert Greenwich transits to local transits, 
7 6 II 6 22 0 32 (12 34) (6 44) 11·4 6·6 observationtime,addL-s+ 0·035 (L-E) 

(18 36) 18 46 12 I8 12 35 6 07 I4'0 6·7 = I8m·9. 
8 7 00 7 49 I 49 (I3 I3) (7 I3) II ·2 5·8 

( 19 26) 19 44 . I3 03 I2 44 6 03 I4·6 7·6 
9 7 53 9 02 2 52 (I3 J6) (7 26) II ·5 s·o 

(20 22) 20 37 14 15 I2 44 6 22 IS·O 8·J Greenwich civil time of perigee, P, and 
IO 8 SI JO 28 3 50 (14 06) (7 28) 11·9 3·9 apogee, A. 

(21 23) 2I 30 15 25 12 J9 6 34 IS'S 8·6 
II 9 55 II JI 4 50 (I4 08) (7 27) 12·5 2·9 

[11d 23h.5] (22 28) 22 29 16 36 12 34 6 4I IS'7 8·4 
p 12 II OI I2 17 5 40 (IJ 49) (7 12) I2'9 2·1 

(23 34) 23 26 17 29 I2 25 6 28 I6·1 8·o 
l"J 6 28 (6 54) I ·9 ' ------ ------ ----

12 07 13 09 18 21 ( 13 35) 6 I4 I3'5 7·8 
14 ( 0 38) 0 22 7 I8 12 I5 (6 40) I6·3 1 ·8 

13 09 13 55 19 19 (13 17) 6 IO 13·9 7·6 
15 ( I 38) I II 8 01 12 02 (6 23) I6·2 2·4 

I 
14 06 14 50 20 13 (13 12) 6 07 14·6 7·8 

16 ( 2 32) I 56 8 46 11 .so (6 14) I6·3 3·6 
14 57 15 19 2I 04 (I2 47) 6 07 15·I 7·9 : P and A hour of transit =en. 

I7 ( 3 20) 2 50 9 31 I II 53 (6 II) I5·7 4·3 
! HWQ LWQ 

15 43 15 59 2I 47 (I2 39) 6 04 I4'7 7·3 
18 ( 4 05) 3 47 9 56 I2 04 (5 5 I) I4'0 s·o Feet. Feet. 

I6 27 16 38 22 50 (I2 J3) 6 23 I4'2 7·0 · July II, 12 3·2 6·3 
" 26 2·6 5·0 19 ( 4 48) 4 40 IO JS I2 I3 (5 47) I2'7 5·9 

I7 09 I7 22 (I2 34) IJ"8 -- ------- ---- -- --- ~lean 5·6 20 ( 5 30) 5 40 0 00 I2 31 6 5I II ·6 6·8 2·9 

I7 SI I8 08 II 2I (I2 38) (5 SI) IJ'7 7·I Sequence HHW to LLW. 
2I ( 6 I 2) 6 52 0 48 I3 OI 6 57 11·2 6·9 

18 33 18 46 12 10 (I2 34) (5 58) I3·8 8·3 July 1-29, 1893. 
22 ( 6 55) 8 12 2 00 13 39 7 27 II"O 6·8 HWI LWI HW LW 

I9 I7 I9 34 I3 o8 (12 39) (6 I3) 13·4 9·0 56 56 56 56 

23 ( 7 40) 9 JO 3 18 14 IJ 8 OI 11·0 6·o h. m. h. m. Feet Feet. 
[24d 2h·2] 20 04 20 28 I4 4I (12 48) (7 OI) 13·4 9·2 Sum 722 04 J69 38 760·2 JSI ·2 

A 24 ( 8 28) II II 4 07 IS 07 8 03 II ·3 5·3 Mean I2 53·6 6 36·0 I3·s8 6·27 
20 SJ 2I J4 IS 21 (IJ o6) (6 53) I3'5 9·3 Interval=9h 44m·8. Mn=7·31 feet. 

25 ( 9 19) II 40 4 47 I4 47 7 54 11·8 4·8 To correct for transits subtract I8m·9. I 
2I 45 22 20 16 34 (I3 OI) (7 IS) I4'I 9·2 HWl=12b 34m·7. LWI=6h 17m·1. 

26 (10 11) 12 08 5 27 14 23 7 42 12·7 4·6 HWl=I2h 34m•7-I2h 25m·2=oh 9m·5. 
22 37 23 02 I7 04 ( I2 5 I) (6 53) 15·3 9·6 

27 (II OJ) 12 45 6 II 14 08 7 J4 IJ'2 4·7 
HWI-LWl=6h 26m·6=6b·443. 
6h·44J-6b·21o=oh·2J3. 

23 29 23 4J 17 54 ( I2 40) (6 5I) 15·1 9·1 I4°'492 X 0'233 = 3°•4= MgO, 
. 28 (II 54) 6 

~ 

--- ·- 40 ------ 7 II ---- 4·0 Duration of fall= 6h 07m ·6. 
------ IJ 14 I8 30 I3 45 (6 36) IJ'2 8·5 

29 0 20 0 25 7 16 (I2 3I) 6 56 IS'I 3·8 July I-27, 189J. 
(12 44) 13 44 19 00 I3 24 (6 16) IJ'S 8·2 HHW LLW Gt 

30 I 08 0 57 7 46 ( I2 13) 6 38 I5'4 3·8 26 25 

(I3 32) I4 I6 I9 47 I3 08 (6 I5) 14·0 7·9 Fut. .Feet. Feet. 
31 I 55 I 38 8 22 (12 06) 6 27 IS'J 4·I 376·5 110·2 

(14 18) I4 38 20 28 I2 43 (6 10) 15·0 7·3 14·48 4·41 10·07 

·---· 



Ephemeris. 

Moon. 

0 Full moon 
<I: Last quarter 
•New moon 
J) First quarter 
0 Full moon 

Apogee 
(Mid-time) 
Perigee 
(Mid-time) 
Apogee 
~Mi_d-time) 

engee 

On equator 
Farthest N. 
On equator 
Farthest S. 
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Sitka, Alaska, 1893. 

. ···- -

Greenwich civil 
time. 

d. h. 
June 29 6·4 
July 6 22·1 
" 13 12·8 
" 20 17·0 
" 28 20·2 

June 26 13·7 
July 4 6·6 
" II 23·5 
" 18 o·8 
" 24 2·2 

Aug. I o·o 
" 8 21 ·7 

July 6 2·9 
" 12 8-9 
" 18 18·3 
" 26 5·2 

h. 1JI. 

Longitude of ephemeris (E) o oo W. 
Longitude of time meridian (S) 9 01 " 

E-S= -9 01 

Observation time.I Obscrvati~n time 

--------
Observation time 

Gr. civ. time I increased increased by + E-S. . by assumed age. uncorrected age. 

d. h. d. h. d. h. 
28 21·4 29 23·9 
6' 13 ·1 7 15·6 

13 3·8 14 6·3 
20 8·o 21 10·5 
28 II ·2 29 13·7 

26 4·7 28 3·7 28 I ·7 
3 21-6 5 20·6 5 18·6 

11 14·5 13 13·5 13 11 ·5 
17 15·8 19 14·8 19 12·8 
23 17-2 25 16·2 25 14·2 
31 15·0 2 14·0 2 12·0 

8 12·7 IO 11 ·7 IO 9·7 

5 17·9 6 II '4 
II 23·9 12 17·4 
18 9'3 19 2·8 
25 20·2 26 13·7 

------------------- -

Silka, .cl/ask., 1893. 

Spring tides. 
/z. "'· 

Longitude of ephemeris (E) o oo W. 
Longitude of time meridian (S) 9 01 " 

E-S=-9 01 
From first reduction, July 1-29, 1893: Mean (uncorrected) intcrval=9" 44m·8; Mn=7·31 ft. 
Assumed: No=rrMn=o·665 ft.; r (N2 ; M,)=4711, from analysis at St. Paul, Kadiak Id. 

Time. Luniticlal inten·nl. 
I 

Height. 
Moon new and 

A""'<'· ' 
iull+E-S. 

I 
I 

lI w LW HW LW HW LW Average. 

------------ - ------- ----- -·------ -- ----·- !-·----

d. h. d. h. fll. d. h. 11/.. d. h. "'· h. 111. h. m. h. fJl. Feet. Feet. 
II 22 29 II 16 36 12 34 6 41 04·0 15·7 8·4 

JO 12 12 17 12 5 40 13 49 7 12 58·5 
12·9 2·1 

12 23 26 12 17 29 12 25 6 28 9 16·1 8·o 
July 13 3·8 08 

13 13 09 13 6 28 13 3 13 35 6 54 9 5o·5 13·5 1 ·9 
14 0 22 13 18 21 12 15 6 14 9 44·5 16·3 7·8 
14 13 SS 14 7 18 13 17 6 40 9 36·5 13·9 1·8 
15 I II 14 19 19 12 02 6 IO 9 32·2 16·2 7·6 

9 26·8 
15 14 50 15 8 01 13 12 6 23 14·6 2·4 

------
8 

119·2 40·0 
14·90 5·00 

Group o<I 2" after perigean tides. Cc.rrection in terms of N0 ·90 + ·90 
" feel ·60 + ·6o 

14·30 5·60 

26 21 02 27 6 II 12 51 7 34 IO 15 ·3 4·7 
27 12 45 27 17 54 14 08 6 51 21 ·o 

13·2 9·1 IO 12·5 
July 28 27 23 43 28 6 40 12 40 7 II 15·1 4·0 11·2 28 28 18 28 9 32 45 6 36 

IO 03·0 8·s 13 14 30 13 13 ·2 
29 0 25 29 7 16 12 31 6 56 9 57·0 15·1 3·8 
29 13 44 29 19 00 13 24 6 16 9 46·8 13·5 8 2 
30 0 57 30 7 46 12 13 6 38 9 37·8 15·4 3·8 
30 14 16 30 19 47 13 08 6 15 9 33·5 14·0 7·9 

8 8 
1I4·8 50·0 

Group 3d 611 after apogean tides. Correction in terms of N. 
14·35 6·25 

+ ·60 ·60 
" " feet + ·40 ·40 

14·75 5·85 

Age=~ (12 + 29) = 20·5 
Spring range-· S·8o 
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1\ eap tides. 

Moon in quadrature 
-;-E- S. 

d. /z_ 

July 6 13 'I 

UNlTED S'fATES COAST AND GEODETIC SURVEY. 

Time. 

HW LW 
.. 

d. h. 11l. d. lz. m. 
5 4 05 5 10 27 
5 17 23 5 23 23 
6 5 09 6 II 14 
6 18 03 7 0 32 
7 6 22 7 12 18 
7 18 46 8 I 49 
8 7 49 8 13 03 
8 19 44 9 2 52 

Sitka, Alaska, 1899. 
lz. m. 

Longitude of ephemeris (E) o oo W. 
Longitude of time meridian (S) 9 01 " 

E- S= -9 01 

---· 

Lunitidal intcr\'al. i Height. 
I ---- --------

Average. HW LW Average. HW LW 

------ ----
d. lz. m. h. m. lz. m. h. m. Feet. Feet. 

II 46 5 46 
9 08·2 12·5 5·0 

12 42 6 19 13·2 7·2 
12 05 5 48 9 13·5 12'0 5·9 6 14 44 12 37 6 44 9 18·5 13·6 6·6 
12 34 6 07 9 30·5 Il'4 6·7 
12 35 7 13 9 37·2 14·0 5·8 
13 13 6 03 9 46·0 

II '2 7·6 
12 44 7 26 9 51 ·5 14·6 5·0 

--------, 
8 8 

102·5 49·8 
12·81 6·22 

Group 1d 7h after 11•id. tides (A to P). Correction in terms of N. -- ·20 + '20 
" " feet - ·13 + ·13 

12·68 6·35 

19 4 40 18 22 50 12 13 6 23 9 14'2 
12·7 7·0 

19 17 22 19 10 35 12 34 5 47 9 25·8 13·8 5·9 
20 5 40 20 0 00 12 31 6 51 11 ·6 6·8 July 20 8·o 20 8 47 9 27·8 20 18 08 20 II 21 12 38 5 51 9 36·8 13·7 7·1 
21 6 52 21 0 48 13 01 6 57 11 ·2 6·9 
21 18 46 21 12 IO 12 34 5 58 9 37·5 13·8 8·3 
22 8 12 22 2 00 13 39 7 27 9 54·5 11 ·o 6·8 
22 19 34 22 13 08 12 39 6 13 9 59·5 13·4 9·0 

-----1 
8 8 

101·2 57·8 
12·65 7·22 

Group 1d 6h after mid. tides (P to A). Correction in terms of N. + ·28 - ·28 
" " feet + ·19 - ·19 

12·84 7·o3 

Age= t (36+ 29) = 32·5 
Age from springs and neaps =t(20·5 + 32·5)=26·5 
Average date of phases +age =July 18 

No. of tides before springs or neaps = 
26·5 

6+()72 =10'3 

" " " after " " " =16- 10·3= 5·7 
Spring range =8·80 
Neap " =6·07 

··----- - - ·--
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31. Treatment of phase reduction results. 

STATION. 

Spring and neap tides. 

Amplitude relations. 

(I) Spring range from reduction. 
( 2) Neap range from reduction. 
(3)t [( 1)- (2)] =approx. S,. 
(4) (3) X group factor, Table 35. 
(5) (4) X inequality factor. 
(6) (S) x Fo, Table 33. 
(7) (6)-0·01 Mn=S,. 

(1)+2{ (6)-(S)+ Yl~~~(6)[(4J- (3)] }=springrange,Sg. 

(2)-2 { (6)-(5) + M: t~(6)[(4)-(3)]} =neap range, Np. 

Sg and Np are reduced to their mean values by Chapter IV, as 
soon as K, + 0 1 becomes approximately known by e 39 or 44. 

Epoch relations. 

(8) Age from reduction (hours). 
(9) M.0 + (8) x l'Olb = s,0

• 

SITKA, ALASKA, 1893. 

Spring and neap tides, July 18, 1893. 

(1) 8·80. 
(2) 6·07. 

Amplitude relations. 

(3) i [8·80-6·07] =0·682. 
(4) c·682 X I '17 =0·798. 
\5) 0·798 x 1 ·070=0·854. 
(9) 0·854 XI ·318= I '126. 
(7) 1 ·126 -0'073= 1 ·053=~· 

8·80 + 2jo·272+ 0·347 [0·115] !=9·43=Sg. 

6·07-2jo·272 +0·653[0·115J}=5·36=Np. 

Epoch relations. 

(8) 26·5 =7'(50 ; M0 ). 

(9) 3·4+26·5 x 1·016=3·4+ 26·9=30·3=S.0
• 

REDUCTION OF PERIGE.A.N, ..A.POGE.A.N1 A.ND MIDTIME TIDES. 

32. Midtime tides. 
A number of tides occurring between perigee and apogee, also between apogee and perigee, 

are tabulatt-d in the form headed "Midtime tides" for the purpose of ascertaining the relative age 
of the parallax wave. It is generally 1mfficient to begin the tabulation about a day and a half 
beforo the midtimm1 and to use on each occasion, say, 24 tides, thus covering nearly 6 lunar days. 
It is necessary to take pairs of rnidtimes because the age as determined from the one following 
perigee may differ a day or two from the age as determined from the one following apogee. The 
phase correction employed in this reduction is obtained from Table 24, column headed "0 tides,'' 
using the amplitude of S2 uncorrected for K2 and T2• The phase correction becomes zero for a 
series about 220 days in length; i. e. when 8 mid time groups of the same kind are combined into 
one. The last column shows the corrected range of tide for the times given in the column headed 
''.Average." 

The next step is to plot these ranges at the proper times-which times are one-half lunar day 
apart, very nearly-and to draw a curve fitting the plotted values. Since these values usually 
appear as a double row of points, a third row should be obtained lyiug midway between the other 
two. It may be seen by aid of Table 16 that a parallax inequality whose age is zero and which is 
due to N2, L2, and J N should cause the range of tide at midtime to be about equal to its mean 
value. Consequently one should mark upon each curve the time when the range becomes equal to 
its mean value taken from the first reduction. The times of occurrence of these ranges, diminished 
by the appropriate midtimes, give, in the mean, the age of the parallax inequality. 

33. Perigean a.nd apogean tides. 
The age of the parallax inequality, when added to the observation times of perigee and 

apogee, gives the times of greatest and least parallax effect upon the range of tide. Before and 
after each of these times copy down, say, 6 tides, and determine the perigean and apogean ranges. 
Table 24, column headed "6 tides," is employed in makiug the correction for phase. The high 
and low water diurnal inequalities are taken at the times of greatest and least parallax effect. 
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The inequality factor for a short series is approximately equal to 

0.9 .:> + (__§_ )-2 + 0,08 ~ .. (HW inequ~lity)2 _t ~·._.__ (LW i~equality)2 (l~9) 
Mn n M~ 

where n is the number of perigees and apogees taken. For a long series th~ faetor becomes 

0·95 +c Sz )
2 + 0·04 HWQ

2 + LWQ
2

, (130) 
Mn_ Mn2 

34. Example. 
A month's observations at Sitka, Alaska, will illustrate what has been said concerning the 

reduction of parallax tides. 

Si:ka, .Alaska, 1893. 

Midtime tides. 

From first reduction, July 1-29, 1893: Mn= 7·3I feet. 

h_ m_ 

Longitude of ephemecis (E) o oo W. 
Longitude of time meridian ( S) 9 OI 

E-S=-9 oI 

From phase reduction: S, = (5} - o·oI Mn= 0·78I foot; r (S.; M,) = 26h·5. 

M1:l~::-- -r-----------;;~-:- 1--------
+ E - S. !-- J-1 W I L W i .. ~~ vcr~g:.- - Observed. [ Average.· ·1 

Range. __________ , 
I 

Corrcct10n. i Corrected. i Correction. 

;------- ·--- ··-· -·--· ·---·------- ·---· ----i-----------------·--- ·----
i d. It. m. d. h. m. i d. h. m. Feet. ! d. h. 

July 3 2I ·6 

A to P 

July 17 I5·8 

PtoA 

2 I5 25 2 20 50 4 ·7 
3 2 30 3 9 45 IO~ 
3 15 58 3 21 I 4 5 ·o 
4 3 12 4 9 54 4 00 34 8·9 
4 I6 37 I 4 22 IO 5·3 
5 4 05 I 5 IO 27 7 ·5 
5 I7 23 I 5 23 23 6·o 
6 5 og 6 II I4 6·I 
6 I8 03 7 0 32 7·0 
7 6 22 7 12 18 7 3 I9 4·7 
7 I8 46 8 I 49 8~ 
8 7 49 8 I3 03 3·6 

I6° I 

16 I5 
17 2 
17 I5 
18 3 
18 16 
19 4 
19 I7 
20 5 
20 18 
21 6 
21 I8 

56 I6 8 46 I 
I9 I6 21 04 
50 I7 9 31 
59 ; 17 21 47 
47 ' 18 9 56 
38 I8 22 50 
40 I9 IO 35 
22 20 0 00 
40 20 11 21 
08 21 0 48 
52 21 12 10 
46 22 2 00 

I 

I7 12 32 I 
I 
I 

20 14 59 

12·7 
7·2 

11·4 
7·4 
9·0 
7·2 
6·8 
7·0 
4·5 
6·8 
2·9 
7·0 

.Feet. 

7·35 
7·50 
6·95 
7"IO 
6·40 
6·75 
6·05 
6·55 
5·85 
6·45 
5·90 

9·95 
9·30 
9·40 
8·20 
8·10 
7·00 
6·90 
5·75 
5·65 
4·85 
4·95 

-0·47 s. 
-0·29 
-0·08 
+0·13 
+0 ·37 
+0·60 
+0·83 
+I·oo 
+I·13 
+1·18 
+I"I3 

-0·61 
-0·45 
-0·29 

o·oo 
+0·26 
+0·48 
+0·70 

.+0·90 
+1·05 
+1·15 
+1·I6 

Feet. Feet. 

-0·73 
-0·45 
-0·12 
+0·22 
+0·58 
+0·94 
+1·30 
+1·56 
+1·77 
+1·84 
+1·77 

-0·95 
-0·70 
-0·42 

o·oo 
+0·41 
+0·75 
+1·09 
+1·41 
+1·64 
+1·80 
+1·81 

6·62 
7·05 
6·83 
7·32 
6·98 
7·69 
7·35 
8·11 
7·62 
8·29 
7·67 

9·00 
8·60 
8·98 
8·20 

8·5I 
7·75 
7·99 
7·16 
7·29 
6·65 
6·76 

Age = v ( 20 + 70) = 45 
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Sitka, .d laska, 1899. 

k. "'· 
P,.rigean and apogean tides. Longitude of ephemeris (E) o oo W. 

Longitude of time meridian (S) 9 01 
E-S= -- 9 o 

----------------------------·--- -

Time. 
Per~cc. apogee, --------+ -S+45•. 

J-IW LW 

' I 1 
Height. / 

------------,----- ---·------

LW Average. 1-IW 

------------
d. k. d. h. m. d. h. m. 

II 22 29 12 5 40 
12 12 17 12 17 29 

i d. "· "'·I .Feet. Feet. 
15 ·7 2·1 
12·9 S·o 

July 13 11·5 12 23 26 13 6 28 
13 13 09 13 18 21 
14 0 22 14 7 18 
14 13 55 14 19 19 

16·1 1 ·9 
13·5 7·8 
16·3 . 1 ·8 
IJ"9 I 7·6 

13 9 20 

____ 6 ___ 1 ____ 6 __ _ 

88·4. I 29·2 
14·73 4·87 

Group od 2lb before springs. Correction in terms of S. - 0·87 + 0·87 
" " feet - 0·68 + 0·68 

24 II II 24 4 
24 21 34 24 15 

July 25 14·2 25 II 40 25 4 

I 
25 22 20 25 16 
26 12 08 26 5 
26 23 02 26 17 

07 
21 
47 25 13 46 
34 
27 
04 

14·05 5·55 
Perigean range = 8·50 

~e':. }= 2·6 ~~'. }= 5·9 

11 ·3 
13·5 
II ·8 
14·1 
12·7 
15·3 

6 
78·7 
IJ"l2 

S"3 
9·3 
4·8 
9·2 
4·6 
9·6 

Group 4d ooh before springs. Correction in tcnns of So - 0·17 

6 
42·8 

7·13 
+ 0·17 
+ 0·13 

7·26 
" " feet - 0·13 

35. Treatment of parallax reduction results. 

STATIOJ';. 

Parallax tides. 

Amplitude relations. 

(1) Perigean range from reduction. 
(2) Apogcan range from reduction. 
(3) t [(1)-(2)J=approx. (N0 - L,). 
(4) (3) X group factor, Table 35. 
(5) ( 4) X inequality factor. 
(6) f(N,), f(L,), Table 10; c, Table 34. 

(7) -- -~)- -- =N •. 
cf(N•)-t /(Lo) 
(1)+2{N.(1-c)+o·4[(4)-(3)Jf=perigean range, Pn. 
(2)-2{ N0 (1-c)+o·6 [(4)-(3)) !=apogean range, An. 
Pn and An are reduced to their mean values by Chapter IV. 

Epoch relations. 

(8) Age from reduction (hours). 
(9) Mo0 -(8)xo·544=N•0

• 

12·99 
A pogean range = 5·73 

~-I w}= 2·3 meq. ~~}= 4"4 

(1) 8·50. 
(2l 5·73. 

SITKA, ALASKA, 1893. 

Parallax tides July I9, I893. 

Amplitude relations. 

(3) i[8·50-5·73)=0·692. 
(4) 0·692 x 1 ·02=0·706. 
(5) 0·706 x 1 ·041 =0·735. 
(6) /(N,)=0·967,_{lL,) =0·64, c= 1·05. 

(7) o·735 = o·735 = o·801 =No. 
1·05 xo·967-to·68 0·918 

8·50+2!0·801 x (--0·05)+0·4[0·014J!=8·53=Pn. 

5·73-2{0·8o1 x (-0·05)+0·6[0·014Jf=s·65=An. 

Epoch relations. 

(8) 5"45=r(N•; M.). 
(9) M.0 -24·5=-21·1 =338·9=N,0

• 
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REDUCTION OF DECLIN.A.1'ION.A.L TIDES. 

36. Moon near the equator. 
Whenever the amplitude of the diurnal wave is small in comparison with that of the semi

diurnal, we have 
Hange of diurnal wave= v(HW iuequality) 2 + (LW inequality) 2 (131) 

The minimum value of this rauge aud the time of its occurrence are found by means of the reduc 
tiou headed "Minimum diurnal tides." The time of thi1:1 event diminished by the observation time 
of moon on equator is the uncorrt>ctell age of the diurnal inequality, or of 0 1 relative t-0 K 1• 

In determining tbe minimum diurnal tide, several days' observations should be used, begin
ning shortly before the moon crosses the equator. The HW iuequality or LW inequality should 
be made to change sign whenever either passes through zero. The following process may be 
employc~d: · 

Plbt the numerically greater inequality, and thus determiue when it becorm'R r.ero. The equa
tion of this straight line may be written 

. y=mt (132) 
The lesser inequality when plotted will approximately follow a straight line whose equation is 

t y a+ .,.) = i ·(133) 

The sum of the squares of the tV'"O y's becomes a minimum when 
b2 a 

t = aFni2 +b2 (134) 

If the speed of the diurnal wave is less than m1, prefix the minus sign to the minimum range. 
The minimum ranges ·should be taken in pairs in order to elimiuate Q 1 from 0 1• 

37. Moon far north or south. 
The uncorrected age of the diurnal inequality having been found, increase the times of extreme 

declination thereby, thus obtaining the times when the amplitude of the diurnal wave becomes a 
maximum. At these times tropic tides occur; in the reduction, one or two or more high waters and 
as many low waters are taken on either side of each time. It may be noted that for any one 
determination of the quantities directly connected with the tropic tides, the luuitidal intervals 
having approximately equal values should be written in the same column. From a reduction of 
the high waters and of the low waters, according to the accompanying form, the following uncor
rected quantities are obtained: 

Intervals, heights, Ge, Sc, Mc, HWQ•, LWQ. 
Both heights and intervals of the great tropic tides can always be obtained from the 

reductions; but the small tropic tides can not be so obtained where evanescent tides occur. At 
euch places Sc may be roughly inferred from the equation 

Ge+ Sc=2 Mn. 
The tropic range of the diurnal wave for a given time becomes approximately known by the 

formula 
(137) 

The amplitude D2 of the semidiurnal wave when the moon is far from the equator is approxi
mately equal to 

(138) 

•It is here supposed that LWQ > HWQ. HWQ indicates merely that the order of taking the tropic higher 
high and lower high water, has remained the same throughout tho series. 

At stations where the order of the high waters, say, is sometime1:1 reversed, even when the moon is far from the 
equator, a periocl of six months, or some multiple thereof, should be used in finding HWQ and X, 9 21. These 
quantities are reduced to their mean values by Chapter IV. 

When a short series is used, X and HWQ should be computed from P 1 =0·331 K,, 9~ 39, 40, and the correoted 
HWQ, by means of the formulm 

Cos X 180° = HW-Q 
2P, ' 

2 . 
HWQ=2 P1 ((1-2 X) cos x 1800+;r Bill x 180°] 

(135) 

(136) 
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where Mc is the mean of Ge and Sc. If Mc is poorly determined, the formula 
n2 

D 2 = 0·44 Mn - 0·06 _ 1_ 
Mn 

(139) 

should be used. 
Having found D2, two ratios are obtained by dividing HW-Q and LWQ by 2 D 2• The inter

section of two curves upon Plate III which correspond to these ratios gives an amplitude (in terms 
of D 2) and a HW phase. 

Stations where the tide is usually diurnal.-The quantities to be obtained from the reduction 
are tlie intervals (properly distinguished) and the heights of the tropic tides; also, approximately, 
mean sea level and the mean semidaily range of tide. For most stations, the two latter quantities 
can t>e found whenever the moon is near the equator, and especially about the times of the 
equinoxes. From these results are determined the ratio Ge 7 Mn, the duration of the great 
tropic range (always taken to be less than a half lunar day), and whether the tropic high or tropic 
low water, departs farther from mean sea level. By means of Table 20 an amplitude and HW 
phase become known. 

Rule for distinguishing between the qurdrants : 

S HHW to LLW {
Interval (HW or LW) marked (a) HW phase falls in 1st quadrant. 

equence " " " (b) " ,, " 3d " 

{

HW interval marked (a) " " " 4th " 
LW (b) '' " " " " 

Sequence LLWtoHHW 
HWinterval marked (b) " " " 2d " 
LW (a-) " " " " " 

It is assumed that the HW interval is taken approximately equal to M 20/2!) and the LW 
interval, to M20;2u + 6h; also that the mean intervals have the marks (a, b) belonging to the 
intervals of the great tropic tides, § 53. 

38. Example. 
Declinational reductions for a month's observations at Sitka, Alaska, are given below: 

Sitka, A/aHka, 1899. 

.llii11i11111111 diurnal tide. 
h. IJI. 

Longitude of ephemeris (E) o oo W . 
Longitude of time meridian (S) 9 OI " 

!·.'---S=-9 oI 
----------·--- ------- --- ------------

Average. 

llcig-ht. I ncquahty. \ 
---· __ --· _________ , Time and value of 

I, 1· minimltm range. 
H w L w 1-J w I L w . 

Feet. --Feet. --li--l---
12·8 4·0 . . 
I3"2 7·8 +o 4 -3 8 
12·9 4·3 +0:3 -3:5 
I2'5 7·6 -0.4 -3_3 
I3'2 5·0 -0 7 -2 6 
12·0 7·2 -I"2 -2·2 
I -(> 5 -I·6 -I·3 July6, 8h 

Time. 
!\loon on equator 

+ E- S. ,--------1---- · 
I 1-1 W Average. I L W 

--------'------- ______ i ______ 

d. h. i d. h. m. d. ''· m. i d. h. 111. 

3 I5 58 

I 

3 9 25 
4 3 I2 3 2I 14 
4 16 37 4 9 54 
5 4 05 4 22 IO 

July 5 I7'9 5 I7 23 
5 23 I6 I 5 IO 27 

6 5 09 5 23 23 
6 I8 03 6 II I4 

d. It. 111. 

5 16 55 

3 ·9 -2·2 --0·7 6 6 " 5, I8 II '4 . -2·6 +o·I ______ , 
I4'0 67 14=age. 

7 6 22 I 7 0 32 
7 I8 46 

I 
7 I2 I8 

8 7 49 8 I 49 11·2 5·8 - 2 '8 +o·9 Range= 2·20 

I6 I 56 ' I5 20 13 I6·3 7·8 +I·2 Iu 15 I9 I I6 8 46 I5 'I y6 -.+'2 

I7 2 5<' I 16 2I 04 15 ·7 7·9 +o·6 -4·3 

I7 I5 59 ! 17 9 3I 14·7 4·3 +I·o -3·6 

July I8 I8 3 47 I I7 2I 47 I4"0 7'3 
-0·7 -3·0 

9·3 I8 I6 38 
I8 IO I2 ' I8 56 

I8 3 52 5·0 -0·2 -2·3 July 19, 6h 9 I4"2 
I9 4 40 I8 22 50 I2'7 7·0 -I'5 -2·0 " I8, 9 

' I9 I7 22 I9 IO 35 I3°8 5·9 
-I·I -I·I 2I =age. 

120 5 40 20 0 00 11 ·6 6·8 -2·2 -0·9 Range=r-6o 
20 I8 08 20 II 2I I3'7 7"I -2'I +0·3 

Uncorrected age= i ( I4 + 21) = I 7'5 
Average date of moon on equator+ age= July I2 
Minimum range = I·90 i 

' 
S. Ex. 8, pt. 2--11 
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Trupic high wafers. 

UNITED ST.ATES COAST .AND GEODETIC SURVEY. 

Sitka, .dlaska, 1893. 
h. m. 

Longitude of ephemeris ( E) o oo W. 
Longitude of time meridian (S) 9 01 " 

E-S=9 Ol 

From first reduction, July 1-29, 1893: Mean interval = 9h 45m. 
From phase reduction: S2 = (5) - 0·01 Mn·= 0·781 foot; r (S,; Mo)= 26h·5. 

---------------- ·---·--------

Moon. 

i 
Extreme declination. I 
+ E-S+ 17"5. I 

-----'-
d. h. 

July 12 17·4 
N. 

July 26 
s. 

13'7 

d. 
II 
II 

12 
12 

25 
25 
26 
26 

Transit. Time of high 
water. 

Time. 

h. 
9 

22 
II 

23 

9 
21 
JO 
22 

I Kind. j 
__ i __ ._ ·---· 

m. I , d. 
55 i un II 

28 I In 12 
01 un 12 
34 l n 13 

19 l s 25 
45 us 26 
II l s 26 
37 us 27 

h. 111. 

22 29 
12 17 
23 26 
13 09 

22 20 
12 08 
23 02 
12 45 

Mean 
Corrected for phase 

Lunitidal Interval. Height. 

'---------- ---------------------

L For ! C , !'or I 
: ~I 1:-~J __ _:r n. u:_~_j __ c._,o_r_r'_n_. -I 

Fed. 1· I Feet. I 
15·7 1' ·60s,1· i 

12·9 
16·1 I ·83 

u n, Is. or In, us. 

h. h. Ill. 1Jl. 

12 34 
13 49 ·75 s. 

12 
13'5 13 35 

14·1 I ·15 , 
14 23 I 12·7 

1

. _ ·36 
12 51 15'3 - '52 

14 08 13·2 ' - ·68 ---,-----.----.--1---.-- --.--1--.--
49 Ill 54 115 61·2 -2·10 52·3 --2·69 
12 43 13 59 15·3:i 1- ·52 13·08 - ·67 
12 15 13 31 14·89 12·56 

13 01 

-'----------------------·-- -·----- ~-------'--------------------~ 
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Sitka, Alaska, 1893. 

Tropic low water;. 

;\loon_. ______ __I 
Transit. 

Extreme declination --------I
i Time of low 

\'Irater. 

Lunitidal 

u n, Is, or + E - S +in•. I 
------l~_".: __ 1 Kind.1------i----

d. It. d. It. m. ; d. It. m. It. m. 

July 12 
N. 

July 26 13·7 
s. 

II 9 55 1 U n II I6 36 
II 22 28 ' 1 n 12 5 40 
12 II OI u n I2 I7 29 
I 2 23 26 1 n I 3 6 28 

25 9 I9 1 s 
25 2I 45 u s 
26 IO II Is 
26 22 37 us 

25 16 34 
26 5 27 
26 17 04 
27 6 11 

Mean 
Corrected for phase 

Mean of tropic ints. = 
" int. first red'n = 

Diff. = 

39. Treatment of deolinational reduction r68Ults. 

7 I2 

6 54 

7 42 

7 34 

4 
27 142 
7 20 
6 52 

IO I3 II 
9 45 

-----
28 

interval. I 
·-- ... ---·-

1 n,u s. 

lz. fll. I 
6 41 

6 28 

7 15 

6 53 

-----
4 

25 I37 
6 49 
6 21 

I 

I 

It. m. 
Longitude of ephemeris (E) o oo W 
Longitude of time meridian ( S) 9 01 " 

E-S=-9 01 

-- -----·---··---····-

II eight. 

I 
For Corr'n. For Corr'n. LLW. HLW. 

Feet. Feet. 
8·4 + ·53 s. 

2·1 + ·69 s~ 
8·o + ·79 

I ·9 + ·87 

9·2 + ·05 
4·6 + ·27 

9·6 +·44 
4·7 + ·60 

----
4 4 4 4 

I3°3 +2·43 35·2 +I·8I 
3·32 + ·61 8·8o + ·45 
3·80 9·I5 

I 
Average date of extreme declination + age =July 20 
Great tropic range 11 ·09 
Small tropic " - 3·41 
High water inequality - 2·33 
Low " " 5 ·35 
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(1) 
(2) 

(3) 
(4) 
(5) 
(6) 

STATION. 

Dec/national tides. 

Amplitude relations. 

Minimum semirange of diurnal wave from reduction. 
F (K1), Table 10; ci, Table 31. For av. time of min. diurnal tides. 

HWQ from reduction. 
LWQ 
(3) X group factor. 

(4) x " 
(6') Ge from reduction+! [(S) + (6) - (3) - (4)]. 
(6'') Sc " " - ! [(5) + (6) - (3) - (4)]. 
(6'") Tropic LLW from reduction - ! [(6) - (4)]. 

(7) V (S)" + (6)11 =approx. 2 D1• 

(8) 0·88 Mn-· 0·03 <;]~ = 2 D,. 

(5) HWQ 
(8) = 2 n. · (9) 

(10) 

(II) 
(12) 

(13) 

(14) 

(15) 
(16) 
(17) 

(6) LWQ 
(8) = 2 n. · 
Amplitude and HW phase from Table 19. 
F(K1), F(0 1), Table 10; c11 , Table 31. For av. time of tr0pic tides. 

(1) + (11) = K1' 
C1 + Cu 

CJ (11) - CJI (1) 
0/ 

C1 +Cu 
Ki' X F(K1) = K 1. 
01' X F(01) = 0 1• 

I and .F (Mn) for middle of series, Tables 6, 14. 
( 18) Mn from first reduction. 
(19) (18) X F(Mn) =Mn 

S, K1 + 01 
<20

) t Mn' -t Mn" 

(21) Tabular value, Table 23. 
(22) t (19) X (21) = (1 + t) M,. 

(23) 
(24) 
(25) 

(26) 
(27) 
(28) 
(29) 

(30) 

(31) 

Nonharmonic quantities (see Chapter IV). 

I ·02 (K1 + 01) 
cu K1• + 0,1 = 1 ·02 F, 

(S) X 1·02F1 =HWQ (6) X 1·02F1 =LWQ 

(tropic HHWI from reduction - HWI*J X 1 ·02 /ii+ HWI t =tropic HHWI. 
[tropic LHWI from reduction - HWIJ " =tropic LHWI. 
[tropic LLWI from reduction - LWI] LWI =tropic LLWI. 
[tropic HLWI from reduction- LWI] =tropic HLWI. 
((6')-(18)) X 1·02.F;+(19)=Gc. 
((6") - (18)] " =Sc. 
[Gt from first reduction - (18)] X 1 ·02 F 1 + (19) =Gt. 

2 (19) - Gt= SI. 
Mean LW from first reduction -t [(19) - (18)] = LW. 
[(6111 ) - mean LW from first reduction] X 1·02 Fi+ LW =tropic LLW. 
[LLW from first reduction-mean LW from first reduction] X 1 ·02 Fi+ L W = LLW. 

Epoch relations. 
Age from reduction (hours). 
(23) X 1 ·098 =approx. (K1° -o,n). 
(24) +acc. in K 1 due to Pi. Table 31, = K 1°- 0 1°. 

0·911 (K1°-01°=r(01 ; K 1). 

Mean lunitidal interval exceeds mean tropic interval (minutes). 
(26) x 0·483. 
2 HW phase from amplitude relations. 
(27) + (28)- acc. in K 1 due to P1, Table 31, = M, 0 

- K 1° - 0 1°. 
M.0+(25)-(29) =K,o. 

2 

M,o - (25)- (29) o 
2 =01 

•Not corrected by (125). I Corrected by (125). 
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SITKA, ALASKA, 1893. 

Declinational tides, July, r893. 

(1) 0·95. 
Amplitude relations. 

(2) F(K1) = 0·905, c, = 1.243; July 12. 

(3) 2·33. 
(4) 5"35· 
(5) 2·33 x 1 ·01 = 2·353. 
(6) 5"35 x 1 ·01 = 5 ·404. 

(6') 11·09+t[o·o77]=11·13. 
(6") 3·41 -·t [0·077] = 3·37. 
(6"') 3·81 -t [0·054] = J"783. 

(7) v 2·353• + 5·404•=-V 34·740=5·894. 

(8) 0·88 X 7·31-0·03 34 "740 =6·433-0·143=6·290=2D •. 
7·31 

( ) 2·353 
9 6·290 = 0·374. 

(10) 

(11) 
(12) 

(13) 

(14) 

(15) 
(16) 
(17) 
(18) 
(19) 

(20) 

(21) 
(22) 

5·404 = 0·859. 
6·290 

D1 =0·945 Do= 2·972, HW phase= 246·1. 
F(K1) =-0·905, F(01) = 0·854, c11 = 1 ·196; July 20. 

3"922 = 1·608=K11 

2·439 
2·558 
--= 1·049=01' 
2·439 
1 ·608 X 0·905 = 1 ·455 = K,. 
1 ·049 x 0·854 = 0·896 = o,. 
I= 28·23, F(Mn) = 1·022; July 15. 

7"31. 
7"31X1·022=7·471 =Mn. 
1·053 2·351 
3·736=0·28, 3·736 =0·63. 

0·949. 
3·736 X 0·949 = 3·545 = (1 + e) M• = 1·02 M,; .·. 3·476 = M2• 

Nonharmonic quantities. 

1 ·02 (1 •455 + 0·896) ( 2·351) 
1 ·196 x 1 ·6o8 + 1 ·049 = I"02 2·972 = 1 ·02 x o·79i =0·8o7_ 

2·353 X 0·807 = 1·899= HWQ. 5·404 X 0·8o7 =4·361 =LWQ. 

[12 15 - 12 54] X 0·807 = - 31. - 31 + 12 35 = 12 04 =tropic HHWI. 
[13 31 - 12 54] X o·So7 = + 30. + 30 + 12 35 = 13 05 =tropic LHWI. 
[652- 636]xo·807=+13. +13+ 617= 63o=tropicLLWI. 
[ 6 21 - 6 36] X 0·807 = - 12. - 1:1 + 6 17 = 6 05 =tropic HLWI. 
[11 ·13 - 7·31] X 0·807 = + 3·083. + 3·083 + 7·471=10·55 =Ge. 
[ 3·37 - 7·31] X 0·8o7 = - 3·18o. - 3·18o + 7·471 = 4·29 =Sc. 
[10·0.7 ·- 7·31] X 0·807 = + 2·227. + 2·227 + 7·471 = 9·70= Gt. 

14·94-9·70 = 5·24=Sl. 
6·27 -t [7·47 - 7·31] = 6·19 = LW. 

[3"783 - 6·27] X 0·807 = - 2·007. - 2·01+6·19=4·18 =tropic LLW. 
[4·41 -6·27]xo·807=-l·501. -1·50+6·19=4·69=LLW. 

17 ·5. 
17·5 x 1·098= 19·2. 
19·2 + (- 8·6) = 10·6, July 12. 
0·911 X 10·6 = 9·7 = r (01 : K 1). 

-28. 
- 28 x 0·483 = - 13·5. 
2 x 246·0=492·0. 
- 13·5 + 492·0 - (- n ·6) = 490·1, July 20. 
3·4+ 10·6-490·1 

2 =-238·0= 122·0= K1°· 
3·4- 10·6-490·1 =-o---2--=--- = • -248·6 = II 1·4=01°. 

Epoch relations. 

165 



166 UNITED STATES COAST AND GEODETIC SURVEY. 

40. Inferred amplitudes and epochs of components. 

il. 

Component. 

K. 
L.z 

Amplitude. 

0·272 s, 
0·145 N. 
0·194 N. 
0·133 N. 
0·331 K, 
0·1940, 
0·059 s. 

Epoch. 

M.0 + 1 ·098 r ( s.; M.) 
M2° + 0·544r (N2; M.) 
M2°-0·472r(N2; M2) 
M 2°-1·089r(N2; M2) 
K 1°-0·082r(01; K1) 
K1°-1 ·642T{01; Ki) 
Mz 0 -i- 975r(S2; M2) 

i M 2 (duration fal1"'6h·21) 2M2o=F900• 

(MS)4 
2 s. 

M 4 XM; 

Oollection of result.~, Sitka, Alaska. 

K 2°= M.0 + 1·081 (~0-M2°) 
L.zo=2M20-N20 
v2°= M2°-o·868(M,0-N2°) 

(2N)0=2 N2° -M.o 
P1°= K1°-0·075(Ki0-01°) 
Q1°= Ki 0- 1·495 (K1°-01°) 
T.0= M.0 +0·960 (S.0-M.0) 
M.0=2M.o=i=900• 

(MS) 4°= M4°+S.0-M2° 

From 29 days' high and low 
water, July 1-29, 1893. 

From harmonic analysis of hourly 
ordinates • year, 1893~4. 

Amplitude. Epoch. Amplitude. Epoch. 

F,·et. 0 Feet. 0 

K, 1·46 122 I ·51 125 
K2 0·29 32 0·32 20 
L, 0·12 28 0·31 35 
M. 3·48 3·4 3·58 2·6 
N. 0·80 339 0·69 338 

2N 0·1 I 314 
o, 0·90 II I 0·91 106 
P1 0·48 121 0·46 123 
Q1 0·17 106 0·14 1o6 
s. 1 ·05 30 I "14 34 
v. 0·16 342 o·o6 295 

From 29 days' high and low water, July 1-29, 1893. 

h. 1/l. Fut. 
HWI 0 10 Mn 7·47 
LWI 6 17 Ge 10·55 
Tropic HHWI -0 21 b Sc 4·29 
Tropic LHWI 0 4oa Gt 9·70 
Tropic LLWI 6 30 b SI 5·24 
Tropic HLWI 6 05 a Sg 9·59 
Age of phase inequality 26 Np 5·52 
Age of parallax inequality 45 Pn 8·67 
Age of diurnal inequality IO An 5·83 

HWQ 1·90 
LWQ 4·36 
L W (on staff) 6·19 
Tropic LLW (on staff) 4·18 
Mean LL W (on staff) 4·69 

•Use it-!':{ sign when duration of fall ~ 6"21. The determination of M, m this manner 1s necessarily rough. 
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DA'l'UM PLANES. 

42. To determine a. plane of reference, having a given definition 11'ith respect to the tide, when 
only a few observations arc available. 

It is here supposed that observations, or more likely predictions, simultaneous with the 
observations in question are given for a neighboring principal station having a similar type of 
tide; it is also supposed that the observations or predictions at the principal station have been 
reduced to a plane of reference having the required definition. 

Determine from the observed heights at the subordinate station a plane approaching the one 
which definition would require. Call this the approximate plane and let h denote its height above 
the required plane. Find a ra.nge of tide by taking the mean of all observed low waters from the 
mean of all observed high waters. 

Let H denote the height of the tides at the principal station which correspond to the tides 
used in determining the approximate plane at the subordinate station. Let 

observed range at subordinate station r = -- ·-- --- ----- ... --- - -- --·- --- --·---- . 
corresponding range at principal station ' 

(140) 

then 
h = rH. (141) 

The more nearly r remains constant, the better the selection of the neighboring principal 
station. 

As a general rule field parties are supplied with tide tables giving predictions for the time in 
question. Now, unless the predicted heights are referred to a plane of reference having the same 
tidal definition as the one to be determined, they must be reduced to such a plane by adding a 
constant which we must suppose to be given in the tide tables. To dispense with this labor, 
predictions and soundings should be referred to planes having uniform definitions over a con
siderable area. To avoid confusion, which is sure to result near the limits of each such area, one 
definition should be used the world over. 

43.• To determine mean sea level from one month's observations.-Use the period of 29 solar 
days. Take the mean of average high and average low water, or the mean of the hourly ordinates 
if a continuous record be available. 

To determine mean low water from one month's observations.-Use the period of 29 solar days. 
Find the mean range of tide and mean low water for this period. Reduce this range by the factor 
F (Mn), Table 14. Depress the observed mean low water by 

~(mean range- observed mean range). (143) 

The value of (K1 + 0 1)/M2 which is needed in Table 14 may be inferred from some neighboring 
station with sufficient accuracy for the present purpose, or it may be found by means of§ 44. 

To determine mean lower low water from one 1nonth's observations.-Use the period of 27 solar 
days, i.e. a declinational month. Mark the lower low water of each day, and take the mean of 
the values so marked. Subtract this value from mean low water as determined from the 29-day 
period, and multiply the result by the factor 1·02 F,, Table 32. Depress the corrected mean low 
water by the quantity just obtained, and the result will be mean lower low water. 

This plane of reference is unsatisfactory in accurate work, because no one reducing factor, like 
F 1, applies well to all stations. This is especially true where the low water inequality (LWQ) is 
small in comparison with the high water inequality (HWQ). · 

44. 1'o determine the harmonic or Indian tide plane. 
This plane is, by definition, 

(144) 

•To correct the planes of reforenco mentioned in thiR paragraph for the annual and eemiannnal components, 
depress the observation result by 

Sa COB ( h- Sa0 ) +Sea cos (2 lt-Sea0 ) (142) 

where h is the mean longitude of the sun, Table 2<J. Tho amplitndos and epochs of theeo components may be taken 
from a neighboring station. 
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feet below mean sea level as determined from hourly ordinates. Usually it nearly coincides with 
what might be called the tropic lower low water springs. At stations where harmonic analyses 
are available the depression of this plane below mean sea level becomes known at once. 

Where harmonic analyses are not available a month's observations upon high and low water 
may be used, as indicated below, for determining the required plane: 

Select a time near each extreme declination of the moon when the sum of the high and low 
water inequalities is a maximum. Denoting these inequalities by HWQ and LWQ, the tropic 
range of the diurnal wave for the series is, approximately, 

Table 32. 

(145) 

(146) 

From the observations determine spring and neap ranges, denoting them by Sg and Np; then 

( 
HWQ2 + L WQ2 ' 

82 = ! (Sg - Np) 1·02 + 0·04 ---M02--) F2 - 0·01 Mn . (147) 

M2 is obtained directly from Mn; i.e. the mean range from first reduction x F. (Mn), Table 23. 
The quantities Mz, 82, and K 1 + 0 1, taken in connection with mean sea level as determined by 
the preceding paragraph, determine the required plane. This plaue is in quite extensive use 
under the name of low water springs or Indian low water springs. It has the convenience of 
being so low that comparatively few low watt-r heights are negative. 

45. Stations where the tides are usually diurnal. 
When possible, mean sea level should be determined from hourly ordinates. If determined 

from high and low waters, they should be taken in pairs, so that each high water taken shall be 
accompanied by an adjacent low water having approximately the same displacement from mean 
sea level. Mean low water (semidiurnal) is here of no consequence as a plane of reference. The 
correction for annual and semiannual components is made as in§ 43. 

The semidaily amplitude of tide when the moon is near the equator is, approximately, 

1·11\12 +correction for phase, Table 24. (148 
S2 may be assumed to be 

M 82 at neighboring station 
2 1\f2 at neigliooring sfiitioii . 

From the observed tropic range we have 

r Ge (M22 + Sz2)] 
K1 + 01 = L 2 - 2 -Ge- x F1 

[obtained by aid of formnloo (65), (73), and (122) ]. 

(149) 

(150) 

Having in this manner found M2, Sz, and K 1 + 0 1 from, Ray, one month's observations, the 
Indian tide plane becomes approximately known. 

FERREL'S EXPRESSIONS FOR INEQUALITIES IN THE TIDE. 

46. If 1.he lnnitidal intervals and heights be classified according to an argument x whose 
period is that of some tidal inequality, the resulting interval and amplitude may, according to 
Fourier's theorem, be written 

B 0 + M/ sin x + N/ cos x + Mu' sin 2 x + N;/ cos 2 x + 

~ Mn + M, cos x + N, sin x + M11 cos 2 x + N;, sin 2 x + 

(7) (151) 

(4) (152) 

where B 0 denotes the mean lunitidal interval, Mn the mean range of tide, and i the characteristic 
of the inequality. These expressions may be written in the form 

B 0 + B, sin (x - E1) +Bu sin (2 x - Eu)+ (7) (153) 

~Mn (1 + R, cos (x - a,)+ R 11 cos (2x - au)+ .] (1) (154) 
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where 

B, = :I:: v t(1C-t71/i = :O~' t,' B 11 = :I:: .,!M1/
2 +~ = e!"~,/ 

N' Nj 
tan F.1 = - M-;,• tan E11 = - Mu'' 

(8) (155) 

~ Mn R, = :I:: v~? = c!~i' z Mn R11 = :I:: vM11
2 + N,.2 = c!'~." 

t N, t Nu an a, = . , an a" = -- -
M, M11 

(5) (156) 

In reducing tides, the observations are taken in groups. For this reason the coefficients B" R,, 
and B,11 Ru as determined above should be multiplied by the factors (a little greater than unity,) 

x 2 - xr and x 2 - xp 
2 sin .Z (x9 - xP) sin (x9 - xp) 

where xp and x 9 are the values of x at the two limits of the group of observations. 
F.1 and a, denote the epoch or lag of the principal term in the expression for any inequality. 

These divided by the•' speed" of the inequality (i.e. the change in x per mean solar hour, say) give 
the "age of the tide" from times and heights, respectively. In all cases we shall assume that x 
corresponds to the hour of (local) transit of the moon, or to the moon's anomaly, longitude, etc., 
as the case may be, and not to the time of high water, low water, or a mean of these times; 
otherwise the value of x would correspond to a time a constant amount in advance or in retard 
of the moon's transit or other astronomical argument. Ferrel adopted this assumption in his 
"Discussion of tides in New York Harbor."* In earlier papers, notably in his" Discussion of tides 
in Boston Harbor"t and in his ''Tidal researches,":j: be has not corrected the E's and a's for the 
lunitidal interval. To make this ~orrection, add the value of the lunitidal interval multiplied by 
the speed of the inequality when the E's and a's are affected with one subscript; use twice this 
speed when there are two subscripts, and so on. 

4 7. To express Ferrel'.~ consta.nts in the harmonic notation. 
For most inequalities this is not an easy matter, especially if much accuracy is required. The 

chief difficulties are, first, the inequality may be due to several components; second, the argument 
x may not vary uniformly with the time. The work given below will illustrate some simple cases. 

Inequality due to a single component B.-From § 2 we have 

where 

B b2 

a A a2 sin (x - 8) 
tan v = o B~b;-;:2-----

1· +A. az cos (x- 8) 

8 =Bo-Ao, 
x = (b-a) t, 

(157) 

t = 2 n 7t - ~ = the time of a high water of .A reckoned 
a a 

from the conjunction of the fictitious moons of A and B, expressed in hours. 

If tan v' = e sin (x - 0) 
1 + e cos (x-0) 

where e is a constant less than unity, then 

v' = e sin (x - 8) - ~ e2 sin 2 (x - 8) + i e3 sin 3 (x - 8) -

= c cos e sin x - e sin 0 cos x - ~~ cos 2 8 sin 2 x + ~ sin 2 8 cos 2 x + 
2 2 

(158) 

•United States Const Survey Report for 1875. This discussion, because of its comparative clearness and consist~ 
ency, will be referred to in preference to hie other works. The left-hand numbers in the above expressions refer to 
corresponding expressions in the "Discussion of tides in New York Harbor.'' 

t United Sta.tel! Co!lBt Survey Report, 1868. 
t Ibid., 1874., Appendix. 



170 UNITED STATES COAS1' AND GEODETIO SUUVEY: 

when v is small, and especially when a is nearly equal to b, 

v 1 [ iJ. • {j e2 2fJ. 9 e2. 2 . a - b e COS u SID .r - e Siil COS X - 2 COS Slll .., a: + 2 SID {J COS 2 ,re + 

= - [.11/ sin x + X/ cos x + 1l(.1 sin 2 x + N,/ cos 2 x + 

where e " Bb N/ = - 0 cos u = - .A a2 cos (RO - Ao), 

11'' e . fJ B b . (BO AO) ·, = 6 SID = .:.ra2SID - ' 

.Mu'='},~ COS 2 {) = 2~2b~~ COS 2 (B0 
- AO), 

N •' e' . 2 J.J Bz b3 . > B A. " = - 2 b sm " = - :.! A z a• sm :. ( o - o), 

Assuming the decrease of interval to be 

then 

3'._ = - [ B, sin (x - £ 1) + Bu sin (2 x - Eu) + 
a 

I ... ----·-- -·- M/ B b h 
B = ± v JJ. 1 ~ + N 12 = -- = - 57·3. -- ours, 

' ' ' cos i:, A. a2 

], 

Bu = ± v Jlf n + N 12 - J!!!{_ = 57·3 1!!._ b
3

_ hours, 
" " - cos fu 2 A 2 a• 

N: 
tan E, = - Jfl,; i:, = {) = 130 - Ao, a small angle, 

i 

N' tan i:., = - M'~,; i:., = 2 {) = 2 (13° - AO), a small angle, 

. J (159) 

(160) 

(161) 

(162) 

(163) 

For a case as simpl~ as this, the auxiliary quantities M/, N/, . . . are introduced merely 
for the purpose of illustration. 

From§ 3 we have 

y = A + B cos (x - ()) + B °!!. tan v sin (x - ()) - 2- A tan2 v + 
a 

+ residual effocts of components not involved in the inequality. (164) 

This may be written, without introducing M,, N,, . . . , 

y = 2- Mn [1 + R, cos (x - a,) + Ru cos (2 x - 1¥,.) + . . . ] (165) 

where 
2B B2 b2 

R, =--,Ru= -
Mn 2 A a2 .l\fo' 

., (166) 

(167) 

When an inequality is due to more than one component, the harmonic expressions for B 0 e0 

R 0 a0 B 11, • • • become more complicated than those just given. Forms (151) and (152) are, 
however, sufficiently general to include such cases. 
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The phase inequality. If A, B denote the components M2, 82, and if there be no tide whose 
speed is a linear function of m2 and Bz, we have 

B 5,.. 3 82 82 h B r.7 3 822 B23 h 
1 = - 1· ~2 ours, 11 = o • _ 2-M·-~ ours, . , 

iu2 mz- 2 m2 

_ 822 az2 
Ru - - -.;-~1 2M' 

- i• 2 m2 n 

a1 = Sz0 - M2° au = 2 (82° - Mz0 ), 

When 1-12 is taken into account, R 1 becomes 

2 (82 + µ2) 
-~n-

. ' 

This should be divided by the inequality factor belonging to the phase reduction,'§ 29. 

(168) 

(169) 

The parallax inequality. Whatever parallax inequality in time there may be is due chiefly 
to the transit selected in taking the intervals. The time coefficients B 2, B 22, • • • of this 
inequality ought to be small, and so will not be considered here. In regard to the constants Rz, a 2 

it may be noted that an approximate value for y is, § 3, 

y = A + B COB (x - {I) + 0 COB (x - }{) + (170) 

and so 
M 2• = B cos {) + C cos x-

N 2• = B sin {) + ()sin x 

B sin 8 + 0 sin " tan a2 =--- -- . (171) 
B COB () + C cos J£ 

When {) = x or 8 = x ± 180°, Rz = 2 (B + C) /Mn or Rz = 2 (B - 0)/ Mn, respectively. HereN2, 

L 2 replace B, C, and 8 differs from x by about 180°. 

Rz = 2 (N2 - Lz), (172) 
Mn 

{) = Mzo - Nzo, 

X = Lz0 - M2° ± 1800, 

a 2 is found from the above expression for tan a2. The value of R2 should be divided by an 
inequality factor belonging to a parallax reduction where the mean, not the true, perigee is used. 

The declinational inequality. The time inequality whose period is a half tropical month, is 
due to the transit Relected and to the sun's declination; it is usually small. The height constants 
R3, a3 have for their approximate values (see§ 16) 

(173) 

Diurnal tides.-In what bas preceded no distinction bas been made between the two high 
waters of a day, or between the two low waters. Let it now be supposed that the differences 
---------- ---------- - ---- -- ------------

•Thie is an auxiliary quantity, not a barmonio component. 
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between the high water heights and also between the low water heights have been found for ea<ih 
day. The amplitude of the diurnal wave for any particular day is approximately equal to 

~ [ (HW inequality) 2 + (LW inequality) 2 ]i (174) 

Having found this amplitude for each value of the moon's longitude (Ji.), the constants involved 
in its expression may be determined. Let us assume the amplitude to be (see Ferrel's New York 
tides, § 22, 1. c.) 

K1 + 01 sin (2 A.. - a1') + 011 sin ( 4 A. - a11'). (175) 

The number of hours by which the maximum amplitude of the diurnal wave follows an extreme 
declination of the moon is 

divided by k1 -o 1 or 1 ·098. This is the age of the diurnal inequality. 



CHAPTER IV. 

TO REDUCE RESULTS TO THEIR MEAN VALUES. 

48. All tidal components which depend upon the moon are assumed to have slightly variable 
amplitudes in order to better adapt them to each year of the luni-solar cycle. The reason for this 
is that if they had fixed amplitudes many additional components would be necessary to take into 
account this irregularity of the tide; moreover, these additional components would have periods 
differing so little from the periods of the components with which they are now combined that a long 
series of observations would be necessary for their independent determination. Besides accounting 
for the small components due to the regression of the moon's node, the variation in the amplitudes 
may be made to take into account still other components whose speeds are nearly equal to the speeds 
of those components with which they are combined. 

The factors F and f, for reducing the amplitudes of the components obtained from a particular 
series to their mean values and vice versa, are given in Tables 10 and 13, which are based upon, or 
copied from, the tables given in Baird's Manual for Tidal Observations. In Table 14 are given F 
for the mean range of tide, for K 1 + 0 1, and X, based upon the factors of Baird's manual and the mean 
values of the coefficients as given in Darwin's report (1883). 'rable 14, for reducing the mean range 
of tide, may be tested by means of the observed ranges at Boston for the years 1848 to 1865, United 
States Coast Survey Report, 1868, page 81, Table VllI, last column; also at New York for the years 
1856 to 1874, United States Coast Survey Heport, 187ii, page 198, Table V, eighth column. The 
ratio (K1 + 01)/M2 is about 0·2 at Boston and 0·3 at New York. 

4!J. The following approximate relations will suffice for reducing reduction results to their mean 
values. In fact, a consideration of the nature of these relations, together with the nature of the 
F's of the components, of Mn, K1 + 01, and X, shows that the left-hand part of these relations lies 
very near to its mean value when tlie quantities composing the right-hand part have their respective 
mean values. To reduce a quantity represented by the left-hand part to its mean value, observe 
the corresponding increase, say, in the right-hand part and apply it to the given quantity, adding 
or multiplying as the caise ruay l>e. 

where 

Sg=Mn+2S2• 

Np =Mn - 2S2. 
Pn =Mn+ 2 (N2 - Li). 
An =Mn - 2 (N2 - L2)• 

HWQ, LWQ, proportional to K1 + 01. 

HWQ•= 2P1 [(1 - 2 X) cos X 1800 +~sin X 1soo] 

cosX1800=~p .. 
- I 

(176) 
(177) 
(178) 
(179) 
(180) 

(181) 

Mean duration of rise or fall ........ 6h.21, proportional to M4• (182) 
Lunitidal interval for the greilt or small tropic tides ....... mean lunitidal interval, proportional to 

K 1 + 01. . (183) 
Duration of rise or fall for the great .or small tropic tides ........ mean duration of rise or fall, propor-

tional to K1 + 01. (184) 
Ge= Mn+ t HWQ + t LWQ. (185) 
Sc= 2Mn -l HWQ- ~ LWQ. (186) 
Gt = i Ge + i Mn. (187) 
SI = t Mn - il Ge. (188) 

Depression of tropic LLW or mea.n LLW below mean LW, proportional to LWQ. (189) 

*Thie supposes HWQ < LWQ; when LWQ < HWQ, the low wat;er values should replace the high water. 
173 
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If K 1 and 0 1 are each known, the variation in K, + 0 1 should be found by means of Table 10 
instead of Table 14. Quantities proportional to K1 + 01 are obviously reduced to their mean 
values by the factor 

K 1 +01 
K?+ O,' (190) 

where the primes indicate values at a particular time as distinguished from mean values. For a 
short series P 1 combines with K 1, and the factor becomes 

1·02 (K1 + 01) (l91) 
en K1' +oT 

to be computed by aid of Tables 10 and 31, when K1 and 0 1 are known; otherwise it may be taken 
equal to 1 ·02 F., Table 32. 



CHAPTER V, 

ON THE CLASSIFICATION OF TIDES. 

50. For places where continuous records of' the tides have been obtained for any considerable 
length of time, it is usually possible to ma.ke predictions based upon the analysis of such observa
tious. But auy tide table would soon become too bulky and expensive if predictions were to be 
given in detail for every place where forecasts are desired. It therefore becomes important to 
find a classification of tides, with the object of referring all stations having similar tides to one 
principal station where full predictions are given. 

The following, assumptions implied in the proposed classification hold true, as regards the 
principal components, for nearly every station where an analysis has been made: 

First. The intervals of the se~l~~~~fal components are approximately equal to one another at 

any particular station. 
Second. The amplitudes of the lu~~~r~~l solar seniidiurnal components bear approximately 

the same ratios to one another at all stations. 
Granting the truth of these assumptions, the form of the tidal wave depends almost wholly 

upon 
(a) The form of the wave composed of the tropic diurnal wave and the principal lunar semi

diurnal component; that is, upon (K1 + 0 1) / M2 and M 2° - K 1° - 0 1°. 
(b) The ratio of' the amplitudes of the principal solar and lunar semidiurnal component; that 

hi, upon S2/M2. . 
(c) The form of the lunar semidiurnal wave; that is, upon M4/M2, 2 M2° - M4°, M6/M2, 

3 l\12° - Ma0 , where, as is nearly always the case, M4 and M6 are the principal harmonics of Mz, 
These quantities being equal at two stations, the tides at the one may be inferred. from those 

at the other. Not only are the times aud heights of high and low water comparable, but also the 
height of the sea or tide at any intermediate hour. When only high and low waters are to be 
compared, the quantities in (c) need not be alike at both stations unless (K + 0 1)/Mz is a com
paratively large quantity; in which case the form of the lunar semidiurnal wave should be 
approximately the same at both stations. 

51. If nonharmonic constants are used the quantities upon which the form of the tide wave 
depends are 

(a') The ratios of the high and low water inequalities in height to the mean range of tide, 
together with the sequence of the four tides of a day; that is, upon RWQ/Mn, LWQ/Mn, and 
whether the order of the tides is from higher high to lower low, or from lower low to higher high, 
the moon being far from the equator. 

(b') The ratio of the semimensual height inequality to the mean range of tide; that is, 
(Sg-Np)/2 Mn. 

(c') The form of the lunar semidiurnal wave. The quantities here selected for determining 
this are the duration of fall and the heights of the sea referred to high and low waters expressed 
in terms of the mean range; that is, LWI- HWI, and heights of the sea or tide at various hours 
before and after high and low water expressed in terms of Mn, when the range has its mean 
value. 

It will be observed that (a'), (b'), and (c') are nearly equivalent to (a), (b), and (c), respectively, 
in fixing the form of the tide wave. Whenever the quantities in (a'), (b'), and (c') are equal at 
two stations the tides are comp~ra.ble throughout. If only high and low waters are to be com-

175 
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pared, the quantities in (c') need not to be a.like at both stations unless HWQ/Mn or L WQ/Mn 
is a comparatively large quantity; in which case the form of the lunar semidiurnal wave should 
be approximately the same at both stations. 

At stations where the tide is usnally diurnal the height inequalities are not easily determined. 
The form of tide may be determined from the duration of the (great) tropic range, together with 
the rise of tropic HHW and the fall of tropic LL W reckoned from mean sea level. The amount 
of. rise compared with the amount of fall shows whether HWQ ~ LWQ. 

52. The sequence of the tides is determined by the following rule: 
If the HW phase, i. e. ~ (M20 - K 10 - 0 10), lie in the first or third quadrant, higher high 

precedes lower low; if in the second or fourth quadrant, higher high follows lower low. If twice 
the HW phase is used, it will lie in the first or second semicircle according as higher high precedes 
or follows lower low. 

Having found that the tides at two stations are comparable, the next step is to give rules for 
referring the one to the other. 

The times.-The quantities which must be applied to the times of the tides at the first station 
to obtain the times of the tides at the second station may be expressed thus: 

Difference for HW = (HW)11 - (HW),= (HWI) 11 - (HWI), + S, - 8 11 

+ 1-s10 (L11 -L,)+ n (12h 25w), 
J)ifference for LW = (LW)11 - (LW), = (LWI)11 -(LWI), + S, - S11 

+l:i1u (L11 -L,)+n (J2h 25m); 

(192) 

where .£,, L 11 are the longitudes of the stations and S,, 811 the longitudes of the time meridians, 
all expressed in time and reckoned westward from Greenwich. n (1211 25rn) is such a multiple of a 
half lunar day as will cause the diurnal inequality at the first station to properly reappear at the 
second. .As the form of the tide wave changes slowly from one day to another, n can be so taken 
as to allow for the change in date wllich occurs in crossing the Pacific Ocean, at the same time 
keeping the tidal differences between the limits - 1211 25m and + 12h 25m. 

When the tidal waves at the two stations are of the same form, the time "difference for HW" 
is equal to the "difference for L W;" in fact, all like phases of the tide at the two stations are 
directly comparable by means of this time difference.· 

The transit.-Rules for computing the high and low water establishments and for determining 
the sequence of the tides from harmonic constants alone have already been given. The question 
which now arises is, To which transit must a highwater interval (whose value is nearer 
M 20/28·98 than to M20/28·98 ± 1211 25m) be applied in order to obta:iu a higher high water when 

the moon's declination is nortthh ! The answer is, au
1
upper transit must be used if the HW phase sou. 1 a ower 

lies in the first or fourth quadrant, and a lower if in the second or third quadrant. In order to 
an uppPr 

obtain a lower low water when the moon's declination is ~~~~~; ~nlo~J~er transit must be used if 

the HW phase lies in the first or second quadrant, and a lower if in the third or fourth quadrant an upper 
(supposing the low water interval to be nearer 1\120 /28·98 + 6h 13m than to M2o /28·98 + 6h 13m ± 
12h 25m). 

These statements enable one to decide whether n in the above equations is od!l or even. 
If the intervals at the two stations refer to the sa.me transit, then n = o or some even integer, as 

- 2 or + 2; if to opposite transits, n =some odd integer, as - 1 or+ 1. 
53. The following rules are•here collected together for convenience of reference: 

Sequence of tides. 

oo < M2o- K 1o- 0 10 <1800, HHW precedes LLW; 
1soo < M2o - K,o - 001 <3600, LLW precedes HHW. 

Greater height inequality. 
- 900 < M2o - K,o - 0 10 < 900, HWQ > LWQ; 

900 < M 2o -K1o- 0 10 < 2700, LWQ :5 HWQ. 
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The transit. 

For HHW use For LBW use 
IIWI taken ap

p ro xim a tely 
equ.altoM2°/29 
hours. 

LWI taken ap
proximately 
equal to HWI 
+ 611 13"'. 

- 900 < 2 (M2o - K 1o - 0 1o) < 900 

900 < 2 (M20 - K 10 - 0 10) < 2700 

oo < 2 (M20 - K 1o _ 0 10) < 1800 

1800 < 2(M2o - K 1o - 0 10) < 360o 

upper north, or 
lower s o u th; 
lower north, or 
upper south. 

For LLW use 
upper north, or 
lower sou th; 
lower north, or 
upper south. 

lower north, or 
upper south; 
upper north, or 
lower south. 

or HLW use 
lower north, or 
upper south; 
upper north, or 
lower south. 

. an upper north or a lower south . a 
Intervals apphed to a lower north or an upper south transit, may be marked b" At stations 

where HLWWQQ < ~ P1:.1' the order of 1high waters may be reversed even when the moon is farthest <"' 1, ow 
from the equator. See§ 21. 

The heights.-If the planes of reference at the two stations have the same definition with 
respect to the tide, corresponding heights at the two stations differ only by a constant factor. 
This factor is usually taken as the ratio of the mean ranges. Where evanescent tides frequently 
occur, the ratio of the (great) tropic ranges or of the great diurnal ranges, should be used instead. 
If the planes of reference have different definitions at the two stations, the heights at one of tile 
stations must be properly reduced before applying the factor. 

The height differences are 

(Mn) 
Difference for HW = C (Mii)~- D + (l\111) 11 - (Mn)" 

(Mn) 
Difference for LW =C-(Mn):'-D, 

(193) 

where D is the depression of the plane of reference below mean low water at the principal station 
and O the depression below mean low water at the principal station of a plane there having the 
same definition as the plane of reference at the subordinate station. 

When the two stations are far apart, it will generally be necessary to allow for the long period 
components if absolute heights of the tide are required. 

l54. Tides comparable by inversion. 
When the tide at a subordinate station is similar to the one at the principal station inverted, 

the ~: at the subordinate station is proportional to the ~~ at the principal station, the plane 

of reference being mean sea level. To ascertain if such a comparison can be made, find the 
quantities in (a), (b), and (c). The procedure is as in the case of tides directly comparable, except 
that Mz° - K1° - 0 10 and 2 M 2o - M40 should no longer have the same values at the two 
stations, but each should be 1800 greater or less at the one station than at the other. Using 
nonharmonic criteria, LWQ at the one station should be proportional to HWQ at the other. 
The duration of fall at the one should equal the duration of rise at the other. 

55. To infer harmonic constants through the comparison of nonharmonic constants, and con
versely. 

Supposing the tides to be similar at two stations, we have for any short period component () 

(CO) - (CO) . (HWI)I/ + (LWl)I/ - (HWI), - (LWI),, 
11- ,+c 2 (194) 

0 
(Mn) 11 

( ) 11 = ( 0), x (Mn),· (195) 

S. Ex. 8, pt. 2--12 
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If the tides are not exactly similar, i.e. if the quantities (a'), (b'), and (c'), § 51, differ slightly at 
the two stations, then, instead of equation (195), we have 

(}In)// 
(C2) 11 =(Ci), x (l\ln), 

where C2 denotes any lunar semidiurnal component; 

where 0 2 denotes any solar semidiurnal component, including lunisolar IC2 ; 

where 0 1 denotes any diurnal component; 

(19G) 

(Hl7) 

(198) 

(Hl9) 

where 04 denotes any quarter diurnal component; and where the upper or lower sign is used 
according as L WI is taken greater or less than H WI. 

For inferring uonharmonic constants through the harmonic, we have 

(HWI) = (HWll + (~~11_-::-:_(M2':21, 
II 

1 lllz 

(M ) _ (M ) (:\12) 11 n II - Il I x '.\·I --·. (. 2), 

(200) 

(~01) 

(202) 

If the tides are exactly similar, Mn in the equation last written may be replaced by an~' other 
quantity measurable in feet, as H\VQ, Sg, etc. If, on the other hand, (a), (b), and (c), § ;)O, 1litli.•r 
somewhat at the two stations, then the following equations should be used: 

(LW(\) - (LWQ) x (Ki_fOi)!..! 
>{, II - I (K1 + Oi),' 

(2U:J) 

(20.J.) 

(205) 

The deviation of a tropic interval from the mean is obtainell by multiplying the value 111' t lti,,; 

deviation at the first station iJy_(lJ((1 + ~)1 ) 11 • In tllis connection see§ 4U. 
( 1+ 1), 

Long period components are taken from a neighboring ,,;tation and without alteration. 
If the 11011lmrn1011ic quantities at the sccornl 8tation arc not; properly corrected for the effect 

of tidal (not accidental) inequalities, they should be used along with the same quantities obtained 
simultaneously and in like manner, at the first station, using either observations or predictions. 
If the 11onharmo11ic quantities arc affected with accidental inequalities, it is important that the 
t\\ro stations be situated near each other, and that si111ulta11eous observations be used in making 
infore11ces. 
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56. Cotidal l-incs. 
A cotidal line is an asseml>lage of poi11ts on the earth's surface where tides occur at the same 

al>solute time. 
The numl>er of each such line is usually taken as the lunar time (i. e. the lunar hour after 

upper or lower transit) at Greenwich when H\V occurs at stations along the cotidal line. If solar 
hours are used, reckone1l, of course, from the time of the moon's transits, each period of cotidal 
Iiues will consist of 12·4:..l ltonr·liues iustead of 12. 

The cotidal lunar hour of a place whose west longitude iu time equals Lis 

0·9136 HWI + L, 
or more exactly, 

0·483 (HWI + LWl 'f fl·210) + L; 
while the coti<lal tmlar hour is 

11 v\' l + I ·O;);) D, 

01· mo rt~ exactly, 

!l_~l_ +_ L\VI =i= li·11210 + 1·03;i L 
2 . 

The \1J)~~~ sign is used when the low water interval is taken gi~~~~r than the high water. 

(207) 

('.!08) 

The cotidal lines relating to the semidiurnal portion of the tide are quite distinct from those 
rela.tii1g to the diurnal. 

'l'he tropic high aud low water intervals of the diurnal wave are ol>taincd thus (see§ Ui): 

HWI (a)= ~{~+_Qi~ (209) 
29·2 

LWI (a)= HWI (a} :L 1211 2om. (210) 

To change the transits add or sul>t.rnct 12 11 25111
• 

The cotidal lunar alHl solar hours for tl.e diurnal wave become 

and 

respectively. 

<MWli JIWJ (a)+ L 

IJWI (a)+ 1·035 L, 
(211) 

(:!12) 



CHAPTER VI. 

PREDICTION OF TIDES. 

TIDE-PREDICTING MACHINES. 

57. British tide-predicting machines.• 

The object of these machines is to continuously sum the series 

H. +A cos (at+ a)+ B cos (bt + 11)+ 
or to trace the curve 

y = H 0 +A cos (at+ a)+ B cos (bt +fl)+ 
thus giving the height of the sea or tide at any particular time. 

(213) 

(214) 

Among the earlier mechanical devices for summing a series of cosine or sine terms, where the 
angles vary uniformly with the time t, or with the angle fi, may be mentioned the following: t 

In the British Association for the Advancement of Science Repo{·t for 1845, Cambridge Meet
ing, I~ev. F. Bashforth mentions a ma~hine for describing the curve 

p=A cos (a e+ a)+ B cos (be+/])+ (215) 

where A, B, 0, ·a, b, c, are real quantities, integral or fractional. He applies 
it to the liuding of real roots of the algebraic equation 

+p .. =0 

where n is a positive integer. By writing x =cos {}this equation becomes of the form 

q., cos n () + qi cos n - 1 e + 
The values of cos (} at the intersections of 

p = k + q0 cos n fJ + q1 cos n -:::. i fi + + q,. 

and p=k 

are, obviously, the roots required. 

(216) 

(217) 

In the Proceedings of the Royal Society of London, Vol. 18 (1869), pages 72, 73, Mr. W. H. L. 
Russell shows how the eurve 

y = A cos (at + a) + B cos ( bt + /1) + (218) 

may be described mechanically. From his diagram it will be noticed that the mechanism is ''sub
stantially the same as that of the tide predictor" (No. 2 or 3). 

In the Minutes of P1·oceedings of the Institution of Civil En~ineers (London), Vol. 65, page 
16, a des1·ription is given of a wooden model designed by Sir William Thomson and constructed 
for him in 1872-73. This model made provision for eight components, and its plan was very like 
tide predictor No. l. 

------ -------··----··-------·~·-----

"For an account of these ma.chines see the Minutes of Proceedings of the Institution of Civil Engineers 
(J,..ondou), Vol. 65 (1881), pages 15-72. 

For "predictor No. 1" see Thomson and Tait's Natural Philosophy. 
For the Indian predictor see also Proceedings of the Royal Society of London, Vol. 29 (1879), pa.gos 198-201, 

ard especially Tho Engineer (London) of December 19, 187!J, where drawings of the machine are given. 
t Sec Popular Lectures and Adrlresses by Sir \Villiam Thomson, Vol. III, page 185. 

''"' 
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Tide predictor No. 1.-This predictor, designed by Thomson, was constructed in about 1876. 
It contaimJ ten components and is described in Thomson and Tait's Natural Philosophy, Part I. 
It differs from Nm1. 2 and 3 in the number of components represented and in having cranks 
carrying pulleys instead of pins working in slots. This machine is now kept at the South 
Kensington Museum. 

Tide predictor No. 2.-This machine was designed by Mr. E. Roberts and is now worked 
under his direction in preparing the "Tide tables for Indian ports." The number of components 
is twenty. 

Tide predictor No. 3.-This predictor, designed by Thomson, differs from No. 2 in the number 
of components, which is fifteen or sixteen instead of twenty, and in the direct character of the 
gearing. It was constructed in about 1881. 

General rlescription.-Upon one or more shafts, driven by hand or by clockwork, are fixed a 
number of wheels which mesh into othei· wheels, causing the latter (or wheels moved by them) to 
revolve with angular velocities having given ratios to the angular velocities of the shafts. 'l'hese 
ratios are taken, as nearly as possible, proportional to the speeds of particular tidal components. 
Rigidly connected to these wheels are cranks carrying pulleys, or pins working in slots, imparting 
to rods carrying pulleys rectilineal harmonic motions. At one end of the predictor a chain or 
flexible wire is made fast; thence it is laid alternately over and under the pulleys. To the free 
end of the wire is attached a marking point, which when moved transversely to the line of motion 
of the paper roll traces the tidal curve. 'l'his machine evidently sums the series (213) or traces 
the curve (214). 

58. Jlfa.:vima and minima tide-predicting machine. 
This machine, designed by the late Prof. "William Ferrel, of the United States Coast and 

Geodetic Survey, was constructed in the years 1881-82. A description is given in the Heport for 
1883, pages 253-272. Most of the predictions published by tho Survey since 1885 have been made 
upon it. The machine provides for nineteen components. The amplitude of the principal lunar 
component is introduced into the predictor by shortening one of the summation chains about to be 
mentioned. Its argument is indicated by a hand on the face of the machine making two revolu
tions for each lunar day. Generally speaking, the speed ratios in the machine are not those of 
the components themselves, but are the differences between such ratios and the speed ratio of the 
principal lunar component. The smaller short-period components are each provided with two 
cranks fixed at right angles to each othe1·, one for cosine terms and one for sine terms. Each set of 
cranks carries pulleys, and the resultant effects are obtained by means of two summation chains. 
One chain is made to impart a vertical motion to a slotted horizontal strip of steel, while the other 
imparts a horizontal motion to a slotted vertical strip. These slots intersect at the center of 
the machine when all short-period components are set at zero amplitude. In general, two settings 
of the machine are required, one for times and one for heights. When set for times, the direction 
of the intersection of the slots from the center of the machine shows (by aid of an oscillating 
needle) how the lunar hand must be directed• at the time of a high or low water. When set for 
heights the distance of the intersection from the center+ is, when multiplied by the cosine of the 
angle between the lunar hand and the oscillating needle,t the elevation or deprbssion of the sea 
or tide from mean sea level. 

The machine gives the times of high and low water directly; no tidal curve is traced, nor is 
any comrutation required. Approximate values of the heights are also given directly, but the 
determination of their exact values or of the height of the sea at any intermediate time requires 
a little additional labor, viz., the setting and reading of an extensible cosine scale. 

59. A proposed tide predictor. 
The machine briefly described below will carry on simultaneously four operations, viz.: 
1. The tracing of the tidal curve. 
2. 'fhe marking upon the axis of the curve the times of the maxima and minima. 

-------------·---- --------------------·---·--·----- ------------ - - --- ----------- - - ---.--. ----
•This angle reokoned counterclockwise from the vertical is tho 1i of 9 60. 
t This distimce is the R of 9 60. 
t This a~gle is at+ a+ z of 9 60; at times of high or low water it becomes z-u. z is always the angle 

made by the osoillating needle with the vertical reckoned connterclookwise, the mu.chine being set for heights; 
at + a is the argument or angle of tho lunar haud reckone1l olockwise, as on the face of the machine. 
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3. The exhibiting upon the face of the machine the times of high and low water. 
4. The exhibiting upon the face of the machine the heights of high and low water, and the 

height of the sea at any given time. 
(1) In regard to the accomplishment of the first of these objects nothing further need be said, 

for a mechanism similar to that used in the British machines seems quite satisfactory. 
(2) Now let there be a set of cranks at right angles to the set used in producing the tide 

curve; for distinction the former may be called the time cranks and the latter height cranks. 
Each set has its resultant effect shown by the movement of the free end (or of a mark a constant 
distance therefrom) of a wire or slender chain. In each case the result might be shown in the 
form of a continuous curve. This, however, is not ordinarily wanted in the case of the time 
cranks. A pr~jection upon the wire uniting their effects comes into contact with a pencil placed 
at mean sea level, causing a short mark to be made every time high or low water occurs. 

(3) A mark on the wire at a fixed distance from the pr~jection just referred to passes before 
an opening in the face of the machine, and is so adjusted that when it crosses a given line or 
mark the time shown on the face is the time of high or low water according to the direction of the 
wire's movement. 

(4) The heights may be conveniently shown by means of a pointer moving along a circular 
row of figures outside the time dial. 

A clear mode of indicating the time would be to have the day of the month and the hour of 
the day show through two small openings, wlnlB a smgle halHl points ont the minutes. 

In order ti> warn the operator that a high or low water is close at hand, a bell may be made 
to rill~ just uefore eacli ti<le." 

l11urr1inarJJ roots of NJUations, etc.+-A purely mathematical use for a machine of this kind is 
the fin<ling of imaginary roots of equations. 

L<'t 
Z=Az"+Bz'·+ =0 (219) 

where the coefficients are general but the exponents are real quantities. Now, as z describes a 
circle whose radius iR le, Z will for each value of arg z or fJ have a certain aflix 

mod A le" [cos (a fJ +a)+ i sin (a 8 +a)] 
+ mod Bk'' [cos (b H + (J) + i sin (b (} + (J)] 
+ (220) 

The locus of Z will be mechanically described by apoint whose ordinate and auscissa represent the 
resultant effects of the height and time cranks each set to the same amplitudes. 

Such values of le and fl as will make both sums zero give roots of the equation. 
60. Equations relating to tide-predicting machines. 
The height of the sea or tide at any given time t may ue expressed in various ways: 

y = H 0 +A cos (at+ r.r) + B cos (bt + /;) + (221) 
= H0 + ~if cos at + B cos bt + 

+ X sin at+ B sin bt + (222) 
where 

where 

where 

A = A cos a , X = - A sin r¥ ; = 
- A 

·"A= (.fI2 + .112)!, tan a= - JI. 
y = ][0 + ,lf cos (ltt +a) - N sin (at+ ff) 

JI.I= A+ R cos (6-...:_at + fl- a)+ 0 cos (c~ -(ii+ J' -a)+ 
N = 0 + B sin (b--:_ at + /3 - a) + 0 sin ( c - at-+ :/ - a) + 

y = H 0 + U cos (at + a + z) 

R = (1112 + N 2)i, tan z = ;. 

z is evidently the angle of a right-anglccl triangle, who8e sides are ill, N, lying opposite N. 

(223) 

(224) 

(22ii) 

(220) 
(227) 

(228) 

[*This survey hns undertaken the desi,.ning and con8truction of a machine which will carry on the above 
operations. When compl 0 ted, a full description of the machine will be p11blit1hed,-,July, 1895,] 

tThe notation here emplo,,·ell is independent of the notation used elt1ewhere in this paper, 
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The times of high and low water are roots of the derived equation 

where 

where 

where 

_dy=Aasin(at+<1')+Bbsin(bt+f1)+ . =0 
at 

= A a sin at + B b sin bt + 
- ( X a, cos at + B b cos bt + . ) 

.1T = .A cos <¥, A = - A sin a; -

- = JT 
·"A= (Ai+ A)~, tan tY = - A· 

- rlv = a Jf' sin (at+ <¥} + a N' cos at+ rl'} = O 
at 

B b Cc ---
111' = A + - cos ( b :....-at + fi - a) + · ·· cos ( c - a.t + }' - a) + a a 

Bb -- Cc ----
N' = 0 + sin (b - at+ fJ - a)+ ··sin (c - at+ y - a)+ 

a · a 

- dy = R' sin (at+ a+ u) = 0 
at 

]{' 
R' = (Jlf 12 + N'2)~, tan u =lit'. 
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(229) 

(230) 

(231) 

(232) 

' 
(233) 

(234) 

(235) 

(236) 

The angle u shows bow mucb (in A degrees) the high or low water is accelerated because of com
ponents other than A. 'rhe timAs of the tide are therefore 

t' = n_7l'--=_ll'-=_u (237) 
a. 

where n is any integer, even for a high and odd for a low water. 1• and w of § 1 are values of u 
for these two cases. 

A <mAPIIIC l\IETIIOD OP PREDICTING TIDES l"RO:'lf IIARMONIC CONSTANTS. 

61. The prediction of tides, as already stated, implies the combining of a series of waves into 
due for the purpose of ascertaining the height of the tide at a given time or of determining the 
times and heights of high and low water. 'L'he computation of these quantities, while not difficult, 
is extremely laborious; ou this account mechani~al tide predictors have been constructed. As 
these instruments are too expensive for general use, a method is here proposed whereby predictions 
may be made, without computation, from the constants used in setting a machine-in other words, 
from the harmonic tidal constants, the initial equilibrium arguments, and certain factors (f of 
'rable 10). 

The apparatus consists, first, of a smooth board (about 3 by 4 feet), one section of which is 
divided into twenty-four equal spaces, representing the hours of the day; second, of a set of pairs 
of movable curves, drawn once for all for a given station, each pair provided with a "calendar" 
good for all stations and all time; and third, of two stationary cleats for holding the curves in 
place, and a number of movable cleats for indices-one for each pair of curves. 

62. The equation of any component with its harmonics may be written 

y =A, cos (a,t + argoA 1 - A,0 ) 

+ A2 cos (2 a, t + argo Az - A 2°} 

+ AJ cos (3 tt,f + argo .A.3 - AP) 

+ (238) 

where A, is the oscillation of longest period, or the fundamental, not necessarily a diurnal 
component. Of course, a curve representing this compound wave can always be replaced by as 
many simple cosine curves as there are terms in y. In fact, the only instances where it is generally 



184 UNITED STATES COAST AND GEODETIO SURVEY. 

advantageous to use other than simple curves are l\f2 and S1, with their respective harmonics. 
Strictly speaking, the amplitude of the harmonics of M2 vary faster on account of the change in 
the inclination of the lunar orbit to the earth's equator than does the amplitude of M2 ; but as the 
amount of this change is small in small quantities, no great inaccuracy will be introduced by 
making the whole M wave vary as M2 varies. 

It is customary to put 
arg" A2 = 2 arg0 A1 
argo A3 = 3 argo A.1 

(239) 

The above equation assumes that one has the value of the initial arguments at the time t = O, 
local time, midnight, say. In practice it is convenient to take the origin of time at the instant of 
midnight on a certain standard time meridian, S, and to have the initial arguments made out for 
the meridian of Greenwich; then one might alter the arguments in such a way as to adapt them to 
the longitude of the locality, L, and to the standard time midnight. But if, instead of altering 
the Greenwich arguments, one alter the epochs by the same amounts, with opposite signs, the same 
results will be attained and with the great advantage of being done once for all. The epoch of 
a11y component AP thus modified is 

~1po = Av0 + (15 p - ap) L +a,, (L - S), =Apo+ 15 pL - apS (240) 

where p is such an integer that 15 p is nearly equal to a1• When A. 1 denotes a diurnal component, 
then p = 1, 2, . . according as AP is diurnal, semidiurnal, etc. 

63. Construction of a height curve.-For convenience in drawing the curve, suppose arg0 A. 1 to . 
be zero; then its equation with modified epochs becomes 

y = A. 1 cos (a1t - 211°) + A 2 cos (2 a1 t - 212°) + A.3 cos (3a1 t - W30) + . . . . (241) 

The position of the maxima of .A. 1 are given by the equation 

(242) 

where n is zero or a positive or negative integer. At this time the phases of the harmonics are 

2 ~110 - ~120, 3 ~lio - ~Jo, . . . ' (243) 

while the positions of their respective maxima are given by the equations 

t = ~12~ + ~!" 77:' t = ~!3~ + 2 n 77:' ( 244) 
2 a 1 2 a1 3 a1 3 a1 

The beginning of the curve should be ~1° degrees or 211°/a1 hours before the first maximum. 
It should extend over a trifle more than two or three days according as A.1 is a semidiurnal or a 
diurnal component. From the beginning and along the axis, generally lay off two periods, leaving 
the first blank and dividing the second into degrees from zero to 360. The number equivalent to 
arg0 A.1 when brought over the stationary zero hour line fixes the position of the curve for the day. 

Construction of a time curve.-The equation of the derived curve corresponding to (241) is 

-y = A 1a1sin (a1t- ~1°) + 2 A2a1 sin (2 a 1 - ~2°) + 3 AJ a 1sin (3 a1 - ~3°) + . (245) 

It will be noticed that the ~=~~~~1~~g nodes of the derived curve will coincide in time with 

the :r~:-: of the height curve. This is of course equally true for each element or component of 

the curve. 
In ascertaining the magnitude of the coefficients A.1 a1, 2 A2 au 3 A.3 a, relative to 

A 1, A2, A 3, , it is usually convenient to take the speed of M2 as unity, expressing other 
speeds in term of this unit. The derived curve is used in ascertaining the times of tide, and is 
drawn in a broken line upon t.he movable strip upon which the height curve has already been 
drawn. 

Construction of a "calendar." .:._rt will now be supposed that argo A2 is given for only one day 
of each year, January 1. The change in the given arg0 A 2 necessary to adapt it to any other 
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day of the year may be assumed to be uniform, and the same for all years. This change is intro
duced by means of a "caleudar" peculiar to the component and its harmonics. 

Anywhere at the left of the curves, a section of the strip one period in length is set apart for 
the days of the year. The positions of the dates are given by Table 4. January 1 will be located 
at the right or left edge of the period according as the speed of the component is less or greater 
thau that of the solar component of approximately the same speed. 

It is sometimeR more convenient to set apart two or more periods for the calendar. This will 
neces8itate two or more blank periods of the curve, instead of one, before the period used in 
laying down arg0 A 1• This means, of course, an increase in the length of the curve. 

Lunar nodal components, etc.-Iu order to avoid numerous small components, especially those 
dependent upon the longitude of the moon's node, the lunar tides are made to undergo small 
changes in argument which are not directly proportional to the time, and also small changes of 
amplitude. The former have been accounted for in 'l'able 3 by the u of v;, + u, or arg0 , where u has 
an irregular variation, but so slow that for the purpose of prediction it may be regarded as constant 
during a year. 

The variations of amplitude are given by the f's of Tal>le 10, and can be shown upon the curves 
by means of a scale of proportional parts of the mean values of the amplitude and ordinates of 
.each component. Hut as the f's vary quite uniformly with I (the inclination of the lunar Ol'bit to 
the {lquator, Tables 1 and 13) it is generally sufficient to mark upon certain ordinates of tl1e curve 
their increased or decreased values correspouding to changes in I. 

The time scale.-This scale consists of twenty-five equidistant lines drawn upon the statiouary 
board underneath all of the curves. The strips upon which the curves are drawn should lie sepa
rated from one another by narrow spaces, so that the time scale, or rather the hour lines, may be 
seen between them. 

64. Directions for predicting. 
Find in Table 3 the value of V0 + u of each component for the given year and bring this 

number of the degree scale over the zero hour line. Set the various indices over the date J auu
ary 1. For any other day move the scales until the indices, ai> already set, come over the 
required dat~ upon each scale. 

Suppose, in the first instance, that the height of the sea or tide is required at any particular 
hour of this day. 

Along the edge of a piece of paper made to coincide with the given hour line, mark the positive 
ordinates of the full curves (slightly modified to account for the varying obliquity of the moon's 
orl>it to the equator) so that all 1mch ordinates shall be added tog·ether. Along- the same edge, 
but on the opposite surface of the paper, mark the negative ordinates, beginuing at the height upon 
the paper slip reached by the positive ordinates and going in an opposite direction. The resulting 
diflerence is the height of the tide above or below mean sea level at the stated hour. If a lower 
plane of reference be preferred, its depression below mean sea level should be laid off upon the 
paper slip before marking the ordinates upon it. 

To find the time of high or low water.-By glancing at the dotted curves of the principal 
components one can usually tell roughly where the algebraic sum of their ordinates approach 
zero. If a high wat~r time is sought, select a descending node; if a low water, an ascending. 

At two adjacent hours near the high or low water, lay off upon a slip of paper the positive and 
negative ordinates of the dotted curves, properly modified for the varying obliquity of the moon's 
orbit to the equator. . 

Now take any scale about three hours in length, divided to single minutes. From this lay off 
the two resulting heights, one hour apart. A straightedge will show where a line joining the two 
points just laid down will cut the time scale. The time thus determined is the time of high or low 
water with reference to either hour line. 

65. It is obvious that the foregoing method is applicable to periodic phenomena, although the 
constituent periodic curves may have 110 resemblance to simple cosine curves. Such curves arc 
constructed by means of component hourly ordinates obtained from the observations. The"e 
remarks have special reference to the prediction of tidal currents. 
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APPROXIMATE PREDICTION 01" IIIGII .A.ND LOW W .A.'l'ER.• 

66. By means of the following method predictions can be made without resorting to graphic 
processes, and without access to a tide-predicting machine. . 

JUoon's transits, phases, etc.-If' the transits used are for the meridian of Greenwich (E) aml 
expressed in civil time, they may be adapted to another meridian (L) and expressed in standard. 
or prediction time (S) by adding 

L - S + 0·035 ( L - E) (246) 

§ 27. The times of the moon's phases, distances, and declinations are expressed in standard time 
by adding 

B- S 
to their Greenwich civil times. A further increa8e of r hours, the age of the particular inequality, 
gives the standard or prediction time of the conspiring or interfering to which the inequality is 
due. See sheet headed "Ephemeris." 

The tidal constants.-The constants are as follows: 

HWI, LWI, 62, M2, S2, T (S2; M2), N2, T (N2; M2) K1, .fi1°, 01, T (01; K1), 
12 T (N2; M2) + 5 T {S2; M2) 

72 =---1f)(24-:-s4 (= 422·3) <247) 

.6 2 is the mean amplitude of the tide with the effect8 of the diurnal components excluded . 
.re10 is the modified form of K 10, defined in § 62. HWI and LWI are so taken that their sum 
is zero, as nearly as possible. 62, M2, S2, N2, Ki, 0 1 are reduced to their values for the year of 
the predictions by the factors}' (M2), f (M2), 1, f (M2), f (K1),f (01), respectively, found in Table 10. 

67. The ''Ephemeris" and the sheet following it indicate the work preparatory to making 
predictions. The process of prediction indicated below consists of three steps, the determination 
of the semidiurnal wave, of the diurnal, and of combining the two thus determined. Port Townseud, 
Washingt.on, is taken as an illustration because of its large diurnal components. 

Ephemeris. 

Port Townsend, Wash., 1895. 

h. tn. 

Longitude of ephemeris (E) o oo 
Longit11de of time meridian (S) 8 oo 

E-S=-8 oo 
------------------,----------------------

I Greenwich ci vii time. I Moon. 

<r Last quarter 
e New moon 
J) First quarter 

Apogee 
(Mi.dtime) 
Pengee 

Farthest S. 
On equator 
Farthest N. 

ti. 
February 16 

" 24 
March 4 

February 22 
March 2 

" IO 

I

. Feb1;!ary ~i 

March 5 

! 
h. I 
13 ! 

'7 I 
I] ' 

191 IO 
I 

I 

14 
15 ' 

E-S+T 

·---- -·-·· ·---. 

h. h. h. 
-8+21=13 

" 

--8+s1=43 
" 

Prediction time of conspiring 
or interfering. 

d. 
Feb. 17 
" 25 

Mar. 5 

Feb. 24 
Mar. 4 

Feb. 19 
" 26 

Mar. 5 

h. 
2 
6 
2 

14 
5 

(for I\.) 
h. d. 

9+15=20 
22+14=27 
23+12= 6 

* For other modes of predicting high and low water from harmonic constants, see an article entitled "On tidal 
prediction," by Prof. G. H. Darwin, Phil. Trans., Vol. 182 (1891), A, pages 159-229; and, by the same author, a 
portion of the article on "Tides'' in the Manual of Scientific Enquiry (fifth edition), pages 75-90. See also Gezeiten
ta.feln (Berlin), 1894. The equations for paasing from the D.'s of the components in these tables to their epochs a.re 

B,0 = M,0 - /':,.BP+ (bo - m,) (0·0345 M2° + L). 
K, 0 = - /':,. K1° + (k1 - m 1) (0·345 M,0 + L), 

B, 0 = K1° - /':,. B 1° + (b1 - k,) (0·0345 M,o + L), 
where the small letters denote speeds, and D. JJO, D. K1° are written instead of D. b, c,. k 1 of tho Gezeitenta.feln. 
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'l'he standard time (120° W.) of the moon's transits across the meridian of Port Townsend 
(122° 45') can be obtained from the table of transits, Pacific Coast Tide Tables, by adding um. 

IIWI 
3 53 (a) 

LWI 
-244(0) 

PollT TOWNSE:SO, WASH!:SGTON, 1895. 

CO:SSTANTS. 

L:,.., M,, S,, r(S,; M,), N.,, r(N,; M,), 
2·40 2·24 0·55 21 h on·46 51" 

f(K.), /(M,), F(K1), /(K 1), /(0 1). 

1·308 0·96.i 0·901 1·110 1·179. 

(()N:iTANT'S, 

Amplitudes fvr the year I895. 

6., M,, S.,, N,, K., 0 1• 

2·31 2·16 0·55 0·44 274 1·66 

Amplitudes for obtainitt,I{ heiglzt corrections. 

o,, T (01; Ki)· 
1ft·41 16 

February 20 S., (with K,and T.) 1·25X0·55 =0·69, Table 31 or 33 
March 2 1 ·32 X 0·55 =0·73 
February 22 N,(with v.) 1·16X0·44=0·51, Table 34 
March 10 1·17X0·44=0·51 
February 20 K 1 (with 1'1) 0·90 X 2·74=2·47, Table 31 
March 2 0·80 X 2·74=2·19 
February 21 0 1 (with Q1) 0·81X1·66=1 ·34, Table 26 

22 0·81 x " =1·34 
23 0·81 x " = 1 ·34 
24 0·83 x " = 1 ·38 
25 0·86 X " =I "43 
26 0·88 x " = 1 ·46 
27 " . 0·89 x " = 1 ·48 
28 0·93 x " = 1 ·54 

Amplitude for obtaining time correctiom. 

February 20 S,(with T. and solar K,) 1·09X0·55 =o·6o. S.,/ Mo=o·27, Table 31 
March 2 1 ·10 X " =0·61. =0·28 

Arce/eration. 

February 20 K 1 by P1 - 17° = -68m. 
March 2 -14 =-56. 

r ( 0 1; K 1) increased. 
-17(-H)=+15h, Tnble31 
-14(-1\')=+13 " 

Time o/K 1 tides. 

Arg0 K 1 (Feb. 21)=- 62°·55= 4h 09m Table3 
,<{,0 =151 . 5=10 04 

-[arg0 K,-,<{1°)= 5 55 Feb. 21=K1 HW 

i of a K 1 day= 11 58 

17 53 Feb. 21 =K1 LW 

T• 

I ·70 lunar days. 



(Jenera l form. Computation of high and l010 wa.ter, Port To1onsend, Wash., February 21-28, 1895. 

Feb. 2I 22 23 24 25 26 27 28 
(1) 

(2) 

(3) 

(4) 

(5) 
(6) 

(7) 
(8) 

(9) 

Time of moon's transit. [8: 43, 21: 09, 9: 34, 21: 59, preceding transits.] 
( 1) diminished by second preceding. 

(2) first following subtracted from second preceding. 

(3) X i .,.,, correction for moon's declination and parallax on account of transit. 

HWI, LWI. 

(1) + (5)· 

Tabular correction for phase, Table 24. 

Do. expressed in minutes. 

(8) x (I 5). 

(10) (4) + (6) + (9), time of HW, LW of semidiumal wave. 

(11) Amplitude of semidiumal wave, /:::, 0• 

(12) Tabular correction for parallax, Table 25. 

(l 3) Do. expressed in feet. 

(14) (11) + (13). 

(15) (11) .-;- (14). 

(16) Tabular correction for phase, Table 24-

(17) Do. expressed in feet. 

(18) (14) + (17), amplitude of semidiumal wave. 

(1) 

(2) 

(3) 

(4) 

(5) 

IO: 23 

24:49 

04 

05 

-2:44 +3= 53 
(6) 7:39 I4:16 

(7) +119xo·27+114 

(8) 32 

(9) 37 

3I 

36 

LW HW 

(Io) 

(11) 

(12) 

(13) 

(I4) 

(15) 

(16) 

(17) 

(I8) 

8: 21 

2·3I 

-0·61 

-0·31 

2 ·oo 

1 ·16 

·cox·69 

·oo 

2 ·oo 

14: 57 

-0·63 

-0·32 

I'99 
1 ·16 

+·12 

+ ·08 

2·07 

22 :46 

47 

05 

06 

20: 02 2: 39 

+109 +102 

29 28 

34 33 
LW HW 

20:42 

-0·66 

-0·34 

I '97 

I ·17 

+·21 

+ ·14 

2·11 

3: I8 

-0·68 

-0·3s 

1 ·96 

I"I8 

+·31 

+ ·21 

2·17 

8: 24 

+96 
26 

31 

LW 

9:0I 

-0·69 

-0·35 

I·96 

I ·18 

+·40 

+ ·28 

2·24 

II :08 

45 

05 

o6 

IS; OI 

+8s 

20:46 

+81 

22 

26 

LW 

23: 30 

44 

04 

05 

3: 23 

+12 
24 
28 

HW 
IS; 35 21 : 17 

19 

23 

HW 

3: SI 

-0·7I -0·73 

-0·36 -0·37 

1 ·9s 1 ·94 

1·I8 1·19 

+·49 +56x·70 

+ ·34 + ·39 

2·29 2·33 

-0·74 

.,...-0·38 

I'93 

I"20 

+·64 

+ ·45 

2·38 

9 :07 

+65 
I8 

22 

LW 

9: 32 

-0·75 

-0·38 

I ·93 

1·20 

+·10 
+ ·49 

2·42 

II: 51 

43 

03 

03 

15: 44 

+5s 
IS 

I8 

HW 

16:05 

-0·76 

-0·39 

1·92 

1"20 

+·76 

+ ·53 

2·45 

21: 28 

+48 

13 

16 

LW 

2I: 47 

-0·77 

-0·39 

1 ·92 

1"20 

+·Bo 
+ ·56 

2•48 

O: 12 

42 

03 

03 

4: 05 

+38 
10 

12 

HW 

4:20 

-0·76 

-0·39 

1 ·92 

1 ·20 

+·ss 
+ ·6"o 

2·s2 

.12: 32 

4I 

03 

03 

9:48 

+JO 
8 

10 

LW 

IO: 01 

-o·n 
-0·39 

1 ·92 

I ·20 

+·88 

+ ·62 

2·54 

16: 25 

+20 

s 
6 

HW 
16: 34 

-0·77 

-0·39 

1·92 

I'20 

+·90 

+ ·63 

2·55 

22: o8 

+I2 

3 

4 

LW 

22: 14 

-0·77 

-0·39 

I ·92 

I'20 

o:s2 

40 

02 

02 

4:4s 

+2 

HW 

4:48 

-0·76 

-0·39 

1 ·92 

1"20 

+·92x·71 +·93 

+·65 + ·66 

2·s7 2·58 

13: 12 

40 

01 

01 

JO: 28 17: os 

-7xo·28 -17 

-2 -5 
-2 -6 

LW IIW 
10: 27 

-0·76 

-0·39 

1'92 

1'20 

+·92 

+ ·65 

2·s7 

17: 00 

-o·7s 

-0·38 

1 ·93 
I·20 

+·91 

+ ·65 
2·58 

22:48 

-25 

-j 

-8 
LW 

22:40 

-0·75 

-0·38 

1 ·93 

1·20 

+·90 

+ ·64 

2·s7 

I: 32 

40 

00 

00 

s: 2s 

-34 

-IO 

-12 

IIW 

5: 13 

-0·74 

-0·38 

I ·93 

I ·20 

+·86 

+ ·61 

2 'S4 

13: s2 

40 

00 

00 

11:08 I7:45 

-4: -52 

-12 -IS 

-14 -18 

LW HW 

IO: 54 

-0·72 

-0·37 

1 ·94 

1 ·19 

+·82 

+ ·58 

2·52 

I7: 27 

-0·70 

-0·36 

1 '9S 
I ·I8 

+·78 

+ ·55 
2·50 

23: 28 

-6o 

-I7 

-20 

LW 

23: a8 

-0·68 

-0·35 

1·96 

1 ·18 

2: 12 

40 

00 

00 

6:05 

-69 

-19 

-22 

HW 

5 :43 

-0·67 

-0·34 

I ·97 

1 ·17 

+·73x:12 +·67 

+ ·53 + ·48 

2·49 2'4S 

14: 32 

40 

-01 

-01 

II :48 18:2s 

-77 -84 

-22 -24 

-26 -28 

LW HW 

I I : 21 

-0·64 

-0·33 

1·98 

I ·17 

+·6o 
+ ·43 

2.41 

17: s6 

-0·61 

-0·31 

2·00 

I •16 

+·53 

+ ·38 

2·38 

0: 09 

-92 

-26 

-30 

LW 
23: 37 

-0·59 

-0·30 

2·01 

1'15 

+·45 

+ ·32 

2·33 

z: S3 

41 

-02 

-02 

6:46 

-99 
-28 

-32 

HW 
6: 12 

-o·s9 

-0·30 

2·01 

1 ·15 

+·35 

+ ·25 
2·26 

15 :14 . 

42 

-03 

-03 

12: 30 19: 07 

-I05 -Jl2 

-29 -31 

-33 -36 

LW HW 

II: 54 

-0·58 

-0·30 

2·01 

1 ·15 

+·26 

+ ·19 

2·20 

I8: 28 

-0·59 

-030 

2·01 

l •15 

+·16 

+ 'I2 

2·13 

Feb. 21 22 23 24 s 26 27 28 

HW 
5: 27 

(19) Time of HW, LW of K 1• 

(20) Add 4m to (19) for each preceding day; .mbtract 4m for each following. 

(21) 

(22) 

(23) 

(24) 

(2S) 

(26) 

Acceleration in K 1 due to P 1, expressed in time. 

(20) - (21), time of K, (with P1) tides. 

Tabular correction for O" using {22), Table 27. 
Do. expressed in time, using (33). 

(rn) 

(22) + (24), time of HW, LW of diurnal wave. 
length of the diurnal wave. 

Between each time write the half 

(rn) - (2S), always subtracting a diurnal tide from the times of two semidiurnal tides 
which include it. Bracket the values obtained from LW of diurnal wave. 

(27) (26) converted into degrees. Change name of phase when inclosed in brackets; 
otherwise the name of ( ro), Table 28. 

(28) Tabular value of acceleratim, us;ng (27) and (37), Table 17. 

( 29) Do. converted into time. 

(30) {rn) - (29), time of HW, LW. 

Date 

(19) 

(20) 

(21) 

(22) 

(23) 

(24) 

(2s) 

(26) 

(27) 

(28) 

(29) 

(30) 

(31) Amplitude of K, (with P1), using times of(10). (31) 

(32) Amplitude of 0 1 (with Q1), using times of (10). (32) 

(33) (32)..,.. (31 ). (33) 

(34) Tabular correction for Oi. using times of (IO), Table 27. (3-1) 

(35) Do. expressed in feet, [(32) X (34)]. (JS) 

(36) (31) + (3S), amplitude of diurnal wave. (36) 

(37) (36)..,.. (18). (3;) 

(38) Tabular height of HW, LW, using (27) and (37) in connection with (10), Table 18. (38) 

(39) !Jo. expre:sed in feet, [(18) X (38)]. (39) 

(40) (39) + height of mean sea le1·el (for date of tide) above plane of reference. (40) 

S. Ex. 8, pt. 2-Face p. 188 

5: 55 

5:5s 
I :06 

7 :01 

+ I: 13 

+ 0:40 

17 :53 

17; 53 

HW 

s=5 1 

L\V 

I7: 49 

HW 

s :47 

LW 
I7: 45 

HW 

5 :43 

LW 

17: 41 

HW 

s: 39 

LW 
17: 37 

HW 

5 :3s 

LW 

I7: 33 

HW 

s: 31 

-1:06 -1:05 -1:05 -1:04 -1:04 -1:03 -1:03 -1:02 -I:02 -1:01 -1:01 -1:00 

18:59 6:S6 18:54 6:51 I8:49 6:46 18:44 6:41 18:39 6:36 18:34 6:31 

+ 1:41 +2:08 + 2:34 +2:59 + 3:05 +3=13 + 3:33 +3:48 + 3:54 +3=43 + 2:s9 +1:08 

+ o:s6 +I:12 + 1:26 --j-1:40 + 1:45 +1:s2 + 2:08 +2:I9 + 2:2s +z:20 + 1:5s +0:44 

LW 
17: 29 

- 1:00 

18: 29 

- I: 19 

-0:59 

6:26 

-3:05 

- o:s2 -2:06 

8:2I 14:57 20:42 3:18 9:01 15:35 21: 17 3:51 9:32 16:05 2I:47 4:20 10:01 16:34 22:14 4:48 10:27 I7:00 22:40 5:13 10:54 17:27 23:08 5:43 11:21 17:56 23:37 

7:41 (12:14) 19:ss (12:13) 8:08 (I2:I2) 20:20 (12:11) 8:31 {I2:03) 20:34 (12:04) 8:38 (12:14) 2o:s2 (12:o8) 9:00 (12:04) 21:04 (11:s2) 8:s6 (11:33) 20:29 (10:46) 7:1s (10:22) 17:37 (rn:43) 4: 20 (11:30) 

LW 
8:55 

-30 

0:40 

I0°L 

-I6°·5 

-o 34 

IIW 

12: S9 

-'! 

Feb. 21 

2·44 2·-14 

1·34 1·34 

0·5s o·ss 
0·890, 0·84 

1 ·19 1 ·13 

3·63 3 S7 
1 ·82 1 ·72 

+ ·77 + ·89 

-l I. 54 +I ·S4 

S·30 S·t'io 

-to·6 -f-<> l 

[-4: S8] 

-73°L 

+s7°·2 

+!_18 

LW 

20: 28 

2·43 

1·34 

0·5s 

0·78 

1 ·05 

3·48 

1 ·65 

-2·62 

-5·53 

I ·:3 

-to·3 

[0:47] 

I2°H 

+10·0 

+o I4 

HW 

4:36 

2·42 

1 ·34 

o·ss 

0·72 

0·96 

ns 
1 ·56 

+qs 
+3·80 

1o·s6 

-0·4 

-4:so 

-71°H 

-37°·9 

-I I8 

LW 
9: 32 

+• 

2·4I 

1·34 

o·s6 

0·66 

0·88 

3·29 

1 ·47 

+0·40 

+0·90 
;·66 

+o·6 

22 

o: S3 

1301, 

-140·8 

-0 31 

HW 
14:04 

-5 

2·4I 

1·34 

0·56 

o·s8 

0·78 

3·19 

I ·39 

+ ·77 
+1·76 

8·52 

+o-. 

[-4:45] 

-70°L 

+440'0 

~I 

LW 

2I :03 

2·40 

1 ·34 

0·56 

0·50 

0·67 

3·07 

1 ·32 

-2·29 

-5"34 
1 ·42 

+o•4 

[o: S7] 

I4° H 

+10·0 

0 14 

HW 

4:s3 

1-9 

2·39 

1·34 

o·s6 

0·40 

o·s4 

2·93 

1·23 

+1·59 

+ns 

ro·54 
-0·1 

-4:40 

-69°H 

-290·9 

-I 02 

LW 
9:s8 

+21 

2·39 

1 ·34 

0·56 

0·36 

0·48 

2·87 

1 ·19 

+0·13 

+0·31 

7·07 

+o·3 

23 

I: 01 

150 L 

-I20'4 

--{) 26 

HW 
14: 54 

-3 

2·38 

1 ·34 

0·56 

0·31 

0·42 

2·8o 

1·14 

+0·71 

-+·I ·74 

8·50 

-f-<>"l 

[ -4: 29] 

-67°L 

+34°"4 

+I II 

LW 
21: 31 

-6 

2·37 

I "3S 

o·s7 

0·27 

0·36 

2·73 

1·10 

-2·0( 

-5·11 

1 ·65 

-to·4 

(I : 13) 

,go H 

+7°'9 

+o 16 

HW 

5: II 
-•3 

2·36 

I ·36 

0·58 

0·23 

0·31 

2·67 

1 ·06 

+ 1·56 

+3"93 
10·69 

-0·5 

-4: I8 

-640H 

-240·s 

-0 SI 

LW 

10: 29 

-n 

2·36 

1·38 

0·58 

0·18 

0·25 

2·61 

] ·03 

·-0·05 

-0·13 

6·63 

+o-. 

I: 23 [-4: 18] [I : 22) -4: 12 I; 27 [-4:04] [1:36] -3:43 I: 58 [-3:02] [2: 39] -I :32 4:o6 [-6: I6] [ 0: 19] -4:43 I: 52 

20°L -630L 20°H -62°H 220L -61°L 240H -56°H 31° L -47°L 44°H -26°H 71° L -109°H S0 L -79°L 290H 
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2·46 
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2·31 

0·90 
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·-4'78 
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2·34 

1 ·42 

0·61 

-0·1s 

-0·21 

2·13 

0·83 

+I "4S 

:-3·74 

10·50 

-0·3 

2·33 

1 ·43 

0·61 

-0·2s 

----0 36 

1 ·97 

0·77 

-0·34 

-o·S7 

5·89 
-to. 

2s 

2·32 

I ·43 

0·62 

--0·38 

-0·54 
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0·69 

+0·72 

+ 1·86 

8·62 
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2·32 

1·44 

0·62 
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- 0·71 
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0·63 

-- I ·58 
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0·56 
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1 ·46 

0·64 
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2·29 
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-1·32 

0·97 

0·39 
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190 UNITED STATES COAST AND GEODETIC SURVEY. 

TABLE 1.-The 1irincipal harmonic components, 

-------------------,,-------------,--
Speed per mean solar hour. 

Synodic 

I 
period."' 

Speed ratios. 

...!'• c c 15/(m-c) 

-1-c 1~1~1-
0·96244 ! 0•5377211·03619 13~;1879 

Sym- Name of component, etc. I 
__ b_o_i_. - -- -·-·------------------l--1·-·o_r_m_u_l_a_._, __ c ___ . 

I 
J 1 Smaller lunar elliptic dmrnal 

[K,] 

[K,] 

L, 

[!,.] 

Lunar elliptic diurnal, second order 

Larger lunar evectiooal diurnal 

Lunar diurnal 

Solar diurnal 

Luni-solar diurnal 

Lunar scmidiumal 

Solar semidiurnal 

Luni·soiar semidiurnal 

Smaller lunar elliptic 
semidiurnal 

[Ferrel's !_.,] 

M 1 Smaller lunar elliptic diurnal 

[M 1] [Ferrel's 111 1 or \J1'l 

2 N 

01 

00 

Q1 

R, 

P.2 

ii p,;""'~""""' ~ 
I 

I 

Larger lunar elliptic, scm1diurna.l 

Lunar clltpuc semidiurnal, second order 

Lunar diurnal 

Lunar diurnal, second order 

Solar diurnal 

Larger lunar elliptic diurnal 

Smaller solar elliptic 

'l,.,;"d""' 00'" ~·;~ 
Larger solar elliptic 

Smaller lunar cvcctional 

Variational 

Larger lunar C\'C<.:tional 

y+u-01 

y-4 0-+2 01 

y-30--01+211 

52 y-cr-mandi 
~2 y-u+01 I 
2y-u-fI1 

2 y+u-01 

5y-a-u:r and 
h-u+01t 

y-0-+01 

2 (y-u) 

3_(y-u) 

4 (y-u) 

6 (y-u) 

8 (y-u) 

2 y-3 u+ar 

y-211 

y-11 

2 (y-'I) 

3 (y-'I) 

4 (y-'I) 

2 y-3.,., 

2 y-u+ar-211 

15 · 5854433 I 
12·8542862 ; 

13. 4715144 

1 'o3903 

0·856g5 

0"8g810 

15 ·0410686 1 ·00274 

15 ·041o686 1 ·00274 

3o'o821372 2·00548 

3o·oB21372 2·00548 

29· 5284788 1 ·96857 

29. 5284788 1 "g6857 

30·6265120 I .-04177 

14 · 4920521 o•y6614 

14 · 4966939 o•g6645 

43·4761563 

57·9682084 

86°9523126 

115·9364168 

I 
0

QJ227 

7·72909 
I 

27·8953548 

13"9430356 

1 ·895981 

I •85969 

'4 •9589314 °·99726 

'3. 39566og 0. 89324 

30·041o686 2°00274 

I 5 . 0000000 I '00000 

30. OOi[KXXX) 2 . 00000 

45 . 0000000 l 3 . 00000 

6o. 0000000 ' 4 • 00000 

29"9589314 1•99726 

29. 4556254 1 •96371 

27. 9682084 1. 86455 

1·166931 0·44349 0·85461 9•15882 

1·11346' 0"464791 0"89565 14"69813 

0•99727 

0·99727 

o· 50798 

o· 50798 

o· 48977 

I '01878 

I '01878 

I "05667 

1·00000 

1·00000 

1·00000 

2"00000 

2·00000 

2·00000 

1·g6319 

1 "96319 

2'0J6r9 

1 ·03505 o' 50000 o'96350 

1 '03472 o· 50016 o'g6381 

o· 51753 1 ·00000 

I '50000 

2·00000 I 

3 ·00000 I 
0 12938 I 4 ·00000 I 7. 70799 

0·527431 0•98122 ! 1°89081 

0·53772 0°96244 : I "85461 

1°07581 O' 481o6 ! 0·92700 I 
0'92942 0·55683 1 "07300 

1·11951 0°46228 0"8go81 

o· 49932 1 ·03647 1 ·99727 

1°00000 

a· Sexx>o 

o· 3333:! 

0'25000 

o· 51753 ! 

i ·03505 I 
I• 55257 

2·07010 I 
l ·03363 I 
1 ·016271 

0·96495 

0 ·99727 

1 ·99454 

2·99181 

3 ·98908 

2r32158 

27•32158 

27. 55456 

27. 55456 

9· 13293 

27. 55456 

'3 ·77728 

32' 12822 

t3'71879 

14'19158 

29' 53059 

14 '76529 

15·38734 

31 '811931 

14'76529 I 

31"81193 ! 
2y-~u+211 I 

! 2y-3u- ar-j-211 

' __ ··- -- -· -· __ r ____ '-----'-----'----'-----1 ______ I 
•The diurnal components are synodic with )1 1• and the semidiurnal components with t-1 2 • 
t The first of these components is 1'"errel's 11 1; the second his m1 or \J1', and is the same us [;\1 1]. U.S. C. and G. S. Report, 1878, App. 11 
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witk tlwir speeds, coeffioients, eto. 

Coefficient s. I Cocff. ratios. Factors for reduction. Equilibrium arguments. 
I 

Formula. 

Sym-· ------ ·------
bol. 

--- --- .. ----------

J l jjesin2/ 

\ 7 e2 sin J cos2 i I 
':,

0.f' me sin I cos• i I 

I 
--

I 
-----

Menn I c c 

i value. M, K; F v 

·I 

u 

I 

'01485 !0·0326<} 

-- --

0'056oo FU1) 
- o'7:;ri47 1+1z+s-f+90° -I' 
- Sf02 I 

'00487 :0'01072 0'01836 F =F(01) 1+h-4s+2t-900 2(-v 
{ '00512* o'on27 0·01930} F =F(01) 1+3lz-3s-p-90° 0 r-v 
' ·00708 0'01559 0'02669 

[K1] (z+il e•) sin 2 I · 1Sn5 0·39878 0"68302 F([K,]) = ~.:-72 147 =- FU1l 1+1z+900 -· Sill 2 I 
: [K1] <i+il e,) ~sin•"' ·oB407 o· 18507 0·316<}8 F([K1]) =unity I 1+1.+900 Zero 

F(K1) = 

K1 <i+il e2) sin 2 I+ <i+il •12
) !....1 sin 2 wl ·26522 o· 58385 

t "<:~5628 j /. It o -•' 1 ·00000 (:<in' 2 1+c>"66962 cos v sin 2 /-j-o.1u1oli +- +90 
I 

- o' 15652 [ ·1+21z [K,] Ci+il e2) sin• I 

[K,] <i-HI e12) ~ sin•"' .,. 

' K, (1"·ilr')sin'I+<i+ilc12)~1 sin' w 

L:l l ae ~ 1-12tan2 t/cos2/'~ i cos•! It 

[L,] ; a ,. cos• i I 

ii e sin' I 

;II 1 i c { ~+~ cos 2 l'} i sin I co .;• ~ 11 

[~11] Rcsin2/ 

:112 (e-2 e') cos• i I 

:11 3 1', d cos• i /, (and shallow w atcr) 

:11 4 (Si111llow water) 

l\18 (Shallow wntcr) 

111, (Shallow water) 

N 2 I e cos~~ I 

0 1 (e-l c'J sin I cos' i I 

00 <i-: c2 ) sin I sin' i I 

P 1 (~-fe12) ~sin w cos' i w 

\] 1 I c sin I cos' i I 

1 R:l l t• 1 _Ta cus4 i w .,. 

S1 (Chiefly meteorological) 

s, <i-~ ,· 1')~! cos• i w 

s, (Chiefly shallow wntcr) 

S4 (Shallow water), (S2/M:z)' Ill 

T, lei .:'.1 cos• i w .,. 
/\2 H "" cos• i I 

"' rR ,,., cos• i I 

v, W me cos• i I 

• 

i 
·03929 o"o8649 · o' 14814 /?((K2]) 

·or82310·04013 I o"o6874 
- sin' I 

F(kK,]) =unity. 
I F( ,) = 

0·22915 
·05752 10· u662 0"21688 (sin' I+·;;. t4527 co.s"o v sin' I +-o '00528)1 

' 
·01257 0'02767 I 0 ·04739 i F(L,) =F(M,) XR' 

0 01257 0·02767 ' 0'04739 F([L,]) -~38 =F(Jll,) 

I 00323 lo·oo7u 

- cos•f/ 

0°01218 F = 0·15652 
sin•/ 

~ ·00522r·on49 0·01968} /?(Mil =F(01) x Q' 
I 

0 0l6-49 0•0363.:> o•o62t7 

·01485 0·0326q F([J\11]) = 0 ·.72_1_41 ·= FU1l 0·05599 
sm2/ 

. 45426 1 "00000 1 ·7.1277 F(M,) = 0'91538 
cos'i I 

·00599 0°01319 ·02259 F(Ma) - o·87579 =,d(M:z) 
- cos•v 

F(M4l = ~--~19~ = F' (~1 2) 
cos• i I 

F(Mel = .0 ~7~7C>I_ = F' (M2) 
cos" ii 

F(l\18) = _0·70:1_1~ = F' (M,) 
cos18 i I 

'o87¢ o· 19363 0'33r65 F(N2) = 0'91_5>!! =F(l\1 2 ) 

I cos4 6 I 
·011 73 0·02582 0·04423 I P(2N) = 0 "9.1 53~ = F(M,) 

I I I cos' i I 
'1885610'41509 0'71096. F(01) 

- 0'38oo5 
- sin I cos• fl 

·~··· 1···"" 
0·03o62 F(OO) - 0·01638 

- sin CSfo2 fT 

·08775 0°19317 0'33086 F(l'1) =unity 

03651 o·o8037 o' 13766 F(Q1) = ~-8:"'L__ = F (01) 

[o·<Xl39:1 

sin 1 cos~ t I 
'<Xl178 o'oo671 F(R,) =unity 

i 

I F(S,) =unity 

'2u37 o' 46531 o. 79696 F (~2) =unity 

: F(S3) =unity 

F(S,) =unity 

'01243 1°"02736 0·04687 F(T2) c:: unity 

{ "<Xl176* 0'00387 o·oo664} F (/\) = 0'_91538 = F(M,) 
I · 00330 'o · 00726 0·012441 I cos• t I 
·s ·00736* 0·01620 0'02775} .F(µ ) = ~91538 = F(:ll,) 
·~ ·01094 0·024o8 0·04125 2 cos"~ I 

I{ ·01234• 0·02717 0·04653(1 F (v) = ~-91518 = F (M,l 
'017o6 0·03756 o·o6432\ ' cos' t I 

·---· .. --·- ---- ---·--·----

-2• 

i 2t+21i Zero 
I 
I 

21+21z -21•'' 

2t+2h-s-f+18o0 i 2E-211-R 

2/ f-2/1-s-.t+180°: 2E-2v 

2t+•"+•-t I -2v 

t+!t-s+Q0° £-•+Q 
I 

1+!1-s+p-l-900 ! -· 
2l+2!1-2s 2(-211 

31+3!1- 3s+1Bo0 1£-3• 

41+4h-4s 4£-4• 

6t+61z-6s 6£-6• 

81-j-8/z-8s 8E-8v 

2t+2lz-3s+p 
I 2C-2v 

21+2lz-4s+2t 2~-211 

t+1i-2s-90° 
f 

2£-v 

i-f-/,+u+90° -2£-v 

t-h-900 Zero 

1+1z-3s+f-900 2E-• 

2/-f-/1-h Zero 

1+180° Zero 

2/ Zero 

3l-\-18o0 Zero 
I 

4/ ! 
Zero 

I 2t-h+p1 ; Zero 

I 2:-s+t+180° ! 2t-2v 

2/· l -4/1 - .p· '.'~-7& 

2f ~-otli- _1,s-f o(-cv 

I 

•The lower of these t\\'O figures gives the vnluc when the coefficients in the evcctio11 ancl variation have their full vulucs ns derived from 
Lunar Theory. . . I · t The cocflicienls 0{ [.2 a.nd ~1 1 arc npproxmmtcly expressed l>y th_c J!lvcn formul~; t lP true mean values ore 0·?1278 nnd «:>'01531, respccuvcly. 

: The first of these t\\'O numbers is tb.c mean value uf the cocfl1c1cnts of the tlllc y-u-m; the ~ccond ltpphcs to the u<lc Mh compounded 
from y-u-m and y-t.·+m. 
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Sym-
bol. Name of component, etc. 

MK 

2MK 

MN 

MSt 
Com pound tides 

2 MS 

2SM 

Mf Lunar fortnightly 

MSft Luni-solar synodic fortnightly 

Mm Lunar monthly 

Sa Solar annual 
Ssa Solar semiannual 

Right ascension of local meridian ,, M can longitude of sun 
s Mean longitude of moon 

/> Mean longitude of lunar perigee 
/>1 Menn longitude of solar fuerigce 
I Time in hours after midn ght, or do. multiplied 

by 15 

----
c =speed of any component. 
c1 =speed of any diurnal component. 
k 1 =speed of the diurnal component K 1. 

TABLE 1.-The principal harmonic components, 

Speed per mean solar hour. Speed ratios. 

Formula. 

3y-2<T 

3y-4" 
4 y-5 u+at 

.. y-2 (7-2 l'J 

2 y-4u+2 ~ 

2 y+2 <r-4 q 

2" 

2 (a-q) 

<T-at 

'I 

2 'I 

"Y 
q 

" at 

y-q 

c .'.'.! c c 
c 

81 c m, ki 

0 

44 ·0251728 2•93501 00 34071 I• 51894 2·92700 

4209271398 2 °86181 0·34943 I 
0481o6 2°85400 

57· 4238338 3°82826 0'26122 1'98u2 3·8178o 

58 ·9841042 

I 
3°93327 0•25431 2'03505. 3·92154 

27°¢82084 I 
0 86455 o· 5363~ o"96495 I "85946 

JI 
00158958 2·o6773 o· 48362 1"07010 2·o6208 

I 

1"098o330 0°07320 13"66o79 0°03788 0•07300 

I ·0158958 o·o6773 14 °76529 0'03505 o"o6754 

00 5443747 0'03629 27" 55455 0'01878 0°03619 

0•041o686 0·00274 365·24219 o·ocn42 0'00273 

o'o821372 0·00548 182'62109 0"00283 0·00546 

15°04100864 I '00274 0"99727 . 0"51894 1·00000 
0"04100864 0'00274 365°24219 0'00142 0·00273 
0"54901653 0·0366o 27° 32158 0°01894 0·03650 
0·00464183 0·00031 3231"48 0'00016 0·00031 
0·000001¢ 0°00000 ........ 0°00000 0·00000 

ls. OOOCXXXX> 1°00000 1°00000 o· 51753 0·99727 

m, =speed of the diurnal component M,. 
m2 = speed of the semidiumal component M2 = 2 m1. 
s, =speed of the diurnal component S, = 15° per hour. 

Synod c 
period.• 
15/(m-c) 

d. 

•The diurnal components are synodic with M,, and the semldlurnal components with M2• · 
t Suggested by Helmholtz's theory of compound sounds. B. A. A. S. Report i869, p. 504. .MS has been cal!ed the Helmholtz !uni-solar 

tide. B. A. A. S. Report 1870, p. 149. Ferrel designated it by (MS),. 

I 
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1Vilh theil' speeds, coefficients, eto.-Continued. 

I 1

1 

Coefficients, . - J Cocff. ratios. !'actors for reduction. 

1s.;~r.-1-- .. -----------M-· -1-; --~--·-----·-··-----
i J<'ormula. val~~ M~ .K1 I , F 1- - ----1---
1.\lK (Shallow water) I F(MK) = F(M,) x F(K1) 

•2;\1K' (Shallow water) Fl2MK)= l<'(M,) X F(K1) 

I 

MN I (Shallow water) F(MN) = 0 ' 83.792 = F(M,) 
cos• i I 

MS 

2 MS 

(Shallow waler), 2 (S,/M2) M, 

(Shallow water) 

F(MS) = ~~ = F(M,) 
cos• l/ 

F(• MS)= o'8379• = (FM.J 
cos• i I 

193 

Equihhrium arguments. 

" 

3l+3h-2s+90° !2{-2v-v' 

3t+30-4s-90• 4E-4•+•' 
41+41s-ss+.P 4c-4• 

4t+21~-;is •f-•• 
•l+41s-.µ 4E-4• 

1·:~ 
(Shallow water) 

Cl-t •1) sin' 1 ·07827 '17230 0'29511 

m• (1-a sin2 /), (•nd shallow water) { ·00422• '00929 0·01591~ 1:: 

F(2SM) = o·9is38 = F(M1) 
cos• t I 

F(Mf) 

F(MSf) 

F(Mm) 

P(Sa) 
F(Ssa) 

- 0·15779 
- Siilt I 
= o·9r538 = F(M,) 

cos' t I 

•1-•li+:u -•E+•• 

... -•f 

-•ls+at -•£+•• ·oo621 ·01367 0'02341 

'(•-ii sin•/) ·04136 ·09105 0 • 15595 0•75316 •-/> Zero 

1 Sa (Chiefly meteorological) 

(6-i •12> _Tl sin•., 

1-1 ·s sin1 / 

=unity " Zero 

'i 
I -

Ssa ·03643 'o80:10 o' 13736 
T 

C = Coefficient or theoretical amplitude of any component. 
M1 =Coefficient or theoretical amplitude of the component M2• 
K 1 =Coefficient or theoretical amplitude of the component K 1• 

m = ~otion of ~-1!. = 0 . 07 Bo=-'-. 
mean motion of moon 4 13 · 369 

R Is such that tan R = sin • P ; see Table 8. 
~ cot• i I - cos • P 

R' = ( 1 )l; see Table 11. 
1-12 t.an 2 t /<:OS2 /' 

v' is such that tan v' = --- sin v sin 2 1 . - ; see Table 7. 
0'334811 + l:OS v sm 2 / 

=unity •" Zero 

··-·------------------~------·--'--------' 

' = eccentricity of moon's orbit = 0·0549. 
1 1 = eccentricity of earth's orbit = o ·0168. 
w = obliquity of the ecliptic = •3° •7' · 3. 

_'!°1 = __!!~_:;~~~~- x(mcan dist. of moon)• =o· 6o =-'--. 
T mass of moon mean dist. of sun 4 35 ;i• 1723j 

Q is such that tan Q = 6 tan/'; sec Table 9. 

Q' =(---~---)*;sec Table"· 
.. 5 + 1. 5 cos 2 p 

11' 1 is such that tau 2 11'' = sin 2 v sin' / . ; see Table 7. 
0·072634+cos 2 11 s1n1 I 

I= inclination of lunar orbit to the plane of the earth's equator; it varies between w-5° 8''811rnl w+s• 8''8, i.e. from 18° 18'"5 to •8• 36'·1 •• 
Sec Tables 6 and 7. • 

I'= mean longitude of lunar perigee measured from the intersection of moon's orbit with the plane of the earth's equator. See Table 6. 

d =earth's radius divided by moon's mean distance, i. c. the lunar parallax cxp1esscd in radians= 0·01659 = 6o~27• 

f =longitude in moon's orbit of the intersection of the lunar orbit with the plane of the earlh"s equator. See Table 7. 
v =right ascension of the intersection of the lunar orbit with the plane of the earth's equator. See Table 7. 

The scmidiurnals have a general coefficient cos1 A; the diumala,sin•A; those of long period,t-l sin 2 A; and M1, cos•>.. Adenotesthc 
latitude. 

*The lower of thc•e two figures gives the value when the coefllc1e11ts in the evection und variation have their full values as derived from 
Lunar Theory. 

S. Bx. 8, pt. 2--lii 
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TABL~J 2.-Dependence of component speeds 11pon certain astronomical quantitieB (epoch 1900). 

h. 0 

Solar day = 24 .000 0000 = 2 X 3~; s., = 2 X 360 
S; solar clay = 30·000 0000 

L1tnar day = 24 ·841 2024 = 2 X 3
60 

· m, = 2 
X 360 = 28·984 1042 -m;---' f[1-nar day 

Tropical day= 23·934 4696 = 0 3
60

; k, = - 2_.><____E_o_ = 30·082 1373 
k, tropical day 

If c denote the speed of any given component C, then a component whose speed is 

,·± 36o 
TI 

has with Ca synodic period TI hours in length. If C be the principal one of the two component~, then the effect of the other is 
to introduce an inequality into C of a period equal to Il. The known motions of the moon and sun suggest what tidal inequali · 
ties may exist corresponding to periodic irregularities in the motions of these bodies, or in the motions of the elements of their 
orbits. The following tabulation shows that it is often necessary to use more than one component to account for what may be 
regarded as an irregularity in the principal component: 

0 P,., r 
II ·I 
oh'< 
II I 
" l 
~ r 

ll 
V'> I. - ) ' 

~, 
~ l 

C= !, 
c = n~ 

I --~--pee;!-. -·--------1 
1--. Formula. 

II 
___ ! __ _ 

T ----~~:u-~--- ---:--c-+-~-:,--·· Symbol. 1------
Name. 1 (111 urs, days). II 

------ 1---------- ---· 

Half synodic month 

Half tropic'.ll month 

Anomalistic month 

Half anomalistic month 

Evectionnl period 

l Ialf tropical year 

Tropical year* 

Half tropical month 

Anomalistic month 

Half tropical year 

Anomalistic month 

Half evcctional period in moon's parallax 

! 0 

t ( 708·734115 ) h. 30·0000000 
! ( 29·5305881) cl. I 
~ ( 655·717960) h. 30·0821373 
~ ( 27·321581i) d. 

661 ·309206 h. 29·5284789 
27·5545503 d. 

t ( 661 ·309206 ) h. 
t ( 27·5545503) d. 

763·486534 h. 29·4556253 
31 ·8119389 d. 

i (8765·812722 ) h. 
r c 365·2421968) d. 

8765·812722 h. 
365·2421968 d. 

! ( 655"717960 ) h. 
t ( 27·3215817) cl. 

661·309206 h. 
27 ·5545503 cl. 

i (8765·812722 ) h. 
t ( 365 ·2421968) d. 

661 ·309206 h. 
27·5545503 cl. 

i (9882·831893 ~ h. 
t ( 411 ·7846622 d. 

I 

30·0821373 

30·0410686 

16·1391017 

15·5854433 

28·5125831 

0 

28·4397295 

27 ·8953549 

:?8·5125831 

13·9430356 

14 ·9589314. 

13·39866og 

29·4556253 

•The tropical year Is taken for convenience Instead of the anomalistic year (= 8766°2295 h. or 365°25956 d.). 

00 

01 

j I 

Pi 

qi 

t., 
V11 

This table is based in part upon values given in Harkness' paper on the solar parallax, App. Ill, Washington Observations 
for 1885. 
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TA!lLI~ 3.-Eq11ilibrium a1·g11ments (Vo+ u) at the 11tid11igh t prcocdi11g January 1 of eaoh year frorn 1850 to 1950, for the 
1neridian of G1·eenwioh, together with the elenients UBed in computing them. 

[ Compon~l--'.~ __ 1 ___ '~' ___ : __ ~~-1--'_ss_J_j_ 
J1 29·66 116·00 I 204'·03 

1

. 30]-53 3S·o7 

1855 

0 

129·39 
5·03 

189·52 

---,-------,---- -- -r 

__,s_s_6 __ l __ '_ss_1 __ , _'ssB--l--'s_s_9 _ 

22i°-21 327-32 I 59·40 .

1 

151~25 
7·13 10·45 12·78 14·92 

193·95 200·87 205·84 I 210·36 
K, 3·47 1·64 0·92 2·20 3·31 
K2 187·75 183·76 I 181·83 183·99 186·04 

L, 
[L,] 
M, 

(M1] 
Mo 
M, 

00 
P, 
Q, 

R, 
s, 3 

s'l, .. , ~ 

T2 
i .• 
/l• 

Vo 

MK 
2MK 

MN 
MS 

2MS 

2SM 
Mf 
MSf 

r.Im 
Sa 
Ssa 

Elements. ,, 
s 
p 

p, 
p 
N 

I 
Q 
R 

f 
v 
v' 

2 v" 

155·70 
149·s4 

6·83 

330·16 
299·79 
269·69 

239·58 
179·38 
I 19·17 

270·04 
240·29 
299·8l:I 

239·95 
349·70 
270·13 

359·93 
180·00 

o·oo 

0·07 
148·79 
241·04 

270·79 
303·26 
236·12 

209 ·83 
299'79 
239·58 

60·21 
240·03 
60·21 

29'75 
280·30 
200·60 

350·62 
338·59 
273 ·54 

239·05 
40·11 

240·17 

80·22 
120·34 
160·45 

281 ·64 
163·17 
42·59 

132·46 
349·94 
284 ·11 

359·67 
180·00 

o·oo 

0·33 
59·63 
82·12 

200·59 
41 ·75 
78·59 

321 ·75 
40·11 
80·22 

319·89 
134·94 
3!9·89 

200·12 

161·48 
167·84 
165·21 

149·63 
140·64 
210·96 

281 ·28 
61·93 

202·57 

293·45 
86·25 

143·81 

29·85 
350·18 
296·62 

350·42 
180·00 

o·oo 

0·58 
33o·69 

' 283·40 

130·60 
141 ·56 
280·37 

74·09 
140·64 
281 ·28 

219·36 
33·02 

219·36 

330·94 
346·01 

50·56 

49·56 
217·03 
145·54 

74·06 
291 ·08 
148·11 

268·05 
319·06 
218·48 

318·61 
349·43 
269·50 

0·15 
180·00 

o·oo 

359·85 
228·92 
76·16 

25·14 
219·23 

71 ·86 

125·07 
217·03 
74·06 

14 2 ·97 
320·06 
142 ·97 

17772 
175·74 
346·93 

322·66 
318·04 
117·05 

276·07 
234·11 
192·14 

280·33 
242·63 
317·67 

223 ·07 
349·67 
279·96 

359·89 
180·00 

o·oo 

0·11 
140·45 
277·92 

315·62 
321 ·35 
272·76 

238·37 
318·04 
276·07 

41·96 
222·70 
41·96 

26·05 
5·69 

274·81 

236·54 
59·26 
88·89 

118·52 
177'77 
237·03 

292·83 
166·40 

56·29 

129·63 
349·91 
289·87 

359·63 
180·00 

o·oo 

0·37 
52·19 

119·89 

246·32 
64·29 

113 ·49 

35 2 ·09 
59·26 

118· 52 

300·74 
126·67 
300·74 

194·57 
195·78 
170·80 

150·91 
16o·63 
60·95 

321 ·26 
121 ·89 
282·52 

305·48 
90·33 

154 ·57 

37·54 
350·15 
299·42 

359·38 
180·00 

o·oo 

0·62 
324·09 
322·02 

177·17 
167·77 
314·13 

106·11 
16o·63 
321 ·26 

199·37 
31 ·48 

199·37 

353·33 
14·65 
55 ·36 

I 
53·45 

. 237·7 1 
356·57 

I 115·43 

I 
353·14 
230·86 

280·78 
323·84 
227·33 

333 ·44 
349·40 
270·39 

0·11 
180·00 

o·oo 

359·89 
223 ·02 
115·47 

72·41 
248·16 
104·98 

158·49 
237·71 
115·43 

122·29 
323 ·06 
122·29 I 

207·20 308·98 37·71 126·43 215·15 316·94 
279·82 280·57 280·33 280·09 279·85 280·60 1· 

199·64 201 '13 I 200'66 200°18 199'70 201 '20 
Values nt Greenwich, midnight beginning each ye~r. 

204·19 
204·84 
347 ·23 

328·08 
339·18 
328·78 

318·37 
2 97 ·55 
270·74 

293 ·52 
247·86 
325·45 

242·03 
349·64 
279·79 

359·85 
180·00 

o·oo 

0·15 
135·01 
317·70 

3'36 
351 ·96 
305·59 

272·71 
339·18 
318·37 

20 82 
228·29 
20·82 

45·66 
280·36 
200·72 

54·37 
34·96 

281 ·70 

242·49 
80·58 

300·86 

161 ·15 
241 ·73 
322·30 

306·19 
171 ·81 
63·71 

150·04 
349·88 
289·32 

359·6o 
180·00 

o·oo 

0·40 
46·93 

159·84 

294·22 
95·49 

146·23 

26·77 
80·58 

161 ·i5 

279·42 
133·17 
279·42 

200·24 

280·30 I 280·06 279·82 I 280·57 I' 280·33 I 280·09 ·1 279·85 I 280·60 I 280·36 280·12 
129·67 259·06 28·44 171 ·oo 300·39 69·77 199·16 341 ·72 I II '10 240·49 
99·92 140·58 181·25 222·02 262·68 303·35 i 344·01 I 24·78 65·44 rn6·11 

Values at the middle of each year, or for July 2 at Greenwich mean noon for common years, and at preceding 
midnight for leap years. 

280·37 280·39 280·40 280·42 28044 I 280·46 I 280·47 280·49 280·51 ! 280·52 
110·60 149·33 189·70 231·38 27y98 317·24 0·9S 44·92 88·82 132·53 
136·54 117·21 97·85 78·50 59·17 39·84 20·49 1·13 ! 341·81 3zz·4S 

20·02 

126·93 
3~3 ·84 

9·65 
10·39 
6·83 

12·85 

21 ·57 
163·48 
347·96 

11 ·59 
12·54 
8·42 

16·36 

23·28 
184·89 

6·36 

I 1 ·93 
12·99 
8·90 

17·81 

24·97 
212·04 

15·08 

1:)'97 
12·02 
8·37 

17·14 

26·44 
277·91 
358·02 

9·04 
9·96 
7·02 

14·62 

27·59 
335'19 
339·64 

6·44 
7' 13 
5·06 

10·67 

28·33 
0·49 
1 ·21 

3·42 
3·79 
2·72 
5 ·75 

28·60 
26·51 
21 ·32 

0·19 
0·21 

0·15 
0·32 

27 ·71 
151 ·41 
345·41 

353·91 
353·25 
355 ·20 
349·88 

In making analy"e,; or predictions it is not desirable to modify the values of V0 + u as here given either on account of the 
longitude of the station or the longitude of the time meridian. Such alteration should be made once for all in the epoch ( O>) of 
the particular component (C) as will adapt it to the tabular 1~+11. · 
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TABLE 3.-Equilibrium arguments ( V0 +u) at the midnight precedin11.Tanuary 1 of eacli ,iiear, .from 1850to1950, for the 
111eridian of Greenwich, together with the elements used in computing th1m1-Contiu11ed. 

------ -

I Component. 186o 1862 1864 
I 

1861 1863 1865 
I 

1866 1867 1868 1869 

·---·---·-· ---· 
0 0 0 0 0 0 0 0 0 0 

]1 242·65 347·35 76·95 165·17 251 ·71 35o·55 74·00 157·03 240·76 340·06 
K, 16·70 18·88 19·28 18·69 16·99 15·22 11 ·71 7·97 4·62 3·11 
K, 213·98 218·19 218·62 216·95 213·19 209·68 203·16 196·37 190·05 18?·95 

L., 229·00 26·04 228·97 72·20 259·39 62·53 249·41 86·02 283·89 100·40 
[L.,] 224·92 43·36 232·88 62·16 251 ·23 68·81 257·6o 86·37 275 ·18 92·79 
M, 178·86 61·04 340·98 280·05 179·7 I 56·79 311 ·75 235 ·51 162·59 47·19 

[M,] 156·44 57·57 329·72 240·49 149·59 44·86 310·86 216·44 122·73 18·46 
M, 181 ·82 258·47 359·27 99·83 200·17 275 ·96 16·03 116·07 216·16 291 ·99 
Mo 272·72 207·70 178·90 149·74 120·25 53·94 24·05 354'Il 324·25 257·99 

M, 3·63 156·94 358·53 199·65 40·33 191 ·92 32·o6 232·15 72·33 223·99 
Mn 185 ·45 55·40 357·80 299·48 240·50 107·88 48·10 348·22 288·49 1~5'98 
Ma 7·26 313·87 357·o6 39·30 8o·66 23·84 64·13 104·30 144·66 7·98 

N, 318·71 293·58 305·65 317·49 329·u 303·11 314·46 325 ·78 337'15 311·19 
2N 95·61 328·68 252·04 175·15 98·05 330·27 252·89 175 ·49 98·14 33o·39 
o, 162·27 236·01 335·93 77·00 179 ·52 258·25 3·60 109·34 214·42 292·74 

00 56·81 348·91 250·74 148·66 41·77 317·16 201·26 84·13 329·07 245·78 
P, 350·12 349·37 349·61 349·85 350·09 349·34 349·58 349·82 350·06 349·31 
Q, 299·17 271·12 282·32 294·66 308·46 285·41 302·03 319·05 335·40 311 ·93 

R. 359·34 0·07 359·82 359'56 359·30 0·03 359·78 359·52 359·2'7 359·99 
S1o o 180·00 180·00 18o·oo 18o·oo 180·00 180·00 180·00 180·00 180·00 18o·oo 

s •.•. 6 0'00 o·oo o·oo o·oo o·oo o·oo o·oo o·oo o·oo o·oo 

T. 0·66 359·93 0·18 0·44 0·70 359·97 0·22 0·48 0·73 0·01 
Ag 318·69 217·19 128·51 39·59 310·46 208·10 118·69 29·26 299·87 197·55 
µ. 1 ·83 154 ·86 356·41 197·72 38·81 190·98 31·80 232·6o 73·44 225 ·64 

"• 224·94 119·75 50·02 340·06 269·87 163 ·82 93·37 22·89 312·45 2o6·44 
MK 198·51 277·35 18·54 118·51 217·15 291 ·18 27·74 124 ·04 220·78 295·10 

2MK 346·93 138·06 339'25 180·96 23·34 176·70 20·36 224·18 
I 67·71 220·88 

MN 140·53 192·04 304·92 57·31 169·27 219·07 330·49 81 ·86 I 193·31 243·19 
MS 181·82 258·47 359·27 99·83 200·17 275 ·96 16·03 116·07 216·16 291 ·99 

2MS 3·63 156·94 358·53 199·65 40·33 191 ·92 32·06 232·15 72·33 223·99 

2SM 178·18 IOI '53 0·73 26o·17 159·83 84·04 343·97 243·93 143·84 68·01 
Mf 37·27 326·45 227·40 125·83 21 ·13 299·45 188·83 77·40 327'33 246·52 

MSt 178·18 101 ·53 0·73 26o·17 159·83 84·04 343·97 243'93 143·84 68·01 

Mm 223·11 324 -::) 53·61 142·34 i 
231 ·06 332·85 61 ·57 150·29 239·01 340·80 

Sa 279·88 280·63 280·39 280·15 
I 

279·91 280·66 28o·42 280·18 279·94 280·69 
Ssa 199·76 201·26 200·78 200·30 199·83 201 ·32 200·84 200·37 199·89 201·38 

Elements. Values at Greenwich, midnight beginning each year. 

lz 279·88 

I 
28o·63 

I 
280·39 

\ 

280·15 

\ 

.?79·91 

I 
28o·66 

\ 

280·42 

l 
280·18 

I 
279·94 

I 
280·69 

s 9·87 152·43 281 ·82 51 ·21 180·59 323·15 92·54 221 ·92 351 ·31 I 3y87 
p 

I 
146·77 187·54 228·21 268·87 3o9·53 350·31 30·97 71 ·63 112·29 153·07 
Values at the middle of each year, or for July 2, at Greenwich mean noon for common years and at preced-

ing midnight for leap yea.rs. 

p, 28o·54 28o·56 280·57 28o·59 280·61 I 28o·63 I 280·64 28o·66 280·68 280·69 
p 175·91 218·66 260·42 300·91 339·89 17·21 i 53·18 88·74 125 ·04 162·79 
N 303·12 283·77 264·44 245·11 225 ·76 206·40 187 ·07 167 ·75 148·39 129·03 

I 26·6o 25·15 23·49 21 ·77 20·19 18·98 18·36 18·46 19·25 20·58 

Q 177 ·95 201 ·80 251 ·35 320·13 349·62 8·81 33'73 87·48 144·51 171 ·19 
R 355·92 17·32 3·91 349·96 351 ·83 6·27 8·19 0·34 351 ·29 352·39 

~ 351 ·24 349·21 348·12 348·29 350·03 353·43 358·12 3·22 7·64 I0°61 

v 350·34 348·17 347·06 347·32 349·27 352·95 357 ·99 3·45 8·20 II '43 
v' 353·19 I 351 '75 351 ·1 I 351 ·46 352·92 355 '44 358·71 2·21 5·33 7'58 

2 v" 345 78 I 343·07 342·16 343·35 I 
346·64 351 •64 357·68 4"10 9·84 

I 
14·43 

I ! __ I -----' -- ' ----- - -- ---
From ~62 we have for the modified epoch ((£0

) 

(£0=0>+1spL-cS 

I 

wherep is to be put equal 1, 2, ... according as C is <liur;'1al, semidiurnal, c•c.: c is the hourly speed of C; L, S denote 
the west longitude in hours of the station and of the time meridian use<!. The values of L and S should always accompany th~ 
work of analysis or prediction, thus enabling one to pass from <£0 to C0 or (.1• to ~0 as the case may be. 
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'l'AnL1£ 3.-Equilibrium arguments ( Vo+u) at thB 111idnight prBoeding January 1 of each year, f1·om 1850 to 1960, for the 
11167'idian of Greemvich, togetht1· 1oith the elements used in computing them-Continued. 

Vg 

MK 
2MK 

MN 
MS 
2MS 

2SM 
Mf 
MSf 

Mm 
Sa 
Ssa 

Elements. 
It 
s 
p 

Pi 
p 
N 

I 
Q 
R 

~ 
v 
v' 

2 v11 

0 

67·07 
1 ·71 

183·73 

270·95 
281 ·92 
297·71 

288·03 
32·39 

228·59 

6479 
97'18 

129·58 

322·87 
253·35 

34·84 

140·26 
349·55 
325·32 

35974 
180·00 

o·oo 

0·26 
108·47 
66·79 

136·32 
34·11 
63·07 

355 ·27 
32"39 
64·79 

327 ·61 
142·71 
327·61 

69·52 
280·45 
200·90 

0 

155·69 
1·41 

182·64 

100·60 
111 ·26 
201·00 

199·20 
133·02 
199·52 

266·03 
39·05 

172·06 

334·77 
176·52 
135 ·57 

39·33 
349·79 
337·32 

359·49 
180·00 

o·oo 

0·51 
19·62 

268·17 

66·42 
134·42 
264·62 

!07 "79 
133·02 
266·03 

226·98 
41 ·88 

226·98 

IS8·25 
280·21 
200·43 

-· - - - ··-. -------- ---- -- ---
i 

1874 1875 1876 1877 

---- ----1- ---- ·---
0 0 

245·61 350·54 
2·04 4·40 

183·58 188·21 

0 0 0 0 

82·08 174·02 266·11 12·19 
6·29 8·51 10·86 14·12 

192·12 196·81 201·81 208·64 

307·85 139·35 
300·85 119·34 
145 ·32 47·99 

296·92 121 ·83 334·74 170·64 
309·36 139·50 329·70- 148·55 
301·76 202·48 145·46 55·4o 

111 ·67 13·03 
233·88 310·59 
170·81 105·88 

287·13 261 ·62 116·27 18·77 
51 ·88 I53"3° 254·77 331·84 
77·82 49·95 22·16 317·76 

107·75 261 ·18 103 76 306·6o 149·55 303·68 
341 ·63 211 ·76 155·63 99·90 44·32 275·53 
215 ·so 162·35 207·51 253·20 299·10 247·37 

346·91 321 ·8, 
99·94 333·08 

235 ·24 308·80 

334·40 347·10 359·85 335"I3 
256·92 180·90 Io4·93 338·42 

47·27 145·48 243·58 316·37 

302·04 234·76 141 ·93 5o·I6 3I8·80 254·59 
350·03 349·28 
348·27 320·05 

349·52 349·75 349·99 349·25 
329·8o 339·28 348·66 319·65 

359·23 359·96 
180·00 180·00 

359·70 359·45 359·19 359'92 
180·00 18o·oo 180·00 I8o·oo 

o·oo o·oo o·oo o·oo o·oo o·oo 

0·77 0·04 
'.!91 "00 189·56 
109·78 262·86 

0·30 o·55 0·81 0·08 
IOI '37 13·32 285 ·32 I84·23 
104·91 3oro8 I49'31 302·75 

356·75 251 ·62 
235 ·92 314"99 
105·71 256·78 

182·39 113·28 44·23 299·46 
58·17 161 ·81 265·63 345·97 
97·46 298·09 138·69 289·56 

220·78 272·42 
233·88 .310·59 
1o7·75 261 ·18 

26·28 140·40 254·63 306·97 
51 ·88 I53"30 254 ·77 331·84 

!03 76 306·60 149·55 303·68 

126·12 49·41 
303·40 232·98 
126·12 49·41 

3o!i-12 206·70 105·23 28·16 
137 '33 42·34 307·6I 239·11 
308·12 206·70 105·23 28·16 

246·97 348·75 77·48 166·20 254·92 356·71 
279·97 280·72 280·48 280·25 280·01 280·75 
199·95 ::?Ol '44 ::?00'97 200·49 200·01 201 ·50 

Va ucs at Greenwich, midnight beginning each year. 

I 

i 
1878 1879 

.·----
0 0 

Io3·89 195·03 
16·15 1773 

212·86 216·00 

331 ·4o 151 ·77 
338·6I 168·50 
3o9·99 207·85 

293·03 206·72 
73·18 174·35 

289·77 261 ·52 

I46·36 348·70 
219·55 163·04 
292·73 337·39 

347·75 0·19 
262·32 186·04 
54·72 153·47 

162·20 68·28 
349·49 349·73 
329·29 339·32 

359·67 359·41 
180·00 18o·oo 

o·oo o·oo 

0·33 0·59 
96·09 7"78 

144·84 346·76 

230·27 16o·91 
89·33 192·07 

130·21 330·97 

60·93 174·54 
73·18 174·35 

146·36 348·70 

286·82 185·65 
143·74 47·41 
286·82 185·65 

85·43 174·15 
280·51 28o·27 
201 ·03 200·55 

280·45 280·21 I 279·97 I 280·72 I 280·48 I 280·25 I 280·01 I 280·75 I 280·51 I 280·27 
263·25 32·64 162·02 304·58 73·97 203·35 332·74 115·30 244·68 14·07 
193·73 234·39 275·05 315·83 356·49 37"15 77·81 118·59 159·25 199·91 
Values at the middle of each year, or for Julv 2, at Greenwich mean noon for common years and at preced· 

ing midnight for leap years. 
280·71 280·73 280·75 280·76 , 28078 280·80 I 280·81 280·83 280·85 28o·87 
202·16 243·03 285·12 328·07 11·52 55·30 99·27 143·18 186·77 229·88 
109·71 90·38 71 ·03 51 ·67 32·34 13·o1 ' 353·66 334·30 314·97 295·65 

22·22 
191 ·51 

10·97 

11 ·90 
12·90 
8·74 

17·18 

23·95 
224·49 

10·66 

II '70 
12·77 
8·81 

I7'79 

25·57 
298·38 
353·00 

10·32 
11·33 
7·93 

16·36 

26·93 
342·69 
339·99 

27 ·93 
5·82 

I2"44 

28·57 
I08·07 
354·95 

28·18 
159·48 
337·9I 

8·09 5 ·30 2'18 358·93 355 ·74 
8·94 5·88 2·43 358·81 355·27 
6·32 4·19 I"74 359·15 356·63 

352·81 
352·05 
354"37 
348·I6 

26·07 
210·68 

16·73 

350·37 
349·40 
352·55 
344"55 

I 
I 

I3·23 I 8·85 . 3·68 358·20 352·87 

'----------------------------·------·----··- ·- ·-· ----- ---·---'------'-----· 

If the first dny of the series to be analyzed be other than January I, the change in the V0 + u as here tabulated is obtained 
from Tables 4, 6, 7, 8, and 9. In the case of prediction, only Table 4 is required, because u may be regarded as constant for any 
fraction of a year. 
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TABLE 3.-Equilibrium a>"!/UmentH ( V,, + u) at the micluighl prccedil111 Janua1·y 1 of each year, fi·om 1850 to 1.950, fo1· the 
meridian of Greenwich, together with the elements used in computing t/1em-Continue<l. 

,- --------- --------------
Component. l83o 1881 1882 1883 1884 1885 t8'!6 1887 1888 1889 

··---·· ------ -- ·----·-· ----·---- ----------
0 0 

I 
0 0 0 0 0 0 0 0 

]1 285·32 21)·47 116-06 201 ·92 286·1;: 23·31 106·49 190·75 276·68 1S·39 
K, 18·64 19-66 18·65 16·53 13·43 10·j4 7·07 4·01 1·94 1 ·90 
K, 217·59 219-20 

I 
216-70 212·21 206·24 201 ·48 194·79 188·87 184·45 184 ·02 

Lo 359·19 189·85 8-80 184·51 17·70 204 ·53 38·89 219-81 3s-J8 219·58 !• 
[L~J 358·17 176·28 5·47 194·47 23·31 200·77 29·54 218-40 47·40 225 ·28 

M, 142·24 58·16 312-82 203·44 108·15 31 ·14 301 ·37 192-56 8372 344·54 

[Mi) 119·56 19-14 289·29 197·71 104·45 358·07 263·80 170·62 79·11 337 ·25 
Mo 275 ·29 351 ·62 02·08 192-36 292.48 8·15 rn8·20 i 208·33 308·61 24·71 
M, 232 ·94 167·42 1j8·13 108·54 78·72 12·22 342·30 312·50 282-91 217·06 

:-.1, 190·58 343·23 184·17 24·72 224·96 16·•0 216·40 5 ,-67 257 ·22 49·42 ·' Mo rn5·88 334 ·85 276·25 217·07 157.44 24·44 324·61 265-00 205·83 72·12 
Ms 21 ·17 326·46 8·34 49-43 89·92 32'59 72·81 113·34 154·44 98·83 

N, 12·41 346·95 358·70 rn·25 21 ·65 355·53 6·86 18·27 29·82 4·13 
2N 109·54 342·29 265 ·31 188-14 I !0'82 342·91 265 ·52 188·21 '111·04 343·56 
01 252·85 327-81 69·41 172·54 277·19 357·46 IOJ"06 207 ·65 310·72 26·89 

00 332·03 259·80 155·95 47·08 293·37 203-93 8]"23 .B3'72 225 ·07 148·75 
P, 349·96 349·22 349·46 349·69 349·93 _149·19 349·43 349·66 349·90 349·16 
Q, 349·97 323-15 336·02 350·43 6·36 344-84 1 ·72 17·59 31 ·93 6·31 

R, 359-15 359·88 359·63 359·37 359·11 359-84 359·59 359-33 359·08 359·81 
Si, :i 18o·oo 180·00 180.00 180-00 180·00 180·00 180.00 180·00 18o·co 18o·oo 

S2, ., 6 o·oo o·oo o·oo o-oo o·oo o·oo o·oo 0'00 o·oo o·oo 

T, 0·85 0·12 0·37 0·63 o·S9 0-16 0·41 0·67 0·92 0·19 
A. 279·25 177·42 . 88·41 359.21 269·85 167·37 77·94 348·60 259·40 157 ·34 
µ, 188·46 341 ·15 182·37 23·40 224 ·27 16·31 217·12 58·00 259·03 51 ·50 

Vo 91-33 345·82 27576 205·51 135·11 28·93 318·46 248-07 177·82 72·08 
MK 293·93 11 ·28 I I0.7] 208-89 305·91 18·88 115-28 212 ·34 310·55 26·67 

2MK 171 ·95 323·57 165·52 8·18 211 ·53 5·56 209·33 52·66 255 ·28 47·46 

:MN 287 '7 I 338·57 90·78 202·61 314·13 3·68 115 ·06 226·60 338·43 28·84 
MS 275·29 351 ·62 92·08 192·36 292 ·48 8·(5 rn8·20 208·33 30S·61 24·71 
2MS 190·58 343·23 184·17 24·72 224 ·96 16·30 21b·.10 56·67 257 ·22 49·42 

2SM 84·7 I 8-38 267-92 167·64 67·52 351 ·85 251 ·80 151 ·67 51 ·39 335 ·29 
Mf 309·59 236·00 133·27 27·27 278·09 193·23 82·09 333 ·04 227·17 15o-93 

MSf 8-r71 8·38 267·92 167·64 67·52 351 ·85 i 251 ·80 151-67 51 ·39 335 '29 

Mm 262·88 4-66 93·39 182·11 270·83 12·62 IOI '34 190·06 278·79 20-57 
Sa 280·04 280·78 280·54 280·31 280·07 280·81 280·57 280·34 280·10 280·84 

Ssa 200·07 201·57 201·09 200·61 200·13 201 ·63 201 ·15 200·67 200·20 201.69 
Elements. Values at Greenwich, midnight beginnin_g each year. 

It 280·04 

I 
280·78 28o·54 

I 
28o·31 

I 
280·07 

I 
280·81 

I 
280·57 

I 
280·34 280·10 280·84 

s 143·45 286·01 55·40 184·79 314·17 96·73 226·12 355 ·so 124·89 267·45 
p 240·58 281 ·35 322·01 2·68 43·34 84·11 124·77 165·44 206·10 246·87 

Values at the middle of each year, or for July 2, at Greenwich mean noon for common years, and at preced-
ing midnight for leap years. 

p, 280·88 280·90 280·92 280·93 280·95 

I 
280·97 I 280·99 281 ·oo 281·02 281 ·04 

p 272·30 ,313·67 353·58 31 ·86 68·60 104·33 140·03 Ij6·79 215·19 255 ·22 
N 276·29 256·94 237·61 218-28 198·93 179·57 i 160·24 140·91 121 ·56 102·21 

I 24·53 22-82 21 ·12 19·66 18-66 18·31 18·69 19-71 21 ·19 22·89 
Q 274 ·60 33 2 '35 356·78 17·26 51 ·91 117·06 157·27 178·39 199·42 242·19 
R 358·98 346·43 356·67 9-96 5·61 356·24 350·65 358·58 12·01 5·71 

~ 348·66 348·02 348·77 351 ·15 355· 13 0·11 5·07 8·98 11 ·30 11 ·98 
v 347·6o 346·98 347 ·87 350·49 354"78 0·12 5·43 9·65 12·21 13·03 
v' 351·40 351 ·12 351 ·89 353·77 356·64 ·o~ 3·50 6·33 8·16 8·89 

2 v11 342·48 342·37 344·39 348·40 353·90 0·14 6·36 11 ·80 15·74 17·67 ________ ; __ 
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TABLE 3.-Equilibriimt arguments (Vo+ 11) at the midnight preceding .Tanuary 1 of each year, f1·om 1850 to 1950, for the 
meri~ian of Greenwich, together wilh the elements used in comp'uting t/tem-Uontinucd. 

-·- --· -- . 

j I I I I Component. 1890 1891 189> 1893 1894 1895 1896 1897 1898 1899 

--- -· 
0 0 289~05 

0 0 0 0 0 0 0 

)1 I07'55 197·88 34·83 126·86 218·95 310·88 56·45 147 ·29 237·16 
K, 2·04 2·98 4·58 7·61 9·90 12·24 14·45 17·31 18·65 19·25 
K, 183·75 185 ·40 188·6o 194·35 199·71 204·70 209·37 215·21 217·80 21!1·67 

L, 65·75 26o·29 55'86 240·32 93·98 295 ·30 86·65 268·40 118·43 317·10 
[L,J 54·72 244·40 74·29 253·04 83·22 273·42 103·56 282·25 112·05 301 ·63 
M, 287·73 192·32 85·29 340·37 288·59 199·79 93·36 344·85 289·57 205·07 

(M1] 248·96 161 ·84 75·57 337·77 252·35 167·00 81·48 343·48 256·88 169·30 
M, 125·42 226·38 327·55 44·52 145·97 247'45 348·86 65·76 166·84 267·70 
M., 188·14 159·57 131 ·33 66·77 38·95 II '17 343·29 278·64 250·26 221 ·55 

M, 250·85 92·76 295 ·10 89·03 291 ·94 134·89 337·72 131 ·52 333·68 175·40 
Mo 16·27 319·14 262·66 133·55 77·91 22·34 326·58 197 ·29 140·53 83·09 
M. 141 ·70 185·52 230·21 178·06 223·88 269·78 315 ·44 263·05 307·37 350·79 

N, 16'l3 28·36 40·81 15'99 28·72 41 ·47 54·16 29·28 41·64 53·77 
2N 266·83 190·34 114 ·07 347·46 271 ·47 195 ·so 119·47 352:8o 276·43 199·84 
o, 127 ·17 226·52 325·24 38·21 I 136·37 234·47 332·68 45·8o 144 ·76 244·47 

00 49·35 313·21 219·38 154·39 62·85 331 '47 239·68 174·14 79·41 341·99 
P, 349'39 349·63 349·87 349·13 .349'36 349·60 349·84 349·09 349·33 349·57 
Q. 17·87 28·50 38·50 9·69 19·11 28·50 37·98 9·31 19'55 30·54 

R, 359·55 359·30 359·04 359·77 359·51 359·26 359·00 359·73 359·48 359·22 
s .. 3 180·00 180·00 180·00 18o·oo 180·00 180·00 180·00 180·00 180·00 18o·oo 

s.J, 4t 6 o·oo o·oo o·oo o·oo 0'00 o·oo o·oo 0'00 o·oo o·oo 

T, 0·45 070 0·96 0·23 0·49 0·74 l'OO 0·27 0·52 0·78 
~"l 68·58 340·06 251 ·76 150·56 62·54 334'54 246·48 145·23 56·83 328·21 
µ. 252·97 94·68 296·60 89·94 292·15 134·38 336·54 129·82 ~31 ·65 173·26 

V• 2·27 292·70 223·35 118·47 49·40 340·35 271 ·24 166·30 96·85 27·19 
MK 127·46 229·36 332·13 52·13 155'87 259·68 3·31 83·07 185·50 286·95 

2MK 248·81 89·78 290·53 81 ·42 282·04 122·65 323·27 I 14'21 315·03 156·14 

MN 141 ·55 254·74 8·36 60·50 174·69 288·92 43·02 95·04 208·48 321 ·47 
MS 125'42 226·38 327·55 44·52 145 ·97 247·45 348·86 65·76 166·84 267·70 
2MS 250·85 92·76 295 ·10 89·03 291·94 134·89 337·72 131 ·52 333·68 175 ·40 

2SM 234·58 133·62 32·45 315 ·48 214·03 112·55 11·14 294·24 193·16 92·30 
Mf 51·09 313·34 217·07 148·09 53·24 318·50 223·50 154 ·17 57·33 318·76 

MSf 234·58 133 ·62 32·4·5 315·48 214·03 112·55 II '14 294·24 193·16 92·30 

Mm 109·30 198·02 286·74 28·53 117'25 205·97 294·70 36·48 125 ·21 213·93 
Sa 280·61 28o·37 280·13 280·87 280·64 280·40 280·16 280·91 280·67 280·43 
Ssa 201 ·21 200·74 200·26 201 ·75 201 ·27 200·80 200·32 

' 
201 ·82 201 ·33 200·86 

Elements. Values at Greenwich, midnight beginning each year. 

A 280·61 

I 
280·37 

I 
280·13 

I 
280·87 

I 
28o·64 

I 
280·40 

I 
280·16 

I 
280·91 

I 
280·67 

I 
280·43 

s 36·83 166·22 295·60 78·16 207·55 336·93 w6·32 248·88 18·26 147·65 
0 287·54 328·20 8·86 49·63 90·30 130·96 171 ·62 212·40 253 ·06 293·72 

Values at the middle of each year, or for July 2, at Greenwich mean noon for common years, and at proced-
ing midnight for leap years. 

p 281 ·05 
I 

281 ·07 281 ·09 281 'II 281 ·12 281 ·14 281 ·16 281 ·17 281 ·19 281 ·21 
p 296·58 338·99 22·18 65·85 109·70 153 ·61 197·44 240·93 283·79 325 ·79 

N 82·88 63·55 44·19 24·84 5 ·51 346·18 326·83 307·47 288·15 268·82 

I 24·6o 26·13 27·37 28·20 28·58 28·48 27·90 26·88 25·50 23·88 
Q 315 '02 349·13 II ·52 48·11 

I 
125 ·61 166·07 188·93 221 ·97 296·15 341 ·22 

R 348·97 344·10 18·44 12·73 349·24 338·12 16·90 13·84 353·62 344·53 

f I II '29 9·55 7·07 I 4·12 0·93 357·68 354·57 351 '79 349·6o 348·27 
v 12·35 10·51 7'82 4 57 I '03 357·43 353·98 350·94 348·58 347·20 
v' 8·57 7·39 5·55 3·26 0·74 

I 
358·16 355·71 353 ·59 352·01 351 ·18 

2 v11 17·47 15'33 II ·66 6·91 I '57 356·10 350·95 346·6o 343·54 342·19 
! 
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TABLE 3.-Eqriilibrium arguments ( V0 + u) at the midnight preC'1ding .TanuarrJ 1 of each year, f1•om 1850 to 1950, for the 
meridian of Greenwich, together with the elements used in computing them-Continued. 

I Com~oncnt. I H)OO 19cn 19<» 1903 1------·-· -- . -0 - ·--0 --· ---0-- ---~·-- . 1 
__ '_90_4 ___ >~s _ _l __ •9<'6 __ . __ '9"_1 ___ '9"-~---

' 0 

! ]1 325·72 52·66 137·84 221·53 
I K1 18·90 17·t6 14·93 11 ·56 

304·55 
7·81 

195•90 

4;·08 
5·_;0 

191 ·37 I 
I 26·95 21)·56 

0·93 
182·27 K, 217·49 214·18 209·05 202·71 

2·59 
185·96 

L, 
[I...,] 

M1 

vz 
MK 

2MK 

MN 
MS 

2MS 

2SM 
Mf 

MSf 

Mm 
Sa 

Ssa 

127·09 
130·96 
97·46 

80·41 
8·31 

192·46 

16·62 
24·92 
33·23 

65·66 
123·01 
345·24 

240·89 
349·81 
42•59 

358·97 
180·00 

o·oo 

1 ·03 
239·35 

14·62 

317·27 
27·21 

357·71 

73·97 
8·31 

16·62 

351 ·69 
217·82 
351 ·69 

302·65 
280·19 
200·38 

309·02 
320·07 
351·64 

349·91 
108·70 
163·04 

217·39 
326·09 

74·78 

77·32 
45·95 
87·41 

135·15 
350·05 

56·04 

358·71 
180·00 

o·oo 

1 ·29 
150·26 
215·76 

247· 13 
126·16 
199·93 

186·02 
108·70 
21 7·39 

251 ·30 
I 13·87 
251 ·30 

3I·37 
279·95 
199·90 

147·11 
149·00 
271 ·67 

257·65 
208·90 
133·35 

57·8o 
266·71 
u5·61 

88·81 
328·71 
191 ·16 

24·33 
350·29 

71 ·06 

I ·55 
60·99 
56·72 

176·81 
223·83 
42·87 

297·71 
208·90 
57·8o 

151·10 
6·59 

151·10 

345·00 
337·81 
203·30 

163·90 
309·00 
103·49 

257·99 
206·99 
155 ·98 

100·18 
251 ·36 
296·28 

269·15 
350·53 
87·46 

358·20 
180·00 

o·oo 

1·80 
3JI ·61 
257'57 

106·39 
320·55 
246·44 

49·17 
309·00 
257·99 

174·12 
166·58 
101·59 

69•47 
49•04 
73·55 

98·07 
i47·u 
196·14 

111 ·so 
173·96 
42·03 

151·99 
350·76 
104·49 

357 ·94 
180·00 

o·oo 

i6o·53 
49·04 
98·07 

310·96 
144·98 
310·96 

339·64 
344·05 
338·11 

323·42 
124·72 

7·09 

249·45 
14·17 

138·90 

85·40 
46·07 

I 21 ·97 

63·53 
350·02 
82·65 

358·67 
180·00 

o·oo 

I ·33 
139·70 
250·42 

289·75 
130·02 
244·15 

210·12 
·124·72 
249·45 

235·28 
6o·78 

235·28 

162·47 
17 2 ·95 
232·12 

230•85 
224·90 
337•36 

89·81 
314 ·71 
179·62 

96·85 
328·81 
226·01 

JI! '79 
350·26 

97·96 

358·41 
180·00 

o·oo 

1 ·59 
59·41 
91 ·35 

219·40 
227·49 
87·22 

321 ·76 
224·90 
89·81 

135·10 
312·89 
135·10 

I '20 
2·03 

158·08 

140·02 
325 ·26 
307·89 

290·52 
255·77 
221·03 

108•49 
25 I ·72 
328·47 

205 'II 
350·49 
111·70 

358·16 
180·00 

o·oo 

149·23 
326·19 
289·58 

73·75 
325·26 
290·52 

34·74 
208·32 
34'74 

120·09 208·82 297 ·54 39'33 128·05 216·77 
279·71 279·47 279·24 279·98 279·74 279·51 
199·42 198·95 198·47 199·96 199·49 199·01 

Values at Greenwich, midnight beginning each year. 

3ot84 
c·39 

180·69 

204 ·78 
191 ·32 
90·59 

50·85 
65·83 

27874 

131·65 
197·48 
263·30 

120·33 
174 ·84 
69·48 

103·20 
35073 
123·99 

357 ·90 
180·00 

o·oo 

2·10 
232·38 
133·78 

79·27 
66·21 

IJI '27 

186·16 
65·83 

IJI ·65 

294·17 
106·86 
294·17 

305·49 
279·27 
198·53 

1-·~-
' 0 

I
' 45 ·54 

1·81 
' 183·17 

17·54 
9'53 

336·18 

310·97 
142·25 
213·37 

284·50 
66·74 

208·99 

94'97 
47·69 

143·99 

32·52 
349·99 
9671 

358·63 
180·00 

o·oo 

1·37 
130·64 
286·57 

333·85 
144·06 
282·69 

237·21 
142·25 
284 ·50 

217 ·75 
34·26 

217·75 

47·28 
280·01 
200·03 

Elements. 
h 
s 

28o·19 279·95 I 279·71 I 279·47 I 279·24 I 279·98 I 279·74 l 279·51 I 279·27 280·01 
277·03 46·42 175·8o 305·19 74·57 217·13 346·52 I u5·90 245·29 27·85 
334·38 15·05 55·71 96·37 137·03 177·81 218·47 259·13 299·80 340·57 

Pr 
p 
N 

I 
Q 
R 

~ 
v 
,,1 

2 v1 / 

Values at the middle of each year, or for July 2, at Greenwich irtean noon for common years, and at preced
ing midnight for leap years. 

281 ·23 
6·59 

249·49 

22·15 
3·31 
3·87 

348·12 
347·13 
351·29 
342·89 

281 ·24 
45·89 

230·16 

20·52 
27·29 
I I ·05 

349·48 
348·67 
352·49 
345·72 

281 ·26 
83·53 

2ro·83 

19·21 
77·22 

I ·89 

352·51 
351 ·97 
354·78 
350·37 

281 ·28 281 ·29 281 ·31 281 ·33 
u9·73 155·34 191·39 228·73 
191·51 172·15 152·80 133·47 

18·44 
138·80 
352·82 

356·97 
356·76 
357"92 ' 
356·24 

18·37 
167·07 
352·45 

2·08 
2·23 
1·43 
2·57 

6·75 
7·23 
4·68 
8·59 

20·24 
209·67 

10·48 

10·07 
!0°85 
7·16 

13·53 

281 '35 
267·72 
114·14 

21 ·83 
26.c;·45 

0·83 

II '74 
12·72 
8·57 

16·73. 

281 ·36 
308·32 
94·79 

23·56 
327 ·68 
346·54 

I 1 ·86 
12·92 
8·88 

17·84 

281 ·38 
350·18 

75·43 

25 ·22 
355 ·06 
351 ·99 

10·72 
I 1 ·76 
8·21 

16·85 
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TABLE•3.-Equilib1·i1t11t a1·gume11tB (Vo+ u) at the midnight p1·ecedi11g January 1 of each year, from 1850 to 1950, for the 
11161-idia11 of G1·ee11wicli, tog~ther with the elements used in con~puliug t/1em-Continuell. 

·---------·--··--· 

Component. I 1910 1911 1912 1913 I 191.. i 1915 

-------1-----·---··---1 ···--·· -·-
0 

··-··-· ··--· ·- --·--·-1-- .. 
0 

I 
0 0 

Ji 136·22 227 ·63 
Ki 3·03 4·82 
K• 185·47 189·13 

00 
I'i 
Qi 

V• 
MK 

2MK 

MN 
MS 

2MS 

2SM 
Mf 

MSf 

Mm 
Sa 
Ssa 

I 

179·69 
199·29 
229·57 

224·21 
243·29 
184·94 

126·58 
9·88 

253·17 

107·29 
331 ·29 
243·07 

297·36 
350·23 
107·07 

358•38 
180·00 

o·oo 

1 ·62 
42·21 

128·37 

264·37 
246·32 
123 ·ss 

350·58 
243·29 
126·58 

116·71 
297·14 
116·71 

136·00 
279·77 
199·55 

22·00 
29·27 

146·18 

138·19 
344·54 
156·81 

329·08 
313·63 
298·17 

I 19·82 
255 ·09 
341 ·63 

204·19 
350·47 
I 16·91 

358·12 
180·00 

o·oo 

1·88 
313·99 
330·37 

195·10 
349·37 
324·26 

104·36 
344·54 
329·08 

15·46 
201 ·28 
. 15·46 

224·73 
279·53 
199·07 

I 

I 

I 

319·51 
6•99 

193·69 

235·00 
21 9·39 
92·1 I 

52·61 
85·94 

128·91 

171·88 
257·82 
343·76 

132·49 
179·04 
79·88 

I 12"24 
350·70 
126·43 

357·87 
180·00 

o:oo 

2·13 
225·91 
172·52 

125 ·97 
92·93 

164·89 

218·43 
85·94 

171 ·88 

274·06 
106·18 
274·06 

0 0 0 

65·64 157·09 I 249·49 
10·30 12·61 14·72 

200·64 295 ·56 209·97 

55·42 
38·26 

343 ·35 

315·17 
163·03 
64·54 

326·06 
129·08 
292·11 

101·79 
52·56 

152·62 

48·19 
349·96 

97·39 

358·60 
180·00 

o·oo 

1·40 
124·84 
325 ·98 

21 ·22 
1 73"33 
315 ·75 

270·82 
16o·o3 
326·o6 

196·97 
37·79 

196·97 

206·55 
228·44 
237·05 

229·78 
264·49 
36·73 

168·97 
73·46 

337·94 

120·53 
336·57 
250·75 

316·73 
350·20 
106·79 

358·34 
180·00 

o·oo 

312·15 
277·10 
156·36 

25·01 
264·49 
168·97 

95·51 
302·99 

95·51 

48·99 
58·54 

149·20 

144·14 
5·86 
879 

11·72 
17·59 
23·45 

133·18 
260·50 
349·05 

224 ·58 
350·43 
I 16·37 

358·08 
18o·oo 

o·oo 

243·00 
20·58 

357·01 

139·05 
5·86 

II ·72 

354·14 
207·77 
354·14 

340·79 
16·41 

213·40 

26o·18 
24b·48 
96·33 

57·99 
107·07 
340:61 

214·15 
321 ·22 

68·30 

145·67 
184·27 
87·69 

131 ·09 
350·67 
126·28 

357·83 
180°00 

o·oo 

2·17 
220·46 
212·29 

173·69 
123·49 
197·73 

252·75 
107·07 
214·15 

352·93 
II 1 ·70 
252·93 

313·45 55·23 143·96 232·68 321·40 
279·30 28o·o4 279·80 279·57 279·33 
198·59 200·09 199·61 199·13 198·66 

Values at Greenwich, midnight beginning each y Elements. 
h 
s 
(J 

279·77 279·53 279·30 I 280·04 I 279·80 I 279·57 : 279·33 I 
157·24 286·62 56·01 198·s1 327·9s 97·34 I 226·1 2 

21 ·23 61 ·89 . 102·56 143·33 183·99 224·66 ' 265·32 

1917 1918 1919 

-----·· ---··· 
0 0 0 

85·35 174·75 262·72 
18·49 18·74 17·98 

217·36 217·46 215·46 

81 ·51 245 ·33 75:84 
66·88 256·36 85·61 

350·12 242·01 142•58 

318·97 230·93 141 ·45 
183·69 284·45 24·97 
275·53 246·67 217'1-6 

7'38 208·89 49'94 
191 ·07 133·34 74·92 

14·76 57'78 99·89 

120·50 132·53 144·34 
57·31 340·62 263 '7 I 

161 ·53 261·61 2·89 

62·79 324·07 221·28 
349·93 350·17 350·40 
98·34 109·70 122·26 

358·56 358·30 358·05 
180·00 180·00 180·00 

o·oo o·oo o·oo 

1·44 I ·70 I '95 
118·92 30·20 301 ·25 

5·27 206·78 48·06 

68·46 358·69 288·69 
202·17 303·18 42·95 
348·89 190·15 31 ·97 

304·19 56·98 169·31 
183·69 284 ·45 24·97 

7·38 208·89 49·94 

176·31 75·55 335 ·03 
40·63 301 ·23 199·19 

176·31 75·55 335·03 

63·19 151 ·91 240·63 
280·07 279·83 279·60 
200·15 199·67 199·19 

ear. 
280·07 

I 
279·83 

I 
279·6o 

9·28 138·67 268·05 
306·09 346·76. 27·42 

I 

~ I 
Values at tHe middle of each year, or for July 2, at Greenwich mean noon fo 

ing midnight for leap years. 
r common years and at preced-

N i 
' I 

I' I I' 26·65 
Q 17·93 

l 
R 19·6o 

~ / 8.66 
v I 9·56 
v' 6·75 

-2~ _ _1__~4·08 

281 ·40 ' 281 ·41 281 ·43 281 ·45 281 ·47 281 ·48 281 ·so 
;2·90 76·25 120·03 163·99 207·87 251·54 294·84 
56·10 36·77 17·42 358·06 338·74 319·41 300·05 

27·74 28·40 28·6o 28·31 27·55 26·39 
63·91 139· 14 171·83 194·81 236·27 312·79 

7·27 344·39 342·84 21 ·89 9·55 348·29 

5·98 2·91 359·67 356·46 353·45 350·87 
6·63 3·24 35!r64 356·07 352·75 349·94 
4·71 2·31 359·74 357'19 354 ·85 352·91 
9·94 4·90 359·45 354·05 349·16 345·25 

-·---·---- ---

281 ·52 281 ·53 281 ·55 
337·46 19·03 59·29 
280·70 261·37 242·04 

24·90 23·21 21·50 
348·28 9·79 40·09 
345 ·37 I I ·03 976 

348·97 348·05 348·45 
347·91 347·00 347·51 
35 I '59 351 ·10 351 ·62 
342·79 342·21 343·74 

···-·-· ·-- ·- ·----· 
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TABLE 3.-Equilibrium arguments ( JT0 + u) at the. midnight pr1·cedi11g .lanuary 1 of each 11ear, froni 1850 to 1950, .fm· the 
me1·idia11 of Greenwich, together with the elenumts 1t8ed i11 co111p11ti11g t/w111-Continned. 

·-·-·----
' I Componcot. ; 1926 1928 1920 1921 I 1922 1923 1924 I 1925 : r927 1929 
I ·- -- ··--·-i-----··--j ··-----1 

0 0 0 0 0 0 0 0 0 0 

_I, 348·98 87'57 170·87 253·94 337 ·87 77·45 164·74 253·58 343·67 88·73 
1-:, 16·11 14·19 10·6o 6·88 3·63 2·29 1 ·08 0·93 1 ·70 4·15 
K, 211 ·39 207·66 201·05 194·28 18~·11 185·27 182·37 181 ·62 182·87 187'73 

L, 277·13 IOI '57 284·24 IOI ·71 291 ·23 119·89 319·09 133·44 306·72 141 ·37 
[I,.] 274 ·64 92·19 280·98 !09'75 298·58 I 16·22 305·37 134·75 324 ·38 142 ·91 
M, 78·36 344·03 235 ·99 124·59 25·11 309·86 226·49 119·97 15·31 292·00 

[M,] 50·27 305·28 211 ·14 I 16·77 23·25 279·26 189·!0 100·50 13·15 274·63 
M, 125 ·28 201 ·05 301·11 41 ·16 141 ·27 217·12 317·55 58·21 159·11 235 ·86 
M, 1S7·93 121 ·58 91·67 61·74 31·90 325 ·68 296·33 267 ·32 238·67 173·79 

M. 250·57 42'!0 242·22 82·32 282·53 74·24 275·w 116·42 318·23 I II '72 
M" 15·85 243·16 183·33 123·48 63·80 291 ·37 232·65 174 ·64 117 ·34 347·57 
M• 141·14 84·21 124·44 161·64 205·06 148·49 190·20 232·85 276·46 223·43 

N, 155·93 129·91 141 ·24 152·57 163·96 138·02 149·73 161 ·67 173·85 148·81 
2N 186·57 58·77 341 ·38 263·99 186·65 58·93 341·91 265·13 188·59 61"75 
o, w5·66 184·63 290·10 35·81 140·70 218·77 320·63 61 ·17 160·71 234·18 

00 113·58 28·22 271 ·91 154 ·90 40·43 317·94 213·20 112·91 16·11 309·18 
Pi 350·64 349·89 35o·13 350·37 350·61 349·86 35o·10 350·34 350·58 349·83 
Qi 136·31 113·49 130·24 147·22 163·39 139·67 152·81 164·63 175·44 147·13 

R, 357 "79 358·52 358·26 358·01 357"75 358·48 358·23 357 ·97 357·72 358·45 
Si." 18o·oo 180·00 18o·oo 180·00 180·00 i 180·00 180·00 180·00 180·00 180·00 

So,., 6 o·oo o·oo o·oo o·oo o·oo o·oo o·uo 0'00 o·oo o·oo 

Ti 2·21 1 ·48 1·74 1 ·99 2·25 I '52 1 ·77 2·03 2·28 1 ·55 
/.11 212·08 109·70 20·28 290·85 201 ·48 99·18 10·14 281·32 192·75 91·33 
µ~ 249·13 41·26 242·07 82·88 283·74 65·96 277·14 118·56 320·22 11 3'33 

v, 218·48 112·41 41 ·94 331 ·47 261 ·05 155 ·06 84·96 15·10 305 ·48 200·38 
MK 141 ·39 215·24 3li ·71 48·04 144·90 219·42 318·63 59·15 160·81 240·01 

2MK 234·46 27·91 231 ·62 75·44 278·90 71 ·95 274 ·02 115 ·49 316·53 w7·56 

MN 281 ·21 330·96 82·35 193·73 305·22 355·15 107·28 219·88 332·96 24·66 
MS 125·28 201·05 30!"11 41·16 141 ·27 217·12 317·55 58·21 159'li 235 ·86 

2MS 250·57 42·10 242·22 82·32 282·53 74·24 275 'IO 116·42 318·23 11172 

2SM 234·72 158·95 58·89 318·84 218·73 142·88 42·45 301 ·~o 200·!19 124·1.1 
i 

. /, 

Mf 93·96 ' 11·80 26o·90 149·54 39·86 319·59 216·28 115·87 17·70 307·50 
MSf 234 ·72 158·95 58·89 318·84 218·73 142·88 42·45 301 ·79 200·89 124·14 

Mm 329·36 71 ·14 159·87 248·59 337·31 79·10 i 167·82 256·54 345 ·26 87·05 
Sa 279·36 280·11 279·87 279·63 279·39 280·14 I 279·90 279·66 279·42 2So·17 
Ssa 198·72 200·21 199·73 199·26 198·78 200·27 199·79 199·32 198·84 200·33 

Elements. Values at Greenwich, midnight beginning each year. 
h 279·36 280·11 279·87 

I 
279·63 I 279·39 ! 280· 14 I 279·90 

I 
279·66 279·42 280·17 

I 
37·44 18o·oo 309·38 78·77 I 208·15 

! 350·71 i 120·10 249·48 18·87 161 ·43 
p 68·08 w8·86 149·52 I 190·18 ! 230·84 271 ·62 I 312·28 I 352·94 33·61 74·38 

Values at the middle of each year, or for July 2, at Greenwich, mean noon for common years and at preced-
ing midnight for leap year-. 

P1 281 ·57 281 ·59 281·6o 281·62 
I 

281 ·64 281 ·65 281 ·67 281·69 281 ·70 281 ·72 
p 98·01 135·09 170·92 206·52 243·01 281 ·03 320·65 1 ·73 43·97 87·03 
A 222·69 203·33 184·00 164·68 145·32 125 ·97 w6·64 87·31 67·96 48·6o 

I 19·96 18·83 18·32 18·54 19·43 20·83 22·50 24·22 25·81 27·12 
Q w5·72 153·50 175'43 194·01 224·47 291 ·29 33il'7 1 0·87 25·75 84·07 
R 357·51 350·62 356·73 8·04 7'35 356·33 346·28 1·32 17·66 1 ·54 

~ 350·46 354'!0 358·93 4·00 8·22 10·92 11 ·96 II '55 10·02 7·68 
v 349"74 353·68 358·86 4·28 8·83 i 11 ·78 12·98 12·62 I I '01 8·49 
v' 353·25 355 ·92 359·27 2·75 5·75 

I 
7·84 ~·82 8·73 7·72 6·01 

2 v1
' 347·33 352·55 358·68 4·98 w·67 15·01 17·42 17·69 15·97 12·61 

------------- -----··· ··-
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TABLE 3. - Eq11ilib1·i11m a1·g11me11ts ( v .. + u) at the midnight 1n·eceding .Ja1mai·y 1 of each yeai·, from 1850 to 1950, fo1• the 
meridian of Greenwich, together with the elements used in computing them-Continued. 

Component. 

N. 
2N 
o, 
00 
P, 
Q, 

V2 

MK 
2MK 

MN 
~s 

2 MS 

2SM 
Mf 
MSf 

Mm 
Sa 

Ssa 
Elements. 

h 
s 

p 

)1 
p 
N 

I 
Q 

R 

f 
v 
v' 

2 v11 

1930 

1Ro~.'5 
6·11 

19179 

352·21 
332·94 
228·28 

188·80 
337·17 
145·75 

314·34 
291 ·51 
268·68 

161·40 
345 ·62 
332·59 

216·56 
350·07 
156·82 

; 358·19 
180·00 

o·oo 

1 ·81 
3·17 

315·39 

131 ·17 
343·28 
308·23 

IJ8·57 
337'17 
314·34 

22·83 
211 ·98 

22·S3 

175·77. 
279·93 
199·86 

0 

272·33 
8·36 

196·56 

170·08 
163·10 
126·48 

103·33 
78·60 

117'91 

157·21 
235·81 
314·42 

174·11 
269·61 

70·77 

124·89 
35o·31 
166·28 

357 ·93 
180·00 

o·oo 

2·07 
275·13 
157·58 

' 62·08 
86·96 

148·85 

252·71 
78·6o 

157·21 

281 ·40 
117·06 
281·40 

264·49 
279·69 
199·38 

-----· -----·----·-·---·--·- ------~----, 

1932 1933 1934 

0 

4·43 
w·71 

201 ·57 

330·77 
353·30 

21 ·61 

17·99 
180·08 
90·13 

186·87 
193·65 
168·87 

33·55 
35o·55 
175·65 

357 ·68 
11)0·00 

o·oo 

2·32 
18p3 
359·82 

353·o3 
190·79 
349·46 

6·95 
180·08 

0·17 

179·92 
22·34 

179·92 

0 

I I0'47 
13·95 

208·33 

167·92 
172'15 I 

293 ·28 

0 

202·10 

15·92 
212·41 

18·80 
2·18 

234·44 

280·46 194·64 
:?57'14 358·45 

25·71 I 357·68 

154·28 
51 ·.p 

308·56 

162•n 
6p] 

241 ·68 

329·.:5 
349·80 
146·67 

358·41 
180·00 

o·oo 

1 ·59 
86·03 

153·24 

248·25 
271 ·09 
i4o·33 

59·27 
257·14 
154 ·28 

102·86 
31;ns 
102·86 

356·90 
355 ·36 
353·81 

174 ·72 
351·00 
340·08 

236·66 
350·04 
156·35 

358· 15 
180·00 

o·oo 

1 ·85 
357 ·87 
355 ·3o 

179·03 
14 ·37 

340·99 

173·18 
358·45 
356·90 

1 ·55 
218·29 

1 ·55 

1935 1936 

' ---·--·--- -----
0 

293·12 
17·40 

215·33 

201·72 
192·04 
134·12 

108·22 
99·59 

329·38 

199·18 
298·76 
38·35 

187·14 
274·69 

78·92 

142·43 
350·28 
166·47 

357·90 
11>0·00 

6·00 

2·10 
269·53 
197·20 

109·65 
116·99 
181·77 

2867 3 
99·59 

199·18 

26o·41 
121 ·76 
260·4' 

0 

23·24 
18·19 

216·64 

20·90 
200·50 
;ioo·74 

40·99 
241 ·49 

81 ·98 

199·32 
198·15 
178·43 

45 ·71 
350·52 
177·25 

357·64 
180·00 

o·oo 

40·03 
218·69 

22·80 

39·82 
200·50 
40·99 

159·50 
23·64 

159·50 

1--'9~~-
I o 
. 126·18 

19·06 
217·91 

193·11 
199·74 
285 ·68 

280·26 
276·78 
235·17 

193 ·56 ' 
110·34 
27·12 

173·82 
70·86 

253·56 

332·87 
349·77 
150·60 

294·47 
295 ·84 
174·50 

90·60 
276·78 
193·56 

83·22 
309·66 

83·22 

353·22 95·01 18y73 272·45 1·17 102·96 
279·45 280·20 279·96 27972 279·48 280·23 
198·90 200·40 199·92 199·44 198·96 200·46 

Values at Greenwich, midnight beginning each year. 

1938 1939 

0 

213·51 
17·87 

215·07 

35·89 
28·90 

227 ·36 

190·14 
17·21 

205 ·82 

34·43 
51·64 
68·86 

185 ·53 
353·85 
355·39 

228·26 
350·01 
163·71 

358·11 
180·00 

o·oo 

224 ·38 
35·09 
16·56 

202·75 
17·21 
34·43 

342·79 
206·43 
342·79 

191 ·68 
279'99 
199·98 

0 

299·09 
15·58 

210·31 

227·40 
217·87 
132·$5 

98·28 
117·46 
176·19 

234 ·92 
352·39 
109·85 

197·06 
27b·65 
98·78 

118·58 
350·25 
178·38 

357 ·87 
180·00 

o·oo 

2·14 
26o·82 
233·70 

154·10 
133·04 
219·35 

314 ·52 
117·46 
234 ·92 

242·54 
99·90 

242·54 

280·40 
27975 
199·50 

279·93 I 279·69 I 279·45 I 280·20 I 279·96 I 279·72 I 279·48 I 280·23 I 279·99 I 279·75 
290·82 60·20 189·59 332·15 I 101·53 23~·92 0·30 142·86 272·25 41·63 
115·04 155·70 196·37 237·14 277·80 I 318·47 3s9·13 39·90 ~0·57 121 ·23 
Values nt the middle of each year, or for July 2, at Greenwich mean noon for common years and at preced-

ing midnight for leap years. 
281·74 281·76 281· 77 281·79 281·81 281·82 1 281·84 281·86 281·88 281·89 
130·55 174·37 218·33 262·22 305·75 348·76 I 31 ·03 72·20 111 ·87 149·88 
29·27 9·94 350·59 331·23 311·91 292·58 273'22 253·87 234·54 215·21 

28·05 28·54 28·54 28·07 27·15 25·85 24·26 22·54 20·87 19·47 
149·70 17.7·18 201·57 254·71 325·22 354·33 1675 57·29 128·75 163·82 
340·73 353·02 22·54 4·23 343·38 35o·32 15·72 6·63 353·01 350·47 

4·83 
5'35 
3·81 
8·07 

1·67 
1 ·86 
1 ·33 
2·82 

358·42 
358·24 
35874 
357·33 

355 ·25 
354 ·74 
356·25 
352·ob 

35 2 '39 
35 1 ·59 
354·04 
347·50 

350·04 
349·05 
352·32 
344·11 

348·48 
347·41 
351 ·29 
342 ·33 

348·04 
347·01 
351 ·17 
342·55 

349·03 
348·17 
352·12 
344·90 

351 ·68 
351 ·07 
354·17 
349·19 

'--------'------'----··· -- -·-- ---·--· ···---·-- ·-·-· -· ··-----------·-· 

The values of the mean longitudes were obtained from formul:e given by Darwin in B. A. A. S. Report, 1883, p. 8;: 
s = 150°·0419 + [13 x 360° + 132°·67900] T+ 13°·1764D+o0 ·5490165H, 
p = 240°·6322 + 40°·69035 T+ o0 ·1114D + 0°·0046418 H, 
h =28o0 ·5287+36o0 ·00769 T+o0 ·9856D+o0 ·0410686/I, 
p1 =280°·8748+0°·01711 T+o0 ·000047 0, 
N=285°·9569 -- 19°·34146 T-0°·05795;0 /), 
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TABLE 3.-Equilibriuni ai:g1tmenta ( V0 +u) at the midnight preceding January 1 o.f each yeal', fl'om. 1850 to 1950, for the 
. meridian of Greenwich, together with the elements used in computing them-Continued. 

I 

Component. [ 1940 
I 194~---;- - :9-::-··- ~:~-T .. -:~H ·--1 ···. 

1
945 

-----· ----- ----- ----1--- ---
0 

J, 23·06 
K 1 12·35 
K, 204;17 

[M,] 
M, 
M, 

V• 
MK 

2MK 

MN 
MS 

2MS 

2SM 
Mf 

MSf 

Mm 
Sa 
Ssa 

44·29 
46·69 
21 ·99 

4·80 
217·57 I 
146·35 

75·14 
292·70 
150·27 

208·44 
199·31 
203·64 

4·22 
350·49 
194·51 

357·60 
180·00 

o·oo 

2·40 
171·45 
74·56 

83·69 
229·92 

62·78 

66·01 I 
217 ·57 

75·14 

142·43 I 
350·29 
142·43 

9·13 
279·51 
199·02 

0 

120·18 
9·62 

199·37 

215·18 
224·15 
26v·90 

258·35 
293"23 
79·85 

226·46 
15970 
92·93 

182·32 
71 ·40 

283·97 

274 ·55 
349·74 
173·06 

358·33 
180·00 

o·oo 

337·51 
302·85 
216·84 

115·55 
293 ·23 
226·46 

66·77 
265 ·29 
66·77 

110·91 
280·26 
200·52 

203·46 
6·02 

192·74 

49·56 
52·93 

173·39 

164·19 
33·29 
49·93 

66·58 
99·S7 

133·16 

193·65 
354·02 

29·47 

158·19 
349·98 
189·83 

358·08 
180·00 

o·oo 

I ·92 
339·54 

67·40 

267·04 
39·31 
6o·56 

226·94 
33·29 
66·58 

326·71 
154·36 
326·71 

199·64 
28o·o2 
200·04 

287-96 
3·09 

187·02 

248·99 
241 ·80 

' 

109·54 I 
71 ·25 

133·44 
20·16 

266·88 

40·33 I 
173·77 

205·08 I 
276·73 I 
133·84 

45·381 
350·22 

205·48 I 
357 ·82 
180·00 

o·oo 

2·18 
250·22 
268·31 

196·67 
136 ·53 
263·79 

338·53 
133·44 
266·88 

226·56 
45·77 

226·56 

1~·18 
1·19 

182·90 

340·01 
233"75 
350·62 

107·50 
341 ·24 
214·99 

216·67 
199·59 
236·65 

297·54 
350·46 
219·57 

357·57 
180·00 

o·oo 

2·43 
161 ·05 
109·37 

0 

116·15 
I ·39 

182·80 

240·19 
248·75 
251 ·95 

238·41 
309'88 
284·82 

259·76 
209·65 
159·53 

191·01 
72·14 

312·60 

221·96 
349·71 
193"73 

358·29 
180·00 

o·oo 

1 ·71 
59·c2 

261 ·87 

126·45 20·74 
234·94 ! 311·.:?7 
w6·30 I 258·38 

90·41 
233·75 
107·50. 

140·89 
309·88 
259·76 

126·25 ! 50·12 
300·44 . 224 ·68 
126·25 50·12 

---------··· 
0 

205 ·52 
I ·62 

182·85 

64·35 
78·23 

151·20 

150·34 
50·63 

255 ·95 

IOI ·27 
151 ·90 
202·54 

203·04 
355 ·45 

52·71 

123·15 
349·95 
205 ·12 

1·96 
330·30 
103·38 

310·97 
52·25 
99·65 

253·68 
50·63 

IOI ·27 

3o9·37 
125·22 
309·37 

29b·oo 
2·68 

184·79 

271 ·82 
267·94 
91·30 

63·37 
151 ·63 
227·44 

303·25 
94·88 

246·50 

215·31 
279·00 
151 ·94 

27·42 
350·19 
215·63 

357"78 
180·00" 

o·oo 

27'-28 
4·37 

188·19 

11873 
97·87 
1"4·50 

337 ·20 
252·83 
199·25 

145·67 
38·50 

291 ·34 

227·80 
202·76 
250·59 

293·89 
350·43 
225 ·56 

357"53 
180·00 

o·oo 

2·22 2·47 
241 ·82 I 153 ·55 
305·12 ! 147·08 

241 ·43 
154·31 
300·57 

6·94 
151 ·63 
303·25 

172·12 
257·20 
141 ·30 

120·63 
252·83 
145 ·67 

208·37 107·17 
27 ·74 . 291 ·65 

208·37 107·17 

288·36 17·08 118·87 I 207·591296·31 25·04 
279·78 279·54 280·29 280·05 279·81 279·57· 
199·56 199·09 200·58 i 200"!0 199·62 199·15 

Values at Greenwich, midnight beginning each year. 

I 1949 

1----
0 

133·12 
7·45 

194·55 

270·72 
276·64 
257·36 

239·47 
329·82 
134·73 

299·64 
269·46 
239·28 

203·00 
76·17 

323·52 

229·07 
349·68 
196·70 

358·26 
180·00 

o·oo 

1 ·74 
52·38 

300·44 

67·26 
337·27 
292·19 

272·82 
329·82 
299·64 

30·18 
222·77 
30·18 

126·82 
280·32 
200·64 

_j:" ___ _ 

1950 

0 

225·17 
9·75 

199"4i 

86·64 
106·82 
155·34 

154 ·08 
71 ·28 

1o6·92 

142·56 
213·83 
285 ·11 

215·73 
0·19 

61 ·65 

137·59 
349·92 
206·11 

358·00 
180·00 

o·oo 

2·00 
324·36 
142·65 

358·19 
~i ·03 

132·8o 

287·01 
71 ·28 

142·56 

288·72 
127"97 
288·72 

215 ·55 
280·08 
200·16 

Elements. 
h 

p 
17t·o2 313·58 82·96 212·35 341 ·73 124·29 253·68 23·06 152·45 295·01 64·40 
279·51 1280·26 I 280·021279·78 I 279·54 1280·29 I 280·05 ,. 279·81 1· ~19·57 280·32 280·08 

161·89 20z·66 I 243·33 283·99 324·65 5·43 46·09 86·75 1 127·41 168·19 208·85 

p, 
p 
N 

.! 
Q 
R 

Values at the mi<ldle of each year, or for July 2, at Greenwich mean noon for common ye<frs and at preced-
ing midnight for leap years. 

281·91 i 281·93 281·94 281·96 I 281·98 281·~9 282·01 282·03 282·05 ;82·06 282·08 
186·41 : 222·06 257·87 294·80. 333"53 13·80 55·35 97·89 141·17 184·89 228·77 
195·86: 176·50 157·17 137·85 118·49 99·14 79·81 60·48 41·13 21·77 2·44 

18·55 
183·21 

2·41 
I 18·81 

24675 
3·36 

19·92 
312·82 
352 ·81 

21 ·45 
346·02 
348·82 

24·86 
35·89 
13·88 

J ! 
355·87 0·93: 5·i8 9·46 11·51 11·95 11·07 

26·35 
105·49 
356·12 

9·19 
10·13 

27·53 
158·08 
339· 14 

209·71 
20·18 

355·58 1"00 6·19 IO'l7 12·45 13·01 12"12 
1'1 357·16 0·64 4·00 6·69 8·35 8·90 8·43 

~--2-v_'_' --'--3
_
5
_
4_·s_5__,_ __ 1_·_1 5--'--~-~ _i~·~~-- -· 1-~--·-78_! _1_1_·2_5_ 

7"13 
14·84 

6·63 
7·33 
5·21 

w·96 

3·63 
4·03 
2·87 
6·09 

0·41 
0·46 
0·33 
0·70 

where Tis the numb.r of Julian years of 365t mean solar days; D, the number of mean solar days; H, the number of mean 
solar hours after Greenwich mean noon, _January 1, 1880. On account of the slowness of the secular changes iu the coefficients o 
T, D, or H, the epoch of this table may be rcg:irded ,s 1900. See Hansen "s Tables de la Lune, p. 15, from which these formulae 
may be obtained by putting t = 80. Newcomb's corrections (Washington Observations, Vol. 22 (1875), App. II, pp. 268, 274) 
are not of sufficient magnitude to affect the values in Table 3. 
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TABLE 4,......'.For adapting the uniformly varying porti1m ( P'o) of the equilibrhim a1·1711mcnts of Table 'S t.o GrtlentviCh nlidnlght, 
beginning any'day .th1·ough1>ut the year. 

----·-----------------·-·------·· ----

Month•. _____ K_· -~-·- _:_ ___ ~1. I~·- ~- -~'.~- \_:__i__:___o_, _j __ 1_,1 __ ---~'._ 
Jan. I ~ ; ~ ~ ~ ~ ~ 1 ~ ~ ~ I g ; 
Feb, 1 30·56 61 ·11 9·19 324 ·17 306·26 288·35 252·52 I 216·69 279·16 293·62' 329·44 248·6o 

Mar. 
1 

{Com. yr. 58·15 116·31 52·33 1·49 2·24 2•98 4·48 5·97 310·66 I 303·34 ! 301·85 252·50 
Leapyr. 59•14 118·28 41·01 337·11 325·66 314·22 291·33 268·44 273·21 277·97 300·86 214·07 

{
.Com. yr. 88·71 177·42 61·54 325·66 308·50 291·33 257·00 222·66 229·82 236·96 271·29 141·11 

Apr. 1 Leap yr. 89·69 179·39 50·20 301·28 271·93 242·57 183·85 125·13 192·37 211·59 270·31 102·68 

{
Com. yr. 118·28 236·56 82·02 314·22 291·33 268·44 222·66 176·88 186·42 195·94, 241·72 '68·14 

May 1 Leap yr. 119·26 238·53 70·70 289·84 254•76 219·68 149·52 79·36 148·98 170·58 ' 240·74 29·71 

June 1 

July I 

{
Com. yr. 
Leap yr. 

{
Com. yr. 
Leap yr. 

148·83 297·66 91 ·21 278·39 237·59 196·79 u5·18 33·58 105·58 129·56 211·17 316·75 
149·82 299·64 79·89 254·01 201·02 148·02 42·04 296·05 68·13 104·19 210·18 278·32 

178·40 356·80 111·71 266·95 220·42 173·90 80·85 347·80 62·18 88·55 181·60 243·78 
179·39 358·78 100·40 242·57 183·85 125·14 7·70 250·27 24·74 63·18 18o·61 205·35 

A {Com. yr. 208·96 57·91 120·90 231 ·12 166·68 102·24 333·37 204·49 341 ·34 22·16 \ 151 ·04 132·19 
ug. 1 Leap yr. 209·94 59·89 109·58 206·74 130·11 53·48 260·22 106·96 303·90 356·80 150·06 93·96 

{
Com. yr. 239·51 u9·02 130·09 195·30 u2·94 30·59 225·89 61·18 260·50 31578 120·49 20·99 

Sept. 1 8 8 66 6 Leap yr. 240·50 121·00 11 ·77 170·92 76·37 341· 3 r52·74 323· 223·0 290·42 119·50 342·56 

Oct. 1 

Nov. 1 

{
Com. yr. 
Leap yr. 

{
Com. yr. 
Leap yr. 

269·08 178·16 150·59 183·85 95·78 7·70 191·55 15·40 217·11 274·77 90·92 308·03 
270·07 180·13 139·28 159·47 59·20 318·94 118·41 277·88 179·66 249·40 89·93 269·59 

299·64 239·27 159·78 148·02 42·04 296·05 84·07 232·10 136·27 208·39 60·36 196·03 
300·62 241·24 148·47 123·64 5·46 247·29 10·93 134·57 98·82 183·02 59·38 158·20 

Dec. 1 {Com. yr. 329·21 298·41 180·29 136·58 24·87 273·16 49·74 186·32 92·87 167·37 30·79 123·67 
Leap yr. 330·19 300·38 168·97 112·20 348·30 224·40 336·59 88·79 55·43 142·01 29·81 85·23 

{
Com. yr. 359·76 359·52 189·48 100·75 331·13 201·51 302·26 43·01 12·03 100·99 0·24 12·27 

Dec. 32 Leap yr. 0·75 1 ·49 178·16 76·37 294·56 152·74 229·11 305·49 334·58 75·62 359·25 333·84 

Day of month 
I 
2 

3 
4 
5 
6 
7 
8 
9 

JO 
II 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

23 
24 
25 
26 
27 
28 
29 
30 
31 

0 

o·99 
1 ·97 
2·96 
3·94 
4·93 
5·91 
6·90 
7·88 
8·87 
9·86 

10·84 
II ·83 
12·81 
13·80 
14·78 
15'77 
16·76 
17·74 
18·73 
1971 
20·70 
21 ·68 
22·67 
23·66 
24·64 
25·63 
26·61 
27·60 
28·58 
29'57 

0 

1·97 
3·94 
5·91 
7·88 
9·86 

11 ·83 
13·80 
15·77 
17·74 
19·71 
21 ·68 
23·66 
25·63 
27·60 
29·57 
31 ·54 
33·51 
35·48 
37·46 
39·43 
41·40 
43·37 
45·34 
47·31 
49·28 
51 ·25 
53·22 
55·20 
57"7 
59·14 

0 0 

,348·68 335 ·62 
337·37 311·24 
326·05 286·86 
314·73 262·47 
303 ·42 238·09 
292·10 213·71 
280·78 189·33 
269 ·47 164 ·95 
258·15 140·57 
2.l6·84 116·18 
235 ·52 91 ·80 
224·20 67·42 
212·88 43·04 
201 ·57 18·66 
190·25 354·28 
178·94 329·90 
167 ·62 305 ·52 
156·30 281·13 
144·99 256·75 
133·67 . ~32"37 
122 ·35 ~07 ·99 
111·0~ 183·61 
99·7~ 159·23 
88·40 134·84 
77·09 I Io·46 
65·77 86·08 
54'45 6qo 
43·14 37·32 
31 ·82 12·94 
20·50 348·56 

0 

323•43 
286·86 
250·28 
213·71 
177·14 
140·57 
103 ·99 
67·42 
30·85 

354·28 
317·70 
281 ·13 
244 ·56 
207·99 
171 ·42 
134·84 
98·27 
61 ·70 
25·13 

348·56 
3i1 ·98 
275·41 
238·84 
202·27 
165·69 
129·12 
92 '55 
55·98 
19·40 

342·83 

·o 
311 ·24 
262·47 
213·71 
164 ·95 
116·18 
67·42 
18·66 

329·90 
281 ·13 
232·37 
183·61 
134·84 
86·08 
37·32 

348·56 
299·79 
251 ·03 
202·27 
153 ·so 
104·74 
55·98 

7·21 
318·45 
269·69 
220·92 
172·16 
123 ·40 
74·64 
25·87 

337· 11 

0 
286·86 
213·71 
140·57 
67·42 

354 ·28 
281 ·13 
207·99 
134 ·84 
61 ·70 

348·56 
275·41 
202·27 
129·12 
55·98 

342·83 
269·69 
196·54 
123·40 
50·26 

337·11 
263·97 
190·82 
I 17·68 
44·53 

331·39 
258·24 
185·10 
II I '95 
38·81 

325 ·66 

0 0 0 
262·47 322·55 334·63 
164·95 285·11 309·27 
67·42 247·66 28.r9o 

329·90 210'21 258·53 
232·37 172·77 233·16 
134·84 I 135·32 207·80 
37·32 97·88 182·43 

299·79 60·43 157·06 
202·27 22·98 131 ·70 
104·74 345·54' 106·33 

7·21 308·09 i 80·96 
269·69 270·64 I. 55 ·59 
172·16 233·20 30·23 
74·64 195·75 4·86 

337·11. 158·30 339·49 
239·58 120·86 314·13 
142·06 83·41 28876 
44·53 45·96 263·39 

307·01 8·52 238·02 
209·48 331·07 212·66 
111 ·95 293 ·62 187 '29 

14·43 256·18 161·92 
276·90 218·73 136·56 
179·38 I 181 ·28 111 '19 
81·85, 143·84 85·82 

344·32 106·39' 60·45 
246·80 68·941 35·09 
149·27 31 ·50 9·72 
5 1 ·151354'~51344·35 

314·22 316·00 318·99 

0 

- 0·99 
- 1·97 
-- 2·96 
- 3·94 
- 4'93 
- 5·91 
-- 6·90 
- 7·88 
- 8·87 
- 9·86 
-10·84 
-11·83 
-12·81 
-13·80 
--·14·78 
-15·77 
-16·76 
-17·74 
-18·73 
-19·71 
-20·70 
-21·68 
~22·67 
·-23·66 
-24·64 
-25·63 
-26·61 
-2r60 
-28·58 
-29·57 

0 

321 ·57 
28y14 
244 ·70 
206·27 
167 ·~;4 
129·41 
90·98 
52·54 
14·11 

335 ·68 
297·25 
258·81 
220·38 
181 ·95 
143·5 2 

105·09 
66·65 
28·22 

349·79 
311 ·36 
272·92 
234·49 
196·06 
157·63 
119·20 
80·76 
42·33 

3·90 
325 ·47 
287·04 

The upper line for each month is for common years, and the lower line for leap years. For longitude corrections see Table 
.5, and for the portion (u) of the equilibrium arguments of Table 3, which depend upon the longitude ofthe·moon's node, see 
Tables 6 and 7. The changes for other components may be found from those above, as follows: 

J1 =Lg - 0 1 1 [Lo]= Lg IM, = h - s. [ [M~J = K, + "• \ 2 N = N 2 + "• \ 00 = K 2 -01 \Ro=:' K, IS., 3 o 
S2, 4, 6 =o To =P1 MN=M,+C\, MS =M, 2MS=M1 2SM=MSf Sa=K 1 Ssa =Ko 
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TABLE 4.-For adapting the uniformly varying portion ( V0 ) of the equilibrium arguments of Table 3 to G1·eenwich '"idnight, 
beginning any day throughout the year-Continued. 

------------------------------- --------------- -·---

A, P.2 •• M K 2 M K JI! s f I M f Ill Ill : " i s I /> Months. 

Jan. l 

Feb. 1 

Mar. I { Com. yr. 
Leap yr. 

Apr. 1 {Com. yr. 
Leap yr. 

0 

0 

309·16 
296·10 

264·15 
251 ·09 

0 

0 

2·98 
314·22 

291 ·33 
242·57 

May 1 {Com. yr. 232·20 268·44 
Leap yr. 219·14 219·68 

June I {Com. yr. 
Leap yr. 

187·19 196·79 
174·12 I 148·02 

0 

0 

53·82 
18·12 

27·18 
351 ·48 

36·24 
0·54 

9·60 
333·9o 

0 

0 

59·64 
36·25 

54·37 
30·98 

72·50 
49·10 

67·23 
4~·83 

0 

0 

304·83 
255·08 

202·62 
152·87 

150·16 
100·41 

47·96 
358·21 

July 1 { Com. yr. 
Leap yr. 

155·24 173·90 18·66 
142·17 125 ·14 342 ·96 

85·35 
61·96 

355·5o 
305 ·75 

Au . 1 {Com. yr. 
g Leap yr. 

110·22 
97'16 

102·24 
53·48 

Se t. 1 {Com. yr. 65·21 
P Lcapyr. 52·14 

30·59 
341·83 

Oct. 1 { Com. yr. 33 ·26 
Leap yr. 20·19 

7·70 
318·94 

Nov. 1 {Com. yr. 348·24 
Leap yr· 335·18 

296·05 
247·29 

Dec. 1 {Com. yr. 316·29 
Leap yr.1303·23 

Dec.32 {Com. yr. 271 ·28 
Leap yr. 258·21 

273·16 
224·40 

201 ·51 
152·74 

Day of month. 
I 
2 

3 
4 
5 
6 
7 
8 
9 

10 
II 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

0 0 

346·93 311 ·24 
333 ·87 262 ·47 
320·80 213 ·71 
307·74 164·95 
294 ·68 116·18 
281·61 67·42 
268·54 18·66 
255·48 329·90 
242·42 281·13 
229·35 232·37 
216·28 183·61 
203·22 134·84 
190·16 86·08 
177·09 37·32 
164·02 348·56 
150·96 29979 
137·90 251·03 
124 ·83 202 ·27 
111 ·76 153·50 
98701104·74 
85 ·64 55·98 
72·57 7':!! 
59·50 318·45 
46·44 269·69 
33·38 220·92 
20·31 172·16 

7·24 123·40 
354·18 74·64 
341·12 25·87 
328·05 337·11 

352·02 
316·32 

80·08 253·29 
56·68 203·54 

325·38 
289·69 

74·81 151·08 
51·41 101·33 

334·44 
29875 

92·93 98·62 
69·54 48·88 

307·81 
272·11 

87·66 ,356·41 
64 ·26 306 ·66 

316·87 
281 ·17 

105 ·79 303 ·95 
82·39 254·20 

290·23 
2 54 ·53 

100·51 201 ·74 
77·12 152·00 

0 0 

324·30 336·60 
288·6o 313·21 
252·91 289·81 
217·21 266·42 
181 ·51 243·02 
145 ·81 219·62 
110·11 196·23 

74·42 -172·83 
38·72 149·44 
3·02 126·04 

327. 32 102 ·65 
291 ·62 79·25 
255 ·93 55 ·85 
220·23 I 32·46 
184·53 9·06 
148·83 345·67 
113·13 322·27 
77·44 298·88 
41·74 275·48 

6·04 252·08 
330·34 228·69 
29+ ·64 205 ·29 
258·95 181 ·90 
223·25 158·50 
187·55 135·10 
151 ·85 I II ·71 
116·15 88·31 
8o·46 64·92 
44·76 41·52 

9·06 18·12 

0 

310.25 
260·50 
210·75 
161·00 
111 ·26 

61 ·51 
I 1 ·76 

322·01 
272·26 
222·51 
172 76 
123·02 
73·27 
23·52 

333·77 
284 ·02 
234·27 
184-52 
134·78 
85·03 
35·28 

345 ·53 
295 ·78 
246·03 
196·28 
146·54 
96·79 
47·04 

357·29 
307·54 

N' 
--- --- ---1---'.----··------- 1-----1 

0 

0 
0 

0 
0 

0 

358·51. 114·82 50·84 
22·891141·17 63·90 

34·34 211·75 95·85 
58·72 238·10 108·91 

45·78 282·34 127·80 
70·16 308·69 140·86 

81 ·61 
105·99 

93·05 
117·43 

1:!8·88 
153 ·26 

164·70 
189·08 

176·15 
200·53 

19·27 172·81 
45·62 185·88 

89 ·86 204 ·76 
116·21 217·83 

186·79 249·78 
213·14 262·84 

283·73 294·79 
310·08 307·86 

354·31 326·74 
20·66 339·81 

21 I ·98 91 ·25 
236·36 117·6o 

11 ·76 
24·82 

223·42 161·83 
247·80 188·19 

259·25 258·77 
283·63 285·12 

0 

24·38 
48·76 
73·14 
97·53 

121 ·91 
146·29 
170·67 
195·05 
219·43 
243·82 
268·20 
292·58 
316·96 
341·34 

5·72 
30·10 
54·48 
78·87 

103·25 
127·63 
152·01 
176·39 
200·77 
225·16 
249·54 
273 '92 

298·30 
322·68 
347·o6 
ll '44 

0 

26·35 
52·71 
79·06 

105 ·41 
131 ·76 
158·12 
184·47 
210·82 
237·18 
263·53 
289·88 
316·23 
342·59 

8·94 
35·29 
61·64 
88·00 

114·35 
140·70 
167·06 
193 ·41 
219·76 
246·11 
272·47 
298·82 
325 'Ii 
351 ·52 

17·88 
44·23 
70·58 

43·71 
56·77 

88·72 
IOI '79 

0 
13·07 
26·13 
39·20 
52·26 
65·32 
78·39 
91·46 

104 ·52 
117·58 
130·65 
143·72 
15678 
169·84 
182·91 
195 ·98 
209·04 
222·10 
235 ·17 
248·24 
261 ·30 
274·36 
287 ·43 
300·50 
313 ·56 
326·62 
339·69 
352·76 

5·82 
18·88 
31 ·95 

0 

0 
0 

0 

58·15 57·41 
59·14 70·58 

8S·71 105·88 
89·69 119·05 

118·28 
119·26 

148·83 
149·82 

178·40 
179·39 

208·96 
209·94 

239·51 
240·50 

269·08 
270·07 

299·64 
300·62 

141 ·17 
154·34 

189·64 
202·81 

224·93 
238·10 

273·40 
286·57 

321 ·86 
335·04 

357·16 
10·33 

45·62 
58·80 

329·21 80·92 
330·19 94·09 

359·76 129·38 
0'75 I 142•56 

0 

0·99 
1·97 
2·96 
3'94 
4·93 
5·91 
6·90 
7·88 
8·87 
9·86 

0

10·84 
II ·83 
12°81 
13·80 
14·78 
1 5'77 
16·76 
1774 
18·73 
19·71 
20·70 
21 ·68 
22·67 
23·66 
24·64 
25·63 
26·61 
27·60 
28·58 
29·57 

0 

13·18 
26·35 
39·53 
52·71 
65·88 
79·06 
92·23 

105·41 
118·59 
131 ·76 
144·94 
158·12 
171 ·29 
184·47 
197·65 
210·82 
224·00 
237·18 
250·35 
263 ·53 
276·70 
289·88 
303·06 
316·23 
329·41 
342·59 
355 ·76 

8·94 
22'12 
35·29 

0 

0 

3·45 

6·57 
6·68 

10·03 
10'14 

13'37 
13·48 

16·82 
16·93 

20·16 
20·28 

23·62 
23·73 

27·07 
27·18 

30·41 
30·52 

33·87 
33·98 

37·21 
37·32 

40·66 
40·77 

0 
0'11 
0·22 
0·33 
0·45 
0·56 
0·67 
0·78 
0·89 
1'00 
I 'II 

I ·23 
1 ·34 
1 ·45 
1 ·56 
1 ·67 
1 ·78 
1 ·89 
2·01 
2·12 

2·23 
2·34 
2·45 
2·56 
2·67 
2·79 
2·90 
3·01 
3·12 
3·23 
3·34 

{ 
C.+9?66 
L.-t-9·69 

+8·02 
-t-8·05 

-j-6·54 
+6·51 

-!-4'90 
-t-4·87 

+3·31 
-t-3·28 

+1·67 
+1·64 

+0·08 
+0·05 

-1·56 
-1·59 

-3·20 
-3·2 3 

-4·79 
-4·82 

-6·43 
-6·46 

-8·02 
--8·05 

-9·66 
-9·69 

0 

-0·05 
-O'll 
-0·16 
-0·21 
-0·26 
-0·32 
-0·37 
-0·42 
-0·48 
-0·53 
-0·58 
-0·64 
-0·69 
-0·74 
-0·79 
-0·85 
-0·90 
-0·95 
-1·01 
-1·06 
-I'll 
-1·16 
-1·22 
-1·27 
-1·32 
-1·3~ 
-1·43 
-1·48 
-1·54 
-1·59 

*This column gives the longitude of the moon's ascending node for any day when applied to the N of Table 3. 

The change in the dial reading of any component (except M2 and Sa) on the Ferrel machine = ± (tabular value for component - tabular 

yalue for M,.), the j'J'.£!~ sign being used when the speed of the component is fc~~ater than that of M2 • The changes for Mo and Sa are given 

directly by this table. 
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TABLI~ 5.-For adapting I/to 1rnifo1'111ly mrying portion ( JT0 ) of the equilibrium argu111B11tB of Tablo S to loca.l 111itl11ight for 
any depree of 1vest longitude. 

·--· ------······-------·-- . ·- ····-- --- --- ···-

----- ---·-----
0 0 0 I 0 

t o·oo o·oo - 0'01 1- 0·02 
t o·oo o·oo - 0·02 -· 0·03 
! o·oo o·oo - 0·02 - 0·05 

I 0'00 0·01 - 0·03 · - 0·07 I 
2 0'01 0·01 - 0·06 I - 0·14, 
3 0·01 0·02 - 0·09 : - 0·20 I 

I 
4 0·01 0'02 - 0·131- 0·27 
5 0·01 0·03 - 0·16 ' - 0·34 
6 0·02 0·03 - 0·19 - 0·41 

7 0'02 0·04 - 0·22 - 0·47 
8 0·02 0·04 - 0·25 - 0·54 
9 0'02 0·05 - 0·28 -- 0·61 

IO O'OJ 0·05 - 0·31 - 0·681 
20 0·05 O'll - 0·63 - 1·35 
30 0·08 0·16 - 0·94 - 2·031 

40 0·11 0·22 - 1 ·26 - 2·71 
50 0·14 0·27 - 1 ·57 - 3·39 
60 0·16 0·33 - 1·89 - 4·06 

70 0·19 0·38 - 2·20 - 4·74 
80 0·22 0·44 - 2·51 1- 5·42 
90 0·25 0·49 - 2·83 - 6·10 

100 0·27 0·55 - 3·14 - 6·77 
I IO 0·30 0·60 - 3·46 - 7·45 
120 0·33 0·66 - 3·77 - 8·13 

130 0·36 0·71 -- 4·09 - 8·80 
140 0·38 0·77 - 4·40 - 9·48 
150 0·41 0·82 - 4·72 -10·16 

16o 0·44 0·88 - 5·o3 -10·8.; 
170 0·47 0·93 - 5·34 -11·51 
180 0·49 0·99 - 5·66 -12·19 

190 0·52 1·04 - 5·97 -12·87 
200 0·55 1·10 - 6·29 - 13·55 
210 0·57 1 ·15 - 6·6o -14·22 

220 o·6o 1·20 - 6·92 -14·90 
230 0·63 1 ·26 - 7·23 -15'58 
240 0·66 1 ·31 -- 7·54 -16·25 

250 0·68 1 ·37 - 7·86 -16·93 
26o 0·71 1 ·42 -- 8·17 -17·61 
270 0·74 1;48 - 8·49, --18·29 

280 0·77 1 ·53 - 8·80 -18·96 
290 0·79 1 ·59 - 9·12 --19·64 
300 0·82 1·64 - 9·43 -20·32 

310 0·85 1·70 - 9·74 -21·00 
320 0·88 I '75 -10·06 -21·67 
330 0·90 1 ·81 -10·37 - 22·35 

340 0·93 1 ·86 -10·69 -23·03 
350 

I 
0·96 1 ·92 -11'00 -23·70 

360 0·99 1 ·97 -11·32 --24·38 
i 

Me !Ila 

-------

- 0?03 - 0?031-
- 0·05 - ~·07 -
- o·:i8 - 0·10. -

i 
- O'IO -- 0·14 I 
--- 0'20 --· 0·27 I -

- 0·30 -- 0·41 ' 

- 0·41 ' - 0·54 
-- 0·51 I- 0·68 
-- 0·61 - 0·81 

-- 0·71 - 0·95 
- 0·81 1 ·08 
-- 0·91 1 ·22 

- 1·02 1·35 
·- 2·03 i - 2·71 
- 3'05 - 4 ·061-

- 4·06 - 5·42 -
- 5·08 - 6·77 -
- 6·10 - 8·13 

- 7·11 - 9·48 
- 8·131-10·84 
- 9·14 --12·19 

--10·16; -13·55 
-11 ·17. -14·90 
-12·19 -16·25 

-13·21 -17·61 
--14·22 --18·96 
--15·24 -20·32 

16·251-21 ·67 
-17·27 --23·03 

-18·29 -24·38 

·-19·30 --25·74 
--20·32 -27 ·09 
-21 ·33 -28·45 

-22·35 -29·80 
-23·37 -31 ·15 
-24·381-32·51 

-25·40 -33·86 
. 26·41 -35 '22 

-- 27 ·43 -36·57 

- -28·45 -37 '93 
-29·46 -39·28 
- 30·48 -40·64 

-31 ·49 -41 ·99 
---32·51 -43·34 
-33·52 --44·70 

-34·54 -46·05 
-35·56 -47·41 
-36·57 -48·76 

0 

0·05 
0·10 
0·15 

0·2) 
0·41 
0·61 

0·81 
I '02 
1 ·22 

1 ·42 
I ·63 
1 ·83 

2·03 
4·06 
6·10 

8·13 
10·1(1 
12·19 

14·22 
16·25 
18•29 

20•32 

22·35 
24·38 

26·41 
28·45 
30·48 

32·51 
34'54 
36·57 

38•60 
40·64 
42·67 

44'70 
46·73 
48·76 

50·79 
52·83 
54·86 

56·89 
58·92 
60•95 

62·99 
65·02 
67·05 

69•08 
71· 11 
73·14 

0 

- 0·07 
- 0·14 
- 0·20 

-- 0·27 
- 0·54 

- 0·81 

- I ·08 
- 1·35 
- 1 ·63 

- 1·90 
- 2·17 
- 2·44 

- 2·71 
- 5·42 
- 8·13 

--10·84 
-13·55 
-16·25 

--18·96 
-21·67 
-24·38 

-27·09 
-29·80 
-32·51 

--35·22 
-37'93 
-40·64 

-43·34 
-4h·o5 
-4:-i·76 

-51·47 
-54·18 
-56·89 

-59·60 
-62·31 
-65•02 

-67·73 
-70·44 
-73·14 

--75·85 
-78·56 
- -81·27 

-83·98 
-86·69 
-89·40 

- 92·11 
--94·82 
-97'53 

The changes for other components may be found from those above as follows: 

N, I o, 
I 

I', I Q, 

-----
I ----- I ·---

0 ~-:?02-1 0 i 0 

- 0·03 o·oo I --- 0·03 
- 0·05 - 0·04 o·oa I -- 0·05 
- 0·08 - 0·05. o·oo, - 0·08 

-- 0'10 - 0·07; o·oo - 0'11 
- 0·21 - 0·14; - 0·01 -·- 0'2( 

- 0·31 - 0·21 - 0·01 - 0·32 

- 0·42 - 0·28 - 0·01 - 0·43 
- 0·52 - 0·35 - 0·01 - 0·53 
- 0·62 - 0·42 - 0·02 - 0·64 

- 0·73 - 0·49 - 0·02 - 0·75 
- 0·83 - 0·56 - 0·02 - 0·85 
- 0·94 - 0·63 - 0·02 - 0·96: 

- 1·0-1 -- 0·70 - 0·03 - 1 ·07 
- 2·08 - 1 ·41 - 0·05 - 2' 1;4 
- 3·12 - 2'11 - 0·08 -- 3·20 

-- 4·16 - 2·82 - 0·11 - 4·27 
- 5·20 - 3'5 2 - o·q - 5·34 
- 6·24 - 4·23 - 0·16 -· 6·41 

- 7·28 - 4'93 - 0·19 - 7·47 
- 8·32 - 5·64 - 0·22 - 8·54 
- 9•36 - 6·34 - 0·25 - 9·61 

--10·40 - 7·05 - 0·27 -10·68 
---11·44 - 7'75 - 0·30 -11·74 
-12·48 - ~ •.16 ' - 0·33 -12·81 

-13·52 - 9·161- 0·36 -13·88 
-14·56 - 9·87 - 0·38 -14•95 
-15·60 -10'5.7 - 0·41 -16·01 

-J(\'64 -11·27 1
- 0·44 -17'08 

-rr:,s -11·98 - C!'-17 -18·15 
-18·72 -12·68 - 0·49 -19·22 

-19·76 -13·39 - 0·52 -20·28 
-.zo·8o -14·09 - o·55 -21·35 
-21·84 -14•80 - 0·57 -22·42 

-22·88 -1c;·50 - o·6o -23·49 
-23·92 --16·21 ! - 0·61 -24·55 
-24·96 -IG''.)l ' - 0•66 -25·62 

-26·00 -17·62 - 0·68 -26·69 
-2i'04 -18·32 -- 0·71 -27'76 
-- ~8·08 -19·03 - 0·74 -28·82 

-29•13 -19·73 - 0·77 -29•89 
--30·17 -20·43 - 0·79 -30·96 
-31·21 --21·14 - o·S2 -32·03 

-32·25 -21·84 - 0·85 -33·09 
-33'29 -22'55 - 0·88 -34·16 
-34·33 --23·~5 - 0·90 -35·23 

-35·37 ---23•96 - 0·93 -36·30 
--36•41 1-24·6(i - 0·96 -37·36 
-37·45 -25•37 - 0•99 -38·43 



208 UNITED STATES COAST .A:ND GEODETIC SURVEY. 

TABLE 5.-For adapting the uniformly varying portion ( V0 ) ·of the· equilibrium argu111e11tH of Table 3 to local midnigllt far 
_ any degree of west longitude-Continued . 

. 

West >-2 ,,.. v, MK >MK MSf Mf ~1 m h s p N 
longitude. 

------ ·------
0 0 0 0 0 0 0 0 0 0 0 0 

t - 0'01 - 0·03 - 0·02 - 0'02 - 0·03 0'02 0·02 O'Ol o·oo 0·01 o·oo o·oo 
t - 0·02 - 0·07 - 0·05 - 0·03 - O'Olf 0·03 0•04 0'02 0'00 0'02 o·oo 0'00 
i - 0·03 - 0'10 - 0·07 - 0·05 - 0'10 0·05 0·05 0·03 o·oo 0·03 o·oo o•oo 

l - 0'04 - 0•14 -- 0'10 - 0·06 - 0'14 0·07 0·07 0·04 o·oo 0'04 o·oo 0'00 
2 - 0·07 - 0·27 - 0'20 - 0·13 - 0·28 0·14 0·15 0·07 0·01 0·07 o·oo o·oo 

3 - O'II - 0•41 - 0•30 - 0·19 - 0•41 0·20 0·22 O'l l O'OI O'II o·oo o·oo 

4 - 0•15 -- 0·54 - 0·40 - 0·26 - 0·55 0·27 0·29 0·15 0·01 0·15 o·oo o•oo 

5 - 0•18 - 0·68 - 0·50 - 0·32 - 0·69 0·34 0·37 0·18 0·01 0·18 o·oo o·oo 
6 - 0'22 - 0•81 - 0·59 - 0·39 - 0·83 0·41 0·44 0'22 0·02 0'22 o·oo o·oo 

7 - 0•25 - 0•95 - ~·69 - 0·45 - 0·97 0·47 0·51 0·25 0·02 0·26 o·oo o·oo 
8 - 0·29 - 1'08 - 0·79 - 0·52 - I 'II 0·54 0·59 0·29 0·02 0·29 o·oo o·oo 

9 - 0·33 - 1'22 -- 0·89 - 0·58 - 1•24 0·61 0·66 0·33 0·02 0·33 o·oo o·oo 

IO - 0•36 - 1'35 - 0·99 - 0·65 - 1•38 0•68 0·73 0·36 0·03 0·37 o·oo 0'00 
20 --'- 0·73 - 2·71 - 1'98 ·- 1·30 - 2•76 1'35 1°46 0·73 0·05 0·73 0·01 o·oo 
30 - ro9 - 4·06 - 2•97 - 1'95 -- 4•15 2·03 2'20 I '09 0·08 l '10 0·01 o·oo 

40 - 1·45 - 5·42 - 3'97 - 2·60 -- 5·53 2·71 2·93 l '45 O'II 1·46 0'01 - 0'01 
50 - i-81 - 6·77 - 4·96 - 3~ 25 - 6·91 3'39 3·66 1·81 0·14 1'83 0·02 - 0·01 
6o - 2·18 - 8·13 - 5'95 - 3·90 - 8·29 4·06 4·39 2·18 0·16 2·20 0·02 - 0·01 

70 - 2·54 - 9·48 - 6•94 - 4·55 - 9•67 4'74 5·12 2·54 0·19 2·56 0'02 - 0·01 
80 - 2·90 -10·84 - 7'93 - 5·20 -u·o6 5·42 5·86 2·90 0·22 2·93 0'02 - 0·01 
90 - 3•27 -12·19 - 8·92 - 5·85 -12·44 6·10 6·59 3·27 0·25 3•29 0'03 - 0'01 

100 - 3·63 -13·55 - 9•92 - 6·50 -13·82 6·77 7'32 3·63 0·27 3•66 0·03 - 0'01 
IIO - 3'99 ..--14·90 -10·91 - 7·15 -15·20 7"45 8·05 3·99 0·30 4•03 0·03 -- 0·02 
120 - 4·36 -16·25 -11·90 - r8o -16·58 8·13 8·78 4·36 0·33 4·39 0•04 - 0'02 

130 - 4·72 -I7'6I -12·89 - 8•45 -17·96 8·80 9·52 4·72 0·36 4·76 0·04 -- 0·02 
140 - 5·08 -18·96 -13·88 - 9·10 -19·35 9·48 10·25 5·08 0·38 5·12 0•04 - 0·02 
150 - 5'44. -20·32 -14·87 - 9'75 -20·73 10·16 10·98 5·44 0·41 5'49 0·05 - 0'02 

160 - 5•81 -21·67 -15·87 -10·40 -22'Il 10·84 11·71 5·81 0·44 5·86 0·05 - 0'02 
170 - 6·17 -23·03 -16·86 -II'05 -23•49 Il'51 12·44 6·17 0·47 6·22 0·05 - 0·03 
180 - 6•53 -24·38 - 17'85 -·Il'?O -24·87 12·19 13·18 6·53 0•49 6·59 0·06 - 0'03 

190 - 6•90 -25·74 -18•84 -12·35 -26·26 12·87 13·91 5,90 0·52 6·95 0·06 - 0·03 
200 - 7:26 -27•09 -19'83 -13·00 -27·64 13•55 14·64 7'26 0·~5 7·32 0·06 - 0·03 
210 - 7'62 -28•45 -20·82 -13·65 -29·02 14·22 15·37 7·62 0·57 7·69 0·06 - 0·03 

220 - 7'98 -29·80 -21·82 -14•30 -30·40 14'99 16·10 7·98 0·60 8·05 0·07 - 0·03 
230 - 8·35 -31·15 -22·81 -14•95 -31·78 15'58 16°84 8•35 0·63 8·42 0·07 - 0·03 
240 - 8·71 -32·51 -23·80 -15·60 -33·17 16·25 17'57 8·71 0·66 8·78 0·07 - 0·04 

250 - 9•07 -33·86 -24•79 -16•25 -34·55 16·93 18·30 9·07 0·68 9·15 0·08 - 0•04 
260 - 9'44 -35•22 -25·78 -16·90 -35·93 17·61 19·03 9'44 0·71 9·52 0·08 - 0·04 
270 - . 9·80 -36·57 -26·77 -17·55 -37·31 18'29 19·76 9·80 0·74 9·88 0·08 - 0•04 

280 -10•16 -37·93 -27'77 -18·20 -38·69 18°96 20·50 IO'I6 0·77 10·25 0·09 - 0·04 
290 -10·52 -39·28 -28•76 -18•85 -40·08 19·64 21·23 10'52 0·79 10·61 0·09 - 0·04 
300 -10·89 -40·64 -29·75 -19·50 -41·46 20·32 21 ·96 10°89 0·82 10·98 0·09 - 0·04 

310 -11·25 -41•99 -30•74 -20·15 -42•84 21"00 22·69 11·25 0·85 J.I ·35 0·10 - 0·05 
320 -u·61 -43•34 -31·73 ·-20·80 -44·22 21·67 23·42 I I ·61 0·88 u·71 0'10 - 0·05 
330 -u·98 -44·70 -32·72 -21•45 -45·60 22•35 24·16 11'98 0·90 12°08 0'10 - 0·05 

340 -12·34 -46·05 -33•71 -22·10 -46•98 23·03 24·89 12'34 0·93 12·44 0·11 - 0·05 
350 -12·70 --47·41 -34·71 -22·75 -48·37 23·70 25·62 12·70 0·96 12·81 O'Il - 0·05 
36o -13·07 -48·76 -35·70 -23·40 -49·75 24•38 26·35 13·07 0·99 13·18 O'Il - 0·05 



--------·--

,_l\_1o_n_th_._, __ N __ ~l __ 1_ J ~ 
Jan. I 146~201 - _19~379 
Feb. 1 _r44:·559' 19·479 
Mar. I i43'~76· 19;'572 
Apr. I f4C435 19·679_ 
May I . 139'.·~46 1 19·.785 
June I 

1 1'38':205: . _19·899 
July I 136·616 . 20·0·11 
Ang. I 134'·974 ' 20·130 
Sept. I 133·j33 1 .20·253 
Oct. I 'i3~·744'- ·2·0·373 
Nov. l 13o·w3. 20·500 
Dec. 1 l 28·514· 20·625 

fan. l 
}"eb. l 

;\Jar. I 

A pr. I 

Mav 1 

Tm1e I 

July I 
Aug. I 

Sept. I 

Oct. l 

Nov. I 

!Jee. 1 

Tan. I 
, i•'eb. l 

l l\far. I 
Apr. I 

May I 

Tune I 

July I 

Aug. l 
Sept. 1 

Oct. I 

NoY. 1 

Dec. 1 

Jan. I 
Feb. I 

Mar. l 
Apr. I 

May I 

June I 

July I 

Aug. l 
Sept. l 
Oct. I 

Nov. I 

Dec. 1 

Jan. I 
Feb. I 

Mar. I 
Apr. I 

l\1ay I 

June 1 

July I 
Aug. I 

Sept. I 
()ct. I 

Nov. r 
Dec. l 

126·872 
125·231 
123 ·748 
122·107 

: 12c)·51S 
I 18·876 
I 17·288 

. 115·646 
I II4·005 
I 1.12·416 

110·774 
wsr186 

J07 ·544 
105·9oj 
104·367 
102·726 
IOI ·137 
99"495 
97·907 
96·265 
94-•624 
93•035 
91·393 
8~y805 

88•163 
86·522 
s5·039 
83·397 
81·809 
80'167 
78·578 
76•937 
75·295 
73707 
72•065 
70·476 

68·S34 
67·193 
65·7!0 
64•069 
62·480 
60·838 
59·250 
5r608 
55·967 
54·378 
52·736 
5 I •148 

.. 1851 

20·755 
20·889 
21 '0ii 

21 ·148 
21 ·281 
21·421 
21 ·558 
21 ·700 
21·845 
21 ·984 
22·129 
22·270 

1852 

22·416 
22·563 
22 ·701 
22·848 
22·991 
23·137 
23·279 
23·426 
23·573 
23·714 
23·859 
23•999 

1853 

24·143 
24•285 
24·414 
24·555 
24·689 
24·827 
24•96o 
25·095 
25·229 
25·357 
25·488 
25·612 

1854 

25746 
25·864 
25·974 
26•096 
26·210 
26•328 
26·438 
26·550 
26·659 
26·763 
26·867 
26•966 

91~861 
95 ·015 

.. 97·875 
.IOI ·049 
104·i35 
loj·335 
110·442 
113·664 
n6·900 
1w·o41 
123·301 
126·468 

129·753 
133·047 
136·034· 
139·353 
142·575 
145·918 
149·164 
152·528 
I 55 ·905 
159·183 
162·582 
165 ·882 

169·301 
172·732 
175·951 
179·401 
182·750 
186·221 
189·588 
193·076 
196·574 
199•968 
203•484 
206·895 

210•426 
213·966 
217·172 
220·7 27 
224' I 74 
22r746 
231·207 
234•790 
238•382 
241•863 
245•467 
248•960 

252•587 
256•198 
2 59'475 
263·w7 
266·626 
270·281 
2 13·799 
277·451 
28r·w7 
284·651 
288•316 
291 •867 

I l' 
N .. -I~---; . 

1860 

49~506 2/066 295?540 312?812 27?201 
47:865 1'27·162 29cj·217 311•171 · '27·w5 
46·382_ 27·247 302:542 309·635 2ro14 
44·741 27·339 306·226 '307·994 26-<:ir3 
43:152_· 27'-424 309·794 '306·405 26•813 
41·510 .· 27·509· 313·485 304·763 .'26:707 
39·922 . 27·589 317·059 303·175 •26'603 
38·280 . 27·669 320·756 30_1·533·_ 26'491 
36·639 27·746 324·456 299·892 26'378 
35 ·050 2i·Sr7 · 328'038 298·303 26·266 
'33·408 27·888 331·744 296·661 26·149 
31·820 . 27·952 335·331 295·073 26·0.P 

30·178 
28·537 
27·001 
25·360 
23·771 
22·129 
20·541 
18·899 
17·258 
15·669 
14·027 
12·439 

!0'797 
9·156 
7·673 
6·032 
4'443 
2·801 
l ·213 

359·571 
357·930 
356·341 
354"699 
353" I II 

351·469 
349•828 
348•345 
346•704 
345·115 
343'473 
341•885 
340·243 
338·602 
337'013 
335·371 
333•783 

332· 140 
330•499 
329·016 
327"375 
325·786 
324·144 
322·556 
320•914 
319·273 
31r684 
316•042 
314·454 

1856 1861 

28·017 339·040 293•431 25 ·91 I 

28·078 342·752 291 ·790 25 ·787 
28·132 346·226 290·307 25·673 
28·187 349·941 288·666 25·545 
28·237 353·539 287·077 25'419 
28·285 357'258 285 ·435 25 ·288 
28·329 0·858 283·847 25·159 
28·370 4·580 282·205 25·025 
28·408 8·303 280·564 24·888 
28·443 II ·909 278·975 24·755 
28·474 15·633 277'333 24·617 
28·501 19·239 275·745 24·481 

1857 1862 

28·526 22·968 274·103 24·340 
28·547 26·695 272·462 24·197 
28 :563 30·064 270·979 24 ·068 
28·578 33·793 269·338 23'924 
28·589 37·402 267·749 23·783 
28·597 41 ·132 266·107 23·638 
28·601 44·741 264·519 23·497 
28·602 48·471 262·877 23·350 
28·599 52·202 261 ·236 23"203 
28·593 55·842 259·647 23·060 
28·583 59·542 258·005 22·914 
28·571 63·150 256·417 22·771 

1858 1863 

28·555 66·879 254·774 22·624 
28·535 70·607 253·133 22·477 
28•514 73'975 251·650 22·345 
28·487 77"701 250·009 22·199 
28·458 81·307 248·420 22·058 
28•424 85·032 246·778 21·913 
28•389 88·636 245·190 21·774 
28·349 92•358 243·548 21 ·631 
28·306 96•079 241·907 21·489 
28·20o 99•679 240·318 21·353 
28·211 103•398 238·676 21·214 
28·159 106•994 237·088 21 ·081 

1859 1864 

28·102 110·709 235·446 20·945 
28·043 114•421 23j"805 20·810 
2r986 Il7'773 232·269 20·687 
27·920 121·481 230·628 20·556 
2r853 125·067 229·039 20·433 
2r781 128·771 227·397 20·30 7 
27·709 132·353 225·809 20·189 
2r629 136·050 224·167 20·068 
27'549 139·746 222·526 19·951 
27•468 143·319 220·937 19·840 
27·380 14roo8 219·295 19·728 
27·29,1 150"575. 217·707 19·623 

i, I 

'','• •', 

]' 

0 

154·257 
·i57•936 
l6!'374 
i65'045 
168•594 
172·258 
175·797 
·179·452 
183·102 
186·629 
t90·269 
193'787 

197·415 
zoi ·038 
204·309 
207·919 
211·410 
215·ou 
218·489 
222·076 
225·656 
229·u5 
232·682 
236·126 

239·678 
243·221 
246·415 
249'943 
253 ·349 
256·860 
26o·249 
263·742 
267 ·226 
270·589 
274·054 
277·398 

280·842 
284·277 
287·371 
290·785 
294 ·079 
297·473 
300•746 
304·117 
307•476 
310·716 
314·052 
317·270 

320·582 
323·883 
326·960 
330·237 
333·397 
336·650 
339·786 
343·015 
346·232 
349•332 
352·526 
355·605 

I 

I 
N 

0 

2-16·065 
·21<(•424 
. 212-<)4! 
OZII'300 
·209·y11 
208'069 

"206·481 
. 204'839 
203·198 
201 ·609 

. i99·967 
198·379 

196·737 
195 ·096 
193·613 
191 ·972 
190·383 
188·741 
187·153 
185 ·5u 
l8y870 
182·281 
180·639 
179·051 

177·409 
; 175·768 
I 174·285 

172·644 
: 171 ·054 

169·413 
167·825 
166·183 
164·542 
162·953 
161 '3Ii 
159·723 

158·080 
156·439 
154·903 
153·262 
151 ·673 
150·031 
148·443 
146·801 
145·160 
143·571 
141 ·929 
140·341 

138•699 
137'058 
135·575 
133·934 
132·345 
130·703 
129·115 
127·473 
125·832 
124·243 
122·601 
121·013 

I I I 
1865 

0 

19·518 
'.19•4'16 
19·329 
·19•234 
19'146 
·19·060 
"18·980 
18·902 
18·828 
18·761 
18•696 
18·638 

1866 

18·583 
I 8·532 
18·490 
18·449 
18·415 
18·383 
18·359 
18·338 
18·323 
.18·314 
18·309 
18·309 

1867 

18·315 
18·326 
18·341 
18·362 
18·387 
18·419 
18·454 
18·496 
18·542 
18·592 
18·649 
18·707 

1868 

18·774 
18·844 
18·914 
18·992 
19·073 
19·160 
19·248 
19'343 
19·442 
19·541 
19·647 
19·7 52 

1869 

19·864 
19·980 
20·087 
20·208 
20·328 
20·453 
20·577 
20·707 
20·840 
20·970 
21·106 
21·240 

------~---- --------- --

1.29? 

l' 

0 

358·775 
1·933 
4·777 
7·9 13 

' 10·938 
14 ·054 
17·061 
20·157 

' 23·246 
26·223 
29·294 
32·258 

35·312 
38·360 

. 41 ·108 
44·144 
47 ·078 
50·106 
53 ·031 
56·051 
59·070 
61 ·989 
65·004 
67·923 

70·939 
74·955 
76·682 
79·676 
82·628 
85 ·657 
88·591 
91·628 
94·671 
97·623 

100·679 
103·644 

106·715 
109·795 
u2·686 
I 15•783 
I18·791 
121 ·908 
124•935 
128·074 
131 ·224 
134 ·283 
137'456 
140·538 

143·733 
146·940 
149·848 
153·078 
156·216 
159·472 
162·633 
165·9u 
169·205 
172·399 
175715 
178·934 

1V =the menn longitude of the moon's ascending node. f -·the inclination of the lunar orbit to the plane of the earth's 
equator. I' c.= the mean longitude of the lunar perigee measnred from the intersection of moon's orbit with the plane of the 
earth's equator. 

S. Ex. S, pt. 2--14 
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TAllJ.F. ti.- Values uf "Y, I, and 1' fur Uree111vich 111id11it1ILI, beginninf/ each month, from 18SO to 1.949-Continuecl. 

Month. 

0 

I Jan. I 119·371 
; Fcu. 117·730 
I J\lar. I 116·247 

Apr. 114·6o6 
~1ay 113·017 
June I 

1

111 ·375 
July I 109·787 
Aug. I 108·145 
Sept. 1 , 106·504 
Oct. I . 104·915 
Nov. 103·273 
Dec. 101 ·685 

Jan. I 100·043 
Feb. 98·402 
J\lar. 96·919 
Apr. I 95·278 
:\1ay I 93·689 
June · 92·047 
July I i 90·459 
Aug. I 88·817 
Sept. 1 87·176 
Oct. 1 85 ·587 
Nov. 1 83 ·945 
Dec. 1 82·357 

I Jan. Ii Feb. 
Mar. 
Apr. 

May I I June I 
July I 

Ang. I I 
Sept. I ' 

I Oct. I 

I Nov. I 

! Dec. 1 I 

Jan. I I 
Feb. I 
J\lar. 
Apr. I 

May 
June 
Jnly I 

Aug. I 
Sept. 1 

I 
Oct. I 

Kov. 
Dec. 

Jan. 1 
Fdi. I 

Mar. I 

Apr. I 

May I 

June I 

July I 

Aug. I 
Sept. 1 

Oct. I 
Nov. I 

Dec. 1 

I 
I 

80·715 
79·074 
77·538 
75 ·897 
74·308 
72·666 
71 ·078 
69·436 
67·795 I 
66·2061

1 

64 ·564 
62·976 

61 ·3331 
59·692 
58·209 
56·568 
54·979 
53"337 
51·749 
50·107 
48·466' 
46·877 ! 
45 ·235 ; 
4]"647: 

42·005 I 

40·364. 
38·881 
37·240 
35·65 I 
34·009 
32·421 ; 
30·779 
29·138 
27 ·549 
25 ·907 
24·319 

I 

0 

21 ·379 
21 ·520 
21 ·649 
21 ·793 
21·930 
22·076 
22·217 
22·363 
22·510 
22·652 
22·798 
22·941 

1871 

23·088 
23·236 
23·368 
23·515 
23·656 
23·8o2 
23·942 
24·086 
24·229 
24·367 
24·508 
24 ·643 

1872 

22?677 
21 ·036 
19·553 
17·912 
16·323 
14·681 
13·093 
II ·451 
9·810 
8·221 
6·5791 
4·991 

3·349 
1 ·708 
0·172 

358·531 
356·942 
355 ·300 
353·712 
352·070 
350·429 
348·840 
347·198 

• 345·610 

24·782 : 263·916 343·967 i 
24·919 . 267·492 342·3261 
25·046 271·843 340·843 
25·180 274·431 339·202 
25·309 277·910 337·613 
25 ·440 281 ·512 335 ·971 
25 ·565 285 ·003 334 ·383 
25·693 288·615 332·741. 
25·819 292·236 331·100 
25 ·938 295 ·744 329·511 
26·059 299·375 327·869 
26·175 302·893 : 326·281 

1873 

26·292 305 °5.H 324 ·6391 
26·408 310·180 322·998 
26·509 313·478 321·515 
26·620 317·133 319·874 
26·724 321 ·674 318·2851 
26·829 324 ·338 316·643 
26·929 327·889 315·055 
27·030 331·560 313·413 
27·127 335·236 311 ·772 
27·219 338·796 . 310·183 
27·311 . 342·480 I 308·541 
27·397 ; 346·047 ! 306·953. 

1874 

27 ·484 
27 ·567 
27·642 
27·718 
27 ·790 I 

27·862 ! 
27·928 i 
2

7·994 'I 28·056 
28·113 
28·169 . 
28·220 I 

349 "7 3r, ·13os-_-;'1 1 
353 ·429 303 ·670 
356-768 ; 302·187 

0·465 300·546 
4-047 298·957 
7·752 297·315 

11 ·338 295 ·727 
I 5 ·046 294 ·08 5 
18·757 292·444 
22·349 290·855 
26·066 . 289·213 
29·663 i 287·625 

--- -- ---------'------

I' N I P 

-- f 

1875 188o 

28;70 
28·316 
28·355 
28·394 
28·429 
28·462 
28·490 
28·517 
28·539 
28·558 
28·573 
28·585 

33 ~ 381 285 ?g83 
37 ·100 284•342 
40·462 282•8o6 
44·184 28r165 
47 ·788 279•576 
51 ·5141 27T934 
55·120 276· 346 
58·846 274•704 
62·574 273•063 
66·183 271·474 
69·913 269·832 
73·521 ! 268·244 

0 

25·332 
25·200 
25·074 
24•939 
24·8o6 
24·667 
24·532 
24•392 
24•249 
24•111 
23•967 
23•828 

1876 

28·595 
28·600 
28·602 
28·6oo 
28·596 
28·587 
28·576 
28·561 
28·542 
28·521 
28·495 
28·467 

1877 

77·249 
80·981 
84·471 
88·203 
91 ·811 
95 ·541 
99·149 

102·878 
106·608 
110·215 
113·943 
117·549 

28·435 121 ·273 
28·399 124·997 
28·364 ! 128·361 
28·322 I 132·082 
28·278 i 135·68:.. 
28·229 ; 139·401 
28·179 . 142·998 
28·123 146·708 
28·065 150·426 
28·005 154·017 
27·940 157·727 
27 ·874 161 ·314 

1878 
I 

1881 

266°6o2 23·682 
264·961 23·536 
263·478 23•403 
261 ·837 23·257 
260·248 2J° 114 
258·6o6 22·968 
257-018 22·823 
255. 376 22·678 
253·735 22·531 
252• 146 22· 389 
250·504 22· 242 
248•916 22· 102 

1882 

247"273 121 ·956 
245•632 21·813 
244·149 21·683 
242•508 21 ·541 
240·919 21 ·404 
239·277 21 ·264 
23ro89 21·1 31 
236·047 20·994 
234 ·406 20·859 
232•817 20·731 
231·175 20·600 
229•587 I 20·475 

1883 

27·803 165·019. 227"945 20·349 
27·729 I 168-720. 226·304 20·226 
27·659 . 172-0(:2 I 224·821 20·116 
27-579 175·757 ! 223·180 19•997 
27·501 179 -33 1 I 221·591 19·884 
27-413 18yo20' 219·949 19·772 
27·327 186·590 I 218·3(,1 19·666 
27-235 190·273. 216·719: 19·559 
27-141 193·954 215·078' 19·457 
27·047 197 -5 11 

1

. 213·489 J 19·360 
26·947 201·185 211 ·847 1<p64 
26·848 204·735 I 210·259 19·176 

1879 1884 
:j 

26·743 208-399 :1208·617 
26·635 212·059 I 206•976 
26·536 215·3(,1 205·440 
26-424 219·012 203·799 
26·313 222·542 202·210 
26·196 226·184 200·568 
26·081 229·703 198•980 
25 ·959 233 ·334 r9r338 
25·837 236·961 195·697 
25·715 240·464 194·108 
25 ·588 244 ·080 192. 474 
25 ·463 I 247 ·571 190·878 

I 

19•0881 
19·004 
18•9°0 
18·8s4 I 
18·786 
18·719' 
18·659 
18·6o2 
18·548 
18·504 
18·461 
18·425 

0 

251·173 
254·770 
258·128 
261 ·710 
265•171 
268•741 
272·188 
275·742 
279•289 
282•711 
286·244 
289·652 

293· 166 
296·671 
299•829 
303·316 
306·682 
310·151 
313•498 
316•946 
320·386 
323·704 
32r123 
330·419 

333·815 
337"200 I 
340•249 
343·612. 
346·856 
350· 197 
353·418 
356·735 

0•040 ! 
3•227 
6·509 
9·672 

12•930 i 
16·1741 
19·095' 
22·316 
25·422 
28·620 
31·704 
34 •878 
38•041 
41 ·091 
44•231 
47"261 

50·379 
5,)"489 
56·390 
59•480 
62·462 
65·535 
68·501 
71·558 
74•610 
77·555 
80·594 
83•530 . 

ii 

0 

189·236 
187"595 
186·112 
184·471 
182·882 
181·240 
179•652 
178·010 
176·369 
174·780 
173· 138 
171·550 

169·908 
168°267 
166·784 
165•143 
163·554 
161 ·912 
160·324 
158·682 
15ro41 
155•452 
153·810 
152·222 

150·579 
148·938 
147"455 
145·814 
144·225 
142·583 
14°'995 
139•353 
137·712 
136·123 
134 •481 
132°893 

---'-~~. 
1885 

0 

18·393 
18·366 
18·345 
18·327 
18·317 
18·309 
18·309 
18·312 
18•321 
18·335 
18•355 
18·379 

1886 

18·-to9 I 
18·444' 
18·480 
18·525 
18·574 
18·627 
18·685 
18·749 
18·817 
18·888 
18•965 
19·044 

r887 

19·131 
19·220 
19·305 
19·463 
19·500 
19·604 i 
19•708. 
19·819 
19•934 
20·047 
20·167 
20·307 

1888 

0 

86·557 
89•582 
92·312 
95•329 
98•249 

101·265 
104·183 
1or198 
I 10·214 
113·135 
116·155 
119·080 

122•107 
125•138 
128·881 
130•920 
13]°867 
136•923 
139•886 
142•954 
146·031 
149·017 
152·113 
155·116 

158·230 
161·355 
164·187 
16r332 
170•387 
173·554 
176·631 
179·822 
183•025 
186·136 
189•363 
192·461 

131 ·25 I 120·411 195·747 
129·610 20•538 199·021 
128·074 20·660 202·075 
126·433 20•791 205•361 
124•844 20·921 208·553 
123·202 2ro56 211·864 
121 ·614 21·189 215·081 
119•972 21·328 218·413 
118•331 21·468 221 "i60 
116·742 21 ·606 225 •,io9 
115•100 21•748 228·378 
113·512 21·887 231·649 

1889 

111 ·870 22•032 235·040 
110·229 22·177 238•442 
108·746 22·309 241•524 
107·105 22·455 244·947 
105·516 22·598 248·269 
103·874 22•744 251 ·713 
102·286 22·887 255·055 
100·644 23·034 258·518 
99•003 23· 182 261 •991 
97•414 2:;-324 265·361 
95·772 23·470 268·853 
94·18_1. 2.J'fl[2 272·241 

I ·----···----
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TABL!r. H,-/'a/ues of N, I, a11d l' for (ireenwich 1nid11ight, l1egi1111i11g each month, from 1850 to 194'!1-Continued. 

I ~1o11th. ! 

Jan. I 
Feb. I 

Mar. 
Apr. 
May 
June 
July I 
Aug. I 

Sept. 
Oct. 
Nuv. I 

Dec. I 

Jan. 
Feb. 
Mar. 
Apr. 
!>.fay I 

June 
July 
Aug. 
Sept. 
Oct. I 
Nov. 
Dec. 

fan. I ' 
i,.eb. 
i\lar. 

1 
Apr. 
~1ay 
Jui e I 

July 
Aug. 
Sept. I 
Oct. 
Nov. 
Dec. I 

I Jan. 
. Feb. 

Mar. 
Apr. 
May 1 

June 1 

July I 

Aug. 
Sept. 
Oct. 
i\'ov. 
Dec. 1 

Jan. 1 

1

. 

Feb. 
:0.1ar. 
Apr. I 

May 1 I 
June 
July 
Aug. 
Sept. 
Oct. I 

Nov. I 

Dec. I 

.\' 

92~5421 
90·901 
89·418 
87 ·777 I 

86·r88 
84·546 
82·958 
8I ·3I6 
79·675 
78·086 
76·444 
74·856 

73·214; 
7I ·573. 
70·090 I 
68·449 ' 
66·860 
(1.5 '2I8 
63·630 
61·988 
60·347 
58·758' 
57·116; 
55·528: 

53 ·885 
52·244 
50·708 
49·067 
47·478 
45·836 
44·248 
42·606 
40·965 
39•376 
37'734 
36·146 

34 •504 ' 
32•863 
3I 0 380 
29·739 
28· I50 
26·508 
24·920 
23·278 
21 ·637 
20·048 
18·406 
16·818 

15 'I 7(> I 
13·535 . 
12·052: 
Io·411 I 
8·8221 
7·180 
5·592 
3·950 
2·309 
0·720 

I' 
! 

I890 11· 
0 0 0 

23·757 275·75I 1355·848 
23·903 279·267 354·207 
24 ·033 282 ·454 352 ·724 
24·I76 285·988 35r·o83 
24·3r4 289·4I5 349·494 
24·456 292·966 347·852 
24 ·593 296·409 346·264 
24•730 299·974 344·622 
24·868 303·547 342·98l 
25 ·001 307·010 34r ·392 
25·136 310·597 :, 339750 
25·264 I 313·074 i! 338·r62 

I89I 

25 ·396 
2s-526 
25·642 
25·769 
25·889 
26·0I I 
26'I28 
26·246 
26·362 
26·47I 
26·583 
2(i•088 

26·794 
26·898 
26·993 
27·091 
27·185 
27·277 
27·365 
27·453 
27·537 
27·6I6 
27'695 
27·768 

1893 

27·84I 
27·909 
27·970 
28•034 
28·093 ' 
28·I49 I 

28·202 
28·252 
28·299 
28•342 
28·382 
28·418 

I894 

28·452 
28·482 
28·507 
28·53I 
28·551 
28·568 
28·582 
28·591 
28·598 
28·602 
28·60I 
28·598 

~ I 

!I 
3I7·673 ,. 336·5I9 
32I·278 334·878 
324·540 333·342 
328·I57 33I ·70I 
33I·663 330·112 
335·29I JI 328·470 
338•808 i 326·882 
342 ·446 ' 325 ·240 
34(i ·09I : 323 ·599 
349 ·622 ~ 322 'OIO 

35,1 ·276 320·368 
356·8I5 3I8·780 

0·478 
4'I45 
7·579 

I I ·253 
I4'812 
18·494 
22·061 
25 ·748 
29·440 
33·016 
3(,.714 
40·295 i 

! 

317·138 
3I5'497 
314·014 

1

312•373 
3rn•784 
309·I42 
307·554 
305·9I2 
304 ·271 
302·682 
30I·o40 
299·452 

43·998 297·810 I 
47·703: 296·169 
51 ·0541 294 ·686 
54 ·763 293 ·045 
58· 3551 29I ·456 
62·070 289·814 
65 •666 288 ·226 
69·383 i 286·584 
73· 1031284 '943 
71.•703 28:;-354 
So· .126 281·i12 
84·030 2:)0·124 

I 
8i'754 I 278•482 
91 ·479 276·841 
94·846 275·358 
98·573 273·717 

Io2·181 272·128 
!05 ·915 270·486 
rn9·520 268·898 
II 3 ·248 267 ·256 
116·979 265·615 
120·589 264·026 
124·320 262·384 
127·929 : 260·796 

359·078 I 

357·490 I 
----'-----'------·------- - --- --·. 

0 

28·590 
28·58o 
28·568 
28·550 
28·530 
28·506 
28·479 
28·448 
28·414 
28·377 
28·337 
28·294 

1896 

28·246 
28·195 
28·I44 
28·086 
28·028 
28·963 
2r899 
27·830 
27·757 
27·682 
27·6o3 
27·524 

1897 

I' 

I3I~659 
135 ·3h8 
138·754 
I42·486 
146·104 
I49·822 
153·428 
l57'153 
I6o·878 
164·482 
168·204 
l 7I ·805 

175 ·523 
I79'240 
I82·717 
r86·430 
190·023 
I93 ·733 
197' 321 
201 ·026 
204 ·728 
208·309 
2I2·007 
215·582 

0 

259·154 
257·5I3 
256·030 
254·389 
252·800 
251 ·I58 
249·570 
247'928 
246·287 
244·698 
243·056 
24I ·468 

239·825 
238°I84 
236·701 
235·060 
233·47I 
23I ·829 
230·241 
228·599 
226·958 
225 ·369 
223·727 
222· 139 

0 

23'JI7 
22·869 
22·737 
22·589 
22·447 
22·30I 
22'I59 
22·0I5 
21 ·869 
2I'730 
21 ·588 
21 '45 l 

1901 

2I ·3I I 
2I'I72 
2I ·048 
20·913 
20·784 
20·652 
20·527 
20·400 
20'2i5 

20·156 
20·036 
I9'92 3 

27·439 I 219·273 
27 ·35 I I 222·960 
27·269 [ 226·290 
27·I76 I 229'970 
27·081 ·1233·529 
26·984 237·204 
26·885 2407 56 
26·782 244·421 
26·675 248·084 
26·569 251 ·623 
26·458 255 ·276 
26·348 258·807 

I902 

220·497 I9'809 
2I8°856 I9·698 
2I7'373 I9'602 
215•732 I9'497 
2I4·143 I9'400 
2I2'50I I9'302 
2l0'9I3 19·212 
209·27I I9'I23 
207·630 19•037 
206·04I r8·958 
204·399 I8·881 
202'8I I I8·8u 

r898 

26·23l 
26· I 13 
25·004 
25·88l 
25 ·762 
25·634 
25. 511 
25·38I 
25·238 
25·II9 
24•984 
24·85I 

1899 

24·7I3 
24·574 
24·448 
24·306 
24·I68 
24 ·025 
23·885 
23·740 
23·594 
23•452 
23·306 
23·164 

.! 
262·450 I 
266•087 I 

269·370 
272·y97 
276·503 
280·120 
283·614 
287·218 
290·818 
294 ·294 
297 ·879 
301•342 

201. I69 
I99'528 
198·045 
I96'404 
I94·815 
I93'I73 
I9I ·585 
I89·943 
188·302 
I867I3 
185 ·071 
I83•483 

I903 

I8'743 
18·679 
I8·626 
18·572 
I8°524 
I8•479 
I8·44I 
I8·406 
I8·377 
I8·353 
I8·334 
18•320 

I904 

304·9I5 I I8I·841 I8·3I2 
308·478 I80·200 I8·308 
3I1·692 I78·664 I8·310 
3I5·24I I71·023 I8'3I7 
318·668 175·434 I8·329 
322·2031 I73'792 I8·346 
325·6I4 172·204 I8·369 
329·131 170·562 I8·397 
332·639 168·92I I8·430 
336·026 I67 ·332 I8·466 
339'51i 165·690 18·5IO 
342·88(i i. l(>,\'102. 18·556 

I 

I' N _____ _[, ___ .:___ 

346~357 
349'8I9 
352·938 
356·38o 
359·702 

3·124 
6·426 
9·826 

I3'217 
r6·487 
I9·854 
23'I02 

I905 
o I o 

I62·46o; I8·6o8 
I6o0 8I9; I8·666 
159·336 I8·723 
157·695 18·790 
I56·rn6 11.;·858 
I54•464 18·935 
152·876 I9'011 
15I·234 19·096 
I49'593 19· I84 
148•004 19·273 
I46·362 I9·369 
I44'774 I9·41.6 

I906 

143·I31 I I9·568 
I4I ·490 I9'076 
I40'007 I9'775 
I38·366 I 19·887 
136·777 20'000 
135·I35: 20'I 19 
133 ''54 7 . 20·237 
13I '()05 20·360 
I30' ~64 20·497 

26·447 
29·779 
32·780 
36·089 
39·280 
42·5(>7 
45'i 35 
49'0('7 
52·247 
55·380 
58·006 
6I ·7I6 

. 128·675 20·612 
I27·033 20·743 

! I25'445 20·872 

I I907 

64'9I8 i 123·803 21·0011 
68·Io7 I22'162 21·143. 
70·979 I20'679 21 ·268; 
74·I46 II9·038 2I·408: 
77'200 I 17'449 21 ·544 
80·345 115·807 ·12I ·687 
83·379 "1' 114·219 21·826 
86'502 I 112'577 ·1' 2I'969 
89·6I6 ' 110·936 22·115 ; 
92·6I9 rn9·347 22·256' 
95·7I4 Io7·705 I 22·402 
98·699 rn6·117 22·544 I 

JOI '774 
rn4·842 
107·607 : 
1rn·660; 
I 13·609; 
I I6·650 :1 
I I9·587 ; 
r22·(,I7 JI 

125 ·6441 
I28·569 I 
13 1·589 :I 
134 ·509 i: 

I37'525 
140·540 
I43·361 
146·376 
I49·296 
r52·3I5 
1 55' 2 39 
158•264 
16I ·296 
I64 ·229 I 
I67·269 
170·2I5 :I 

' 

I908 

I04'475 22·69I 
Io2·834 22·838 
IOI ·298 22·976 
99·657 23'I23 
98·068 23·265 
96·426 23·4I3 
94·838. 23·554 
93' !<)6 ' 23 ·700 . 
91·555123·845 
89·91>6 ' 23·9~5 •1' 

88·324 24·128 
86·7 361 24 ·267 

I909 

85·094 24·409 
83·453 24·549 
81 ·970 24·676 
80·329 24·8I4 
78·740 24·946 
77·098 25·082 
75'5IO 25'2I2 
73·868 25·345 
72·227 25·475 
70·638 25·599 
68·99(• 25'j26 I 
67·408 25·848 

i 
---· ·----------·-

I' 

0 

173·267 
I76·328 
I 79 ·055 
I82· I68 
I85·I51 
I88·242 
I91 '243 
I94'353 
197·474 
200·504 
203·645 
206·696 

209·86I 
2I3·035 
2I5'915 
2I9'I 13 
222·205 
225·44I 
2~8·570 
23I ·815 
235·075 
238·239 
241 ·52I 
244'j09 

248·0I5 
25 I '333 
254·341 
25r682 
260·926 
264·290 
267·557 
270·942 
274·340 
277·638 
28I ·058 
284·376 

287'8I6 
291 ·266 
294 ·503 
297 .97 I 
30I ·338 
304·826 
308·2Io 
311'7I5 
3I5·231 
318·640 
322·172 
325·597 

329· I45 
332·700 ·1 

335·918 . 
339·488 
342·949 
346·532 
350·007 
353·6o3 
357·206 

0·699 
4·314 
7'.819 I 

I 



212 UNITED STATES COAST AND GEODETIC SURVEY. 

TABLE 6.-Valuea of N, I, and P for Greenwich midnight, beginning each month, from 1850 to 1949-Contmned. 

Month. / N I l I p :1 N I 
\ 

p 
I N I .I I p I N I l I p 

' ' 
i 1910 1915 1920 1925 

0 0 0 0 

2r'988 
I 0 0 0 0 o I o 0 

Jan. I 65"765 25·970 11·446 329·071 229·741 232·377 20·695 78·837 135·630 20·0S3 261·833 
.Feb. I 64·124 26·092 15·077 327'430 27'922 233·449 230·736 20·565 82·115 133·989 I 20·204 265·064 
Mar. 1 62·641 26·199 I8·363 325·947 2r86o 236·797 22:;·200 20·446 85·17I I32'506 i 20·315 26r992 
Apr. I 61·000 26·316 22·004 324·306 2r788 240·500 221·559 20·318 88·425 I30·865 20·441 271 ·245 
May I 59·411 26·427 25·534 322·717 2r716 244·082 225•970 20"20I 91•562 129·276 20·564 274·4o6 
June I 5n69 26·539 29·1116 321 ·075 2r638 24r781 224·328 20·080 94'793 127'634 20·695 21r684 
July I 56·181 26·645 32·723 319•487 27'559 ! 25 I '357 ·222•740 19·966 97'907 126·046 20·822 280·868 
Aug. I 54'539 26·753 36·384 3I7'845 2r416 I 255·049 221·098 19·85 I 101·112 I24'404 20·957 284·169 ' 
Sept. 1 52•898 26·865 40·049 316·204 "''"' [ '''"" 219•457 19·739 104·307 122·763 2I'093 28r483 
Oct. I 51'3°9 26·956 43•600 314·615 2r302 262·307 217'868 19·634 1or387 121·174 21 ·226 290·701 
Nov. I 49·667 2ro56 47'273 3I2'973 27'210 265•990 216·226 19·528 I 10·558 119·532121 ·365 294·039 
Dec. 1 48·079 27'149 50·83I 311•385 2ru8 269·550 214·638 19·430 u3·616 117'944 2I ·502 29r280 

I911 I916 192I I926 

Jan. I 46•437 27'244 54'5I2 309·743 27'02I 273·224 212·996 I9"332 116·765 116·30;: 21 ·644 J 3cio·64I 
Feb. I 44·796 27'335 58·195 308· 102 26·919 276·897 211 ·355 I9'237 I I9'902 I 14•661 2I·787 304"0I2 
Mar. 1 43"3I3 27'4I5 61·526 306·566 26·823 280·328 209·872 I9"155 122·727 113·178 2I·916 3oro68 
Apr. I 41·672 2r501 65·216 304·925 26·718 283·991 208·23I I9'068 I25·843 II I '537 22·062 3Io·46I 
May I 40·083 2r581 68•790 303·336 26·613 287'532 206•642 I8·988 I28·850 Io9·948 22·203 3I3·756 
June I 38·441 2r661 72·487 30I·694 26·502 291·I87 205·000 I8'909 131•948 I08·306 22·348 3I7'I7I 
July I 36·853 2r736 76·066 300·106 26·393 294·719 203·4I2 18•837 134•937 106718 22·490 320•486 
Aug. I 35·211 2r810 79·768 298·464 26·277 298·365 201·770 18·767 138·016 105·076 22·637 323·922 
Sept. I 33·570 2r88I 83·473 296·823 26·I60 302·005 200·129 I8·702 141•087 1o3·435 22·784 32r368 
Oct. I 3I ·981 2r946 8ro6o 295·234 26·044 305·523 198·540 18·643 144·052 IOI'846 22·927 330·712 
Nov. I 30·339 28·011 90·770 293"592 25·923 309·153 196·898 18·588 I4r107 100·204 23·074 334·179 
Dec. I 28·751 28·070 94•362 292·004 25·803 312·661 195·3Io 18·538 I50"058 98·616 23·217 337·541 

1912 
I 

1917 1922 1927 

Jan. I i 27' 109 28·1~8 98·074 290·362 25·677 316·280 193·668 18·492 ! 153·099 96•974 23·363 341·028 
Feb. I 25·468 28· 184 IOI ·790 288·721 25·549 319·892 192·027 I8·451 I 156·I36 95'333 23·510 344·52I 
l\far. I 23·932 28·232 105·268 28r238 25·432 323'I5I 190·544 I8·418 I58·875 93·850 23·64I 34]"686 
Apr. I 22·29I 28·281 108·986 285·597 25·301 326·751 188·903 I8·386 161·903 92·209 23·787 351·196 
May I 20·702 28·325 112·586 284•008 25·173 330·230 18r314 18·361 164•829 90·620 23·927 354·6o2 
June I 19·060 28·367 I 16·308 282•366 25·038 333·819 185·672 18·340 167·850 88•978 24·072 358·I31 
July I I7'472 28•404 119·911 280·778 24·906 33r284 184•084 18·325 170·771 8r390 24·210 1·553 
Aug. I 15·830 28·439 123·635 279·136 24·769 340·858 182•442 18·315 17 y787 85·748 24·353 5·096 
Sept. 1 14·I89 28·471 12r361 277'495 24·631 344·426 180·80I 18·309 176·803 84·Io7 24·494 8·649 
Oct. I 12·600 28·498 130•966 275·906 24·495 34r871 179·212 18·309 179·721 82·518 24·629 12·094 
Nov. I 10·958 28·524 I34·695 274·264 24•354 351·424 177'570 I8·315 182·737 80·876 24·768 15·662 
Dec. 1 9.370 28·545 138·302 272·676 24·215 354·853 175·982 18·324 185·655 79·288 24·902 19·121 

1913 I918 1923 1928 

Jan. 7'728 28·563 
; 

358·389 18·340 188·674 77'646 I 142·032 271•034 24·073 I74"340 25·037 22·701 

Feb. I 6·087 28·578 145 ·760 269·393 23·929 1·917 172·699 18·361 190·695 76·005 25·172 26·290 
l\lar. I 4·6o4 28·588 I49'130 26r910 23·798 5·097 I7I"216 I8·385 I94'426 74·469 25·296 29·653 
Apr. I 2·963 28·596 152·858 266·269 23·652 8•6o8 169•575 I8·415 197'453 72·828 25·427 33·253 
May I I'374 28·600 156·468 264•680 23·510 11 '999 16r986 18·450 200·387 71·239 25·552 36·744 
June I 359·732 28·602 16o·199 263•038 23·364 I5"493 I66·344 18•491 203·425 69·597 25·680 40·356 
July I 358·144 28·599 163•8og 261 ·450 23·223 18·866 164·756 18·534 206·368 68·009 25·8o2 43·859 
Aug. I 356·502 28·594 167'539 259·808 23·075 22•341 163·114 18·587 209·417 66·367 25·926 47'483 
Sept. 1 354•861 28·584 171 ·268 258·167 22·929 25·807 161 ·473 I8·643 212·473 64·726 26·047 51 ·113 
Oct. I 353·272 28·572 I74'877 256·578 22·785 29·152 159·884 18·701 2I5'437 63·137 26·163 54•631 
Nov. I 35I ·630 28·557 178·6o7 254·936 22·638 32·599 I58·242 I8·772 218·508 61·495 26·280 58·272 
Dec. I 350·042 28·537 182·215 453·348 22·496 35·924 I56·654 18·834 22I •488 59·907 26·393 61·8oo 

19I4 I919 I924 1929 

Jan. I 348·400 28·514 185·944' 251 ·7o6 22·350 39·35o 155·01 I 18·908 224·575 58·264 26·505 65·450 
Feb. I 346·759 28·488 189·670 250·065 22·204 42·765 I53'370 18·987 22r673 56·623 26·6I6 69·Io4 
Mar. 1 345·276 28•461 193·036 248·582 22·072 45·84I I51·834 19·065 230·580 55·140 267I4 72·409 
Apr. I 343·635 28·428 196·761 246·941 21·927 49•235 I50'193 19·152 233·696 53·499 26·819 76·072 
May I 342·046 28·393 200·364 245·352 21·788 52·508 148·6o4 19·239 236·714 51·910 26·919 79•622 
June I 340·404 2!1·354 204•088 243·710 21·645 55 ·881 146·962 19·334 239·860 50·268 27·020 83·294 
July I 338·816 28·312 20r689 242·122 21·507 59·133 145·374 19·429 242·907 48·680 27'114 86·851 
Au1'. : 337"174 28·265 211·408 240·480 21·366 62•482 143·732 19"531 246•067 47'038 27'210 90·529 
Sept. 1 33.5"533 28·216 215·127 238·839 21·228 65·820 I42'091 19·636 249·238 45·~97 2r302 94·212 
Oct. I 333·944 28·I64 218·723 237'250 21·094 69·038 I40'502 19·742 252·318 43· 08 2r388 97'779 
Nov. I 332·302 28·108 222·438 235·608 20·958 72·353 138·860 19·854 255·513 42•166 27'475 101·469 
Dec. 1 330·714 28·051 226•03I 234·020 20·828 75·548 I37'272 19•965 258·616 40·578 2r556 105·042 

; 
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'l'AllI.E 6.-l'a/ue,, of N, I, a11d l' for G1·1?e111vich midnight, beyi1111i11y each 111011th, fro1n JS511to1949-Continued. 

I Month. ~] __ 1_--'-l_-··_· _1_·_-_-'! ___ N __ 

I 'i 
I 1930 I 

]an. l 38?9361 2t637 108~738 302?242 
}'c\i. I 37·295 27·715 112·436 I 300·6o1 
Mar. l 35·812 27·783 115·780 299·118 
Apr. 1 34·171 2r855 u9·483 • 297·477 
May l 32·582 27·922 123·069 i 295·888 
June l 30·940 28·003 126·7781294·246 
July I 29·352 

1 
28·048 130·368 292·658 

Aug. I 27·710 28·107 134·081 291·016 
Sept. I 26·069 28·164 137796 289·375 
Oct. 1 24·480 28·216 141 ·3921287·786 
Nov. I 22·838 28·265 145·111 286·144 
Dec. I 21·250 28·310 148·710 284·556 

Jan. 1 

Feb. I 

Mar. I 
Apr. 1 

May I 

June 1 

July I 

Aug. l 
Sept. l 

Oct. l 
Nov. l 
Dec. l 

Jan. l 
Feb. I 
Mar. I 
Apr. I 

l\fay I 

June I 
July I 
Aug. I 
Sept. I 
Oct. 1 
Nov. 1 

Dec. 1 

Jan. I 
Feb. I 
Mar. 1 

Apr. I 
May 1 

June 1 

July I 
Aug. I 

Sept. 1 
Oct. 1 
Nov. 1 

Dec. 1 

Jan. 1 
Feb. 1 

Mar. 1 
Apr. I 

May 1 

June 1 

July I 
Aug. I 

Sept. I 
Oct. I 
Nov. I 
Dec. 1 

19·608 
17 ·967 
16·484 
14·843 
13·254 
11·612 
10·024 
8·382 
6·741 
5·152 
3·510 
l "922 I 

0·280 
358·639 
357·103 
355 ·462 
353·873 
352·231 
350·643 
349·001 
347·360 
345·771 
344·129 
342·541 

340·899 
339·258 
337'775 
336·134 
334·545 
332·903 
331 ·315 
329·673 
328·032 
326·443 
324·801 
323·213 

321·570 
319·929 
318·446 
316·8o5 
315·216 
313·574 
311 ·986 
310·344 
308·703 
307·u4 
305·472 
303·884 

1931 

28·353 
28·393 
28·425 
28·459 
28·487 
28·514 
28·537 
28·556 
28·572 
28·584 
28·594 
28·599 

1932 

28·6o2 
28·600 
28·596 
28·589 
28·577 
28·562 
28·545 
28·523 
28·498 
28·470 
28·439 
28·404 

1933 
28·366 
28·324 
28·283 
28·234 
28·184 
28· 129 
28·072 
28·012 
2]'946 
27·881 
27·810 
27'739 
1934 

27·661 
27·581 
27·507 
27·421 
27·336 
27·244 
27·153 
27·057 
26·957 
26·858 
26·753 
26·649 

152•432 282·914 
156·154 281 ·273 
159·519 279.737 
163·243 278·096 
166·849 276·507 
170·576 274·865 
174·184 273·277 
177'912 271 ·635 
181 ·642 2tJ9·994 
185·250 268·405 
188·980 266·763 
192•674 265·175 I 

196·319111 263·533 
200·050 I 261 ·892 
203·539 !! 26o·409 
207·2681; 258·768 
210·877 '257'179 
214·607 i 255·537 
218·216 1253·949 
221·943 I. 252·307 
225 ·671 ii 250·066 
229·277 249·077 
233·003 2.17·435 
236·607 • 245 ·847 

240·330 
244·052 
247·412 
251 ·131 
254·728 
258·444 
262·037 
265·748 
269·458 
273·045 
276·750 
280·333 

244 ·205 
242·564 
241 ·081 
239·440 
23]'851 
236·209 
234·621 
232·979 
231 ·338 
229·749 
228·107 
226·519 

284·032 224·876 
287·728 223·235 
2'91 ·065 221 ·752 
294·755 220'1 II 
298·323 218·522 
302·007 216·880 
305·570 215·292 
309·246 213·650 
312·919 212·009 
316·470 210·420 
320·136 208·778 

'323·678 207'190 
I 

}' N N I 
__J_ i_ I __ :· 

,6S,,,J
1

,-10s~801 
171·372' 1or16o 
174·256 : 105·677 
177·329 104·036 
180·296 102·447 
183·355 100·805 

1935 II 
26~5391327~333 11 205~548 
26·428 330·9851 203·907 
26·324 334·280 i 202·371 
26·207 337'92211200·730 
26·093 341'441 I 199'141 
25'971 345'074 I 197'499 
25·853 348·584 I 195·911 
25·727 352·204 : 194·269 
25·600 355·820 I 192·628 
25·476 I 359·313

1

191·039 

1940 
0 

18·935 
18·859 
18·793 
18·725 
18·665 
18·607 
18·556 
18·509 
18·465 
18·429 
18·396 
18°369 

0 

22·305 
22·451 
22·583 
22·731 
2~·873 
23·020 
23·162 
23·309 
23·456 
23·598 
23'743 
23·884 

186·308 99·217 
189·352 97·575 
192·392 95·934 
195·327 94·345 

25·346 2·916 189·397 
25·217 6·39611187·809 

198·356 92·703 
201 ·284 91 ·115 

1936 . 

25·083 9·9S7 I 186•167 
24·947 13·570 

1

, 184·526 
24·819 16·916 183·043 
24·681 20·486 181 ·402 
24·546 23·9341179·813 
24·405 27·4891

1 
178·171 

24·268 30·922 176·583 
24·125 34·4621174·941 
23·981 37·992 ' 173·300 
23·842 41·402 ·1171·711 
23·696 ' 44·917 170·069 
23·555 48·310 ·1, 168·481 

1937 

23·409 51·807 :1166•839 
23·261 55·29411165·198 
23·130 58·437 163·715 
22·983 61 ·9061162·074 
22·839 65·254 160·485 
22·692 68·704 158·843 
22·550 72·0331 157"255 
22'403 75·463 I 155·613 
22·257 78·8821153·972 
22·116 82·180 152·~s3 

21·970 85·579 I 150·141 
21 ·~32 88·855 I 149· 153 

1938 I 
21·688 92·231 '147'510 
21·546 95·594. 145·869 
21 ·418 98·623 144 ·386 
21 ·278 101 ·965 142·745 
21·144 105·187 141·156 
21·008 108·506 139·514 
20·877 111·705 137·926 
20·744 ' 115 '000 136·284 
20·613 118·283 134·643 
20·488 121 ·447 133·054 
20·361 124·706 131·412 
20·241 127·847 129·824 

1939 

1941 

18·346 204·306 
18·328 207·324 
18·317 210·050 
18·311 213·066 
18·308 215·983 
18·3121218·998 
18·320 221·9171 
18·333 224·934 
18·353: 227·955 . 
18·3771230·879 I 
18·406 233'<)06 I 

18·440 236·83911 

1942 'i 
18·479 239·87311 
18·523 242·914 : 
18·568 245·666 i 

18·621 248·719 ;, 
18·679 251·6So ·: 
18·742 254·749 I. 
18·808 257·7251 
18·881 260·8091 
18·958 263·904 
19·036 266·9071, 
19·122 270·021 I 
19·208 273·043

11 
1943 I 

19·302 276·1781 
19·399 279·322 

:g:~~~ ~~~:~~~ 1· 

19·698 288·415 
19'808 291 ·6o5 
19·920 294·703 
20·0361297·916 
20·155 301·141 
20·2741304·275 
20·399 307·524 
20·522 310·681 

1944 

20'120 
20'()<)[ 
19·896 
19·783 
19·676 
19·569 
19·470 
19·370 
19·274 
19·185 
19·095 
19·015 

131·082 
134·303 
137·203 
140·402 
143·487 
146·662 
149·725 
152·877 
156·019 
159·049 
162·179 
165·180 I 

I 

128·182 20·651 
126· 541 20·783 
125 ·005 20·908 
123·364 21 ·043 
121·775 21·176 
120·133 21 ·315 
118·545 21 ·450 
116·903 21·592 
115·262 21·734 
113·673 21 ·873 
112·031 22·018 
110·443 22·158 

313·946 
317·241 
320·325 
323·634 
326·849 
330·182 
333·419 
336·775 
340·143 
343·413 
346·803 
350·094 

89·473 
87·832 
86·349 
84 ·708 
83·119 
81·+77 
79·l:i89 
78·247 
76·600 
75·017 
73·375 
71 ·787 

1946 

24·028' 
24·171 
24·300 
24·442 
24 ·578 
24·717 
24·850 
24·987 
25·122 
25 ·252 
25 ·384 
25·511 

1947 

70·145 I 25·638 
68·504 25 ·765 
67·021 25·876 
65·380 25·999 
63·791 26·117 
62·149 26·234 
60·561 26·347 
58·919 26.461 
57·278 26·570 
55 ·689 26·678 
5+·047 26·78+ 
52·459 2(,·885 

5tr816 
49·175 
47·639 
45·998 
44·409 
42767 
41 ·179 
39·537 
37·896 
36·307 
34·665 
33·077 

31·435 
29·794 
28·311 
26·670 
25·081 
23·439 
21·851 
20·209 
18·568 
16·979 
15 ·337 
13·749 

1948 

26·986 
27 ·085 
27·175 
27·268 
27·356 
27·444 
27·526 
27·6o8 
27·687 
27·761 
27·834 
27·901 

1949 

27·968 
28·032 
28·086 
28·143 
28·196 
28·247 
28·293 
28·338 
28·378 
28·414 
28·449 
28·479 

'----'-----'-------___:__ ___ , ___ ,_._ . ------------

j' 

353~5o6 
356·928 

0·029 
3·470 
6·811 

10·275 
13·634 
17· 115 
20·606 
23·993 
27·502 
30·905 

34·431 
37 ·965 
41·164 
44·714 
48·155 
51 ·721 
55·177 
58·755 
62·3.10 
65·817 
68·416 
72·904 

76·515 
80·132 
83·404 
87·031 
90·547 
94·186 
97'712 

101 ·360 
105·013 
108·552 
112·215 
115·762 

119·433 
123·107 
126·548 
130·228 
133·795 
137'494 
141 ·055 
144·750 
148·447 
152·028 
155·731 
159·316 

163·025 
166737 
170·088 
173·801 
177'397 
181·115 
184·714 
188·433 
192·157 
195·760 
199·486 
203·091 



214 UNITED STATES COAST AND GEODETIC SURVEY. 

TABLE 7.- Va/1ws of I, v, ~. v', and 2 v", c01'1·es1wmli11g to each half dcyn<: of S. 

__ n __ 1 ___ 1_ l __ • __ 1.--l- !_"_'_,_•_•_"_ 
·11 N . N I 

0 

o·o 
0·5 
1·0 
1 ·5 
2·0 

2·5 
3·0 
3·5 
4·0 
4"5 
5·0 
5·5 
6·o 
6·5 
7'0 

7"5 
S·o 
8·5 
9·0 
9·5 

10·0 
10·5 
11·0 
u·5 
12·0 

12·5 
13"0 
13'5 
14·0 
14·5 

15·0 
1 5'5 
16·0 
16·5 
17·0 

0 

28·602 
28·6o2 
28·601 
28·600 
28·599 

28·598 
28·596 
28·594 
28·591 
28·589 

28·585 
28·582 
28·578 
28·574 
28·570 

28·565 
28·560 
28·555 
28·549 
2~·543 

28·537 
2::»530 
28·523 
28·516 
28·508 

I 
28·500 
28·492 : 
28·483 i 

! 28·475 
I 28·465 

28·456 
28·446 
28·436 
28·425 I 
2S·.p4 

0 

0'000 

0·094 
0·188 
0·281 
0·375 

0·468 
0·562 
0·656 
0·749 
0·843 

0·936 
1·030 
I "123 
1 ·217 
I "310 

1·403 
1·496 
1·590 
1·683 
1·776 

1·869 
1·962 
2"054 I 

2·147 I 
2·240 

2·332 
2·424 
2·517 
2·609 
2·701 

o·~ o·~ o·~ 36o·o 3;·0 28!'024 5!478 4·'939 3·'903 8!'249 3J'o·o 
0·084 o·o67 0·143 359·5 30·5 28·005 5·564 5·017 3·964 8·377 329·5 
0·169 0·134 0·285 359·0 31·0 27·985 5·651 5·095 4·025 8·504 329·0 
0·253 0·201 0·427 358·5 31·5 27·965 5·736 5·173 4·085 8·631 328·5 
0·337 0·268 0·569 358·0 32·0 27·945 5·822 5·251 4·146 8·757 328·0 

0·421 0·335 0·711 357'5 32·5 27·925 5·907 5·328 4·206 8·883 327'5 
0·506 0·402 o·853 35ro 33·0 2r904 5·992 5·406 4·266 9 ·008 32ro 
0·590 0·469 0·995 356·5 33·5 27·884 6·077 5·482 4·326 9·133 326·5 
0·674 0·536 1·1 37 356·0 34·0 2r862 6·162 5·559 4.386 9·251 326·0 
0·758 0·6o3 1·279 355·5 34.5 27·841 6·246 5·636 4·445 9·381 325·5 

0·842 0·670 1·421 355·0 35·0 27·819 6·330 5·712 4·504 9·504 325·0 
0·926 0·737 1·563 354·5 35·5 27797 6·414 : 5·788 4·563 9·626 324·5 
l"OIO 0·8o4 1·705 354·0 36·0 27·775 6·497 I 5·864 4·621 9·748 324·0 
1·094 0·871 1·847 353·5 36·5 2r752 6·580 5·939 4·679 9·869 32_n 
1·178 0·938 1·989 353·0 37'0 27·729 6·663 6·015 4"737 9·989 32J"O 

1·262 1·004 2·130 352·5 37·5 27·706 6·745 6·090 4·797, IO"I09 322·5 
1°346 1'070 2'271 352'0 38·0 ' 27·682 6·828 6·164 4·855 I I0'228 322'0 
1·430 1·137 2·413 351·5 38·5 27·658 6·909 6·239 4·912 IO'J47 I 321·5 
1·514 1·203 2·554 351·0 39·0 27·634 6·991 6·313 4·969 I0'465 ' 321·0 
1 ·598 1 ·270 2·695 350·5 39·5 27·6w 7·072 6·387 5·026 w·583 320·5 

1·681 1'337 2·836 I 350'0 40"0 27·585 7·153 6·461 5•083 I0'700 J20"0 
1·765 1·403 2·977 · 349·5 40·5 27·56o 7·234 6·534 5·139 w·816 319·5 
1·848 1·469 3·117 349·0 41·0 27·535 7·314 6·608 5·195 w·932 319·0 
1'<)32 1·535 3·257 348·511 41·5 27'5IO 7'394 6·68o 5·251 11'047 318·5 
2"015 I ·601 3·397 348·0 i: 42'0 27·484 7'473 6·753 5·307 Il"l61 318·0 

2·099 1 ·667 3·536 347·5 'I 42·5 27·458 7'553 6·825 5·362 11·275 317·5 
2·182 1·733 3"676 i 347·011 43·0 , 27·432 r631 6·897 5·416 11·388 317·0 
2·265 1·799. 3·816 [ 346·5 I 43·5 27·405 r1w 6·969 5·471 11·500 31c,·5 
2·348 1·864 3"955 '346·0 i 44·0 27·378 7·788 7'040 5·526 11·612 316·0 
2·431 1·930 4·094 : 345·5 i 44·5 27·351 ?"866 7·ui 5·580 11·723 315·5 

2·793 2·514 1·996 4·233 ! 345·0145·0 27·324 7·943 r182 5·634 11·833 315·0 
2·885 2·596 ;;,·061 4·372 : 344·5 45·5 27·296 8·020 7·253 5·687 11 ·942 314·5 
2·911 2·u79 1·121 4·510 : 334·0 I, 46·0 21·268 8·091 1·323 5·740 12·051 314·0 
J"068 2·762 ::·192 4·648 

1 
343·5 !I 46·5 2r240 8·113 1·392 5·193 12·159 313·5 

3·160 2·844 2·257 4·786 343·0 ;: 47'0 27·212 8·249 7·462 5·846 12·266 313·0 

17·5 
1S·o ~ 

28·403 ,. 
28· 392 
28·380 
28·368 
28·356 

3 ·251 2·927 2·322, 4 ·923 342·5. 47·5 2r183 8·324 7·531 5·898 12·372 312·5 
3·342 3·009 2·387 5·06o : 342·0 ' 48·0 27'154 8·399 r6oo 5·950 12·477 312·0 
3·433 3·091 2·452 5·197 341·5 .; 48·5 27·125 8·474 7'668 6·002 12·582 3u·5 18 5 : 

I ~J ·o 3'524 3·173 2·517 5·334 1341·0' 49·0 27·095 8·548 7'736 6·053 12·086 311·0 
19·5 ' y615 3·255 2·581 5·471 340·5 49·5 2ro66 8·622 7·go4 6·104 12·789 310·5 

21.·o 

20·5 
21 ",) 

21 ·5 
22'0 

22·5 
23·0 

23'5 
24·0 

2 4'5 

25·0 
2 5'5 
2(>'0 
2(:·5 
27·0 

27'5 
28·0 
28·5 
29·0 
29·5 
30·0 

2S·343 3·705 3·337 2·646 5·6o7 340·0 50·0 27·036 8·695 7'871 6·154 12·892 310·0 
i 28·330 3·196 3·418 • 2·1w 5·743 339·s 50·5 21·006 8·768 1 r93s 6·205 12·994 309·5 
: 2S·317 \ 3·886 3·500 2·774 5·878 339·0 51·0 26·975 8·841 I 8·005 6·255 13·095 309·0 

28·_;03 1 3·976 3·581 2·838 0·013 33S·5 51·5 26·944 8·913 I 8·071 6·305 13·195 308·5 
! 28·289 4·066 3 ·662 2·902 6·14s 33s·o 52·0 26·913 8·985 I 8·131 6·354 13·294 308·0 

28·275 4·156 3·743 2·966' 6·282 337·5 52·5 26·882 9·056' 8·203 6·403 13·392 307·5 
28·260 4·245 3·824 3·030 6·416 337·0 53·0 26·851 9·127 8·268 6·452 13·489 307·0 
28·245 4·335 3·905 3·093 6·550 336·5 53·5 26·819 9·197 8·333 6·500 13·586 306·5 I 

I 28·230 4·424 I 3·985 _p56 6·683 336·0 54·0 26·787 9·267 8·397 6·547 13·682 306·0 I 
I 28'215 

1 
4'513 4•066 3'219, 6·816 335·5 54·5 26·755 9·336 8•461 6•594 13"777 305·5 ; 

28·199 4·602 4·146 3·282 6·948 335·0 55·0 26·723 9·405 8·525 6·641 13·871 305·0 I 
28·183 4·690 4·226 3·345 7·080 334·5 55·5 26·690 9·474 I 8·588 6·688 13·964 30.n 
28·166 4·779 · 4·306 3"408 7·212 334·0 I 50·0 26·651 9·542 I 8·651 6·735 14·051 304·0 
28·149 ' 4·867 4·386 3·471 7'343 333·5 56·5 26·624 9·6o9 . 8·713 6·781 14·148 303·5 
28·132 l 4·955 I 4·466 13·534 7'474 '333·0 I! 57·o 26·591 9·676 8·775 6·827 14·238 303·0 

2~)'1151· 5·043 4·545 I 3·596 7'604 332·5 I 57"5 26·557 9·743 8·836 6·872 14·327 302·5 
28·097 5·130 4·624 3·658 7.734 332·0 q 58·0 26·523 9·809 8·897 6·917 14·415 302·0 
28·079 5·218 4·703 3·720 I 7·863 3

3
3
3

1
1

:
0
5 .,

1

. 58·5 26·489 9·874 8·958 6·961 14·502 301·5 
28·061 15·305 4•782 3·781 7·992 59·0 26·455 9·939 9·018 7·005 14·588 301·0 
28·043 5·391 4·861 3·842 8·121 330·5: 59·5 26·421 I0'004 9·078 7·048 14·673 : 300·5 
28·024 ~s-·_4 7_8_,_4_·9_3_9----'i_3_·9_o_3_,i ~-·-24_9_; .3_3_0_·_0-'i._6o_·o __ 2_6_· 3_8_6 __ 1_0_·0_6_8__.:__9_·_13_1_,_1_·0~ 1 _1_1_4_·1_5_7 _l_3_oo_·':'._ 

Sec Tables I ancl 5 for explanation of synibols. I is always positive; v, ,f, v1 , and 2 ,,,, are positive when N is between o 0 

and 18c;0
, ancl negative when .Nis between 180° and 360°. Nis the longitude of the moon's ascending noclc. 

11 CJ,)=-·''; u (K!) "'·" - 1/; u (K2) =--= -·- 2 v11 ; 11 (L,) = 2 ,f - 2 v - R; see Table 8 for R; 11 (;\Ii) c= ,f · '' + Q; 
see Table 9 lor (}; u(M2)=2,f--2v; 11('.\l 03)=3f-3v; u(M•)=4,f-4v; u(M6)=6,f---·61,; 11('.\l.)=8,f-8v; 
u (N2 ) =2 ,f- 21'=11 (M 2 ); tt (2 N) =c 2 ,f-- · 2 v =.co u (M2); 1i(01) = 2 ,f-v; u(OO) =- 2 ,f-v; 11(1',) = o; tt (Qi)= 
2f-l'=11(<J1); u(R,)=o; u(S 1, 2 , 3 , 4)=o; u('J',):ooco; u(?.2)=:=11(µ2)=u(v,)=2,f-2v=u(M 2 ); u(MK)=2,f-
2v-v'. -upl,)-!-u(K,); u(2'.\IK)·- -4(-· 4v-;-1·1 ::ctt(M,)-u(K,); 11(MN)=4,f-4v°"=11(M4 ); 11(MS)=2,f-
2v=u(i\12); 11(2!llS)c--c4.f-4v=c:tt(\1 4); u(2S'.\l)c-=-·-2.f+2v=-u(M2); u(_Mf)c-c-2,f; u(MSf)=-2.f+ 
2v=-u(\'1,); u(111m)=-O; u(Sa)c.c·.o; u(Ssa)=coO. 
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TABL~; 7.-Valucs of I, '" :;, ,,, , a11d ::J v", con·e11po11di11g '''each half degree of .Y-Co11t innetl. 

l~-1-: l-o 
I 60·0 \ 26•386110·068 
I 6o·5 20'351 10'131 
. 61·0 26·316 10·194 

61 ·5 26·280 10·256 
62·0 26·245 . 10·318 

62·5 
63·0 
63·5 
64·0 
64·5 

65·0 
65'5 
66·0 
66·5 
67·0 

67'5 
68·0 
68·5 
69·0 
69·5 

70·0 
70·5 
71·0 
71·5 
72·0 

72·5 
73·0 
73·5 
74·0 
74·5 

75·0 
75·5 
76·0 
76·5 
77·0 

77·5 
78·0 
78·5 
79·0 
79·5 

80·0 
80·5 
81 ·o 
81·5 
82·0 

82·5 
83·0 
83'5 
84·0 
84·5 

85·0 
85'5 
86·0 
86·5 
87·0 

26·209 
26·173 
26·137 
26·101 
26·064 

26·027 
25·990 
25·953 
25·916 
25·878 

25·841 
25·803 
25 ·765 
25·726 
25·688 

25·649 
25·610 
25·571 
25·532 
25·493 

25·453 
25·413 
25·374 
25·334 
25·293 

25·253 
25·213 
25·172 
25·131 
25:090 

25·049 
25·008 
24·966 
24·925 
24·883 

24·841 
24·800 
24·757 
24·715 
24·67 3 

24·631 
24 ·588 
24·545 
24·503 
24·460 

24·417 
24·374 
24·331 
24·287 
24·244 

10·379 
10·440 
10·500 
10·560 
10·619 

10·677 
10·7 35 
10·793 
10·849 
10·906 

10·961 
11·016 
l I '070 
11·124 
11·177 

11·230 
11'282 
11 ·333 
11·383 
11.433 

11·482 
11·531 
l I '579 
11 ·626 
_11 ·673 

11 ·719 
11·764 
11·809 
11 ·852 
11 ·895 

11·938 
11·980 
12·021 
12·061 
12·100 

12·139 
12·177 
12·214 
12·251 
12·287 

12·322 
12·356 
12·389 
12·422 
12·454 

12·485 
12·515 
12·545 
12·573 
12·6o1 

12·628 
12·654 
12·680 

0 

. 9·137 
9·196 
9' 2 55 
9'3 1 3 
9·370 

•·' 

0 

7·091 
7·134 
7·177 
7'219 
r261 

9·427 7·302 
9·484 7'343 
9·539 r383 
9·595 . 7·423 
9·650 7·462 

9·705 7'501 
9·759 7'539 
9·812 7'577 
9·865 ]'614 
9·918 r651 
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3S4'00 3S3'38 
355·04 354'54 

356·20 355·81 
357'42 357"16 
3s870 3s8·s7 
360·00 360·00 

20° 

0 

o·oo 
2·27 
4·42 

6·39 
7'97 
9·22 

10·10 
rn·6o 
l075 

[0'57 
IO'll 
9·36 

8·40 
7·27 
5·99 

4·59 
3·11 
I 'S7 

o·oo 
357'73 
35s·58 

353·61 
3s2·03 
350·78 

349·90 
349·40 
349·2s 

349·43 
349·89 
3so·64 

3SI ·6o 
3s2·73 
354·01 

355·41 
356·89 
3s8·43 
36o·oo 

H.EPORT FOR 1894-P ART II. 

1'AllLE 8.- Values of R for oompletilly u for L,. 

I= Inclination of moon's orbit. 

210 .,o 230 240 250 

·---- ---·---

0 0 0 0 0 

o·oo o·oo o·oo o·oo o·oo 
2·57 2·90 3·27 3·67 4·14 
5·00 5·63 6·32 7'09 7·94 

7'15 8·03 8·99 10·04 11 '20 
8·94 10·00 11·16 [2'40 13·76 

ro·32 ll'49 r2·76 14·12 15·57 

u·26 12·48 13·80 15·r9 16·68 
u·77 13·00 14·31 15·68 17· 13 
u·89 13·08 14·34 15·65 17·02 

u·64 12·77 13·95 15·17 16·43 
11·09 12· 12 13·20 14·30 15·44 
rn·26 II ·18 [2'14 13·12 14·13 

9·19 10'00 10·83 I 1 •68 12·55 
7·94 8·62 9·32 10·03 ro·75 
6·53 7·08 r64 8·21 8·79 

s·oo 5'36 s·84 I 6·26 6·70 
3·38 3·66 3·94 4·23 4·52 
r·70 1·84 1·98 2·13 2·27 

o·oo o·oo o·oo o·oo o·oo 
3S7'43 357'l0 3567 3 356·33 3ss·86 
355·00 354·37 353·68 352'91 352·06 

3s2·8s 35r·97 35l ·01 349·96 348·8o 
351·o6 350·00 348·84 347'00 346·24 
349·68 348·51 347'24 345·88 344·43 I 
34874 347'52 346·20 344·8r 343·32 
348·23 347'00 345·69 344·32 I 342·87 
348·u 346·92 345·66 344·35 342·98 

348·36 347'23 346·os 344·83 343·57 
348·91 347'88 346·80 345·70 344·56 
349·74 348·82 347'86 346·88 345·87 

350·81 3so·oo 349·17 S48·32 347'45 
352·06 3s1·38 3so·68 349·97 349·25 
353·47 352·92 352·36 351 ·79 351 ·21 

3s5·oo 354·64 354·16 353·74 353·30 
356·62 356·34 356·06 355·77 355·48 
358·30 3s8·16 3s8·02 3S7'87 3S7'73 
36o·oo 360·00 36o·oo 360·00 36o·oo 

------··· 

217 

·-

26° 270 28° 290 

0 0 0 0 

o·oo o·oo o·oo o·oo 
4·65 5·22 5·88 6·57 
8·89 9·94 11·12 12·43 

12·47 r3·86 15·40 l7'10 
r5·23 r6·82 18·56 20·43 
17'14 18·81 20·6o 22·50 

18·25 19·90 21·66 23·50 
18·64 20·23 21·89 23·6r 
18·44 r9·92 21·44 23·02 

17'73 19·08 20·46 21·87 
16·61 1r81 19·03 20·28 
15·16 r6·20 l7'27 18·34 

13·43 14·32 r5·23 16·14 
ll'49 [2'23 12·98 13·73 
9·38 9·97 10·56 u·16 

7'14 7'58 8·02 8·47 
4·81 5·10 5·40 s·6g 
2·42 2·s6 2·71 2·86 

0'00 o·oo o·oo o·oo 
3S5'35 354'78 354·12 353'43 
351 ·11 350·06 348·88 347'57 

347'53 346·14 344·6o 342·90 
344·77 343·18 34r·44 339'S7 
342·86 341·19 339·4oe 337·50 

341 ·75 340'[0 338·34 336·50 
34l ·36 339·77 338·u 336·39 
34r·s6 340·08 338·s6 336·98 

342·27 340·92 339'S4 338·r3 
343·39 342·19 340·97 339·72 
344·84 343·80 342·73 34r·66 

346·s7 34s·68 344·77 343·86 
348·s1 347'77 347'02 346·27 
350·62 350·03 349'44 348·84 

352·86 3s2·42 351 ·98 351 ·53 
3ss·19 3S4'90 3s4·6o 354·31 
3S7'58 3S7'44 357'29 3S7'14 
36o·oo 360·00 36o·oo 360·00 

tt for Li= 2(.;- - v) -Ji'. The values of .;- and v and to be obtained from Table 7; and the above values of R were com-
. sin 2 P 

puted from the equation .tan R = , ~ ... 
t; cot' I - cos 2 P 

The values of I and P for the first <lay of every month are given in Table 6. 
When Plies between 180° and 36o0 , subtract 180° from it and enter the table with the remainder. 
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TABLE 9.-Values of Q fo1· completing ufor M,. 

p Q II p Q I:' Q I p Q Jl_P Q p Q 

11 ---
0 0 0 0 0 0 0 0 0 0 0 0 

0 o·oo 60 4o·S9 120 139·1 I 1So 180·00 240 22o·S9 300 319·II 
I 0·50 61 42·05 121 140·24 1S1 1So·50 241 222·05 301 320·24 
2 1·00 62 43·24 122 141·34 1S2 1S1·00 242 223·24 302 32r34 
3 1·50 63 44·46 123 142·41 183 1S1·50 243 224·46 303 322·41 

4 2·00 64 45·71 124 143·45 1S4 1S2·00 244 225·71 304 323·45 
5 2·50 65 47"00 125 144·47 lS5 1S2·50 245 227"00 305 324·47 
6 3·01 66 4S·j2 126 145·46· 1S6 1S3·01 246 22S·32 306 325·46 

7 3·51 67 49·67 127 146·44 1S7 lS3·51 247 229·67 307 326·44 
8 4·02 6S 51·06 128 14r3s 1SS 1S4·02 24S 231"06 30S 32r3s 
9 4·53 69 52·4S 129 14S·31 1S9 1S4·53 249 232·4S 3°9 32S·31 

IO 5·04 70 53"95 130 149·21 190 1S5·04 250 233·95 3IO 329·21 
II 5"55 71 55·45 131 150·09 191 1S5·55 251 235·45 3II 33o·o9 
12 6·07 72 56·9S - 132 150·96 192 1S6·07 252 236·9S 312 330·96 
13 6·5S 73 5S·56 133 151 ·So 193 1S6·5S 253 23S·56 313 331 ·So 
14 TIO 74 60·17 134 152·63 194 1Srl0 254 240·17 314 332·63 
15 r63 75 6I"SI 135 153·44 195 1Sr63 255 24r-S1 315 333·44 
16 S·16 76 63·50 136 154·23 196 1SS·16 256 243·50 316 334·23 
17 8·69 77 65·22 137 155·00 197 1SS·69 257 245·22 317 335·00 
18 9·23 78 66·97 138 155·76 19S 1S9·23 258 246·97 31S 335·76 
19 9·77 79 6S·76 139 156·51 199 1S9·77 259 24S·76 319 336·51 

20 10·32 So 70·5S 140 157·24 200 190·32 260 250·5S 320 337"24 
21 I0°86 81 72·42 141 15r96 201 190·86 261 252·42 321 337"96 
22 II"42 82 74·30 142 15S·66 202 191·42 262 254·30 322 33S·66 
23 II 0 9S 83 76·20 143 159·36 203 191 ·9S 263 256·20 323 339·36 
-24 12·55 84 7S·13 144 16o·o4 204 192·55 264 25S·13 324 340·04 
25 13·12 85 80·08 145 160·70 205 193·12 265 260·0S 325 340·70 
26 13·70 S6 S2·04 146 161 ·36 206 193·70 266 262·04 326 341 ·36 
27 14·29 87 84·02 147 162·01 207 194·29 267 264·02 327 342·01 
2S 14·S9 8S S6·oo 148 162·65 20S 194·S9 26S 266·00 328 342·65 
29 15·49 S9 8S·o6 149 163·28 209 195·49 269 268·00 329 343·2S 

30 16·10 90 90·00 150 163·90 210 196°10 270 270·00 330 343"90 
31 16·72 91 92·00 151 164·51 2II 196·72 271 272·00 331 344·51 
32 IT.35 92 94·00 152 165°II 212 .197"35 272 274·00 332 345"II 

33 17"99 93 95·98 153 165·71 213 197"99 273 275·9S 333 345·71 

34 1S·64 94 97"96 154 166·30 214 198·64 274 277·96 334 346·30 

35 19·30 95 99·92 155 166·SS 215 199·30 275 279·92 335 346·8S 
36 19·96 96 101 ·87 156 I67"45 216 199·96 276 2S1 ·S7 336 347·45 
37 20·64 97 103·80 157 168·02 217 200·64 277 2S3·So 337 34S·o2 
38 21·34 98 I05"70 158 16S·58 21S 201 ·34 27S 2S5·70 338 34S·5S 

39 22·04 99 I07"5s 159 169·14 219 202·04 279 28r5s 339 349·14 
' 

40 22·76 100 109·42 160 169·6S 220 202·76 280 2S9·42 340 349·6S 
41 23·49 IOI II I ·24 161 170·23 221 203·49 2S1 291 ·24 341 350·23 
42 24·24 102 II3"03 162 170·77 222 ·204·24 282 293·03 342 350·77 

43 25·00 103 114·7S 163 171 ·31 223 205·00 283 294·78 343 35 I ·31 

44 25·77 104 u6·50 164 171·S4 224 205·77 284 296·50 344 351·S4 

45 26·56 I05 uS·19 165 172·37 225 206·56 2S5 298·19 345 352·37 
46 27·37 106 I 19·83 166 172·90 226 207·37 2S6 299·S3 346 352·90 

47 2S·20 107 121 ·44 167 173·42 227 20S·20 2S7 301·44 347 353·42 
4S 29·04 IOS 123·02 16S 173·93 22S 209·04 2SS 303·02 348 353"93 
49 29·91 I09 124·55 169 174·45 229 209·91 2S9 304·55 349 354·45 

50 30·79 IIO 126·05 170 174·96 230 210·79 290 306·05 35° 354·96 
51 31·69 II I 12r52 171 175·47 231 21 I ·69 291 3or52 351 335·47 
52 32·62 II2 128·94 172 175·9S 232 212·62 292 30S·94 352 355·9S 
53 33·56 113 130·33 173 176·49 233 213·56 293 3w33 353 356·49 
54 34·54 114 131·6S 174 176·99 234 214·54 294 311·6S 354 356·99 

55 35·53 115 133·00 175 177"50 235 215·53 295 313·00 355 357"50 
56 36·55 116 134·29 176 178·00 236 216·55 296 314·29 356 35S·oo 

57 37"59 117 135"54 177 17S·50 237 217"59 297 315·54 357 35S·50 
58 3S·66 II8 136·76 17S 17.9·00 238 21S·66 298 316·76 35S 359·00 

59 39·76 119 137·95 179 179·50 239 219·76 299 317"95 359 359·50 

u for M1 = ?-v + Q. The values of ? and v are to be obtained from Table 7; the above values of Q were computed from 

the equation tan Q = ~ tan P. 
The value of P for the first <lay of every month is given in Table 6. 
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TAllLY. IO.-/<'act01·s F 1t111/ f far 1·ed11ction and p1·ediotion of tides; oomputed for tile middle nf each year, or for July 2,· at 
U1·ee11wich mean 110011 for oommon yea.1·s, and at precedi119 mid11i9/it f01· leap years. 

K, 

L, 

[L,] * 

M,, :'>1 S 

N,, 2N 

o,, Q, 

00 

:\1 K 

2MK 

2MS 

Msf, 2 SM 

Mf 

Mm 

1·1216 0·8916 
0·0498 9·9502 

1 ·0553 0·9476 0·9935 
0·0234 9·9766 • 9·9972 

1·0066 
0·0028 

0•9428 I ·0607 
9'9744 0·0256 

0·9047 1·1053 
9·9565 0·0435 

0·8788 
9·9439 

1 ·0840 0·9225 
0·0350 9·9650 

1 ·2263 0·8155 
0·0886 9·9114 

1 ·0426 0·9591 
0·0181 9·9819 

1·1276 
0·0521 

0·8869 
9'9479 

1'0011 
0·0005 

1 ·0238 
0·0102 

0·9989 I 0·9647 
9·9995 :1' 9·9844 

0·9767 . 0·9305 
9·9898 . 9·9687 

1 ·0747 
0·0313 

0·9358 1 ·0686 
9·9712 0·0288 

0·8559 1·1684 
9·9324 0·0676 

0·8599 1·1629 
9'9344 0·0656 

1·1050 
0·0434 

0·9050 I 
9·9566 

1 ·3801 0·7246 
o· 1399 9·8601 

0·9733 
9·9882 

0·9777 
9·9902 

o·9733 
9·9882 

0·96o2 
9·9824 

o·9473 
9·9765 

1·0274 
0·0118 

0·9830 1·0173 
9·9925 0·0075 

0·9947 
9·9977 

1·0053 
0·0023 

1 ·0228 0·5972 1 ·6746 0·5066 1 ·9741 
0·00981 9·7761 0·2239 97046 0·2954 

1 ·0274 0·9830 1 ·0173 0·9947 1 ·0053 
0·0118 !19·9925 0·0075 9·9977 0·0023 

1·0415 I 0·9746 1·0261 0·9921 I 1·0080 
0·0174 . 9·9888 0'0112 'I 9·9966 0·0034 

1 ·05571
1 

0·9662 1 ·0350 I 0·9895 I ·0106 
0·0235 9•9851 0·0149 ,: 9·9954 0·0046 

1 ·0846 i 0·9498 1 ·0529 'I 0·9843 1 ·0159 
0·0353 9·9776 0·0224 9·9931 0·0069 

0·9476 
19·9766 

: 1·0073 
' 0·0032 
I 

0·6414 
9·8072 

1·0553 
0·0234 

0·9928 
9·9968 

1 ·5591 
0·1929 

1 ·0073 0·9928 
0·0032 9·9968 

0·7920 
9·8987 

1·2626 
0·1013 

1 ·0192 0·9811 
0·0083 9·9917 

1 ·0594 
0·0251 

1·0291 
0·0124 

0·8942 l'II83 • 0·5378 
9·9514 0·04861 9·7306 

1 ·0192 0·981I . 1 ·0291 
0·0083 9 ·9917 I 0·0124 

1 ·0110 0·9891 1 ·0289 I 0·9719 jl 1 ·0440 
0·0047 9·9953 .I 0·0124 9·9876 II 0·0187 

J '0147 0•98561• i '0388 0•9626 I i '0590 
0·0063 9·9937 .1 0·0165 9·9835 0·0249 

I '0221 0·9784 li 1 ·0588 0·9445 1 ·0898 
0·0095 9·9905 Ii 0·0248 9·9752

1 

0·0374 
I' 

I 
0·8973 1·1144 0·9336 1·0711 0·9791 1·0213 1·0295 0·9713 1! 1·0791 0·9267 I 1·1215 
9·9530 0·0470 9·9702 0·0298 9·9908 0·0092 I, 0·0126 9·98741· 0·0331 9·9669 I; 0·0498 

! 0·9733 1·02741· 0·9830 1·0173 0·9947 1·005311 1·0073 0·9928 I 1·019210·9811 1! 1·0291 
i 9·9882 0·0118 ,19·9925 0·0075 9·9977 0·0023 II 0·0032 9·9968 /; 0·0083 9·9917 0·0124 

'I 1·1449 0·87351' 1·07151' 0·933311·0023 0·9978 I 0·9446 1·0587110·9006 1·1104 I 0·8700 
0·0588 9·9412, 0·0300 / 9:9700 0·0010 9·9990 i 9·9752 0·0248 ; 9·9545 0·0455 9·9395 

' I ·11 i . 1 ·5841 0·6313 I 1 ·2732 0·7855 ·1· 1 ·0175 0·9829 0·8305 1 ·2~41 : 0·7031 1 ·4223 I' 0·6218 
I 0·1998 9·8002. 0'1049, 9·8951 ; 0'0075 9·9925 9·9194 0'0806 •

1 
9·8470 0·1530 . 9·7936 

I I! I 
I '0000 I '0000 I '0000 I '0000 ' I '0000 1 ·0000 I '0000 I '0000 ,1 I '0000 1 ·ooon ;· I '0000 

o·oooo o·oooo ·1 0·0000 o·oooo !f o·oooo o·oooo I o·oooo o·oooo I; o·oooo O'OO(O ., o·oooo 

I '0000 I '0000 . I '0000 I '0000 [1 I ,0000 11 ',)()Q() I I '0000 I '0000 ,,. 1 ·0000 I '000:> ;i I '0000 

o·oooo I o·oooo o·oooo o·oooo : o·oooo o·oooo , o·oooo o·oooo 1 o·oooo o·oooo I o·oooo 

0·9733 1·0274
1 

0·9830 1·0173110·9947 ! 1·0053111·0073 0·99281 1·0192·0·9811

1

1

1 1·0291 

I 
'1·9882 0·0118 JI 9 ·9925 0·0075 :r 9·9977 0·0023 I' 0·0032 9·9968 ! 0·0083 9 ·991 7 : 0·0124 

' 1·0550 0·9479 ., 1·0249 0·9757110·9958 1·0042 !/ 0·9717 1·0291 ! 0·9538 1·0484 0·9420 
0·0233 9·9767 I 0·0107 9·9893 :[ 9·9982 0·0018 .

1 

9·9875 0·0125 ; 9·9795 0·0205 9·9740 

1·0268 0·9739: 1·0074 0·99261: 0·9906 1·009510·9788 ! 1·0217 I 0·9722 1·0286 0·9693 
0·0115 9·9885 I 0·0032 9·9968 9·9959 0·0041 : 9·9907 0·0093. 9·9877 0·0123 9·9865 

I :
1 

> i 
0,9473 1 ·0557 1· 0•9662 1 ·0350 · 0·9895 1 ·0106 !1 1 ·0147 0·9856 I 1 ·0388 0·9626 1 ·0590 
9·9765 0·0235 9·9851 0·0149 9'9954 0·0046 1! 0·0063 9·99371 0·0165 9·9835 ! 0·0249 

0·9733 1·02741 0·9830 1·0173 0·9947 1·0053111·0073 0·9928 1·0192 0·98I1 
1

1 1·0291 
9·9882 0·0118 I 9·9925 0·0015 9·9977 0·0023 0·0032 9·9968 0·0083 9·9917 0·0124 

1·3467 0·7426[;1·1680 0·8562 1·0098 0·9903!0·8857 1'1290 0·7957 1·2567 0·7355 
0·1293 9·8707 ,,. 0·0674 9·9326 0·004219·9958 9'9473 0·0527 ! 9·9008 0·0992 9·8666 

1·1380 
0·0561 

1·2459 
0·0955 

0·9439 
9'9749 

0·9717 
9·9876 

1·8595 
0·2694 

0·9717 
9·9876 

0·9579 
9·98 13 

0·9443 
9·9751 

0·9176 
9·9626 

0·8917 
9·9502 

0'97 17 
9·9876 

1 ·14951 
0·0605 

1·6084 
0·2n64 

1'0000 
0'0000 

1·0000 
0'0000 

1·0616 
0·0260 

1 ·0316 
0·0135 

o·9443 
9·9751 

0·9717 
9·9876 

1·3597 
0·133.i 

0·9005 
9·9545 

0·9138 1·09441. 0·9446 1·0587 0·9837 1'0165 1·0278 O'<J729
1 

ll1. 1'0720 0·9328 l'II06 
9·96o8 0·03921/ 9·9752 0·02481 9·9929 0·0071 0·0119' 9·9881 , 0·0302 I 9·9698 0·0455 

,___S_n_, -S-sa _ __,__~_:_~_ooo--' -~-:_:00_00__,_1/_0_1 :_~_ooo_.:._~_:~_c_oo___:i!..._~'-:: _ __,__0_1 :_:00_00___:__
0
_1 :_~_0_0_1 _~_:: _ ___:1!..._~_::_---'-i-0_1 :_:00_00-"-1-~_:_:_--'-_~_:: 

•The .-nmarkccl J.., nncl M1 arc the compound wn\'es of the Hritish forms, while [1-.l nncl [~I,] arc the larger of their elements or simple 
components, corresponding to Ferrel's L:l with the epoch chnngccl by 18o0 , u.nd to his 111 1 or Q'h respectively. 
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TABLE 10.-Factors F and f fo1· 1·eduotion and predictio11 of tidts; computed for the middle of eaoh year, 01· fo1· July 2, at 
Greenwich 111.ea11 110011 for conwion year8, and at p1·ecedi11g midnight fu1· leap yea1·s-Continncd. 

1856 ii 1858 
I 

1857 

Component. 
----------------i -

I 
p /' 

I 
F / F / 

log F log/ logF log/ log F log/ 

--- --- ------
, _______ 

J., (M,] 0·8636 1·1580 0·8583 1·1651 0·8625 1 ·1595 
9·9363 o·o637 9·9336 o.o664 9·9357 o·o643 

K, 0·9030 1·1074 0·8987 1·1128 0·9021 1·1085 
9·9557 0·0443 9·9536 0·0464 9·9553 0·0447 

K, 0·7707 1·2976 0·7593 1·3170 0·7683 1 ·3017 
9·8869 0·1131 9·88o4 0·119619·8855 o· 1145 : 

L, 2·1324 0·4690 1·0393 0·9622 0·7796 1 ·2827 [ 
0·32S9 9·6711 0·0167 9·9833 I 9·8919 0·1081 I 

i I 
[L.J 1·0357 0·9655 1·0382 0·9632 I I ·0362 o·9650 I 

0·0152 9•9848 0·0163 9·9837 I 0·0155 • 9·9845 
•' ,, 

M, 0·4260 2·3475 o·5343 1·8716 I 0·8499 1 ·1766 
9·6294 0·3706 9·7278 0·2722 9"9294 0·0706 

1 ·0357 i 0·96551 
; 

M,, MS 1·0382 0·9632 1·0362 0·9650 
0"015219·9848 I 0·0163 9·9837 0·0155 9·9845 

Ma I ·0540 ' 0•9487 1·0578 0·9453 1 ·0548 0·948o 
0·022919·9771 0·0244 9·9756 0·0232 9·9768 

M.,MN 1 ·0727 0·9322 1·0779 0·9278 1·0738 0·9313 
0·0305 9·9695 0·0326 9·96741 0·0309 9·9691 

Ma 1·1110 0·9001 1 ·1190 0·8936 1·1127 0·8987 
0·0457 9·9543 0·0488 9·9512 0·0464 9·9536 

Me 1·1507 0·8690 1·1618 0·8608 1·1530 0·8673 
0·0610 9·9390 0·0651 9·9349 o·o618 9·9382 

4 

N2, 2 N 1·0357 0·9655 I 1·0382 0·9632 1·0362 0·9650 
0·0152 9·9848 i 0·0163 9·9837 0·0155 9·9845 

O.,Q, 0·8519 1·17391 o·l'455 1·1827 0·8505 1 ·1758 
9·9304 0·0696' 9·9271 0·0729 9·9297 0·0703 

00 0·5763 I '7352 0·5607 1"7834 ' 0·5730 1·7453 
9"76o6 0·2394 9·7488 0·2512 19·7581 0·2419 

Pi. R2 , T2 1'0000 1'0000 1·0000 1·0000 11·0000 1·0000 
o·oooo o·oooo o·oooo o·oooo ' 0'0000 o·oooo 

S11ih 3, .. 1·0000 1'0000 I 1·0000 1·0000 1'0000 1'0000 
o·oooo o·oooo 0'0000 o·oooo o·oooo o·oooo 

M µ2 V• 1 ·0357 0·9655 1 ·0382 0·9632 1·0362 0·9650 
0·0152 9·9848 0·0163 9·9837 ! 0·0155 9·9845 

MK 0·9353 1·o692 o·9330 1·0718 0·9348 1·0697 
9·9709 0·0292 9·9699 c-·0301 9·9707 0·0293 

2 MK 0·9687 1 ·0323 0·9686 1·0324 0·9687 1·0323 
9·9862 0·0138 9·9862 0·0138 9·9862 0·0138 

2 MS 1 ·0727 0·9322 1·0779 0·9278 1 ·0738, 0·9313 
0·03o'5 9·9695 0·0326 9·9674 0·0309 9•9691 

Msf, 2 SM I "!)357 0·9655 1·0382 0·9632 1 ·0362 0·9650 
0·0152 9·9848 0·0163 9·9837 0·0155 9•9845 

Mf 0·7007 1·4272 0·6886 1·4523 0·6981 1·4325 
9·8455 0·1545 9·8379 0·1621 9·8439 0·1561 

Mm 1·1374 0·879211 ·1476 0·8713 1·1395 0·8776 
0·0559 9.9441 0·0598 9·9402 0·0567 9·9433 

I '0000 1 ·0000 111 ·0000 
! 

Sa, Ssa 1'0000 1'0000 1'0000 
o·oooo o·oooo I o·oooo o·oooo I o·oooo 0'0000 

; ; 

I 
--------·--

1859 186o 1861 

---
F 

logF 
- ----

0·8764 
9·9427 

0·9134 
9·96o7 

o·7977 
9·9018 

0·9992 
9·9996 

1·0301 
0·0129 

0·5631 
9·7506 I 

1 ·0301 I 0·0129 

1·o454 
0·0193 

1·0611 
0·0257 

1·0930 
0·0386 

1·1258 
0·0515 ! 

1·0301 
0·0129 

0°8672 
9·9381 

0·6145 
9·7885 

I 

/ F / F i / 
log/ log F log/ log F I log/ 
--- ------ ----·--·-

I ·1411 0·9010 1·1098 0·9376 1·0665 
0·0573 9·9547 0·0453 9·9720 0·0280 

I ·0948 
0·0393 

0·9330 1 ·0718 
9·9699 0·0301 

I 

I 

·2537 0·8484 1·1786 I 0·9207 
0·0982 9·928610·0714 i 9·9641 

·0008 1 ·7598 0·5683 1 ·0822 
0·0004 0·2455 ' 9'7545 0·0343 i 

0 

I 

I i 
·9708 ' 1 ·0205 i 0·9799 1 ·0088 

9·9871 ·I 0·0088

1

9·9912 0·0038 

·7759 :1 0·4490 2·2274 ! 0·5581 

O

o.·

9

24

70

94

8

1:, 9·6522 0·3478 I 9·7467 

1 ·0205 0·9799 I 1 ·0088 
9·9871 ' 0·0088 9·9912 i 0·0038 

0·9566 ! I ·0309 0·9700 I 1 ·0131 
9·9807 I 0·0132 9·9868 0·0057 

i 
0·942511·0415 0·9602 1·0176 
9·9743 0·0177 9·9823 0·0076 

9 
0·9149 11 ·0629 0·9408 1 ·0265 

·9614 0·0265 9·9735 0·0114 
I , 

0·8882 l 1 ·08471 0·9219 i 1 ·0355 
9·9485 0·0353 9·9647 ! 0·0152 

0·9708 I ·0205 0·97991 I '0088 
·9871 ~·0088 9·9912 I, 0·0038 9 

I ·1532 
0·0619 

I ·6273 
0·2115 I 

0·8962 
9·9524 

0·6912 
9·8396 

I 

1 ·1158 0·9387 
0·0476 9·9725 

1·4467 0·8127 
0·16o4 9·9099 

1·0407 
0·0173 

1·0862 
0·0359 

1·7919 
0·2533 

0·9913 
9·9962 

0·9870 
9'9943 

0·9742 
9·9886 

0·9657 
9·9848 

c·9913 
9·9962 

1·0654 
0·0275 

1·2305 
0·0901 

1·0000 I I ·oooo 1 ·oooo 1 ·oooo , 1 ·0000 
·oooo o·oooo o·oooo; o·oooo 

1·0000 
0'0000 o·oooo 

1·0000 
o·oooo 

1·0301 
0·0129 

0·9409 
9·9736 

0·9692 
9·9864 

1 ·o611 
0·0257 

1'03,01 
0·0129 

0·7300 
9·8633 

1 ·1145 
0·0471 

11·0000 ! 
o·oooo I 

0 

I 

0 

9 

·oooo 1 ·0000 1 ·0000 111 ·0000 
·oooo 1· o·oooo o·oooo I o·oooo 

0·9708 I '0205 ! 0'9799 t I ·0088 
·9871 0·0088 i 9·9912 I 0·0038 

I I 

I 

0 

I 
0 

0 
9 

0 
9 

I 
0 

0 
9 

I 
0 

·0628 l 0·9521 1·0503 0·9693 
·0264 : 9·9787 0·0213 9•9864 

·0318 :, 0·9717 1·0291 0·9778 
·0136 i 9·9875 0·0125 9·9902 

·9425 1 ·0415 I 0·9602 1 ·0176 
·9743 0·0177 9•9823 0·0076 

·9708 1 ·0205 0·9799 1·0088 
·9871 0·0088 9•9912 0·0038 

·3699 I 0·7871 1 ·2705 0·8734 
·1367 I 9·896o 0·1040 9·9412 

·8973 I 1·0770 0·9285 1·0331 
·9529 i 0·0322 9·9678 0·0142 

'0000 I 1'0000 1'0000 1'0000 
·oooo I 0'0000 o·oooo I o·oooo 

_______ '. _____ , 

1'0000 
0'0000 

0·9913 
9·9962 

1·0317 
0·0136 

1·0227 
0·0098 

0·9827 
9·9924 

0·9913 
9•9962 

1 ·1449 
0·0588 

0·9679 
9·9858 

1·0000 
o·oooo 
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TABLE 10.-Faotors F and f for reduction and prediction of tides; computed for the middle of eaoh year, OI' for July 2, at 
Greimwioh mean noon for common years, and at preC6ding niidnigh· for leap years-Continued. 

------j---------·-··---·------------!---·------,,---------------, 
1862 1863 1864 1865 1866 1867 1· 

Component , ___ , __ I -i---11---11---1---

l------l·-1-o_:_F_ 10{.f lo:F _[ 1o{f lo:F . lo{./' lo:F 10{.f. lo:F ~-{/ __ io_:_F_, __ 10_{_.r_, 

[L,] 

M., MS 

N., 2N 

00 

0·9868 1 ·0134 
9·9942 0·0058 

0•9964 I •0036 
9•9984 0·0016 

1 '0120 0·9882 
0·0052 9·9948 

0·8162 1 ·2252 
9·9118 0·0882 

0·9962 I ·0038 
9·9984 0·0016 

0·9558 1 ·0462 
9·9804 0·0196 

0·9962 1 ·0038 
9·9984 0·0016 

0'9944 I 1 ·0057 
9'9975 0·0025 

0·9925 1 ·0076 
9·9967 0·0033 

0·9887 1 ·0114 
9·9951 0·0049 

0·9850 1·0152 
9·9934 ci·oo66 

1·0474 0·9547 
0'0201 9'9799 

1·0375 0·9638 
0·0160 9·9840 

1·1150 0·8969 
0·0473 9·9527 

0·8950 1·1173 
9·9518 0·0482 

0·9843 1 ·0159 
9·9931 0·0069 

0·7939 1 ·2596 
9·8998 0'1002 

0·9843 1 ·0159 
9·9931 0·0069 

0·9766 
9·9897 

0·9689 
. 9·9863 

I 0·9537 
9·9794 

1·0240 
0·0103 

1 ·0321 
0·0137 

1·0486 
0·0206 

0·9387 I ·0653 
9·9725 0·0275 

1·1139 0•8978 
0·0468 9·9532 

1 ·0793 0·9265 
0·0331 9·9669 

1·2154 0·8228 
0·0847 9·9153 

1 ·1564 0·8647 
o·o631 9·9369 

0·9743 1 ·0264 
9·9887 0·0113 
, 
0·5952 1 ·6802 
9·7746 0·2254 

0·9743 1 ·0264 
9·9887 0·0113 

0·9617 1·0398 
9·9830 0·0170 

0•9492 l '0535 
9'9774 0·0226 

0·9248 1 ·0813 
9·9661 0·0339 

0·9011 
9·9548 

0·9962 1 ·0038 ! 0·9843 1 ·01591 0·9743 
9·9984 0·0016 9·9931 0·0069 9·9887 

1·1098 i 
0·04521 

1·0264 
0·0113 

0·9947 1 ·0053 
9'9977 0·0023 

0·9917 1·0084 
9·9964 0·0036 

1 ·0627 0·9410 
0·0264 9·9736 

1 ·2389 0·8o72 
0•0930 9·9070 

1 ·1363 0·8800 
0·0555 9·9445 

I '5457 0•6470 
0·1891 9·8109 

1·1731 0·8524 
0·0693 9·9307 

1·1140 0·8977 
0·0469 9·9531 

l '2941 0·7727 
0'1120 9·888o 

1·1371 0·8794 
0·0558 9·9442 

0·9672 1 ·0339 
9·9855 0·0145 

0·6215 1·6091 
9'7934 0·2066 

0·9672 1 ·0339 
9·9855 0·0145 

1 ·0512 
0·0217 

0·9355 1 ·0689 
9·9711 0·0289 

0·9049 1·1051 
9·9566 0·0434 

0·8752 .1·1426 
9·9421 0·0579 

0·9672 1 ·0339 
9•9855 0·0145 

1 ·2o68 0·8287 
0·0816 9·9184 

l' 1327 0·8828 
0·0541 9·9459 

1 ·3344 0·7494 
0·1251 9·8747 

0·9239 I ·0824 
9·9656 0·0344 

0·9638 1 ·0376 
9·9840 0·016o 

0·85go 1 ·1641 
9·9340 0·0660 

0·9638 1 ·0376 
9·9840 0·0160 

0·9289 1 ·0765 
9·9680 0·0320 

0·8953 1·1169 
9·9520 0·0480 

0·8629 1 ·1589 
9·936o 0·0640 

0•9638 l ·0376 
9·9840 0·016o 

1 ·2014 0·8324 1 ·2382 0·8076 
0·0797 9·9203 I 0·0928 9·9072 

1 ·8536 0·5395 
0·2680 97320 

2·0436 0·4894 
0·3104 9·6896 

1 ·2013 0·832~ 
0·0796 9·9204 

1·1297 0·8852 
0·0530 9·9470 

1 ·328o 0·7530 
o· 1232 9•8768 

1·1898 
0·0755 

0·9643 1 ·0370 
9·9842 0·0158 

1·2312 
0·0903 

0·8122 
9'9097 

0·9643 1 ·0370 
9·9842 0·0158 

0·9470 
9·9763 

0·9300 
9·9685 

0·8968 
9·9527 

0·8648 
9•9369 

1 ·2322 
0·0907 

2·0118 
0·3036 

1·056o 
0·0237 

1 ·0753 
0•0315 

1·1151 
0·0473 

I ·156j 
0·0631 

1·0370 
0·0158 

0·8116 
9'9093 

P., R0, T• 1 ·0000 1 '0000 1 ·0000 1 ·0000 1 ·0000 I '0000 I '0000 I '0000 1 '0000 I '0000 1 '0000 I '.0000 
0'0000 0'0000 0'0000 0'0000 0'0000 0'0000 0'0000 0'0000 0'0000 0'0000 0'0000 0'0000 

MK 

2MK 

2MS 

MSf, 2SM 

Mf 

Mm 

Sa, Ssa 

! 

I '0000 I '0000 I '0000 I '0000 I '0000 I '0000 I '0000 I '0000 I '0000 I '0000 I '0000 I '0000 
0'0000 0'0000 0'0000 0'0000 0'0000 0'0000 0'0000 0'0000 0'0000 0'0000 0'0000 0'0000 

0·9962 1 ·0038 
9•9984 0·0016 

0·9927 1·0074 
9·9968 0·0032 

0·9889 I '0112 
9•9952 0·0048 

0·9925 1 ·0076 
9•9967 0·0033 

0·9962 1 ·0038 
9·9984 0·0016 

0·9932 1 ·0069 
9·9970 0·0030 

0·9888 
9·9951 

1'0000 
0'0000 

l '0113 
0·00491 

~:=1 

0·9843 l '0159 
9·9931 0·0069 

1·0212 
0·0091 

0·9792 
9'9909 

1 ·0052 0·9948 
0'0022 9·9978 

0•9689 I '0321 
9•9863 0·0137 

0·9843 I '0159 
9·9931 o·oo69 

1·1474 0·8715 
0·0597 9·9403 

0·9489 I ·0539 
9·9772 0·0228 

1 ·oooo / 1 ·oooo 
0'0000 I 0'0000 I 

0·9743 1'0264 
9·9887 0·0113 

l ·0516 0·9510 
0·0218 9·9782 

I '0245 0·9761 
0·0105 9·9895 

0•9492 1 ·0535 
9·9774 0·0226 

0'9743 I •0264 
9·9887 0'0113 

1 ·3253 0·7546 
0·1223 9·8777 

0·9672 1 ·0339 
9·9855 0·0145 

1·0775 0·9281 
0·0324 9·9676 

I '0422 0'9595 
0·0179 9,9821 

0'9355 I •o689 
9·9711 0·0289 

0·9672 1·0339 
9:9855 0·0145 

1 ·4923 0·6701 
0·1738 9·8262 

1'0000 
0'0000 

1·09061
1 

0·8951 
0·0377 9·9519 

I '0000 , I 'ooOo 
o·oooo I o·oooo 

1'0000 
0'0000 

0·9638 I ·0376 
9·9840 0·016o 

I '0917 0•9160 
0·0381 9·9619 

0·9643 
9·984:1 

1·0894 
0·0372 

1·0370 
0·0158 

1·0522 0·9504 1·05o6 0·9519 
0'0221 9'9779 0·0214 9•9786 

0·9289 I ·0765 0·9300 I '07 53 
9·9680 0·0320 9·9685 0·0315 

0·9638 I ·0376 
9·9840 0·0160 

1 ·5907 0·6287 
0·2016 9·7984 

0·8848 1 ·1302 
9·9468 0·0532 

I '0000 I '0000 
0'0000 0'0000 

0·9643 
9·9842 

1 ·5744 
0·1971 

0·8864 
9·9476 

1'0000 
0'0000 

1·0370 
0·0158 

1·1281 
0·0524 

1'0000 
0'0000 

'I. 
'-----'-----'.!.---'-----"----'---~· 
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T ..t.nf.I': 10.-Factors F and f for 1·educlion 11ml prediction of tides; conlputed for the middle of eai;h year, or for July:::, "t 
(;1·eemricli mea11 110011 fo1· common yea1·H, a11d at preceding midnight for leap years-Continued. 

------·---------- -·· - - . -·-· -- --------,-
1871 187• I 868 1869 ~I 1870 

Component. F 
1 

j F -~ -11 - ;---/--- ! --- ! 
F / F,/ F./j 

log F log/ log 1" • log/ log F log/ 

--~:, (M1)- 1·1589·1-0•8629

1

[' -1·09~1 l--~~~:241-~0303 0·9706 t 

o•o640 9·936o 0•0398 9•96o2 0"0130 9•9870 I 

log .F log/ , log F I log/ log F : log/ i 

0·9724 1·028410·9266 -~~79311 : 0·8933- ~5-1! 
9·9878 0·0122 I 9·9669 0·0331 I 9·9510 0·0490 ; 

(L.,] 

M,, MN 

4'N.,, 2N 

o,,Q, 

00 

MK 

2MK 

2MS 

MSf, 2SM 

l\H 

Mm 

Sa, :"sa 

_I _____ _ 

1·1059 0·9043 
0·0437 9·9563 

1·2762 07836 
0·1059 9·8941 

1 ·0684 0·936o 
0·0287 9·9713 

1·1898 0·8405 
0·0755 9·9245 

1 ·0262 0·9745 
0·0112 9·9888 

1 ·0869 0·9201 
0·0362 9·9638 

0·9164 1·0912 
9·9621 0·0379 

1 ·1901 0·8403 1 ·2073 0·8283 
0·0756 9·9244 0·0818 9 9182 

0·9688 I ·0322 
9·9862 0·0138 

0·8409, 1·1892[ 
9·9247 0·07531 

0·9688 1 ·0322 I 
9·9862 0·01381 

. 0·9535 1 ·0487 I i 9'9793 0·0207 ' 

0·9767 1 ·0238 
9·9898 0·0102 

0·5776 1 ·7313 
9·7616 0·2384 

0·9767 l ·0238 
9·9898 0'0102 

0·9653 1 ·0359 
9·9847 0·0153 

0·9874 1·0128 
9·9945 0·0055 

0·5521 1 ·8113 
9·7420 0·258o 

0·9874 1·0128 
9'9945 0·0055 

0·9811 1 ·0192 
9·9917 0·0083 

0·9386 1 ·0655 
9·9725 0·0275 

0·9540 1 ·0482 0·9749 1 ·0257 
9·9795 0·0205 9·9890 0·0110 

0·9093 1 ·0998 
9·9587 0·0413 

0·9318 1 ·0732 
9·9693 0·0307 

0·8809 1·1352 0·9101 1·0988 
9'9449: 0·0551 19·9591 0·0409 

0·9688 1 ·0322 0·9767 1 ·0238 
9·9862 [ 0·0138 i 9·98981 0·0102 i 

1·1858: 0·8433 11·1167 0·8955: 
0·0740 9·9260 0·0479 9·9521 

0·9626 I ·0389 
9·9834 I 0·0166 

0·9504 1 ·0522 
9·9779 0·0221 

0·9874 1"0128 
9·9945 0·0055 

1 ·0436 I 0·9582 
0·0185 ! 9·9815 

0•9862 l ·0140 0·9526 I '0498 1 0·9269 1 ·0789 : 
1')·9940 o·oo6o 9·9789 0·0211 9·9670 0·0330 [ 

0·9859 1·0143 0·8992 1'1121 
9•9938 O"oo62 I 9·9539 0"0461 

0·8708 1·1484 
9·9399 0·0601 

0·8172. 
9·9123 

1·2237 
0·08771 

0·9996 I '0004 11 ·0121 
9•9998 0·0002 0·0052 

0·9881 I 
9·9948 

0·7693 
9·8861 

0·9996 
9·9998 

0·9994 
9•9997 

1 ·2999 
0·1139 

1·0004 
0·00021 

1·0006 
0·0003 

0·8438 1·1851 
9·9262 0·0738 

1·0121 0·9881 
0 ·005 2 9·9948 

1·01S2 0·9821 
0·0078 9·9922 

0•9992 I ·0008 . 1 ·0243 0·9763 
9·9996 0"0004 I 0'0104 9•9896 

1'2010; 
o·o795 

1 ·2260' 0·8157 
0·0885 9·9115 

1 ·0234' 
0·0100 I 

0"4990 I 

9·6981 

1 ·0234 
0'0100 

1·0352 
0·0150 

0·9772 
9·9900 

2·0040 
0·3019 

0·9772 
9·9900 ' 

0·9660 I 
9·9850 

1 ·04731 0·9549 
0'0201 9'9799 

0·99881 1 ·0012 1 ·0366 0·9647 1 ·0717 0·9331 
9·9995 0·0005 0·0156 9·9844 0·0301 9·9699 

0·9983 1·0017 1·0492 0·9531 I 1·0968 0·9118 . 
9·9993 0·0007 ;i 0·0208 9·9792 I 0·0401 9·9599 I 

, 0·9996 1·0004 1·0121 0·9881 I 1·0234 0·97721 
9·9998 0"0002 i 0'0052 9·9948 O"Ol'"lO 9·9900 

0·9784 1'0221 I 0·9259 1·0800 0·8871 J 1·1272 
9·9905 0·0095 I 9·9666 0·0334 9·9480 i 0·0520 

! 
1 ·7768 0·5628 1 ·4596 0·6852 1 ·1658 0·8578 l 0·9373 1"0669 0·7750 1 ·2904 0·6667 I I ·5000 
0·2496 9·7504 0·1642 9·8358 0·0666 9·9334 i 9·9719 i 0·0281. 9·8893 0·1107 9·8239 0·1761 

I ·oooo I '0000 I ·oooo I '0000 I ·oooo I '0000 I I '0000 1 ·0000 I ·c-ooo . 1 ·0000 1 ·0000 1 ·0000 
! o·oooo o·oooo j o·oooo o·oooo , o·oooo o·oooo ;I 0·0009 o·oooo o·oooo o·oooo o·oooo o·oooo 

I

! ~:= ~-= ~:= ~:= ~:= ~:= 1·1 ~:= ~:= ~:=I ~:= ~:= ~:~= 
0·9688 1·0322 0·9767 1·0238 0·9874 1·0128 0·9996 1·0004 1·0121 0·9881 1·0234 0·9772 

I 9-g862 0·0138 9·9898 0·0102 9·9945 0·0055 9·9998 0·0002 0·0052 9·9948 0·0100 9·9900 

I 
1·0714 0.9334 1·0435 0·9583 1·0132 0·9870 0·9858 l"Ol44 0·9641 1·0373 . 0·9485 1·0543 
0·0299 9·9701 0·018519·9815 0·0057 9·9943 I 9·9938 0·006219·9841 0·0159 I 9·9770 0·0230 

' 1 ·0379 0·9635 1 ·0192 0·9811 1 ·0004 0·99961 0·9854 1 ·0148 0·9757 1 ·02491 0·9707 1 ·0302 

I 
o·m62 9·9838 0·0083 9·9917 0·0002 9·9998, 9·9936 1 0·0064 !I 9·9893 0·0107 9·9871 0·01~9 

0·9386 ' 1 ·0655 0·9540 1 ·0482 0·9749 1 ·0257 0·9992 1 ·0008 lj 1 ·0243 0·9763 J 1 ·0473 0·9549 

I 

9·9725 0·0275 9·9795 0·0205 9·9890 0·0110 9·9996 0·0004 0·0104 9·9896 : 0·0201 9·9799 

0·9688 1 ·0322 0·9767 1 ·0238 0·9874 1 ·0128 0·9996 1 ·0004; 1 ·0121 0·9881 I 1 ·0234 0·9772 
9·9862 0·0138 9·9898 0·0102 9·9945 0·0055 9·9998 0·0002 ; o·oos2 9·9948 I 0·0100 9·9900 

1·4515 0·6889 1·2766 0·7833 1·1030' 0·9066 0·9576 J 1·04431 0·8471 1·1806 . 0·7690 1·3003 
0·1618 9.8382 o· 1061 9·8939 0·0426 9·957419·981;1 0·0188 9·9279 0·0721 ~ 9·8860 o· 1140 

0·8999 1·1112 0·9246 1·0816 0·9589 1·0428 1·0004 0·9996 1·0452 0·9568 i 1·0880 0·9191 
9·9542 0·0458 9·9659 0·0341 9·9818 0·0182 0·0002 9·9998 0·0192 9·9808 i 0·0366 9·9634 

!~:= 1·0000 

o·oooo 
1·0000 
o·oooo 

1·0000 
o·oooo 

1'0000 
o·oooo 

1'0000 
o·oooo 

1·0000 

o·oooo 
1'0000 
o·oooo 

1·0000 

0'0000 

1·0000 
o·oooo 

1·0000 
o·oooo 

1·0000 
o·oooo 

! 
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TABLE 10.-Factors P and f for reduction and prediction of tides; @mputed for the middle of each year, or for July e, at 
t;ree11wich mean noon for common years, and at preceding midnight for leap years-Continued. 

-------------------~-----·--··---------·------··· ·------, 

Component. 

],, [M,] 

i.. 

[L,] 

M2 , MS 

M4,MN 

N,, 2N 

00 

MK 

2MK 

2 MS 

MSf, 2 SM 

l\lf 

Mm 

Sa, Ssa 

'0·8717 1·1472 
9·9404 0·0596 

0•9096 I "0994 
9•9589 0·041 I 

0·8604 I• I 622 
9'9347 o·o653 

0·9004 I" 1100 
9·9544 0·0456 

0·8588 I• 1644 
9·9339 o·o661 

0·8991 1·1122 
9•9538 0·0462 

0:7878 I ·2694 
9·8964 0·1036 

0·7638 I ·3092 I 0·76o4 1 ·3151 
9·8830 0·1170 9·8810 o· 1190 

I •8337 0·5453 
0·2633 9·7367 

I ·032 I 0•9689 
0·0137 9·9863 

0·9196 I •o874 
9·9636 0·0364 

I ·0372 0·9641 
0·0159 9·9841 

I 0·4374 2·2864 
9•6408 0·3592 

0•6o38 I •6562 
9·7809 0·2191 

1 ·0321 0·9689 
0·0137 9·9863 

I ·0372 0•9641 
0·0159 9·9841 

1 ·0486 0·9537 
J 0·0206 9·9794 

I ·0563 0·9467 
0·0238 9·9762 

I 

1 ·0653 0·9387 I ·0758 0·9296 
0·0275 9·9725 0·0317 9·9683 

1 ·0995 : 0·9095 I I. I 158 I 0·8962 
0·04121 9·9588 ; 0·0476 9·9524 ! 

I 

1·134810·8812 1·1573 0·8641 
0·0549 9·9451 0·0634 9·9366 

1 ·0321 0·9689 
0·0137 9·9863 

07874 I ·2700 
9·8962 0·1038 

I ·038o 0·9634 
0·0162 9·9838 

0·8150 I ·2270 
9·911 I 0·0889 

1 ·038o 0·9634 
0·0162 9·9838 

1 ·0575 0·9456 
0·0243 9·9757 

I ·0774 0·9282 
0·0324 9·9676 

1·1183 0·8943 
0·0485 9·9515 

1·16o7 0·8615 
0·0647 9·9353 

0·8615 1·16o7 
9·9353 0·0647 

0•8480 1•1792 I 0•8461 1•1819 
9·9284 0·0716 9·9274 0·0726 

.. 1878 I 

F 
logF 

./ 
log/ 

i--r-.-.,----/--11--r-.--1--/--1 
log F log/ 1 log F log/ 

0·8667 1·1538' 0•8846 1·1305 
9·9378 0·0622 9·9468 0·0532 

0·9137 
9·96o8 

1·0945 
0·0392 

0·9056 I· 1043 
9·9569 0·0431 

0·7772 1 ·2867 
9·8905 0·1095 

n657 0·8578 
0·0666 9·9334 

I ·0343 0·9668 
0·0146 9·9854 

0•5005 I •9981 
9·6994 0·3006 

J ·0343 0·9668 
0·0146 9·9854 

1·0519 0·9506 
0·0220 9·9780 

I ·0698 0·9348 
0·0293 9·9707 

1·1065 0·9038 
0·0440 1·9·9561 

1·1445 0·8738 1 

0·0586 9·9414 I 
I 

I ·0343 0·96681 
0·0146 9·9854 

0·8556 1"1688 
9·9323 0·0677 

0·9200 I ·0869 
9·9638 0·0362 

0·9428 
9·9744 

0·8148 1·2273 
9•91 JO 0·0890 

0·87 38 J. 1444 
9·9414 0·0586 

1 ·8420 0·5429 
0·2653 9·7347 

1 ·0267 0·9740 
0·0115 9·9885 

1·0162 0·9841 
0·0070 9·9930 

0·4408 2·2688 
9·6442 0·3558 

I ·0267 0·9740 
0·0115 9·9885 

1 ·0404 0·9612 I I ·0244 
0·0172 9·9828 0·0105 

I ·0542 0·9486 
0·0229 9•9771 

I ·0824 0·9239 
0·0344 9·9656 

1 ·1113 0·8998 
0·0458 9·9542 

1 ·0326 
0·0139 

1·0493 
0·0209 

1·0663 
0·0279 

1 ·0267 0·9740 1 ·0162 
0·0115 9·9885 0·0070 

0·8769 1·1404 I 0·9110 
9·9430 0·0570 9·9595 

0·9841 
9·9930 

0·9762 
9·9895 

0·9684 
9·9861 

0·9530 
9·9791 

0·9378 
9·9721 

0·9841 
9·9930 

1·0977 
0·0405 

0·6oo3 1 ·6658 
9·7784 0·2216 

0·5669 1·7639 0·5622 1·7787 I 0·5854 1·7082 
9·7535 0·2465 i 9·7499 0·2501 I 9·7675 0·2325 

I 

0·6396 1 ·5634 
9·8059 0·1941 

0·7322 1 ·3658 
9·8646 0·1354 

1·0000 
o·oooo 

I 1·0000 

I o·oooo 

1'0000 
o·oooo 

1·0000 

o·oooo 

1 ·0000 1 ·0000 
o·oooo o·oooo 

1·0000 

o·oooo 
1 ·0000 
o·oooo 

1·0000 
o·oooo 

1·0000 

o·oooo 

1'0000 
o·oooo 

1·0321 0·9689 1·0372 0·9641 1·0380 
0·0137 9·9863 ' 0·0159 9·9841 0·0162 

~:=1 
0•9634 1 

9·9838' 

0·9388 1·c651 I[ 0·9339 1·0708 I 0·9332 1·0716 
9·9726 0·0274 ' 9·9703 0·0297 ' 9·9700 0·0300 

,I 
0·9690 I ·0320 'I 0·9686 1 ·0324 : 0·9686 I ·0324 
9·9863 0·0137 ! 9·9862 0·0138 l 9·9862 0·0138 

1 ·0653 ' 0·9387 I I ·0758 0·9296 I 1 ·0774 0·9282 I 0·02751 9·9725 I 0·0317 9·9683 0·0324 9·9676 

1 ·0321 I 0·9689 1 ·0372 0·964• • ·0380 0·9634 
0·0137 9·9863 0·0159 I 9·9841 0·0162 9·9838 

0·7192 I 1·3905 0·6934: 1·4422. 0·6897 1·4499 
9·8568 0·14321 9·8410 0·1590: 9·8387 0·1613 

0·8908 I 1·1435 0·8745 i 1·1466 0·8721 
9•9498: 0·0582 9·9418 j 0·0594 q•9406 

I 1·1226 
! 0·0502 

1·0000 
o·oooo, 

i 

I , 

1 ·oooo ! 1 ·oooo J 1 ·oooo 
o·oooo ! o·oooo i o·oooo 

:J i 
1·0000 

o·oooo 
1·0000 
o·oooo 

1·0000 
o·oooo 

1 ·oooo 1 ·oooo 
o·oooo ! o·oooo 

1·0000 
o·oooo 

1·0000 
o·oooo 

1 ·oooo 1 ·oooo I 1 ·oooo 1 ·oooo 1 ·oooo 
o·oooo o·oooo i: o·oooo 0·0000 o·oooo 

1 ·0343 0·966811, 1 ·0267 0·9740 1 ·0162 
0·0146 9·9854 : 0·0115 9·9885 0·0070 

I 0•9366 I •o6771: 0·9446 I ·0586 0·9580 
9·9716' 0·0284 9·9753 0·0248 9·9814 

I 0·9687 i I ·0323 0·9699 J ·03 II 0·97 35 
I 9·9862 0·0138 9·9867 0·0133 9·9883 

I 
1 ·0698 0·9348 I ·0542 0·9486 I 1 ·0326 

' 0·029319·9707 0·0229 9·9771 0·0139 

I 
I ·0343 0·9668 1 ·0267 0·9740 11 ·0162 
0·0146 9·9854 0·0115 i 9·9885 0·0070 

i 0•7077 1 ·4130 0·7489 [ 1 ·3352 0·8167 
I 9·8499 0·1501 9·8744 0·1256 9 ·9121 

1 ·1316 I 0·8837 
0·05371 9·9463 

1 ·oooo 11 ·oooo 
o·oooo o·oooo 

1·1012 
0·0418 

1·0000 
o·oooo 

0·9081 
9·9582 

1·0000 I 
o·oooo ! 

1 ·06o5 
0·0255 

1·0000 
o·oooo 

1·0000 
o·oooo 

1·0000 

o·oooo 

0·9841 
9·9930 

1 ·0438 
0·0186 

I ·0272 
0·0117 

0·96~4 
9·9861 

0·9841 
9",9930 

1·2244 
0·0879 

0·9430 
9·9745 

1·0000 

o·oooo 
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TABLE lO.-Facto1·s i/andf for reduction and prediction of tides; computed for the middle of each year, or for July£, at 
Gree111vich mean ·1wo11 for co111mon years, and at preceding midnight for leap years-Continue1l. 

·--·-·-··--·-----------·-- ----- ····----- -- ·------··-·- ·-·- ·-·-- - -- -

I- F 

1880 I: 1881 

1--F 

1882 1883 
11 

1884 1885 
i 

Component. 

Ji' F I / 

--
/ I' 

' I 

I 
I 

/ / F F i / 
II 

F / 
I log F : log/ !~~ log/. log F log/ log F log/ , logF log/ logF log/ 

--- ------ ------ --- ---i• 

J., [M,] 0·9551 1"0470 1·0092 0·9909 1 ·0731 0·9319 1 ·1386 0·8783 l ·1go2 0·8402 I l ·2095 0·8268 
9·9801 0·0199 0·0040 9•996o 0·03o6 9•9694 0·0564 9·9436 0·0756 9·9244 0·0826 9•9174 

Ki 0·9738 1·026g 1·0119 0·9882 1·0540 0·9488 1·0940 0·9140 1 ·1236 0·8900 1 ·1342 0·8817 
9·9884 0·0116 0·0052 9·9948 0·0229 9"9772 0·03go 9·9610 0·0506 9·9494 0·0547 9·9453 

Ko 
, 

0·9540 1•0483 0·8656 0·8oo4 0·76o5 1·3376 0·7476 1 ·0512 0·9512 1 ·1553 1·2494 1 ·3149 
, I 9·9795 0·0205 0·0217 9·9783 o·o627 9·9373 0·0967 9·go33 0·1189 9·8811 0·1263 9·8737 

L, 0·8024 1·2463 0·98o3 1.0201 1•2726 0·7858 1 ·0594 0·9440 0·8678 1 ·1523 0·8538 1 ·1712 
9·9044 0·0956 9·9914 0·0086 o·w47 9·8953 0·0250 9·9750 9·9384 0·0616 9·9314 0.0686 

[L,] 1·0039 0·9961 0·9914 1 ·0086 0·98o1 1·0203 0·9712 1 ·0297 0·9654 1·0358 0·9635 1·0378 
'0·0017 9·9983 9·9963 0·0037 9•9913 0·0087 9·9873 0·0127 9·9847 0·0153 9·9839 0·0161 

M, 0·9564 1·0456 o·6543 1 ·5284 0·5482 1 ·8242 I 0·6541 1 ·5289 1·0314 0·9696 1.1408 0·8766 
9·9807 0.0193 9·8158 0·1842 9·7389 0·2611 9·8156 0·1844 0·0134 9·9866 0·0572 9·9428 

M,, MS 1·0039 0·9961 0·9914 1·0086 0·9801 1·0203 I 0·9712 1 ·0297 o·9654 1·0358 0·9635 1·0378 
0·0017 9·9983 9·9963 0·00371 9·9913 0·0087 I 9·9873 0·0127 9·9847 0·0153 9·9839 0·0161 

Ma 1·0059 0·9941 0·9872 1·0130 o·9703 1·0306 [ 0·9571 1 ·0448 0·9487 1 ·0541 0·9458 1 ·0573 
0·0026 9·9974 9·9944 0·0056 9·9869 0·0131 ' 9·9810 0·01go 9·9n1 0·0229 9·9758 0·0242 

~,MN 1·0079 0·9922 0·9830 1 ·0173 0·9606 1 ·0410 I 0·9432 1·06o2 0·9321 1·0729 I 0·9284 1 ·0771 
0·0034 9·9966 9·9925 0·0075 9·9826 0·0174, 9·9746 0·0254 9·9695 0·0305 i 9·9677 0·0323 

Mo 1 ·0118 0·9883 0·9746 1·0261 0·9415 1·0621 0·916o I "0917 0·8999 1·1112 I 0•8946 1·1179 
0·0051 9·9949 9·9888 0'0112 9·9738 0·0262 9·9619 0·0381 19·954

2 0·0458 9·9516 0·0484 

Me 1·0158 0·9845 0·9662 1 ·~350 \ 0·9228 1·o836 0·8896 1 ·1241 0·8688 1·1510 I 0·8619 1·1602 
0·0068 9•9932 9·9851 0·0149 9•9651 0·0349 9·9492 0·0508 , 9·9389 0·0611 9'9355 0·0645 

.-N,, 2 N 
! 

1 ·0039 0·9g61 0·9914 1·0086 I 0·98o1 1·0203 0·9712 1·02971 0·9654 1·0358 0·9635 1 ·0378 
0·0017 9·9983 9·9963 0·0037 9·9913 0·0087 9·9873 0·0127 9·9847 0·0153 9·9839 0·0161 

Oi, Q, 0·9587 1·0430 1 ·0199 0·98o4 1 ·0912 0·9164 1·1635 0·8595 1·2201 0·8196 1·2412 0·8057 
9·9817 0·0183 0·0086 9·9914 0 ·0379 9•9621 0·0658 9·9342 0·0864 9·9136 0·0938 9·go62 

00 0·8744 1 ·1437 1·0794 0·9264 11·3526 0·7393 1·6700 0·5988 1·9486 0·5132 2·0597 0·4855 
9·9417 0·0583 0·0332 9·9668 0·1312 9·8688 0·2227 9·7773 0·2897 9·7w3 0·3138 9·6862 

Pi. R,, T, 1·0000 1·0000 1·0000 1'0000 1·0000 1·0000 1·0000 1·0000 1·0000 1·0000 1·0000 1·0000 
o·oooo o·oooo 0'0000 o·oooo I o·oooo 

o·oooo o·oooo o·oooo o·oooo o·oooo 0'0000 o·oooo 

s., 5z, :h 4 1·0000 1·0000 1·0000 1·0000 1·000o 1·0000 1'0000 1·0000 1·0000 1·0000 1·0000 1·0000 
o·oooo o·oooo o·oooo 0'0000 o·oooo o·oooo o·oooo o·oooo o·oooo o·oooo o·oooo o·oooo 

A.,, µ2, Vo 1·0039 0·9961 0·9914 1·0086 0·9801 1 ·0203 0·9712 1 ·0297 0·9654 1·0358 0·9635 1 ·0378 
0·0017 9·9983 9·9963 0·0037 9·9913 0·0087 9·9873 0·0127 9·9847 0·0153 9·9839 0·0161 

' 
MK 0·9776 [ 1 :0229 1·0033 0·9967 1 ·0331 0·968o 1·o625 0·9412 1 ·0848 0·9219 1·0929 0·9150 

9·9902 0·0098 0·0014 9·9986 0·0141 9·9859 0·0263 9·9737 0·0353 9·9647 ! 0·0386 9·9614 

2MK 0·9814 1·0189 0·9947 1 ·0053 1·0125 0·98761 1·0319 0·9691 1·0473 0·9549 1 ·0530 0·9496 
9·9918 0·0082 9·9977 0·0023 0·0054 9·9946 0·0136 9·9864 0'0201 9·9799 0·0224 9·9776 

2MS 1·0079 0·9922 0·9830 1·0173 
I 

0·9606 1·0410 I 0·9432 1·0602 I 0·9321 1·0729 0·9284 1 ·0771 
0·0034 9·9966 9·9925 0·0075 9·9826 0·01741 9·9746 0·0254 I 9·9695 0·0305 I 9·9677 0·0323 

I 
0·9635 I MSf, 2 SM 1·0039 0·9961 0·9914 1·0086 0·9801 1·0203 0·9712 1·0297 0·9654 1·0358: 1·0378 

0·0017 9·9983 9·9963 0·0037 9·9913 0·0087 9·9873 0·0127 9·9847 0·0153 i1 9·9839 0·0161 

Mf 0·9156 1·0922 1·o493 0·9530 1 ·2149 ' 0·8231 1 ·3939 0·7174 1·5419 0·6486 1: 1 ·5989 0·6255 
9·9617 0·0383 0·0209 9·9791 0·0845 9·9155 0·1442 9·85581 0·188o 9·8120, 0·2038 9·7962 

Mm 1·0157 0·9845 0·9725 I ·0283 o·9354 1 ·0691 0·9072 I "!023 0·8897 1·1239 0·8840 1·1312 
0·0068 9·9932 9·9879 0·0121 9·9710 0·0290 9·9577 0·04231 9·9493 0·0507 9·9465 o·o535 

Sa, Ssa 1·0000 1"0000 1·0000 1'0000 I ·oooo I I ·oooo 1·0000 I '0000 1·0000 1·0000 1·0000 1·0000 
o·oooo o·oooo I o·oooo o·oooo o·oooo [ o·oooo o·oooo o·oooo [ o·oooo o·oooo o·oooo o·oooo 

I ' 
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TABLE 10.-Faetol'B F andf for 1'eduction a11d prediction of tides: computed fo1· the middle of each yea1•, or for July 2, at 

Greenwich mean noon for common years, and at prllceding 1nid11ight for leap yea1·s-Continued. 

: 

: 

I 1886 

Component. 
I F ./ 

Jog J!' Jog/ 
' ·--- ---

J,, (1\11] 1°1885 0·8414 
0·0750 9·9250 

K, 1·1226 0·8908 
0·0502 9·9498 

Ko 1 ·3129 0·7617 
0·1182 9·8818 

Ll 0·9943 1·0058 
9·9975 0·0025 

[Li] 0·9656 l "0356 
9·9848 0·0152 

M, 0·7330 t 1 ·3643 
9·8651 0·1349 

M,, MS 0·9656 1·0356 
9·9848 0·0152 

Mo 0·9489 1·0539 
9·9772 0·0228 

M,,MN 0·9324 1 ·0725 
9·9696 0·0304 

Ma 0·9003 1 ·1107 
9·9544 0·0456 

Me 0·8694 l "1503 
9·9392 0·0608 

N,, 2N 0·9656 1·0356 
9•9848 0·0152 

O,,Q, 1 ·2182 0·8209 
0·0857 9·9143 

00 1·9390 0·5157 
0·2876 9·7124 

P,, R,, T2 1·0000 1·0000 
! o·oooo o·oooo 
I 

Si, 1h a, • 11·0000 •·oooo 
o·oooo o·oooo 

Ash µCJ, v~ 0·9656 1·0356 
9·9848 0·0152 

MK 1·0840 0·9225 
0·0350 9·965b 

2MK 1°0467 0·9554 
0·0198 9·9802 

2MS 0·9324 1·0725 
9·9696 0·0304 

MSf, 2 SM 0·9656 1·0356 
9·9848 0·0152 

Mf 1 ·5369 0·6506 
0·1866 9·8134 

Mm 0·8903 I" 1233 
9·9495 0·0505 

Sa, Ssa 1·0000 1·0000 
o·oooo o·oooo 

1887 I 

i ____ I I 
1888 I I 

: 1889 ': 18~-:1 1891 
__ F ____ ./_ ... :1 

' ' 

----! 

F ./ I F / 1,og F Jog/ Jo g~~~I JogF Jog/ 
I ___ 

I 1·136o 
; 0·0554 

1 ·0925 
0·0384 

1 ·2460 
0·0955 

1·2143 
0·0843 

0·9715 
9·9874 

0·5810 
9·7642 

0·9715 
9·9874 

0·9575 
9·981 I 

0·9438 

I 
9·9749 

I 0·9168 
! 9•9623 

0·8907 
9·9497 

0·9715 
9·9874 

1·16o7 
o·o647 

1·6568 
0·2192 

1·0000 
o·oooo 

1°0000 
o·oooo 

0·9715 
9·9874 

1·0614 
0·0259 

1·0311 
0·0133 

0·9438 
9·9749 

0·9715 
9·9874 

1 ·3867 
0·1420 

0·9082 
9·9582 

1·0000 
o·oooo 

---
0·8803 
9·9446 

0·9153 
9·9616 

0·8o26 
9·9045 

0·8235 
9·9157 

1"0294 
0·0126 

1·7211 
0·2358 

l "0294 
0·0126 

1·0444 
0·0189 

--

1·0 702 0·9344 
295 9·9705 o·o 

l"O 522 0·9504 
0221 9·9779 o· 

1·1 508 0·8689 
0610 9·9390 o· 

l" 

o· 
0581 0·9451 
0245 9·9755 

0·9 806 1·0198 
915 0·0085 9·9 

o· 6278 l "5929 
978 0·2022 9·7 

0·9 806 1·0198 
915 0·0085 9·9 

o· 
9· 

9710 1·0299 
9872 0·0128 

1 ·0596 o· 
0·0251 II 9· 

9615 1·0400 
9830 0·0170 

1 ·0907 :\ 0·9 
0·0377 1: 9·9 

428 II I ·0606 
744 0·0256 

1·1227 
0·0503 

1 ·0294 
0·0126 

0·8616 
I 

9·9353 

0·6o36 
9·7808 

1·0000 
o·oooo 

1·0000 
o·oooo 

1·0294 
0·0126 

0·9422 I 
9·9741 

0·9698 
9·9867 

1·0596 
0·0251 

1·0294 
0·0126 

0·7212 I 
9·8580 

1 ·1011 
0·0418 

0·9 
9·9 

0·9 
9·9 

245 l "0816 
659 0·0341 

8o6 1 ·0198 
915 0·0085 

1· 
.J" 

0880 0·9191 
0366 9·9634 

1·3 
0·1 

395 0·7465 
270 9·8730 

1· 
o· 

0000 1·0000 
0000 o·oooo 

1· 
o· 

0000 1·0000 
0000 o·oooo 

0·9 
9·9 

1·0 
o·o 

1·0 

806 1·0198 
915 0·0085 

317 0·9692 
136 9·9864 

117 0·9884 
o· 0050 9·9950 

0·9 
9•9 

0·9 
9·9 

615 1·0400 
830 0·0170 

806 1·0198 
915 0·0085 

I "2 
o·o 

072 0·8283 
818 9·9182 

0·9 
9·9 

368 1·o674 
717 0·0283 

---
I 

I 1·0066 
0·0028 

i 1 ·0101 
I 0"0044 

1·0467 
0·0198 

I 
0·8301 
9·9191 

0•9920 
9·9965 

0·9302 
9·9686 

I 
0·9920 
9·9965 

0·9880 
9·9948 

0·9840 
9·9930 

I 0·9761 
; 9·9895 

i. 0·9683 
9·9860 

0·9~20 

9·9965 

1"0170 
0·0073 

I 1 ·0689 
0·0289 

! 1·0000 
I o·oooo 

1·0000 
o·oooo 

0·9920 
9·9965 

1"0020 
o·ooog 

0·9940 
9·9974 

0·9840 
9·9930 

0·9920 
9·9965 

i 1·0426 
: 0·0181 

; 0·9744 
9·9887 

1·0000 1· 
o·oooo o· 0000 I "0000 1 0000 o·oooo 

i 1·0000 
o·oooo 

---

0·9935 
9·997 2 

0·9900 
9·9956 

0·9554 
9·9802 

1·2047 
0·0809 

1·0081 
0·0035 

1 ·0750 
0·0314 

1·0081 
0·0035 

1·0122 
0·0052 

1·0162 
0·0070 

1"0245 
0·0105 

l "0328 
0·0140 

1·0081 
0·0035 

0·9833 
9·9927 

0·9356 
9·9711 

1·0000 
o·oooo 

1·0000 
o·oooo 

1"0081 
0·0035 

0·9980 
9·9991 

1 ·0061 
0·0026 

1·0162 
0·0070 

1·0081 
0·0035 

0·9591 
9·9819 

I ·0263 
0·0113 

1·0000 
o·oooo 

F ./ F ./ 
JogF Jog/ I log F Jog/ 

--- ··--

0·9531 1·0492 0·9123 1·0962 
9·9792 0·0208 9·96q1 o·o399 

I 
1·0285 I ·0620 : 0·9723 0·9417 

• 9·9878 0·0122 9·9739 0·0261 

I 0·9502 I ·0524 0·8710 1·1481 
. 9·9778 0·0222 9·9400 0°0600 

0·8671 l "1533 1·4101 0·7092 
9·938o 0·0620 0·1492 9·8508 

1·0045 0·9956 1·0166 0·9836 
0·0019 9·9981 0·0072 9·9928 

0·756o 1 ·3228 0·4783 2·0907 
9·8785 0·1215 9·6797 0·3203 

1·0045 0·9956 l "0166 0·9836 
! 0-0019 9·9981 0·0072 9·9928 

1·oo67 o·9933 1·0251 0·9755 
0·0029 9·9971 0·0108 9·9892 

' 
1°0089 0·9912 I 1·0336 0·9675 
0·0039 9·9961 ! 0·0143 9·9857 

1"0134 0·9868' 1·0508 0·9517 
0·0058 9·99i2 ! 0·0215 9·9785 

1·0179 0·9824 i 1°0683 0·9361 
0·0077 9·9923 0·0287 9·9713 

1"0045 0·9956 1·0166 0·9836 
0·0019 9·9981 0·0072 9·9928 

0·9564 1·0456 0·9093 l "0997 
9·9806 0·0194 9·9587 0·0413 

0·8671 1·1532 o·7275 l "3746 
9·9381 0·0619 9·8618 0·1382 

1·0000 1·0000 1"0000 1°0000 
o·oooo o·oooo o·oooo o·oooo 

1°0000 1°0000 1·0000 1°0000 
o·oooo o·oooo o·oooo o·oooo 

1"0045 0·9956 1°0166 0·9836 
0·0019 9·9981 0·0072 9·9928 

0·9766 1°0239 0·9573 1"0446 
9·9897 0·0103 9·9811 0·0189 

0·9810 1·0194 0·9733 1 ·0275 
9•9917 0·0083 9·9882 0·0118 

l"oo89 0·9912 1 ·0336 0·9675 
0·0039 9•9961 0·0143 9·9857 

1"0045 0·9956 1·0166 0·9836 
0·0019 9·9981 0·0072 9·9928 

I 
0·9107 ' 1·0981 0·8133 1 ·2295 
9·9594 0·04o6 9·9103 0·0897 

1·0176 0 9827 1 ·0623 0·9414 
0·0076 9·9924 0·0262 9·9738 

1·0000 1·0000 I 1"0000 1°0000 
o·oooo o·oooo o·oooo o·oooo 

I 

S. Ex. 8, pt. 2--15 
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TABLE 10.-FaotorB F and f for reduction and prediction of tideB; computed fo1· the middle of each yca1., ar for July 2, at 
Greenll'ich mean 11oon for comman yearB, and at p1·ecedi119 midni9ht for leap yearB-Continne<l. 

Component. 

M 4 , MN 

Ms 

N0, 2N 

00 

MK 

2MK 

2 MS 

MSf, 2SM 

Mf 

Mm 

Sa, Ssa 

:~~~ -;-1--; "197'1-~ 1895 / I logFF 1896 lo{; ,. I logF ,,. 1897 lo/g ,. 

i, log F log/ log F log/ log F log/ .,_, r _, 

~:::~~ -~-:-~-~~~ -~::~i~ i~~i~: I ~::~~~ ~:~~ii ~:~~~ ~:~~~~ -~-:~-~-~4-1 -~-:~-1-~-~ \1 -~-::-~-1~- -~-:-~4-1 ~-~-
F / 

log F log/ 

0·9192 1·0878 
9·9634 0·0366 

0·9051 1'!049 0·8990 1·1124 
9·9567 0·0433 9·9538 0·0462 

0·9oo6 1·1103 
9·9546 0·0454 

0·9w2 I ·0987 ! 0·9278 1 ·0778 
9·9591 0·0409 9·9675 0·0325 

0·8128 1·2303 
9·9100 o·ogoo 

1·4651 0·6826 
0·1659 9·8341 

1·0271 0·9736 
0·0116 9·9884 

0·4633 2·1582 
9·6659 0·3341 

' 

0·776o 1 ·2886 
9·8899 0·1101 

0·8437 I' i853 
9·9262 0·0738 

I ·0346 0·9666 
0·0148 9·9852 

0·6975 I '4337 
9·8435 o· 1565 

I '0271 0'97 36 i I ·0346 0·9666 
0·0116 9·9884 : 0·0148 9·9852 

1 ·0410 0·96o7 1 ·0523 0·9503 
0·0174 9·~826 0'0221 9·9779 

1 ·0550 0·9479 I 1 ·0703 0·9343 
0'0232 9·9768 I 0'0295 9·9705 

1·0836 0·9229 I 1·1073 0·9031 
0·0349 9·9651 0·0443 9'9557· 

1·1130 0·8985 
0·0465 9·9535 

1 ·0271 0·97 36 
0·0116 9·9884 

0·8758 1·1419 
9·9424 0·0576 

0·6367 1 ·5707 
9·8o39 0·1961 

1 ·1456 0·8729 
0·0590 9·9410 

1 ·0346 0·9666 
0·0148 9,9852 

0·8549 1'1697 
9·9319 o·o681 

0·5837 1·7131 
9•7662 0·2338 

0·76o1 
9·8809 

0·7644 1 ·3082 0·7892 
9·8833 0·1167 I 9·8912 

0·8352 
9·9218 

1 ·1974 
0·0782 

0·8202 1 ·2192 
9·9139 0·0861 

1 ·0380 0·9634 
0·0162 9·9838 

1 ·4211 0·7037 
0·1526 9·8474 

1 ·0371 0·9643 
0·0158 9·9842 

1·36891 0·4596 
0·1364 9·6624 

0·9634 II 1 ·0371 
9·9838 i 0·0158 

2·1758 
0·3376 

1·038o 
0·0162 

1 ·0576 0·9455 
0·0243 9·9757 

1 ·0775 0·9281 
0·0324 9·9676 

1 ·1185 0·8941 
0·0486 9·9514 

1·1610 I 0·8613 
0·0648 9·9352 

1 ·0380 0·9634 
0·0162 9·9838 

I ·0562 
0·0237 

1 ·0755 
0·0316 

1·1154 
0·0474 

0·9643 ! 
9·9842 I' 

0·9468 
9·97631 

0·92981 
9·9684 

! 

0·8965. 
9·9526 

1 ·1568 0·8645 
0·0632 9·9368 

1 ·0371 0·9643 
0·0158 9·9842 

0•8459 1'1821 I 0·8484 1•1787 
9·9273 0·0727 9·9286 0·0714 

0·5618 1 ·7800 0·5677 1 ·7614 
9·7496 0·2504 . 9·7541 0·2459 

1 ·6465 0·6o73 
0·2166 9·7834 

1 ·0318 0·9692 
0·0136 9·9864 

0·4465 2·2398 
9·6498 0·3502 

1 ·0318 0·9692 
0·0136 9·9864 

1·0481 0·9541 
0·0204 9·9796 

0·8766 
9·9428 

1·0229 
0·0098 

0·6799 
9·8324 

1·0229 
0·0098 

1·0346 
0·0148 

I ·0646 0·9393 I 1 ·0464 
0·0272 9·9728. 0·0197 

1·0985 0·9103 1·0703 
0·0408 9·9592 0·0295 

1·1334 0·8823 
0·0544 9·9456 

I 
0 0318 . 0°96921 

0·01361 9·9864. 

0·8624 1·1596 
9.9357 0·0643 

1·0949 
0·0394 

1·0229 
o·oog8 

0·8886 
9·9487 

1·1408 
0·0572 

0·9776 
9·9902 

1·4708 
0·1676 

0·9776 
9·9902 

0·9666 
9·9852 

0·9557 
9·9803 

0·9343 
9·9705 

0·9134 
9·9606 

0·9776 
9·9902 

1·1254 
0·0513 

0·6024 I ·6600 
9·7799 0·2201 

0·6706 1 ·4914 
9·8264 0·1736 

I '0000 I '0000 I '0000 I '0000 I '0000 I '0000 I ·oooo I ·oooo I '0000 I '0000 I '0000 I ·oooo 
o·oooo o·oooo o·oooo o·oooo o·oooo 0·0000 o·oooo o·oooo o·oooo o·oooo o·oooo o·oooo 

1'0000 
0'0000 

1·0271 
0·0116 

1'0000 
0'0000 

0·9736 
9·9884 

I 

I '0000 ! I '0000 

o·oooo I o·oooo 

I '0346 I 0'9666 
0·0148 9·9852 

0·9442 1 ·0591 0·9364 1 ·0679 
9·9750 0·0250 9·97141 0·0286 

0·9698 1 ·0312 0•9687 . 1 ·0323 
9·9867 0·0133 9·9862 J 0·01381 

1 ·0550 0·9479 1 ·0703 I 0·9343 
0·0232 9·9768 0·0295 I 9·9705 

1·0271 0·9736 : 1·03461 0•9666 
0·0116 9·9884 0·0148 9·9852 

0·7467 1·3392 0·70041 1·4156 
9·S732 0·1268 9•8491 I 0·1509 

I 
1·1027 o·go69 1·1326 0·8829: 
0·0424 9·9576 0·0541 9'9459 -

1'0000 I '0000 I '0000 I '0000 
0'0000 0'0000 0'0000 : 0'0000 

I '0000 I '0000 
o·oooo o·oooo 

I ·0380 0·9634 
0·016219·9838 

0·9332 I 1 ·0716 
9·9700 I 0·0300 

0·9687 1 ·0324 
9·98621 0·0138 

I '077 5 0·9281 
0·0324 9·9676 

1 ·038o 0·9634 
0·0162 9.9838 

0·6894 I •4506 
9·8385 0·1615 

I 
1 ·1469 0·8719. 
0·0595 9·9405 

: I '0000 I '0000 

o·oooo I o·oooo 

1·0371 0·9643 
0·0158 9·9842 

0·9340 1 ·0706 
9·9704 0·0296 

0·9687 1 ·0324 
9·98,62 0·0138 

1 ·0755 
. 0·0316 

1·0371 
0·0158 

0·92981 
9·9684 

I 
0·9643: 
9·98421 

1·4409 
0·15861 

0·8749 
9·9420 I 

1 '0000 I '0000 
o·oooo o·oooo 

. 
1 ·0318 . 0·9692 : 
0·0136 9·9864 

0·9391 1 ·0648 
9·9727 0·0273 

0·9690 1 ·0320 
9·9863 0·0137 

I ·0646 0'9393 
0·0272 9·9728 

1 ·0318 0·9692 
0·0136 9·9864 

1 ·1214 
0·0498 

0·8918 
9·95021 

I '0000 I '0000 I '0000 I '0000 I '0000 I '0000 II 

o ·oooo o·oooo o·oooo o ·oooo o·oooo o·oooo 

1'0000 

0'0000 

1·0229 
0'0098 I 

0·9491 I 
9'97731 

0·9709 
9·98721 

1·0464 
0·0197 

1·0229 
o·oc98 

0·7719 
9·8876 

1 ·0862 
0·0359 

1'0000 

0,0000 

1·0000 
0'0000 

0·9776 
9·9902 

1 ·0536 
0·0227 

1·0300 
0·0128 

0·9557 
9·9803 

0·9776 
9·9902 

1 ·2955 
0·1124 

1'0000 
0'0000 

i ! ; I 
• ______ 1 _______ _;__ ________ 1 ____________ ------------------''----'--------------
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TABLE 10.-Factors F and f for i·eduction and prediction of tides; computed for the middle of each year, or j()1' Julye, at 
Greenwich mean 11oon fo1· common years, and at p1·ecedi11g midnight for leap years-Continued. 

Component. 

J., [M1] 

K, 

M.,MS 

M4,MN 

00 

MK 

2MK 

2MS 

MSf,2SM 

Mf 

Mm 

Sa, Ssa 

-~~ ; r~ ••w~-~ r, ,;. / I_:__, ·~· / F ·- / 11-~-.90-, -,-
log F og/ 'I log F log/ '1 log F log/ log F log/ log F ~'I log F log/ 

-~·92~~- -~7~ 1 ·~:9746 I 'O~ ,-I '0329 -0·9681- 1 •0988 0'9101 !'I6I! 0•8612 -1-'2_0_2_2 --::831; 
9·9677 0·0323 9·9888 0·0112 I 0·0141 9·9859 0·0409 9·9591 · 0·0649 9·9351 0·0800 9·9200 

0·9538 1·0484 0·9878 1·0124 [ 1·0279 0·9728 I 1·0701 0·9345 1'1072 0·9032 
9'9795 0·0205 9·9947 0·0053 0'0120 9·9880 0·0294 9·9706 0·0442 9·9558 

0·9025 · w8o 
9·9555 0·0445 

0.8138 1 ·2288 
9·9105 0·0895 

0·9899 I '0102 
9·9956 0·0044 

1'1150 0·8969 
0·0473 9·9527 

l ·ou6 0·9886 0·9991 l ·0009 
0·0050 9·99_so 9·9996 0·0004 

I 
0·8576 1, 166o ,. 0·5615 1'7809 
9·9333 0·0667 9·7494 0·2506 

l '0913 0·9164 
0·0379 9·9621 

1 ·3279 0·7531 
0·1232 9·8768 

0·9869 l ·0133 
9·9943 0·0057 

0·5259 1 ·9016 
9·7209 0·2791 

1·1938 0·8377 
0·0769 9·9231 

0·9704 l ·0305 
9·9870 0·0130 

0·9764 l '0242 
9·9896 0·0104 

0·7149 1'3988 
9·8542 0·1458 

1 ·2790 0·7819 
0·1069 9·8931 

0·8383 1'1929 
9·9234 0·0766 

0·9686 l '0325 
9·9861 0·0139 

l ·1662 0·8575 
0·0668 9·9332 

1·1302 0·8848 
0·0532 9·9468 

l ·3292 0·7524 
O' l 236 9,8764 

0·8951 l'Il72 
9·9518 0·0482 

0·9642 
9·9842 

0·9354 
9·9710 

1·0371 
0·0158 

1°0690 
0·0290 ' 

I '0116 0•9886 0·9991 l '0009 
0·0050 9·9950 9·9996 0·0004 

0·9869 l ·0133 0·9764 l '0242 ' 0·9686 l '0325 
9'9943 0'0057 I 9·9896 0'0104 9•9861 0'0139 

0·9642 

I 
9·9842 

I 
1'0371 II 

0·0158 

1 ·0173 0·9829 0·9986 
0·0075 9·992519·9994 

l ·0232 0'9773 0·9981 
0·0100 9·9900 I 9·9992 

1 ·0350 0·96621 0·9972 
0'0149 9·985 l 9·9988 

l ·0469 0·95521 0·9962 
0·0199 9·9801 9·9984 

l 'Ol 16 0·9886 0·9991 
0·0050 9·9950 9·9996 

1'0015 
0·0006 

l '0019 
0·0008 

1'0028 
0'0012 

1'0038 
0·0016 

0·9279 l ·0778 
9·9675 0·0325 

0·9808 l ·0195 
9•9916 0·0084 

0·98o4 I '0200 
9·9913 0·0086 

0·97 39 l '0268 
9·9885 o·o 115 

0·96II l '0404 
9·9828 0·0172 

0•9485 1 ·0543 
9·9770 0·0230 

0·9869 I 'Ol 33 
9·9943 0·0057 

I ·0465 0·9555 
0·0198 9·9802 

0·7807 l ·2809 
9·8925 0·1075 

0·9454 I ·05 77 1·1769 0·8497 
9·9756 0·0244 0·0707 9·9293 

0·9648 l ·0365 
9·9844 0·0156 

I 0·9533 
9·9792 

I 0·9307 
9·9688 

1'0490 
0·0208 

1·0744 
0·0312 

0·9087 l '1004 
9·9584 0·0416 

0·9764 l '0242 
9·9896 0·0104 

l'II97 0·8931 
0·0491 9·9509 

1·4725 0·6791 
0·1681 9·8319 

1'0000 
0'0000 

1 '0000 l '0000 

::::1 :::: 
I '0000 I '0000 
o·oooo 1

' o·oooo 
l '0000 I I '0000 
0'0000 0'0000 

1'0000 
0'0000 

1'0000 
0'0000 0'0000 0'0000 

I '0000 I '0000 
0'0000 0'0000 

I '0000 l '0000 
0'0000 0'0000 

1'0000 
0'0000 

l'OII6 0·9886 0'9991 l'.OOQ9 
0·0050 9·9950 9·9996 0·0004 

0·9648 1 ·0365 
9·9844 0·0156 

0·9760 1 ·0246 
9·9894 0·0106 

0·9868 1'0133 
9·9942 0·0058 

0·9859 1 ·0143 
9·9938 0·0062 

0·9869 1·0133 
9·9943 0·0057 

1 ·0144 0·9858 
0·0062 9·9938 

l 'OOII 0·9989 
0·0005 9·9995 

1 ·0232 0·9773 
0'0100 9•9900 

0·9981 l ·0019 II 0·9739 l ·0268 
9•9992 0·0008 9·9885 O'Oil5 

l ·ou6 0·9886 0·9991 1 ·0009 
0·0050 9·9950 9·9996 0·0004 

0·85u 1·1750 .
1

. 0·9630 1'0384 
9·9300 0·0700 9·9836 0·0164 

1 ·0433. 0·9585 
0·0184 9·9816 

0·9986 
9·9994 

1'0014 
0·0006 

1'0000 
0'0000 

1'0000 
0'0000 i 

1'0000 
0'0000 

1'0000 I 
0'0000 

I 

0•9869 l 'O I 33 
9'9943 0·0057 

1·1098 o·you 
0·0452 9·9548 

0·9573 1 ·0446 
9·98I1 0·0189 

1'0000 
o·oooo 

0·9764 1 ·0242 
9·9896 0·0104 

1·0448 0·9571 
0·0190 9·9810 

l '0201 0·9803 
0·0086 9·9914 

0·9533 1 ·0490 
9·9792 0·0208 

0·9764 l '0242 
9·9896 0·0104 

1 ·2840 0·7788 
0·1086 9.8914 

0·9234 1 ·0830 
9·9654 0·0346 

0·9532 l ·0491 
9·9792 0·0208 

0·938 l I 'o66o 
9·9722 0·0278 

0·9086 1'1006 
9·9584 0·04_16 

0·8800 1·1364 
9.9445 0·0555 

0·9686 l '0325 
9·9861 0·0139 

0·9468 
9·9763 

0·9298 
9·9684 

\ 0·8965 
9·9526 

l ·0562 I 
0.0237 

l ·0755 
0·0316 

l 'II54 
0·0474 

0·8645 1·1568 
9·9368 .0·0632 

0·9642 1'0371 
9·9842 0·0158 

1·1882 0·8416 1·2332 
0·0749 9·9251 i, 0·0910 

l ·7884 0·5592 
0·2525 9·7475 

I '0000 I '0000 
o·ooco o·oooo 

l '0000 . I '0000 
0'0000 0'0000 

0·9686 l '0325 
9.9861 0·0139 

1 ·0723 0·9326 
0·0303 9·9697 

1 ·0386 0·9629 
0·0164 9·9836 

0·9381 I ·o66o 
9·9722 0·0278 

0·9686 1 ·0325 
9·9861 0·0139 

l ·4578 o•686o 
0·1637 9·8363 

0·8991 l 'II22 
9·9538 0·0462 

1'0000 
00000 

2'0! 72 0·4957 
0·3048 9·6952 

1'0000 
0'0000 

1'0000 
0'0000 

0·9642 
9·9842 

1·0898 
0·0374 

l 0508 
0·0215 

0·9642 
9·9842 

1'5772 
0·1979 

0·8861 
9·9475 

1·0000 
o·oooo 

1·0000 
o·oooo 

1'0000 
o·oooo 

1°0371 
0·0158 

0·9176 
9·9626 

0·9516 
9·9785 

l ·0755 
0·0316 

l ·0371 
0·0158 

0·6340 
9·8021 

1·1285 
0·0525 
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TABLE 10.-Faotors F and/ for reduoti-On and pr6diction of tides; computed for the middle of eaoh year, or for July t, at 
Gnienwich mean noon for com111on years, and at preceding midnight for leap yea1'8-Continued. 

·~ 1905 I 1906 I 1907 I 
1908 1909 

···-
Component. 

F / I I F / F / F / F / F / 
logF log/ logF log/ logF log/ logF log/ logF log/ logF log/ 

! --- ------ ------ --- --- ------
Ji. [Mi] 1·2061 0·8291 1·1711 0·8539 I• I 113 0·8999 1·0449 0·9570 0·9846 1°0156 0·9358 1·0686 

0·0814 9·9186 o·o686 9·9314 0·04s8 9'9S42 0·0191 9·98o9 9·9933 o·oo67 9·9712 0·0288 

K, 1 ·1323 0·8831 l 'Il28 0·8986 l ·0777 0·9279 l'03S8 0·96S4 o·9949 1·oos2 0·9595 1·0422 
0·0540 9·946o 0·0464 9·9536 0·0325 9·9675 0·0153 9·9847 9·9978 0·0023 9·9821 0·0179 

Ko 1·3336 0·7499 1 ·2916 0·7742 1'2Il7 0·8253 l'II09 0·9002 l'008o 0·9920 0·9172 1·0902 
0·1250 9·8750 O'Illl 9·8889 0·0834 9·9166 0·0457 9·9543 0·0035 9·9965 9·9625 0·0375 

Lo 1·0807 0'92S4 1·16so 0·8s84 0'9S14 l'OSII 0·8192 1 ·2207 0·9416 1·0620 1·s314 0·6s30 
0·0337 9·9663 o·o663 9·9337 9·9783 0·0217 9·9134 0·0866 9'9739 0·0261 0·18s1 9·8149 

[L,J 0·9639 1 ·037s 0·9674 1·0336 0·9746 1·026o 0·9848 1 ·0155 o·9967 1·0033 1'0093 0·9908 
9·9840 0·016o 9·9856 0·0144 9·9888 0'0112 9·9933 o·oo67 9·9986 0·0014 0·0040 9·9960 

M, 0·6636 1'5070 o·6o86 1·6432 0·7465 l ·3396 l ·0574 0·9457 0·6762 I ·4789 0'473S 2'1120 
9·8219 0·1781 9'7843 0·2157 9·8730 0·1270 0·0242 9·9758 9·8300 0·1700 9·6753 0·3247 

M., MS 0·9639 1·037s 0·9674 1°0336 0·9746 1·0260 0·9848 1·01s5 0·9967 1·0033 1·0093 0·9908 
9·9840 0·016o 9·9856 0·0144 9·9888 0'0112 9·9933 0·0067 9·9986 0·0014 0·0040 9·996o . 

M. 0·9463 1·os67 o·9s15 1·oso9 0·9623 1·0392 0·9773 I '0233 0·9951 I 'C>049 1·0140 0·9862 
9·9760 0·0240 9·9784 0·0216 9·9833 0·0167 ' 9·9900 0'0100 9·9979 0'0021 o·oo6o 9·9940 

M., MN 0·9291 l ·0764 0·9360 l 0o684 0·9499 l ·0527 0·9698 1·0312 o·9934 1·oo66 1'0186 0·9817 
9·9680 0·0320 9·9713 0·0287 9·9777 0·0223 9·9867 0·0133 9·9971 0·0029 0·0080 9·9920 

M& 0·8955 1·1167 1·0801 
I 

0·9902 l '0281 0·9os5 1·1044 0·92s9 0'9SSO 1 ·0472 . 1·0099 0·9727 
9·9521 0·0479 9·9s69 0·0431 9·9666 0·0334 9·9800 0'0200' 9'9957 0·0043 0'0120 9·9880 

Ms 0·8631 l'I586 0·8760 l 'l4lS 0·9024 l '1082 0·9404 1°0634 0·9869 l '0133 1·0376 0·9637 
9·9361 0·0639 9•9425 0·0575 9·9554 0·0446 9·9733 0·0267 9'9943 0·0057 I 0·0160 9·9840 

• 0·9908 Nih 2N o·9639 1·0375 0·9674 l ·0336 0·9746 l'026o 0·9848 l 'OlSS o•9967 1'0033 1'0093 
9·9840 O'Ol6o 9•9856 0·0144 9·9888 O'OII2 9'9933 o·oo67 9·9986 0·0014 0·0040 9·9960 

Oi.Q1 1·2375 0·8081 1·1992 0·8339 I '1335 0·8823 1·0599 0•9435 0·9922 1·0078 0·9366 1·0677 
0·0925 9·907s 0·0789 9·92II o·os44 9·9456 0·0253 9·9747 9•9966 0·0034 9·9716 0·0284 

00 2·0396 0·4903 I 
0 8424 0·5428 l'S329 0·6s24 1 ·2279 0·8144 o•9833 l '0170 0·8066 1·2398 

0·3095 9·6905 0·2654 9·7346 0·185s 9·8145 0·0892 9·9108 9·9927 0·0073 9·9066 0·0934 

P1, R., T• 1·0000 1'0000 1'0000 1'0000 1'0000 1'0000 1'0000 1'0000 1'0000 1'0000 1·0000 1'0000 
0'0000 0'0000 0'0000 o·oooo 0'0000 0'0000 0'0000 0'0000 0'0000 0'0000 0'0000 0'0000 

Si, Sh St 4 1'0000 1'0000 1'0000 1'0000 1·0000 1'0000 I ~·oooo 1'0000 1'0000 1'0000 1·0000 I 1'0000 
0'0000 0'0000 0'0000 o·oooo 0'0000 o·oooo 0'0000 0'0000 o·oooo 0'0000 0'0000. 0'0000 

~. µ., r. 0·9639 I '0375 0·9674 1·0336 0·9746 l'026o 0·9848 I 'Ol SS 0•9967 1·00331 l '0093 0·9908 
9·9840 0·016o 9·9856 0·0144 9·9888 0'0112 9·9933 0·0067 9·9986 0·0014 0·0040 9·9960 

MK 1·0914 0·9162 1°0766 0·9288 l'OS04 0·9520 1'0201 0·9803•1 0·9916 1 ·00851 0·9684 l ·0326 
0·038o 9·9620 0·0321 9·9679 0·0214 9·9786 I 0'0086 9·9914 9·9963 0·0037 9·9861 I 0·0139 

2MK 1·0520 0·9506 1·0416 0·96o1 l'0238 0·9768 1·0045 0·9955 0·9883 ~::~~I 0:9774 l '0231 
0'0220 9·9780 0·0177 9·9823 0·0102 9·9898 0·0020 9·998o 9·9949 9·9901 0'<>099 

2MS 0·9291 1'0764 0·936o l ·0684 0·9499 1°0527 0·9698 l ·0312 o·9934 r·oo66 l '0186 0·9817 
9·9680 0·0320 9·9713 0·0287 9·9777 0·0223 9·9867 0·0133 9·9971 0·0029 0·0080 9·9920 

MSf, 2 SM 0·9639 1'0375 0·9674 l ·0336 0·9746 1·026o 0·9848 l ·0155 0•9967 1·0033 I '0093 0·9908 
9·9840 0·0160 9·9856 0·0144 9·9888 O'Oil2 9·9933 0·0067 9·9986 0·0014 0·0040 9·996o 

Mf 1"5887 0·6295 1·4864 0·6728 l ·3181 0·7s86 1'1408 0·8766 0·9878 1·0124 0·8692 1 ·1506 
0·2010 9·7990 0·1721 9·8279 0'1200 9·88oo 0·0572 9·9428 19·9947 0·0053 9·9391 0·06o9 

Mm 0·8850 1 ·1299 0·8958 1 ·1163 0·9180 1 ·0893 0·9503 1 ·os23 o·9905 1·0096 1 ·03so 0·9662 

9·9470 0·0530 9·9522 0·0478 9.9628 0·0372 9·9779 0'0221 9•9958 0·0042 0·0149 9·9851 

Sa, Ssa 1'0000 1'0000 1'0000 1'0000 1'0000 1'0000 I '0000 I 1 ·0000 1'0000 1·0000 I 1'0000 1'0000 
o·oooo 0'0000 0'0000 0'0000 0'0000 0'0000 o·oooo I o·oooo 0'0000 0'0000 I o·oooo 0'0000 

I 
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TABLE 10.-Faotors F and f for reduotion and p1·ediclion of tides; c0111puted for the middle of eaoh year, or for July S, at 
Greenwich mean noon for common yea1·s, and at preceding midnight for leap years-Continued. 

---- -·--

1910 

I 
1911 l9U 1913 1914 1915 

Component. 
F / I F / F / F / F / F / 

Jog F Jog/ i log F log/ log F log/ log F log/ log F Jog/ loll' F Jog/ 

--- ------ ------ ------ ------

J1> [M1] 0·8998 l'IIl3 0·8757 1 ·1420 0·8621 1·1599 0·8583 1 ·1650 0·8640 1·1574 0·8796 1 ·1369 
9'9542 0·0458 9·9423 0·0577 9•9356 0·0644 9·9336 0·0664 9·9365 0·0635 9'9443 0·0557 

K1 0·9320 1·0729 0·9128 1 ·o955 0·9018 1 ·1089 0·8987 l'II27 0·9034 1·1070 0·916o 1·0917 
9·9694 0·0306 9·9604 0·0396 9·9551 0·0449 9·9536 0·0464 9·9559 0·0414 9·9619 0·0381 

Ki 0·846o 1·1820 '0·7962 1 ·256o 0·7675 1·3030 0·7594 1·3168 0·7715 1·2962 0·8o43 1·2433 
9·9274 0·0726 9·9010 0·0990 9·8851 0·1149 9·88o5 O'II95 i 9·8873 O'II27 9·9054 0·0946 

L,, 1·1998 0·8335 0·8024 1 ·2463 0·8811 1·1349 1 ·7834 0·56o7 I 1 ·3712 0·7293 0·8193 1'22o6 
0·0791 9•9209 9·9044 0·0956 9·9450 0·0550 0·2512 9·7488 0·1371 9·8629 9•9134 0·0866 

[L.] I '0210 0·9795 1·0304 0·9705 1·0364 0·9649 1·0382 0·9632 1·0355 0·9657 1°0288 0·9720 
0·0090 9·9910 0·0130 9·98jo 0·0155 9•9845 0·0163 9·9837 0·0152 9·9848 0·0123 9·9877 

M, 0·5070 1'972.3 0·8010 1 ·2484 0·6424 1 ·5567 0·4354 2·2969 0·4661 2·1455 0·7636 1·3096 
9·7050 0·2950 9·9036 0·0964 9·8078 o· 1922 9·6388 0·3612 9·6685 0·3315 9·8829 O'II71 

M0 , MS 1'0210 0•9795 1·0304 0·9705 1·0364 0·9649 1 ·0382 0·9632 1 ·0355 0·9657 1·0288 0·9720 
0·0090 9·9910 0·0130 9·9870 0·0155 9·9845 0·0163 9·9837 0·0152 9·9848 0·0123 9·9877 

M. 1·0316 0·9693 I 1·0459 0·9561 1·0551 0·9477 1 ·0578 0'9454 1 ·0538 0·9490 1·0435 0·9583 
0·0135 9·9864 I 0·0195 9·9805 0·0233 9·9767 0·0244 9·9756 0·0227 9'977' 0·0185 9·9815 

M4 , MN 1·0424 0·9594 1 ·0617 0·9419 1·0741 0·9310 1·0778 0·9278 1 ·0723 0•9326 1·0584 0·9448 
0·0180 9·9820 0·026o 9·9740 0·0311 9·9689 0·0325 9·9675 0·0303 9·9697 0·0246 9'9754 

M6 1·0642 0·9397 1·0940 0·9141 1 ·1132 0·8983 1·1189 0·8937 1 ·1104 0·9006 1 ·0888 0·9184 
0·0270 9·9730 0·0390 9·9610 I 0·0466 9'9534 0·0488 9·9512 0·0455 9'9545 0·0370 9·9630 

Ms 1·0865 0·9204 1·1272 0·8872 1·1538 0·8667 1·1617 o·86o8 1·1498 0·8697 1'1202 0·8927 
0·036o 9·9640 0·0520 9·9480 0·0621 9·9379 0·0651 9·9349 0·0606 9·9394 0·0493 9·9507 

N!1,2N I '0210 0·9795 1·0304 0·9705 1·0364 0·9649 1 ·038~ 0·9632 1 ·0355 0·9657 1 ·0288 0·9720 
0·0090 9•9910 0·0130 9·9870 0·0155 9·9845 0·0163 9·9837 0·0152 9·9848 0·0123 9·9877 

I 
01oQ1 0·8948 1·1175 0·8663 1·1543 0·8501 1·1763 0·8455 1·18271 0·8524 l '1732 0·8710 1·1482 

9•9517 0·0483 9·9377 0·0623 9'9295 0·0705 9·9271 0·0729 9·9306 0·0694 9•9400 o·o6oo 

00 0·6874 1·4548 0·6124 1·6330 0·5719 1·7484 0·56og I ·7830 • 0·5775 1·7317 0·6242 1·6o20 
9·8372 0·1628 9·7870 0·2130 9·7574 0·2426 9·7488 0·2512 9·7615 0·2385 9'7953 0·2047 

Ph Ri, T. 1'0000 1'0000 1'0000 1'0000 1'0000 1·0000 1'0000 1'0000 1'0000 1'0000 1'0000 1'0000 
0'0000 o·ooqo 0'0000 0'0000 0'0000 0'0000 0'0000 0'0000 0'0000 0'0000 0'0000 0'0000 

s.,!h 3," 1'0000 1'0000 1'0000 1'0000 1'0000 1'0000 1'0000 1'0000 1'0000 1'0000 1'0000 1'0000 
0'0000 0'0000 0'0000 0'0000 0'0000 0'0000 0'0000 0'0000 0'0000 0'0000 0'0000 0'0000 

A.,,µ.,, VQ I '0210 0·9795 1·0304 0·9705 1·0364 0·9649 1·0382 0·9632 ! 1 ·0355 0·9657 1·0288 0·9720 
0·0090 9•9910 0·0130 9·9870 0·0155 9·9845 0·0163 9·9837 I 0·0152 9·9848 0·0123 9·9877 

MK 0·9516 1·0509 0·9406 1·0632 0·9347 I ·0699 0·9330 1·0718 0·9354 1·06go 0·9423 1·o612 
9•9784 0·0216 9'9734 0·0266 9·9706 0·0294 9·9699 0·0301 9·9710 0·0290 9·9742 0·0258 

2MK 0·9715 1 ·0293 0·9692 1·0318 0·9687 1 ·0323 0·9686 1·0324 0·9687 1·0323 0·9695 1·0315 
9·9874 0·0126 9·9864 0·0136 9·9862 0·0138 9°9862 0·0138 9·9862 0·0138 9·9865 0·0135 

2MS 1·0424 0·9594 1·0617 0·9419, 1·0741 0·9310 1 ·0778 0·9278 1 ·0723 0·9326 1·0584 0·9448 
0·0180 9·9820 0·026o 9·9740 0·0311 9·9689 0·0325 9·9675 0·0303 9·9697 0·0246 9'9754 

MSf, 2SM 1·0210 0·9795 1·0304 0·9705 1·0364 0·9649 1·0382 0·9632 1 ·0355 0·9657 1·0288 0·9720 
0·0090 9·9910 0·0130 9·9870 0·0155 9·9845 0·0163 9·9837 0·0152 9•9848 0·0123 9•9877 

Mf o·7843 1·2750 0·7284 1 ·3730 0·6973 1·4341 0·6886 1·4521 0·7016 1 ·4254 0·7373 1·3562 
9·8945 0·1055 9·8623 0·1377 9•8434 0·1566 9·8380 0·1620 9·8461 0·1539 9·8677 0·1323 

Mm 1·0787 0·9270 I' II 57 0·8963 r1402 0·8770 1·1476 0·8714 1·1366 0·8798 1·1092 0·9015 
0·0329 9·9671 0·0476 9·9524 0·0570 9·9430 0·0598 9•9402 0·0556 9'9444 0·0450 9·9550 

Sa, Ssa 1·0000 1·0000 1·0000 1·0000 1·0000 1'0000 1·0000 
~:=1 

1·0000 1·0000 1·0000 1·0000 
0'0000 0'0000 0'0000 o·oooo o·oooo 0'0000 0'0000 0'0000 0'0000 o·oooo 0'0000 

---- --· --· -· -· 
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TABLE 10.-FactorB F andf for reduction and p1·ediction of tidea; computed for the middle of each year, or for July 2, at 
Gi·eenwich mean noon for common yearB1 and at vreoeding midnight/01· leap years-Continued. 

--1-916 __ 11
1 

___ 19_,1 __ 
11 
__ 1918 

1

,, 1819 I '9'° ,i 

-c-·o_n_''_'o_n_en_t_. _, __ , 0_:~ I_ 1o{:_l __ 1o_~·-F ___ 10_{f'_ lo:;. I lo-{/ ~,I ::F _: __ i.fg~-, -~o£'F _ luf/ 
1

/ _ lo:·F / 10{/ 

0·9958 1·00421: 1·05781 0·9453 1·1242 0·8895 i 1·1806 \ 0·8470 
9·9982 0·0018 ii 0·02H 19·97561 0·0508 9·9492 ' 0·0721 9·9279 

],, [Ma] 

M,, MS 

M 4 , MN 

N~, 2 N 

00 

I',, R,, T, 

MK 

2MK 

2MS 

MSf, 2 SM 

Mf 

Mm 

Sa, Ssa 

0·9060 
9·9571 

I ·1038 
0·0429 

0·9446 I ·0587 
9·9752 0·0248 

0·9368 1 ·0674 0·9660 1 ·0352 
9·9111 0·0283 I 9·9850 0·01 50 

0·8585 1'1649 I: 0·9340 1 ·0707 
9·9337 0·0663 ' 9·9704 0·0296 

1·0027 0·9973 ·I 1·0443 0·9576 1·0855 0·9212 ' 1·1182 0·8943 
0·0012

1

9·9988 I 0·0188

1

1 9·9812 I 0·0356 9·9644 I 0·0485 9·95 15 

1·0278 0·9729 ll 1·1316 0·8838 ' 1·2299 0·8131 !: 1·3034 0·7672 
0·011 9 9·9881 II 0·0537 9·9463 , 0·0899 9·9101 ii 0·1151 9·8849 

I 
0·8529 - 1·1725 1·3141 i 0·7610' 
9·9309 ' 0·0691 0·118n j 9·8814 

1 ·0188 0·9816 1 ·0068 0·9933 
0·0081 9·9919 ' 0·0029 9·997 I 

1·2821 0·7800 '! 0·8944 1·1181 0·8351 1·1975 11 0·9669 1·0342 
0·1079 9·8921 ii 9·9515 0·0485 9·9218 0·07821'19·9854 0·0146 

!1 
0·9942 1·0058' 0·9826 1·0177 0·9730 1·0278 0·9664 1·0347 
9·9975 0·0025 : 9·9924 0·0076 9·9881 0'0119 I 9·9852 0·0148 

0·7294 1·3710: 0·5018 1·9929 
9·8630 o· 1370 I 9·7005 0·2995 

0·5237 1·9094 i 0·8047 1·2427 1·1157 0·89631

1

1 0·7644 1·3083 
9·7191 0·2809 : 9·9056 0·0944 0·0476 9·9524 II 9·8833 o· 1167 

0·9942 1 ·0958 0·9826 ·1 ·01771 0·9730 I ·02781
1
1 0•9664 I '0347 

9·9975 0·0025 9·9924 0·0076 9·9881 0·0119 ' 9·9852 0·0148 
1·0188 0·9816 
0·0081 9·9919 

1 ·0068 0·9933 
0'0029 9'997 l 

1 ·0283 0·9725 
0·0121 9·9879 

I '0102 0·9899 
0·0044 9·9956 

0·9914 1 ·0087 0·9740 I ·0267 j' 0'9597 1 ·0420 0·9501 1 ·0525 
9·9962 0·0038 9·9885 0·0115 ii 9·9822 0·0179 9·9778 0'0222 

1 ·0379 0·9635 
0·0162 9·9838 

l ·0574 0'9457 
0·0242 9·9758 

l ·01361 0·9866 
0·0059 9·9941 

I ·0205 0·9799 
0·0088 9·9912 

0·9886 1 ·0116 0·9654 1 ·03581: 0·9466 1 ·0564 0·9340 1 ·0707 
9·9950 0·0050 9·9847 0·015319·6762 0·02381 9·9703 0·0297 

0·9829 1·0174 0·9486 1·0542 0·9210 1·0858 0·9026 1·1079 
9·9925 0·0075 9·9771 0·0229 ; 9·9643 0·0357 ! 9·9555 0·0445 ' 

I 

I ·0773 0·9283 1 ·0274 0·9733 0·9772 1 ·0233 I 0·9321 1 ·0729 0·8961 11·1159 0·8723 
0·0323 9·9677 0·0118 9·9882 9·9900 0·0100 i 9·9694 0·0306 9·9524 0·0476 9•9407 

1·0188 0·9816 1·0068 0·9933 0·9942 1·0058J 0·982611·0177 0·9730 1·0278 0·9664! 
1·0081 9·9919 0·0029 9'9!)71 9·9975 0·0025: 9·9924 0·0076 9·9881 0·0119 9·985_2 I 

I, I !I 
0·9020 1'1086. 0·9466 1·0564 1·0048 0·9952111·0743 I 0·9308 I 1·1477 o·S713, 1·2096 
9·9552 0·0~48 9·9762 0·0238 0·0021 9'9979 J 0·0311 9·9689 : 0·0598 9·9402 0·0826' 

0·7072 1·4141 0·8369 1·1 948 1·0263 0·9744 '11·2843 10·7787 1·596Q 0·6262 1·8950 I 
9•8495 0·1505 9·9227 0·0773 0·0113 9·9887 :\ 0·1086 9·8914 - 0·2033 9·7967 0·2776 -

1 ·oooo 1 ·oooo 1 ·0000 1 ·0000 1 ·oooo 1 ·oooo 1 ·oooo 1 ·oooo I 1 ·oooo 1 ·oooo 1 ·oooo I 
o·oooo o·oooo o·oooo o·oooo o·oooo o·oooo / o·oooo o·oooo o·oooo o·oooo I o·oooo ! 

1 ·0000 1 ·oooo 1 ·oooo 1 ·oooo 1 ·oooo 1 ·0000 
1 

1 ·oooo 1 ·oooo I 1 ·oooo 1 ·0000 I 1 ·0000 
o·oooo o·oooo o·oooo o·oooo o·oooo o·oooo I o·oooo o·oooo · o·oooo o·oooo o·oooo 

1·0188 0·9816 1·0068 1 0·9933 0·9942 1·0058 0·9826 1·0177
1
10·9730 -1·0278 i 0·9664 

0·0081 9·9919 0'?029 9·9971 9·9975 0·0025 9·9924 0·007611 9·9881 0·0119 ' 9·9852 

0·9544 1 ·0478 0·9726 1 ·0282 0·9969 1 ·0031 1 ·0261 I 0·9746 I l '0562 0·9468 ! 1 ·0807 
9·9797 0·0203 9·9879 0·0121 9·9987 0·0013 0·0112 9·98881 0·0237 9·9763 .i 0·0337 

0·9723 1·0284 0·9792 1·0213 0·9912 1·0089 1·0082' 0·991911·0276 0·97321· 1·0444 
9•9878 0'0122 9·99091 0·0091 9·9962 0·00381 0·0035 i 9·9965 0·0118 9·9882 I 0·0189 

I '03791 0•9635 I '0136 I 0'9866 0·988611 '0116 I 0·9654 I '0358 0•946611 '056411 0'9340 
0·0162 9·9838 0·0059 \ 9·9941 9·9950 0·0050 I 9·9847 0·0153 9·9762 0·02381 9·9703 

1·0188 0·9816 1·0068 0·99331 0·9942 1·0058 '0·9826 1·0177 0·9730 - 1·027811 0·9664 
0·0081 9·9919 0·0029 9·9971 9·9975 0·0025 9·9924 0·0076 9·9881 0·0119 : 9·9852 

0•7987 1·2521 0·8901 1·1235 1·0155 0·9847 1·1746 0·8514 1·3538 0·7387' 1·5140 
9·9024 0·0976 9·9494 0·0506 0·0067 9·9933 o·c699 9·9301 'I 0·1316 9·86841' 0·1801 

ii 
1'0703 0'9343 l'026o 0'9747 0·9820 1·0183 0'9432 l'06o2 I 0·9127 1·0956 0·8927 
0·0295 9·9705 0'01 II 9•9889 9·9921 0·0079 9·9746 0·0254 I 9·9603 0'0397 9·9507 

i I 
1 ·0000 1 ·0000 1 ·0000 1 ·0000 1 ·oooo 1 ·oooo 1 ·0000 1 ·oooo I 1 ·oooo 1 ·0000 - 1 ·0000 

1·0347 
0·0148 

0·5277 
9·7224 

1·0000 
o·oooo 

1'0000 
o·oooo 

1·0347 
0·0148 

0·9575 
9·9811 

1·0347 
0·0148 

1·1202 
0·0493 

1·0000 
o·oooo o·oooo o·oooo o·oooo o·oooo o·oooo o·oooo o·oooo o·oooo . o·oooo o·oooo [ o·oooo 

"----------'----'---- - ------ ---------- -------- ----" _L __ - - -----
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TABLE 10,-Faotoi·s F and f for 1·eductio11 and p1·ediction of tides: computed /01· the middle of each yea1·, or jot· July f!!, at 
Greenwich mean 110011 for common yea1'8, and at preceding midnight for leap years-Continued. 

Component. 
I .F 19'2 / -- : F 1923 / F 1924 / ·-1!' F 1925 / ·1: F 19126 / ; F 1927 

\ogF log/ i log F log/ logF log/ . \ogF log/ logF log/ I logF lo{/ 

r--J-1-, -[M-,]--r--1-·20~7 ~;~~ j n967 0·83~~11·1498 0·8697 1·0854 0·9213 I 1·0204 0·98oo J 0·9643 1·0370 
0·0823 9·9177 ! 0·0780 9·9220 0·0606 9·9394 0·0356 9·9644 0·0088 9·9912 . 9·9842 0·0158 

1·1338 0·8820 f 1·1212 0·8872' 1'1oo6 0·9086 1·0618 0·9418 I 1·0195 0·98o8 i 0·9804 1·0200 
0·0545 9·9455 I 0·0520 9·948o 0·0416 9·9584 0·0260 9·9740 I 0·0084 9·9916 9·9914 0·0086 

(L,) 

Mu, MS 

M~, MN 

Ms 

N,, 2 N 

o,,Q, 

00 

s., ~. 3, 4 

MK 

2MK 

2 MS 

MSf, 2 SM 

Mf 

Mm 

Sn, Ssa 

1·3366 0·7482 I 1'3226 0·7561 1·2644 0·7909 1·1740 0·8518 11·0703 0·9343 I 0·9710 1'0299 
0·126o 9·8740 0·1214 9·8786 0·1019 9·8981 0·0697 9·9303 ' 0·0295 9·9705 9·9872 0·0128 

1·1489 0·8704 1·0734 0·9316 0·8828 1·1328 0·8340 1·1990 I 1·0387 0·9627 1·4953 0·6688 
0·06o3 9·9397 0·0308 9·9692 II 9·9459 0·0541 9·9212 0·0788 I 0·0165 9·9835 0·1747 9 ·8253 

0·9636 1·0378 0·9648 1·0365 II 0·9698 1·0311 0·9783 1'0222 0·9892 1·0109 1·0016 0·9984 
9·9839 0·0161 9·9844 0·0156 9·9867 0·0133 9·9905 0·0095 9·9953 0·0047 0·0007 9·9993 

0·626o 1'5974 0·6653 1·5030 0·9244: 1·0818 1·0488 0·9535 0·6177 1'6190 0·4847 2·0630 
9·7966 0·2034 9•8230 0·1770 9·96591 0·0341 0·0207 9·9793 9·7908 0·2092 9•6855 0·3145 

0·9636 1 ·0378 Ii 0·9648 1 ·0365 0·9698 . 1 ·0311 0·9783 l ·0222 0·9892 1 ·0109 I 1 ·0016 • 0·9984 
9·9839 0·0161 9·9844 0·0156 9·9867 i 0·0133 9·9905 o·oog5 9·9953 0·0047 I 0·0007 9·9993 

I. 0'9459 1 ·0572 0·9476 I '0553 0·9551 11 ·0470 0·9676 l '0335 0·9839 1 ·0164 I '0024 0·9976 
9·9758 0·0242 9·9766 0·0234 9·98oo 0'0200 9·9857 0·0143 9·9930 0·0070 0'0010 9·9990 

0·9285 1 ·0770 I 0·9308 1 ·0743 0·9406 I I ·0632 0·9570 1 ·0449 0·978611 ·0219 I ·0032 0·9968 
9·9678 0·0322 I 9·9689 0·0311 9 .9734 0·0266 9·9809 0·0191 9·9go6 0·0094 0·0014 9·9986 

0·8947 1·1176 0·8980 1·1136 0·9122 I ,1·0962 0·9362 1·0681 0·9681 11·0330 1·0048 0·9952 
9·9511 0·0483 9·9533 0·0467 9·9001 I 0·0399 9·9714 o 0286 9·9859. 0·0141 0·0021 9·9979 

0·8622 l • 1598 0·8664 
9·9356 0·0644 9'9377 

I 
1·1542 0·8847 1·1303 0·9159 1·0918 0·9576 1·0442 1'0064 0·9937 

0·9636 I ·0378 ! 0·9648 
9·9839 0·0161 ; 9·9844 

0·0623 9·9468 0·0532 9·9618 0·0382 9·9812 0·0188 0·0028 9·9972 

1 ·03651 0•9698 I '0311 0·9783 I '0222 0·9892 l '0109 I '0016 0·9984 
0'0156 I 9·9867 0'0133 9·9905 0'0095 9 9953 0'0047 0'0007 9'9993 

1·2403 0·8o63 : 1·2272 
0·0935 9·9065 ! 0·0889 

2·0547 0·4867 I 1 ·9853 
0·3128 9·6872 ! 0·2978 

I '0000 1 '0000 ' l '0000 

o·oooo o·oooo ! o·oooo 
I 

I '0000 I '0000 ; I '0000 

o·oooo o·oooo I o·oooo 

0·9636 . I ·0378 I 0·9648 
9·9839 0·0161 9·9844 

0·8149 1·1758 0·8504 1·1049 0·9050 
9·9111 0·070419·9296 0·0433 9·9567 

0·5037 l ·7284 0·5786 l '4095 0'7095 
9·7022 0·237619·7624 0·1491 9·8509 

l '0000 l '0000 I '0000 l '0000 l '?000 
o·oooo o·c-ooo o·oooo o·oooo o·oooo 

I'OOOO 1·0000 
o·oooo o·oooo 

1 ·0365 I 0·9698 
0·0156 I 9·9867 

1·0000 

0'0000 

1·0311 
0·0133 

1'0000 

o·oooo 
1'0000 
0'0000 

0·9783 l '0222 
9·9905 o·oog5 

I '0925 0·9153 
0·0384 9·9616 

1·0875 0·9196 
0·0364 9·9636 

1 ·0674 0·9368 
0·0283 9·9717 

I ·0387 0·9627 
0·0165 9·9835 

1 ·0325 0·9685 
0·0139 9·9861 

1'12481 0 8891 
0·0510 I 9·9490 

I '0000 j I '0000 
o·oooo r o·oooo 

1 ·oooo I 1 ·oooo 
o·oooo o·oooo 

0·9892 l '0109 
9·9953 0·0047 

1 ·0086 0·9915 
0·0037 9·9963 

l ·0527 0'9499 
0·0223 9'9777 

I '0492 0'9531 l ·0352 0·9660 
0·0208 9·9792 I 0·0150 9·9850 

1 ·0162 0·9841 0·9977 
0·0070 9·9930 9'9990 

1·0023 
0·0010 

l 0000 
o·oooo 

1'0000 

o·oooo 

1·0016 
0·0007 

0·9820 
9·9921 

0·9835 
9•9928 

1 ·0318 
0·0136 

1·1020 
0·0422 

1'0000 

0'0000 

1'0000 
0'0000 

0·9984 
9'9993 

1 ·0184 
0·0079 

1 ·0168 
0·0072 

0·9285 1 ·0770 
9·9678 0·0322 

0·9308 1 ·0743 ii 0·9406 J ·0632 
9·9689 0·031 l II 9·9734 0·0266 

0·9570 1·04491 0·9786 1·0219 1'0032 0 9968 
9·9809 0·0191 I 9·9906 0·0094 . 0·0014 9·9986 

0·9636 1 ·0378 
9·9839 0·0161 

I' 5964 0·6264 
0·2031 9•7969 

0·8843 1·1309 
9·9466 0·0534 

0·9648 1 ·0365 i 0·9698 1 ·0311 
9·9844 0·0156 I 9·9867 0·0133 

0·9783 I '0222 I 

i 9•99051 0·00951 

1·56o8 
0·1933 

0·8878 
9·9483 

0·6407 I •4256 
9·8066 I 0·1540 

1·1264 I 0·9031 
0·0517 I 9·9557 

0·7014 1 ·2480 0·8o13 
9·8460 0·0962 ' 9·9038 

1·1073 0·9294 
0·0443 9·9682 

1 ·0759 
0·0318 

i I 

0·9892 1 ·0109 
9'9953 0·0047 

I ·0776 0·9280 
0·0325 9·9675 

0·9651 1·0361 
9·9846 0·0154 

1·0016 
0·0007 

0·9_)78 
9·9721 

1·0074 
0·0032 

J ·oooo J ·oooo I ·oooo I '0000 : J '0000 J ·oooo I l ·oooo I '0000 l '0000 l '0000 I '0000 

1·0664 
0·0279 

0·99?.!6 
9·9968 

1'0000 
o·oooo o·oooo o·oooo o·oooo o·oooo : o·oooo o·oooo I o·oooo o·oooo o·oooo o·oooo o·oooo I 

I I I :I I I 
·-----~-----'-----''--------~-------'-----"----..'...---'-'---"------'-----'-----' 



232 UNITED STATES COAST AND GEODETIC SURVEY. 

TABLE 10.-Factora F andf for rllduction and prediction of tides; oomp1itcd for the middle of each !/ear, or for July fl, at 
Greenwich mean noon for common years, and at preceding midnight for leap years-Continued. 

19>8 1929 1930 I 1931 I 193> 

I 
1933 

Component. 
---------

I F / F / F / F r j F / F / 
log F log/ logF log/ log F log/ iog F log/ logF log/ I log F log/ 

--- --- --,-- --- 1·16341 1 -0:~594 ·-'1 
J., [Mi] 0·9204 1·0864 0·889~ 1"1247 0·8692 1·1505 0·8595 n636 i 0·8688 1·1510 

9·9640 0·036o 9·9490 0·0510 9·9391 o·o6og 9·9342 0·06581 9·9342 0·0658 9·9389 0·061I 

K1 0·9479 1 ·0549 0·9236 1·0827 0·9076 1·1018 I 0·8997 1·1115 0·8996 1·1116 0·9073 1'1022 
9·9768 0·0232 9·9655 0·0345 9·9579 0·0421 9·9541 0.0459 9·9540 0·046o 9·9578 0·0422 

K2 0·8872 1·1271 0·8241 1"2135 0·7826 1·2778 I 0·7619 1 ·3125 0·7617 1 ·3129 0·7818 1 ·2791 
9·9480 0·0520 9·916o 0·0840 9·8935 0·1o65 <;'8819 0·1181 9·8818 0·1182 9·8931 0·1069 

L. 1·0256 0·9750 0·7874 1"2700 0·9781 l '0224 2·1230 0·4710 1 ·1452 0·8732 0·7874 1·2700 
0'0110 9·9890 9·8962 0·1038 9·9904 0·0096 0·3270 9·6730 0·0589 9·9411 I 9·8962 0·1038 

[I..,] 1·0140 0·9862 1'0250 0·9756 1°0332 0·9679 1·0376 0·9637 1'0377 0·9637 1 ·0334 0·9677 
0·0060 9·9940 0·0107 9·9893 0·0142 9·9858 0·016o 9·9840 0·0161 9·9839 0·0142 9·9858 

M1 0·5750 l '7392 0·8787 1'1380 0·7625 l '3l 15 0·4250 2·3529 0·5020 1'9921 0·8354 1°1970 
9. 7597 0·2403 9·9438 0·0562 9·8823 0·1117 9·6284 0·3716 9·7007 0·2993 9·9219 0·0781 

M2,MS 1·0140 0·9862 1·0250 0·9756 1·0332 0·9679 1'0376 0·9637 I 1·0377 0·9637 1 ·03341 0·9677 
o·oo6o 9·9940 0·0107 9·9893 0·0142 9·9858 0·016o 9·9840 I 0·0:61 9·9839 0·0142 9·9858 

M3 1'0210 0·9794 1·0376 0·9637 1·0502 0·9522 1·0570 0·9461 ! 1 ·0570 0·9460 1·0505 o·9519 
0·0090 9'9910 0·016o 9·9840 0·0213 9·9787 0·0241 9·9759 0·0241 9'9759 0·0214 9·978~ 

0·92881 
i 

M,,MN 1·0282 0·9726 1·0506 0·9519 1·0675 0·9368 1 ·0767 1 ·0768 0·9287 1 ·0678 0·9365 
0'0121 9·9879 0·0214 9·9786 0·0284 9·9716 0·0321 9·9679 0·0321 9·9679 0·0285 9·9715 

M6 1 ·0425 0·9592 1·0768 0·9287 1·1029 0·9067 1·1772 0·8951 1 ·1173 0·8950 
! 0·9063 I' !034 

0·0181 9·9819 0·0321 9·9679 0·0425 9•9575 0·0481 9·9519 0·0482 9·9518 0·0428 9·9572 : 
I 

Ms 1·0571 0·9460 l '1037 0·9061 I ' 1395 0·8776 l '1592 0·8627 1·1594 0·8625 1'1402 0·8770 
0·0241 9·9759 0·0428 9·9572 0·0567 9'9433 0·0642 9·9358 ii 0·0642 9·9358 0·0570 9·9430 

N~,2N 1'0140 0·9862 l '0250 0·9756 1'0332 0·9679 1 ·0376 0·9637 ! 1·0377 o·9637 1·0334 0·9677 
o·oo6o 9·9940 0·0107 9·9893 0·0142 9·9858 0·016o 9·9840 0·0161 9·9839 0·0142 9·9858 

O,,Q, 0·9188 1 ·0883 I 0·8822 1·1335 0·8586 1·1647 0·8470 1 ·1807 0·8468 1·1809 ! 0·8582 1'1653 
9·9632 0·0368 19·9456 0·0544 9·9338 0·0662 9·9279 0·0721 9·9278 0·0722 l 9·9336 0·0664 

! 

00 0·6536 1 ·6865 0·5643 0·5640 
! 

l '6896 0·7545 1'3254 l '5300 0·5930 1·7721 1·7732 0·5919 
9·8777 0·1223 9·8153 0·1847 9·7730 0·2270 9·7515 0·2485 9·7513 ::1 9·7722 0·2278 

P., R,, T. 1'0000 1'0000 1'0000 1'0000 1'0000 1'0000 1'0000 
l '0000 II I ·oooo 1'0000 1·0000 

0'0000 o·oooo 0'0000 i. 0'0000 o·oooo o·oooo 0'0000 0'0000 0'0000 0'0000 0'0000 o·oooo 

sit~, a, " 1'0000 1'0000 1'0000 1'0000 1·0000 1'0000 1'0000 I '0000 I '0000 1'0000 1'0000 1'0000 
0'0000 o·oooo 0'0000 0'0000 o·oooo 0'0000 o·oooo 0'0000 0'0000 0'0000 0'0000 0'0000 

~.µ., v. 1·0140 0·9862 1·0250 0·9756 1·0332 0·9679 1·0376 0·9637 1·0377 0·9637 1·0334 0·9677 
o·oo6o 9.9940 0·0107 9·9893 0·0142 9·9858 0·0160 9·9840 0·0161 9;9839 0·0142 9·9858 

MK 0·9612 1·0404 0·9467 1'0564 0·9377 1·0664 0·9335 1·0712 0·9335 1·0713 0·9376 I ·0666 

9·9828 0·0172 9·9762 0·0238 9·9721 0·0279 9·9701 0·0299 9·9701 0·0299 9·9720 0·0280 

2MK 0·9746 1°0260 0·9703 1'0306 0·9689 l '0321 0·9686 1·0324 0·9686 1·0324 0·9689 l "0321 
9·9888 0·0112 9·9869 I 0'0131 9·9863 0·0137 9·9862 0·0138 9·9862 0·0138 9·9863 0·0137 

2MS 1'0282 0·9726 1°05061 0·9519 1·0675 0·9368 1·0767 0·9288 1·0768 0·92871 1 ·0678 0·9365 
0·0121 9·9879 0·0214 9·9786 0·0284 9·9716 0·0321 9.9679 0·0321 9·9679 0·0285 9·9715 

0·9679 
! 

0·9677 MSf, 2SM 1 ·0140 0·9862 1'0250 0·9756 l '0332 I ·0376 0·9637 1·0377 0·9637 1·0334 
0·0060 9·9940 0·0107 9·9893 0·0142 9·9858 0·016o 9·9840 0·0161 9·9839 0·0142 9.9858 

Mf 0·8326 l '2010 0·7594 I ·3169 0·7135 1·4015 0·6913 1'4465 0·6911 1"4470 0·7127 1'4032 
9·9204 0·0796 9·8804 o·u96 9·8534 0·1466 9·8397 0·16o3 9·8395 0·16o5 9·8529 0·1471 

Mm 1 ·0523 0·9503 1"0942 0·9139 1·1270 0·8873 1·1452 0·8732 1·1455 0·8730 1·1277 0·8868 
0'0221 9·9779 0·0391 9·96o9 0·0519 9·9481 0·0589 9·941 l 0·0590 9·9410 0·0522 9·9478 

Sa, Ssa 1'0000 1·0000 1'0000 1'0000 1·0000 1'0000 1'0000 1'0000 I '0000 I '0000 I 1'0000 1·0000 
0'0000 o·oooo I 0'0000 o·oooo o·oooo 0'0000 0'0000 0'0000 I o·oooo o·oooo 0'0000 0'0000 

I I ' 
·-------- ---------- --- -----· -· ··-· . ·- ---- -- --------
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TABLE 10.-"-Faotors F and f for reduotion and p1·ediotion of tides; oomputed for the middle of each year, or for July 2, at 
Grtrentoioh mean noon for common yoo,rs, and at p1·eceding midnightfo1· leap years-Continued. 

II I : 

I 1934 1935 I 1636 1937 1938 1939 

Component. 
/ 

ii 
F I / F I / F / F / F / I F 

·1ogF log/ log F log/ I log F log/ ~log/ log F log/ log F log/ 

------ --- ---- ------ ------ --- ---
J11 [Mt] 0·8884 1·1256 0·9194 1·0877 0·9629 1·0385 1 ·0188 0·9815 1·0837 0·9228 1 ·1482 0·8710 

9·9486 0·0514 9·9635 0·0365 9·9836 0·0164 0·0081 9·9919 0·0349 9·9651 o·o6oo 9·9400 

K1 0·9231 1·0834 0·9471 1 ·0558 0·9794 1 ·0210 1 ·0185 0·9819 1·06o7 0·9428 1·0997 0·9094 
9·9652 0·0348 9·9764 0·0236 9·9910 o·oogo 0·0080 9·9920 0·0256 9·9744 0·0413 9·9587 

K, 0·8227 1·2155 0·8852 1·1297 0·9684 1·0326 1·0677 0·9366 1·1714 0·8537 1 ·2622 0·7923 
9·9152 0·0848 9·9470 0·0530 9·9861 0·0139 0·0284 9·9716 0·0687 9·9313 0·1011 9·8989 

~ 0·9274 1·0783 1·5720 0·6361 n645 0·8588 0·8401 1·1903 0·86o2 1·1625 1·0681 0·9363 
9·9673 0·0327 0·1965 9·8035 0·0661 9·9339 9·9243 0·0757 9·9346 0·0654 0·0286 9·9714 

[4] 1 ·0252 0·9754 1·0143 0·9859 1 ·0019 0·9981 0·9895 1·0106 0·9785 1·0220 0·9700 I 0309 
0·0108 9·9892 0·0062 9·9938 0·0008 9·9992 9·9954 0·0046 9·9906 0·0094 9·9868 0·0132 

M1 0·6196 1·6139 0·4655 2·1482 0·5407 1·8495 0·9109 1·0978 0·9269 1 ·0789 0·6518 1 ·5342 
9·7921 0·2079 9·6679 0·3321 9·7329 0·2671 9·9595 0·0405 9·9670 0·0330 9·8141 0·1859 

M., MS 1 ·0252 0·9754 1 ·0143 0·9859 1 ·0019 0·9981 0·9895 1 ·0106 0·9785 1·0220 0·9700 1·0309 
0·0108 9.9892 0·0062 9·9938 0·0008 9·9992 9·9954 0·0046 9·9906 o·oog4 9·9868 0·0132 

Ms 1·0381 c-9633 1·0216 0·9789 1·0028 0·9972 0·9843 1 ·0159 0·9680 1 ·0331 0·9554 1 ·04E7 
0·0162 9·9838 0·0093 9·9907 0·0012 9·9988 9·9931 0·0069 9·9859 0·0141 9·9802 0·0198 

M,, MN 1·0511 0·9514 1 ·0288 0·9720 1·0038 0·9962 0·9792 1 ·0213 0·9575 1·0444 0·9409 1·0628 
0·0216 9·9784 0·0123 9·9877 0·0017 9·9983 9·9909 0·0091 9•9811 0·0189 9·9736 0·0264 

M& 1·0776 0·9280 0·95b3 0·968g 
I 

0·9369 1·0673 I o·9121 1·0956 1 ·0435 1 ·0057 0·9943 1 ·0321 : 
0·0325 9·9675 0·0185 9·9815 0·0025 9·9975 9·9863 0·0137 I 9·9717 0·0283 l 9·96o3 0·?397 

M_a 1 ·1048 0·9051 1 ·0585 0·9448 1·0077 0·9924 : 0·9588 1 ·0430 I 0·9168 1·0907 . 0·8854 1·1295 
0·0433 9·9567 0·0247 9·9753 0·0033 9·9967 19·9817 0·0183 9·9623 0·0377 i 9·9471 0·0529 

\ 1 ·0143 
! 

N,, 2 N 1·0252 0·9754 0·9859 1·0019 0·9981 I 0•9895 1·01o6 0·9785 1·0220 0·9700 1 ·0309 
0·0108 9·9892 I 0•0062 9·9938 I 0·0008 9·9992 9·9954 0·0046 9·9906 0·0094 9·9868 0·0132 

Oi.Q1 0·8814 1·1345 I 0·9176 1 ·0898 ! 0·9676 1 ·0335 I ·0307 0·97021 1 ·1030 0·9066 1·1740 0·8518 
9·9452 0·0548 I 9·9627 0·0373 9·9857 0·0143 0·0132 9·9868 0·0426 9·9574 0·0697 9·9303 

I 

00 0·6515 1 ·5348 I 0·7510 1·3315 ' 0·9024 1 ·1081 1·1184 0·8942 1·4014 0·7136 1 ·7198 0·5814 
9·8139 0·1861 9·8757 0·1243 I 9·9554 0·0446 0·0486 9·9514 0·1466 9·8534 0·2355 '9'7645 

P1, R,, T. 1·0000 1·0000 \ 1·0000 1·0000 ' 1·0000 1·0000 1·0000 1·0000 1 ·000C) 1·0000 1·0000 1·0000 
o·oooo 0'0000 

1~= 
o·oooo : o·oooo o·oooo o·oooo o·oooo o·oooo o·oooo o·oooo o·oooo 

s., g, 3, • 1·0000 1·0000 1·0000 11·0000 1·0000 1·0000 1·0000 1·0000 1·0000 1·0000 1·0000 
o·oooo o·oooo o·oooo o·oooo o·oooo o·oooo o·oooo o·oooo o·oooo o·oooo o·oooo o·oooo 

I 

1 •• µ •• v. 1 ·0252 0·9754 11 ·0143 0·9859 1 ·0019 0·9981 0·9895 I ·01o6 I 0·9785 1 ·0220 0·9700 1·0309 
0·0108 9·9892 o·oo62 9·9938 0·0008 9·9992 9·9954 0·0046 9·9906 o·oog4 9·9868 0·0132 

MK 0·9463 1 ·0567 0·96o7 1·0409 0·9813 1·0191 1·0078 0·9922 1 ·0379 0·9635 1 ·0667 0·9375 
9·9760 0·0240 9·9826 0·0174 9·9918 0·0082 0·0034 9·9966 0·0162 9·9838 0·0280 9·9720 

2MK 0·9702 1·0307 0·9744 1 ·0262 9•9832 I ·0171 0·9973 1 ·0027 I 1 ·0156 0·9846 1·0347 0·9665 
9·9869 0·0131 g-g888 0·0112 9·9926 0·0074 9·9988 0·0012 ! 0·0067 9·9933 0·0148 9·9852 

2 MS 1·0511 0·9514 1 ·0288 0·9720 1·0038 0·9962 I 0·9792 1 ·0213 i 0·9575 1·0444 0·9409 1·0628 
0·0216 9·9784 0·0123 9·9877 0·0017 9·9983 9·9909 0·0091 I 9·9811 0·0189 9·9736 b·o264 

! 

MSf, 2 SM 1·0252 0·9754 1 ·0143 0·9859 1·0019 0·9981 0·9895 1·0106 0·9785 1·0220 0·9700 1·0309 
0·0108 9·9892 0·0062 9·9938 0·0008 9·9992 9·9954 0·0046 9·9906 0'00<)4 9·9868 0·0132 

Mf 0·7578 1 ·3196 0·8302 1 ·2046 0·9344 1·0702 1 ·0736 0·9314 1 ·2433 0·8043 1·4210 0·7038 
9·879q 0·1204 9·9192 o·o8o8 9·9706, 0·0294 0·0309 9·9691 0·0946 9·9054 0·1526 9·8474 

Mm 1·0952 0·9131 1 ·0535 0·9492 1 ·0086 0·9914 0·9662 I ·0350 I 0·9302 I ·0750 0·9037 1·1o66 
o·o395 9·9605 0·0226 9·9774 0·0037

1

9·9963 I 9·9850 0·0150 i 9·9686 0·0314 9·9560 0·0440 

Sa, Ssa 1'0000 1·0000 1·0000 1·0000 1 ·oooo 1 ·oooo ii 1 ·oooo 1 ·oooo 11·0000 
1·0000 1·0000 1·0000 

o·oooo o·oooo o·oooo o·oooo, o·oooo . o·oooo I o·oooo , o·oooo o·oooo o·oooo o·oooo o·oooo 
I I I ,, I 



234 UNITED STATES COAST AND GEODETIC SURVEY. 

TABLE 10.-Factors F andf f01· reduction and predictio11 of tides; computed for the middle of each year, or for July~. al 
Greenwich mean noon for common years, and at preceding midnight for leap years-Continued. 

Component. 
__ '94-0 1941 111 1942 1' --~---. I 19H , l-'9-45 -I 

F / F /1F / F /IF/ F / 
----~ ~ ~ lc;g / .. 1~ ~ log F log/ log F log/ I "log F 

1

_1o_g_/_/ 

1·1958 0·8363 1·2089 0·8272 I 1·1818 0·8462 ~-·1260 0·8881 
1

-1·0597 0·94371 0·9973 1·0028 ! 
0·0776 9·9224 0·0824 9·9176 0·0726 9·9274 0·0515 9·9485 0·0252 9·9748 19·9988 0·0012 

K, 

[L,) 

M 4 , MN. 

N2, 2N 

00 

1·1267 0·8876 1·1339 0·8819 \ 1·1189 0·8937 1·0866 0·9203 1·0454 0·9565 11·0037 
0·0518 9·9482 0·0546 9'9454 0·0488 J"9512 0·0361 9•9639 0·0193 9•9807 · 0·0016 

1•3216 I 0·7567 1·3369 0·7480 I 1·3048 0·7664 1·2323 0·8115 1·1344 0·8815 I 1·0305 
0·1211 I 9·8789 0·1261 9•8739 0·1156 9·8844 0·0907 9·9093 0·0548 9·9452 0·0130 

1 ·1635 0·8595 0·9794 I '0211 
o·o658 9·9342 9·9909 0·0091 

0·8474 1·1801 
9·9281 0.0719 

0·9649 1 ·0364 0·9636 1 ·0378 
9·9845 0·0155 9·9839 0·0161 

0·9663 1 ·0349 
9·9851 0·0149 

0·6160 I ·6234 0·7616 1 ·3131 . 1 · l38o 0·8787 
9·7896 0·2104. 9·8817 0·1183 0·0561 9·9439 

0·9649 1 ·0364 0·9636 1 ·0378 
9•9845 0·0155 9·9839 0·0161 

0·9663 1 ·0349 
9·9851 0·0149 

0·9477 I ·0551 
9·9767 0·0233 

0·9310 1 ·0741 
9·9689 0·0311 

0·8983 1·1132 
9·9534 0·0466 

0·8667 1·1538 
9·9379 0·0621 

0·9459 1 ·0572 0·9499 1 ·0527 
9·9758 0·0242 9·9777 0·0223 

0·9285 1 ·0770 0·9338 1 ·0709 
9·9678 0·0322 9·9702 0·0298 

0·8947 1·1177 0·9023 1·1083 
9·9517 0·0483 9·9554 0·0446 

0·8621 1·1600 0·8719 1·1469 
9·9356 0·0644 9·9405 0·0595 

0·8738 1 ·1444 1 ·1415 0·8760 
9·9414 0·0586 0·0575 9·9425 

I 
0'9727 1'0280 I 0•9823 1'0181 
9·9880 0·0120 I 9·9922 0·0078 

0·9294 1 ·076o 0·5834 1 ·7142 
9·9682 0·0318 9·766o 0·2340 

l ·3364 0·7483 
0·1259 9·8141 

0·9939 1 ·0061 
9·9974 0·0026 

0·5144 1·9442 
9·7113 0·2887 

0·9727 1 ·0280 
9·9880 0·0120 

0·9823 1·0181 0·9939 
9·9922 0·0078 I 9·9974 

1 ·0061 
0·0026 

0·9593 
9·9820 

0·9462 
9·976o 

1 ·0424 0·9735 
0·0180 19·9883 

1 ·0569 0·9649 
0·0240 9•9845 

1·0272 
0·0117 

1·0364 
0·0155 

0·9204 1 ·0865 0·9477 1 ·0551 
9·9640 0·0360 9·9767 0·0233 

0·8953 l'II70 0'9309 1·0742 
9·9520 0·0480 9·9689 0·0311 

0·9909 
9·996o 

0·9879 
9'9947 

0·9819 
9·9921 

0·9760 
9·9894 

1 ·0122 
0·0053 

1'0184 I 

0·0079 

. 1·0246 ! 
0·0106 

0·9649 1·0364 0·9636 1·0378 0·9663 1·0349 0·9727 1·0280 0·9823 1·0181 
9·9845 0·0155 9·9839 0·0161 9·9851 0·0149 9·988o 0·0120 9·9922 0·0078 

0·9939 1 ·0061 
9•9974 0·0026 

l "2262 0·8155 I •2406 0·8061 I '2109 0·8258 
0·0886 9·9114 o·og36 9·go64 0·0831 9·9169 

I •98o2 0·5050 2·0561 0·4864 
0·2967 97033 0·3130 9·6870 

1 ·9016 0·5259 
0·2791 97209 

1·1497 0·8698 
0·0606 9·9394 

I ·6059 0·6227 
0·2057 97943 

1 ·0763 0·9291 
0·0319 9·9681 

1 ·2923 0·7738 
o· 1114 9·8886 

1 ·0065 
0·0028 

l'OJ2l 
0·0137 

0·9935 
9·9972 

0·9689 
9·9863 

p h R2, T ll . I '0000 I ·oooo I ·oooo I ·oooo I ·oooo I '0000 I ·oooo I '0000 I ·oooo I '0000 I '0000 I '0000 
o·oooo o·oooo o·oooo o·oooo o·oooo o·oooo o·oooo o·oooo o·oooo o·oooo o·oooo o·oooo 

S,, 11 , 3, • l ·oooo 1 ·oooo 1 ·0000 1 ·0000 1 ·0000 1 ·0000 1 ·0000 1 ·0000 1 ·0000 1 ·0000 1 ·0000 1 ·oooo 
o·oooo o·oooo o·oooo o·oooo o·oooo o·oooo o·oooo o·oooo o·oooo o·oooo o·oooo o·oooo 

MK 

2MK 

2MS 

MSf, 2SM 

Mf 

Mm 

Sa, Ssa 

0·9649 I ·0364 0·9636 I ·0378 0·9663 1 ·0349 0·9727 
9·9845 0·0155 9·9839 0·0161 9·9851 0·0149 9·9880 

1·0871 
0·0363 

1·0489 
0·0207 

0·9199 1 ·og26 
9·9637 ; 0·0385 

I 
0·9534 i 1 ·0528 
9·9793 0·0224 

0·9153 1 ·0812 0·9249 1 ·0570 
9·9615 I 0'0339 9·9661 0'0241 

0·9498 
9·9776 

1·0448 0·9571 1·0281 
0·0190 9·9810 0·0120 

1 ·028o 0·9823 1 ·0181 
0·0120 I 9·9922 0·0078 

0·9461 1 ·0269 0·9738 
9·97 59 I 0"01I5 ' 9·9885 

I I 

0·9726 I 1 ·0087 ' 0·9914 
9·9880 0·0038 9·9962 

0·9939 
9·9974 

0·9976 
9·999o 

0·9916 
9·9963 

1 ·0061 
0·0026 

1·0024 
0·0010 

1·0085 
0·0037 

0·9310 1 ·0741 
9·9689 0·0311 

0·9285 1 ·0770 0·9338 I '0709 
9·9678 0·0322 9·9702 0·0298 

0·9462 1 ·0569 
9·976o 0·0240 

0·9649 1 ·0364 0·9879 I '0122 
9•9845 ' 0"0155 I 9·9947 I 0'0053 

0'9.;1.9 1 ·0364 0·9636 I ·0378 
9·9845 0·0155 9·9839 0·0161 

1·5582 0·6417 1·5971 0·6262 
0·1926 9·8074 0·2033 9·7967 

o·83So 1·1261 
9·9484 0·0516 

0·8842 1·1310 
9·9466 0·0534 

I '0000 I '0000 1 I '0000 I '0000 
o·oooo o·oooo i o·oooo o·oooo 

I· I 

0·9663 I '0349 
9·9851 0·0149 

0·9727 1 ·028o 0·9823 1 ·0181 . 0·9939 1·0061 
9·98~0 0·0120 9·9922 0·0078 9·9974 0·0026 I 

1 ·5174 ' 0·6590 
0·1811 9·8189 

1·3588 0·7360 1·1794 0·8479 1·0192 
0·1331 9·8669 0·0717 9·cµ83 0·0083 

0·8923 1·1206 0·9120 1·0965 0·9422 
9·9505 0·0495 9·96oo 0·0400 9·9742 

1·0000 
o·oooo ~:: 11 ~:: ~::I ~:: 

1·0613 0·9810 
0·0258 9·9916 

1 ·oooo \ 1 ·oooo 
o·oooo ' o·oooo 

I 

0·9811 
9·9917 

1·0194 
0·0084 

1·0000 
0'0000 

~-----"--------· -----·---·-----------
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TABLE 10.-Factors F and f for reduction and prediction of tides; computed .fo1· the middle of each year, or fo1· J1ily ;:, at 
Greenwich niean noon for common years, and at preceding midnight for leap yeai·a_.:Continued. 

I 
1946 

! 
1947 I 1948 ;I 1949 II 1950 I Mean I value of/ --

1---F I Component. i I 
I 

I Ii from the 

I 
F / i F / F / 

·1 
F / / years 

log F log/ logF log/ log F log/ I, log F log/ 1- log F i log/ 1850-1942. 

-
11 0·8643 I 

! 

J1t [M1] 0·9458 1·0573 0·9069 1·1027 0·8801 1 ·1362 1 ·1570 0·8584 1 ·1650 1·00490 

I 
9·9758 0·0242 9·9576 0·0424 9·9446 0·0554 1 9·9361 0·0633 9·9337 0·0663 

K1 0·9669 1 ·0342 0·9375 1·0666 0·9164 1 ·0912 I 0·9036 1·1067 0·8987 1·1127 1 ·006o9 
9·9854 0·0146 9·9720 0·0280 9·9621 0·0379 . 9·9560 0·0440 19·9536 0·0464 

; 

K, 0·9363 1 ·0681 0·8602 I ·1624 0·8055 1·2415 0·7721 1 ·2951 0·7594 1 ·3168 1 ·02421 
9·9714 0·0286 9·9346 Q'.0654 9·9061 0 ·0939 9·8877 0·1123 I 9·8805 0·1195 

I 0·97803 L, 0·9165 1·0911 07970 1 ·2547 1·1182 0·8943 2·0764 0·481-6 0·9888 1·0113 
9·9621 0·0379 9·9015 0·09~5 0·0485 9·9515 o·3173 9·6827 9·9951 0·0049 

[L,] 1·0065 0·9936 1·0185 0·9819 1 ·0285 0·9723 i 1·0354 0·9658 1·0382 0·9632 1·00033 I 
0·0028 9·997 2 0·0080 9·9920 0'0122 9·9878 0·0151 9·9849 0·0163 9·9837 

I 
M1 0·6755 1·4804 0·8786 1·1382 0·5190 1 ·9269 0·4275 2·3390 0·5572 1·7947 1 ·55050 

9·8296 0·1704 9·9438 0·0562 9·7151 0·2849 9·6310 0·3690 9·7460 0·2540 
i 

M,, MS 1·0065 0·9936 1·0185 0·9819 1 ·0285 0·9723 1·0354 0·9658 1 ·0382 0·9632 '1·00033 
0·0028 9·9972 0·0080 9·9920 0'0122 9·9878 0·0151 9·9849 '0·0163 9·9837 

Ma 1·0096 0·9904 1·0278 0·9729 I '0431 0·9587 1 ·0535 0·9492 1 ·0578 0·9454 1 ·00074 
0·0042 9·9958 0·0119 9·9881 0·0183 9·9817 0·0226 9·9774 0·0244 9·9756 

M., MN 1·0129 0·9872 1·0373 0·9641 1·0579 0·9453 1·0721 0·9328 1·0778 0·9278 . 1·00137 
0·0056 9·9944 0·0159 9·9841 0·0244 9·9756 I 

0·0302 9·9698 0·0325 9-g675 

Me 1·0195 0·9809 1·0565 0•9466 1 ·0881 0·9191 1'1100 0·9009 ' 1·1189 0·8937 1·00307 
0·0084 9·9916 0·0238 9·9762 0·0367 9·9633 I 0·0453 9·9547 I 0·0488 9·9512 

Mg 1·0260 0·9746 1·076o 0·8936 0·8701 o·86o8 I 1 ·00552 0·9294 1 ·1191 I 1'1493 1 ·1617 
0·0112 9·9888 0·0318 9·9682 0·0489 9·9511 0·06o4 9·9396 0·0651 9·9349 

N.,2 N 1 ·0065 0·9936 1·0185 0·9819 
I 

1·0285 0·9723 1·0354 0·9658 1 ·0382 0·9632 1·00033 
0·0028 9•9972 o·oo8o 9·9920 0·0122 9·9878 0·0151 9·9849 0·0163 9·9837 

01tQ1 0•9480 1·0548 0·9031 1·1073 0·8716 1·1473 0·8527 1·17 27 0·8456 1·1826 1 ·00905 
9·9768 0·0232 9·9557 0·0443 9•9403 0·0597 9·9308 0·0692 9·9272 0·0728 

00 0·8411 1·1889 0·7100 1·4084 0·6259 1 ·5976 0·5784 1 ·7290 0·5609 1·7828 1.10310 
9·9249 0·0751 9·8513 0·1487 9·7965 0·2035 I 97622 o·.z378 9·7489 0·2511 

P1t R., T. 1·0000 ·1'0000 1'0000 1·0000 1·0000 1·0000 1·0000 1·0000 1·0000 1'0000 1·00000 
o·oooo o·oooo o·oooo 0'0000 o·oooo o·oooo o·oooo o·oooo 0'0000 o·oooo 

S1, !:, 3, t 1'0000 1·0000 1·0000 1·0000 1·0000 1'0000 1·0000 1·0000 1·0000 1·0000 1·00000 
o·oooo o·oooo o·oooo o·oooo o·oooo o·oooo o·oo6o 0'0000 o·oooo o·oooo 

A~t µ., V11 1·0065 0·9936 1 ·0185 0·9819 1·0285 0·9723 1 ·0354 0·9658 1·0382 0·9632 1 ·00033 
0·0028 9·9972 0·0080 9·9920 0'0122 9·9878 0·0151 9·9849 0·0163 9·9837 

; 

MK 0·9731 1·0276 0·9548 1·0473 0·9426 1 ·0609 0·9356 1 ·0688 . 0·9330 1·0718 ! ·00428 
9·9882 0·0118 i 9·9799 0·0201 9·9743 0·0257 9·9711 0·0289 ! 9·9699 0·0301 

I 

2MK 0·9794 1·0210 I 0·9725 1·0283 0·9695 1·0315 0·9687 1 ·0323 I 0·9686 1·0324 1 ·00315 
9·9910 0·0090 i 9·9879 0·0121 9·9865 0·0135 9·9862 0·0138 : 9·9862 0·0138 

I 
2 MS 1·0129 0·9872 1·0373 0·9641 1 ·0579 0·9453 11 ·0721 0·9328 11 1 ·0778 0·9278 1 ·00137 

0·0056 9·9944 0·0159 9·9841 0·0244 9·9756 0·0302 9·9698 ' 0·0325 9·9675 

MSf, 2 SM 1·0065 0·9936 1·0185 0·9819 1·0285 0·9723 1 ·0354 0·9658 I 1 ·0382 0·9632 1·00033 
0·0028 9•9972 0·0080 9·9920 0·0122 9·9878 0·0151 9·9849 0·0163 9·9837 

Mf 0·8930 1·1198 0·8008 1 ·2488 0·7386 1 ·3539 0·7023 1·4240 0·6887 1 ·4520 1 ·04317 
9·9508 0·0492 9·9035 0·0965 9·8684 0·1316 9·8465 0·1535 9·8380 0·1620 

Mm 1 ·0248 0·9758 1·0692 0·9353 1·1083 0·9023 1 ·1360 0·8802 1 ·1475 0·8714 0·99992 
0·0106 9·9894 0·0290 9·9710 0·0447 9·9553 I 0·0554 9•9446 0·0598 9·9,02 

Sa, Ssa 1·0000 
\, 

1'0000 11·00000 1'0000 1'0000 1'0000 1'0000 1'0000 I 1·0000 1'0000 I 1·0000 
o·oooo 0'0000 0'0000 0'0000 0'0000 ,I 0'0000 ~I o·oooo 0'0000 o·oooo o·oooo 

·! ,! 
·-----···---- - -·---------· ----·--· --·----------- -- --· 
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TA,nLE 11.-Valtulll of log R' for obtaining the factor F of Lo f1·0111 that of M,. 

--
I= inclination of moon's orbit. 

}' 
; 

I 
I I I 

i 
18° i 

i9• 20° ... 
i 

... 23• 24• I 25• 26° ! 27• 2s• 29• 

--- I --·-·-·-

I ; 

0 

0·1154 I 0 0·0778 0·0889 0·1014 0·1312 0·1491 0·1696 0·1935 0·2216 0·2555 0·2976 o·3523 

5 0·0764 0·0873 0·0994 0·1131 0·1284 0·1459 0·1658 0·1888 0·2158 0·2482 0·2881 o·3393 
IO 0·0722 0·0824 0·0938 o·w64 0·1206 0·1365 0·1547 0·1754 0·1995 0·2279 0·2622 0·3047 

15 0·0656 0·0747 0·0847 0·0959 O'J083 0'1221 0·1377 0·15s2 0'17S3 0·1984 0·22ss 0·2579 
20 o·os69 0·0646 0·0731 0·0824 0·0926 0·1040 O'I 165 0·1305 0·1462 0·1639 0·1840 0·2072 
2,!; 0·0467 o·os28 0·059s 0·0668 0·0748 0·083s 0·0930 0·1035 O'IISO 0·1277 0·1418 O'lS75 

30 0·0354 0·0400 0·0448 0·0501 0·05s8 0·0620 0·0687 0·0759 0·0837 0·0922 0·1014 O'lll4 

3S 0·0236 0·026s 0·0296 0·0330 0·0366 0·0404 0·044S 0·0489 0·0536 0·0586 0·0640 0·0697 
40 0·0117 0·0130 0·0146 0·0161 0·0178 0·0196 0·0215 0·0235 0·0256 0·0278 0·0301 0·0326 

45 o·oooo o·oooo o·oooo 0'0000 0'0000 o·oooo 0'0000 o·oooo 0'0000 o·oooo 0'0000 0'0000 

50 9·9889 9·9877 9·9864 9·98so 9·9836 9·9820 9·98o5 9·9788 9·9771 9·9754 9·9736 9·9717 

SS 9·9787 9·9764 9'9739 9·9714 9·9687 9·9659 9·9631 9·9601 9·9s70 9'9S39 9·9so6 9'9473 

6o 9·9696 9•9663 9·9628 9'9593 9·9556 9·9518 9'9479 9'9439 9·9398 9'9355 9·9312 9·9267 
65 9·9616 9·9575 9·9533 9·9490 9·9445 9·9398 9·9351 9'93°2 9'92S2 9·9201 9·9149 9·9097 
70 9'9549 9·9503 9'94S4 9·9404 9'93S3 9·9300 9·9246 9'9190 9·9134 9·9077 9·9018 9·89s9 

75 9'9497 9'9445 9·9392 9'9337 9·9281 9·9223 i 9·9164 9·9104 9·9043 9·8981 9·8918 9·8854 
80 9·9459 9·9464 9·9347 9·9289 9·9229 9·9168 I 9·9106 9·9042 9·8978 9·8913 9·8846 9·8780 

85 9·9436 9'9379 9·9320 9·926o 9·9198 9·91351 9·9071 9·9006 9·8939 9·8872 9·88o4 9·8735 

90 9·9429 9·9371 9·9312 9·92so 9·9188 9·9124 9·9os9 9·8993 9·8926 9•8858 9•8790 9•8720 

9S 9·9436 9·9379 9·9320 9·926o 9·9198 9·913s 9·9071 9·9006 9·8939 9•8872 9•8804 9·873s 
100 9'9459 9•9404 9·9347 9·9289 9·9229 9·9168 9·9106 9·9042 9·8978 9·8913 9·8846 9·8780 

10s 9'9497 9'944S 9·9392 9·9337 9·9281 9·9223 9·9164 9·9104 9·9043 9·8981 9·8918 9·88S4 
110 9'9S49 9·9so3 9'94S4 9·9404 9·93s3 9·9300 9·9246 9·9190 9·9134 9·9077 9·9018 6•89s9 
IIS 9·9616 9·9s1s 9'9S33 9·9490 9·9445 9·9398 9·93s1 9·9302 9·92s2 9·9201 9·9149 9·9097 

120 9·9696 9·9663 9·9628 9·9593 9·95s6 9·9518 9·9479 9·9439 9·9398 9'93SS 9·9312 9·9267 
1125 9·9787 9·9764 9·9739 9·9714 9·9687 9·9659 9·9631 9·96o1 9·9570 9'9539 9·9so6 9'9473 
130 9·9889 9·9877 9·9864 9·9850 9·9836 9·9820 9·9805 9·9788 9'977 1 9'9754 9·9736 9·9717 

135 0'0000 0'0000 o·oooo 0'0000 o·oooo o·oooo 0'0000 0'0000 0'0000 0'0000 0'0000 0'0000 
140 0·0117 0·0130 0·0146 0·0161 0·0178 0·0196 0·021s 0·023s 0·0256 0·0278 0·0301 0·0326 

145 0·0236 0·0265 0·0296 0·0330 0·0366 0·0404 0·0445 0·0489 0·0536 o·os86 0·0640 0·0697 

ISO 0·0354 0·0400 0·0448 O'OSOI o·oss8 0·0620 0·0687 0·07s9 0·0837 0·0922 0·1014 0'1114 
155 0·0467 0·0528 O'OS95 0·0668 0·0748 0·0835 0·0930 O'IOJS 0·11so 0·1277 0·1418 0 ·1575 
160 0·0569 0·0646 0·0731 0·0824 0·0926 0·1040 0·116s 0·13os 0·1462 0·1639 0·1840 0·2072 

165 0·0656 0·0747 0·0847 0'09S9 O' 1083 ~ 0·1221 0·1377 0·1 55 2 I 0·17s3 0·1984 0·2255 0·2579 
170 0·0722 0·0824 0·0938 0·1064 0·12061 0·136s O'IS47 0·1754 I 0·1995 0·2279 0·2622 0·3047 
17s 0·0764 0·0873 0·0994 0·1131 0·1284 0'14S9 0·1658 0·18881 0·2158 0·2482 0·2881 o·3393 
18o 0·0778 0·0889 0·1014 0·1154 0·1312 0·1491 o· 1696 0·1935 0·2216 0·2sss 0·2976 o·3523 

Log F ( L2) = log F (M,) + log R', where R' = ( 
1 

_ 12 tan• 
1 ~ I cos 2 p) ( The values of l and P for the first. day 

of every month are given m Table 6. 
When P hes between 180° and 36o0 subtract 18o0 from 1t, and enter the table with the remainder. 
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TABLE 12.-Values of log Q' for obtaining tltefactor F of M, from tltat of O,. 

I 1-/' _Log Q' I p Log Q' I I' Log Q' p Log Q' p Log Q' p Log Q' 

----
0 I 0 0 0 ! 0 0 

0 9·6990 
I 

6o 9·8785 120 9·8785 180 9·6990 240 9·8785 300 9·8785 
I 9·6990 61 9·8841 121 9·8729 181 9·6990 241 9·8841 301 9·8729 
2 9·6992 62 9·8898 122 9·8673 182 9·6992 242 9·8898 302 9·8673 
3 9·6994 63 9·8955 123 9·8618 183 9·6994 243 9·8955 303 9·8618 
4 9·6998 64 9·9012 124 9·8563 184 9·6998 244 9•9012 304 9·8563 
s 9·7002 65 9·9068 125 9·8509 I 185 9·7002 245 9·go68 305 9·8509 
6 9·7008 66 9·9125 126 9·8456 186 9·7008 246 9·9125 3o6 9·8456 
7 9·7014 67 9·9181 127 9·8403 187 9·7014 247 9·9181 307 9·8403 
8 9·7022 68 9•9237 128 9·8351 188 9·7022 248 9·9237 308 9·8351 
9 9·7030 69 9•9292 129 9·8300 189 9·7030 249 9·9292 309 9•8300 

10 9·7039 70 9'9347 130 9·8249 190 9·7039 250 9'9347 310 9·8249 
II 9·7050 71 9·9400 131 9·8200 191 9·7050 251 9·9400 31I 9·8200 
12 9·7061 72 9'9453 132 9·8151 192 9:7061 252 9·9453 312 9·8151 
13 9·7074 73 9·9504 133 9·8103 193 9·7074 253 9·9504 313 9·8103 
14 9·7o87 74 9·9554 134 9·8o56 194 9·7087 254 9·9554 314 9·8o56 
15 9·7102 75 9·96o2 

I 

135 9·8o10 195 9·7102 255 9·9602 315 9·8010 
16 9·7117 76 9•9649 136 9·7965 196 9·7u7 256 9•9649 316 9·7965 
17 9·7134 77 9·9693 137 9·7921 197 9·7134 257 9·9693 317 9·7921 
18 9·7151 78 9'9735 138 6·7878 198 9·7151 258 9·9735 318 9•7878 
19 9·7170 79 9'9775 

I 
139 9·7836 199 9·7170 259 9·9775 319 9·7836 I 

20 9·7190 80 9·9812 I 140 9·7795 200 9·7190 26o 9•9812 320 9'7795 
21 9·7210 81 9·9846 I 141 9'7755 201 9·7210 261 9·9846 321 9·7755 I 
22 9·723 1 82 9·9877 I 142 9·7716 202 9·7231 262 9·9877 322 9·7716 
23 9·7254 83 9·9905 143 9·7678 203 9·7254 263 9·9905 323 9·7678 
24 9'7 277 84 9·993o 144 9·7641 204 9·7277 264 9·9930 324 9·7641 
25 9'73°2 85 9·9951 145 9•7605 205 9·7302 265 9·9951 325 9·76o5 
26 9·7328 86 9·9968 146 9·7570 206 9·7328 266 9·9968 326 9·7570 
27 9·7354 87 9·9982 

I 

147 9·7536 207 9·7354 267 9·9982 327 9·7536 
28 9·7382 88 9·9992 148 9·7503 208 9·7382 268 9·9992 328 9·7503 
29 9·7411 89 9·9998 149 9·7471 209 9·7411 269 9·9998 329 9·7471 

30 9·7441 90 10'0000 150 9·7441 210 9·7441 270 10.0000 330 9·7441 
31 9·7471 91 9·9998 I 151 9·7411 211 9·7471 271 9·9998 331 9·7411 
32 9·7503 92 9'9992 152 9·7382 212 9·7503 272 9·9992 332 9·7382 
33 9·7536 93 9·9982 153 9'7354 213 9·7536 273 9·9982 333 9·7354 
34 9·7570 94 9·9968 154 9·7328 214 9·7570 274 9·9968 334 9·7328 
35 9·7605 95 9·9951 155 9·7302 215 9·7605 275 9·9951 335 9·7302 
36 9·7641 96 9·9930 156 9·7277 216 . 9·7641 276 9·9930 336 9·7277 
37. 9·7678 I 97 9·9905 157 9·7254 217 9·7678 277 9·9905 337 9·7254 
38 9·7716 98 9·9877 158 9·7231 218 9·7716 278 9·9877 338 9·7231 
39 9·7755 

I 
99 9·9846 159 9·7210 219 9'7755 279 9·9846 339 9·7210 

40 9'7795 100 9·9812 160 9·7190 220 9·7795 28o 9·9812 340 9'7 190 
41 9·7836 IOI 9·9775 161 9·7170 221 9·7836 281 9·9775 341 9·7170 
42 9·7878 102 9'9735 162 9·7151 222 9·7878 282 9·9735 342 9·7151 
43 9·7921 103 9·9693 163 9·7134 223 9·7921 283 9·9693 343 9·7134 
44 9·7965 104 9·9649 164 9·7117 224 9·7965 284 9·9649 344 9'7117 
45 9·8010 105 9·96o2 165 9·7102 225 9·8010 285 9·9602 I 345 9·7102 
46 9·8056 106 9·9554 166 9·7087 226 9·8o56 286 9·9554 346 9·7087 
47 9·8103 107 9·9504 167 9·7074 227 9·8103 

I 
287 9·9504 347 9·7074 

48 9·8151 108 9·9453 168 9·7061 228 9·8151 288 9'9453 348 9·7061 
49 9·8200 109 9•9400 169 9·7050 229 9·8200 

I 
289 9·9400 349 9·7050 

50 9·8249 I IIO 9'9347 170 9·7039 230 9·8249 290 9·9347 350 9•7039 
51 9·8300 

I 
I II 9·9292 171 9·7030 231 9·8300 291 9·9292 351 9·7030 

52 9·8351 112 9·9237 172 9·7022 232 9·8351 292 9·9237 352 9·7022 
53 9·8403 113 9·9181 173 9·7014 233 9·8403 293 9·9181 353 9·7014 
54 9·8456 II4 9·9125 174 9·7008 234 9·8456 294 9·9125 354 9·7008 
SS 9·8509 115 9·9o68 175 9·7002 235 9·8509 295 9·9068 355 9·7002 
56 9·8563 II6 9·9012 176 9·6998 236 9·8563 296 9·9012 356 9·6998 
57 9·8618 117 9·8955 177 9·6994 237 9·8618 297 9·8955 i 357 9·6994 
58 9·8673 II8 9·8898 178 9·6992 238 9·8673 298 9·8898 358 9·6992 
59 9·8729 II9 9·8841 179 9·6990 239 9·8729 299 9•8841 I 359 9·6990 

I 

Log F (M1) = log F (01) + log Q1, where Q' = ( 
1 

P)t 2·5 + 1 ·5 cos 2 • 

The value of P for the first day of every month is given in Table 6. 
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TABLE 13.-Factors F andf, corresponding to every tenth'of a degree of I, for reduction and prediction of tides. 

- . ··-

I I 
i 

I F(J,) Dill. /(J,) Dill. I F(J,) Dill. r(J,J Diff. 
I .... ·-

0 

I 
0 

18°3 1'21005 
565 

0·82640 
389 i 

23·3 o·,99297 326 1'00708 
332 ·4 ·20440 ·83029 '4 ·98971 ·01040 

·5 ·19882 558 ·83416 387 ·5 ·98648 323 ·01370 330 
·6 ·19330 552 ·83801 385 ·6 ·98329 319 ·01700 33° 

546 385 317 328 
·7 ·18784 

539 
·84186 

384 ·7 ·98o12 
313 

·02028 
327 ·8 ·18245 ·84570 ·8 ·97699 "02355 

533 383 310 326 
18·9 ·17712 

527 ·84953 382 23·9 ·97389 306 
·02681 

324 
19·0 ·17185 520 ·85335 381 24·0 ·97083 

304 -"03005 323 
'I ·16665 ·85716 'I ·96779 ·03328 
·2 ·16151 514 ·86095 379 '2 ·96479 300 ·03650 322 

'3 ·15642 509 ·86474 379 '3 ·96181 298 ·03970 320 

'4 ·15139 503 ·86851 377 ·4 ·95886 295 ·04290 320 
497 377 291 318 

19·5 ·14642 
491 

·87228 
375 

24·5 ·95595 288 ·046o8 316 ·6 ·14151 486 ·876o3 
375 

·6 ·95307 286 ·04924 316 
·7 ·13665 ·87978 ·7 ·95021 ·05240 
·8 ·13185 48o ·88351 373 ·8 ·94738 283 

·o5554 314 
475 372 280 313 19·9 ·12710 
470 

·88723 
372 

24·9 ·94458 277 ·05867 312 

20'0 ·12240 
464 ·89095 370 

25·0 ·94181 275 
·o6179 

. I . 11776 ·89465 . I ·93~ ·06489 310 

'2 ·11317 459 ·89834 369 '2 ·93634 
272 

·06798 309 
454 368 269 308 

·3 . 10863 
449 

·90202 366 ·3 ·93365 266 ·07106 306 
'4 ·10414 

444 
·90568 366 ·4 ·93099 264 ·07412 

305 

20·5 ·09970 
439 

·90934 365 
25'5 ·92835 261 ·07717 304 ·6 ·09531 ·91299 ·6 ·92574 258 ·08021 

·7 ·09096 435 ·91662 363 ·7 ·92316 ·08324 3°3 
·8 ·08667 429 ·92024 362 ·8 ·92o60 256 

·08625 301 
425 362 254 300 20·9 ·08242 420 ·92386 36o 25·9 ·91806 251 ·08925 298 

21'0 ·07822 416 ·92746 
359 

26·0 ·91555 248 ·09223 298 . I ·07406 ·93105 ·1 ·51307 ·09521 
'2 ·06995 411 ·93463 358 ·2 ·91061 246 

·09817 296 
: 407 356 244 294 ·3 ·06588 ·93819 ·3 ·90817 "IOI II 

'4 ·06185 403 ·94175 356 ·4 ·90576 
241 

·10404 293 
398 354 239 292 

21 ·5 ·05787 
394 

·94529 
354 

26·5 ·90337 236 ·10696 291 ·6 ·05393 389 ·94883 
352 ·6 ·90101 234 ·10987 289 ·7 ·05004 386 '95 235. 351 

·7 ·89867 232 'II276 288 ·8 ·04618 
381 ·95586 350 

·8 ·89635 230 ·11564 286 
21·9 ·04237 

378 ·95936 348 
26·9 ·89405 227 ·11850 285 

22·0 ·03859 ·96284 
348 

27"0 ·89178 225 ·12135 284 
'l ·03486 373 ·96632 'l ·88953 ·12419 
'2 ·03116 370 ·96978 346 ·2 ·88730 223 ·12701 282 

365 345 220 281 
'3 ·02751 362 ·97323 

344 
'3 ·88510 

219 
·12982 280 

·4 ·02389 358· •97667 
343 

·4 ·88291 216 ·13262 278 

22·5 ·02031 
354 

·98010 
341 27"5 ·88075 214 ·13540 277 ·6 ·01677 ·9835 I ·6 ·87861 ·13817 

·7 ·01326 351 ·98692 341 '7 ·87648 213 ·14092 275 
·8 ·00979 347 ·99031 339 ·8 ·87438 

210 ·14366 274 
22·9 ·00636 343 ·99369 338 27"9 ·87230 208 

·14639 273 
340 336 205 271 

23·0 1·00296 0·99705 336 
28·0 ·87025 ·14910 

'I 0·99959 337 1·00041 ·1 ·86821 204 ·15180 270 

'2 ·99626 333 ·00375 334 ·2 ·86619 202 
·15448 

268 

23·3 0·99297 329 1·00708 333 ·3 ·86419 
200 

·15715 267 
326 332 198 266 ·4 ·86221 

196 ·15981 264 ·5 ·86025 ·16245 
28·6 0·85831 194 I •16508 263 

sin"' cos"' (I -j sin ~i) 0·72147 
F= 1/f= - sin icos _I __ = sin 2I · 

F(J1) = Ffor lunar K1• 

f(J1 ) =/for lunar K 1• 

I is given for the first of each month in Table 6. 
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TABLE 13.-Factors l!'andf, oorreapondi11g to eve1·y tenth. of a degree of I, for reduction a11d prediotion of tidea-Continued. 

·-~-----

I I .F(K1) Diff . 
' 

0 

18·3 1·13450 
·4 ·13142 308 

·5 ·12835 307 
·6 ·12530 3°5 
·7 ·12227 303 
·8 ·11926 301 

18·9 ·11627 299 
z98 

19·0 ·11329 I 296 
'I i ·11033 
·2 ·10739 294 

292 
'3 ·10447 291 ·4 ·10156 289 

19·5 ·09867 i 
288 ·6 ·09579 286 

·7 ·09293 284 ·8 ·09009 282 
19·9 ·08727 281 

20'0 i ·08446 280 ·1 ! ·08166 
277 ·2 ·07889 276 

·3 ·07613 
'4 ·073;i9 274 

I 
272 

20·5 ·07067 I 

·6 ·o6796 I 
271 
269 ·7 ·06527 268 ·8 ·06259 267 20·9 ·05992 265 

21·0 •05727 263 ·1 ·05464 261 ·2 ·05203 26o 
·3 ·04943 258 ·4 ·04685 256 

21 ·5 ·04429 
·6 ·04174 255 

·7 ·03920 254 

·8 ·03668 252 

21·9 ·03417 251 
249 

22·0 ·03168 
·1 ·02921 247 
·2 ·02676 245 

·3 ·02432 244 

·4 ·02189 243 
241 

22·5 ·01948 
239 ·6 ·01709 

·7 ·01471 238 

·8 ·01234 237 

22·9 ·00998 236 
234 

23·0 ·00764 
· 1 ·00532 232 
·~ ·00302 230 

23·3 1·00073 229 
228 

!~~~---1 Diff. 

0·88145 
•88385 240 

·88626 241 

·88866 240 

·89106 240 

·89345 
I 

239 

·89585 
240 

I 239 
I ·89824 

I 
240 ·90064 

·90304 
240 
339 ·90543 238 ·90781 238 

I 
·91019 I ·91258 239 

I 
239 ·91497 238 

·91735 239 ·91974 238 

·92212 I 239 ·92451 

I 
238 ·92689 238 •92927 

·93164 237 
236 

·93400 
·93637 237 

237 ·93874 237 ·94111 236 
·94347 236 

·94583 236 ·94819 235 ·95054 235 ·95289 235 ·95524 235 

·95759 
·95994 

235 
·96228 234 

·96462 234 

·96696 234 
233 

·96929 
·97162 233 

·97394 
232 

·97626 I 232 

·97858 i 
232 
231_ 

·98089 231 ·08320 
·98551 231 

·98781 230 

·99011 230 
230 

·99241 
·99470 

229 

·99698 
228 

0·99927 
229 
228 

I 

-1-: 
i 23"3 

·4 
·5 
·6 
·7 
·8 

23·9 

24·0 
·1 
·2 
·3 
·4 

24·5 
·6 
·7 
·8 

24·9 

25·0 
·1 
·2 
·3 
·4 

25·5 
·6 
·7 
·8 

25·9 

26·0 
·1 
·2 
·3 

i 
·4 

' 26·5 
·6 
·7 
·8 

26·9 

27"0 
·1 
·2 
·3 
·4 

27·5 
·6 
·7 
·8 

27·9 

28·0 
· 1 
·2 
·3 
·4 
·5 

28·6 

1·00073 
0·99845 

·99619 
·99395 
·99172 
·98950 
·98729 

·98510 
·98293 
·98077 
·97862 
·97648 

·97435 
·97225 
·97016 
·96808 
·96601 

·96396 
·96193 
·95991 
·95790 
·95590 

·95391 
·95194 
·94999 
·94805 
·94612 

·94419 
·94228 
·94039 
·93851 
·93664 

·93479 
0 93 295 

' ·93112 
·92930 
·92749 

·92570 
·92392 
·92216 
·92041 
·91867 

·91693 
·91521 
·91351 
·91181 
·91013 

·90846 
·90680 
·90515 
·90352 
·90190 
·90028 

0·89868 

I 1·05628 
F= 

1 f = (sin• 2 I+ 0·66962 cos Y sin 2 T+ 6·11210H · 

Iis given for the first of each month in Table 6. 

Diff 

22 
22 
22 
22 
22 
22 
21 

8 
6 
4 
3 
2 
I 

9 

7 
6 
5 

21 
21 
21 
21 
21 

4 
3 

0 21 
209 
20 
20 
20 

8 
7 
5 

3 
2 
I 

20 
20 
20 
200 
19 

19 
I~ 

19 
19 
19 

9 

7 
5 
4 
3 
3 

19 
18 
18 
18 
18 

I 

9 
8 
7 
5 

18 
18 
18 
18 
17 

17 
17 
17 
17 
17 

17 
17 
17 
16 
16 

4 
3 
2 
l 

9 

8 
6 
5 
4 
4 

2 
0 
0 
8 
7 

6 
5 
3 
2 
2 

16 
16 
16 
16 
16 
16o 

I 

I 
' 

/(K,) Diff. 

0·99927 228 
1·00155 228 

·00383 227 ·00610 
·00836 226 

·01062 226 

·01287 225 
225 

·01512 225 
·01737 224 ·01961 
·02185 224 

224 ·02409 223 

·02632 222 
·02854 222 
·03076 

221 
·03297 221 
·03518 220 

·03738 220 
·03958 
·04177 219 

·04396 219 
218 

·04614 218 

·04832 217 ·05049 216 
·05265 216 
·05481 
·05696 215 

215 

·05911 214 ·06125 
·06338 213 

·06551 213 

·06764 213 
212 

·06976 211 ·07187 
·07398 

211 

·076o8 210 

·07817 209 
209 

·08026 208 
·08234 207 ·08441 2o6 ·08647 
·08853 

206 
206 

·09059 205 ·09264 
·09468 204 

·09672 204 

·09875 203 
202 

·10077 201 
·10278 200 
·10478 
·10678 

200 

·10878 
200 

I 
199 ·11077 198 1·11275 
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TABLE 18.-Factorr F and f, corresponding to every tenth of a degree of I, for reduction and prediction of tides-Con tinned. 

I F(Ko) Diff. /(K,) Diff. I F(K1) Diff. /(K1) Diff. 

-
0 0 

18·3 1 ·33821 652 0·74732 363 
23·3 1·02291 

578 
0·97760 

556 
'4 ·33169 651 ·75095 367 

·4 ' ·01713 
576 

·98316 56o 
·5 ·32518 652 ·75462 372 

·5 ·01137 
572 

·98876 563 ·6 ·31866 ·75834 ·6 ·00565 0·99439 652 377 569 566 
·7 ·31214 652 

·76211 381 ·7 0·99996 567 
1·00005 

570 ·8 ·30562 ·76592 ·8 ·99429 ·00575 
652 385 564 573 18·9 ·29910 653 ·76977 388 23·9 ·98865 561 

·01148 
577 

19·0 ·29257 653 ·77365 392 
24·0 ·98304 

558 
·01725 

58o 
·1 ·286a.j. ·77757 

I 
·1 ·97746 ·02305 

·2 ·27951 653 ·78154 397 ·2 ·97192 554 ·02888 583 

·3 ·27298 653 ·78555 
401 ·3 ·96641 551 ·o34ff 587 

'4 ·26645 653 ·7896o 4°5 ·4 ·96093 548 ·04065 590 
652 409 545 594 

19·5 ·25993 652 ·79369 412 24·5 ·95548 542 
•04659 

597 ·6 ·25341 ·79781 ·6 ·95006 ·05256 
·7 ·24690 651 ·80198 417 ·7 ·94467 539 ·05856 6oo 

·8 ·24039 651 ·80619 421 ·8 ·93932 535 ·06460 6o4 
650 425 532 607 

19·9 ·23389 649 
'8!044 429 24·9 ·93400 

529 
·07o67 610 

20·0 ·22740 648 ·81473 25·0 ·92871 526 ·07677 613 
· 1 ·22092 ·81905 432 ·1 ·92345 ·08290 

·21445 647 ·82341 436 ·91822 523 ·08906 
616 

·2 646 
·2 520 620 

·3 ·20799 ·82781 440 ·3 ·91302. ·09526 
645 445 516 623 

·4 ·20154 644 
·83226 

449 
·4 ·90786 513 'IQ149 626 

20·5 ·19510 642 ·83675 452 
25·5 ·90273 510 ·10775 629 

·6 ·18868 
641 

·84127 
456 

·6 ·89763 507 
·11404 

633 
·7 ·18227 

639 
·84583 460 ·7 ·89256 504 ·12037 636 

·8 ·17588 638 ·85043 464 
·8 ·88752 500 ·12673 

639 
20·9 ·10950 

637 
·85507 468 25 ·9 ·88252 

497 
·13312 642 

21·0 ·16313 
634 ·85975 26·0 ·87755 494 ·13954 645 

. I ·15679 ·86446 471 ·1 ·87261 ' 14599 
I ·2 ·15047 632 ·86921 475 ·2 ·86770 491 ·15247 648 

·3 ·14417 630 ·87400 479 ·3 ·86282 488 ·15898 651 
629 483 484 654 

·4 ·13788 627 
·87883 

487 
·4 ·85798 481 ·16552 658 

21·5 ·13161 625 ·88370 
490 

26·5 ·85317 478 
·17210 660 

·6 ·12536 622 
·88860 ·6 ·84839 475 

·17870 663 
·7 · 11914 ·89354 494 ·7 ·84364 ·18533 

620 498 472 666 
·8 ·11294 618 ·89852 502 

·8 ·83892 468 ·19199 670 
21·9 ·1o676 616 ·90354 5o6 26·9 ·83424 465 

·19869 673 

22·0 ·1006o 
613 

·90860 
509 

27'0 ·82959 462 ·20542 
075 

. I ·09447 ·91369 'I ·82497 ·21217 
·08837 

610 ·91882 513 ·2 ·82038 459 ·21895 678 
·2 608 516 456 681 

·08229 ·92398 I ·81582 ·22576 ·3 606 520 I 
·3 453 684 

·4 ·07623 6o4 
·92918 524 '4 ·81129 450 

·23260 688 

22·5 ·07019 601 ·93442 527 
27·5 ·8o679 

447 
·23948 690 

·6 ·06418 ·93969 ·6 ·80232 ·24638 
·7 ·05820 598 ·94500 531 ·7 ·79788 444 ·25331 693 

·8 ·05225 595 ·95034 534 I ;8 ·79348 440 
I ·26026· 695 

22·9 ·04633 592 ·95572 538 27·9 ·78911 437 ·26724 698 

59° 542 434 701 

23·0 ·04043 ·96114 ! 28·0 ·78477 ·27425 
·1 ·03456 587 ·96659 545 'I ·78046 431. ·28129 704 

·2 ·02872 584 ·97208 549 ·2 ·77618 428 ·28836 707 

23·3 1·02291 581 0·9776o 55 2 
·3 ·77193 425 ·29546 

710 
578 

I 556 422 713 

I 
·4 ·76771 ·30259 

I 
·5 ·7635 I 420 ·30974 715 

28·6 0·75934 417 I ·31692 718 

F= 1 = 0•22915. • 
If (sin•/+ o· 14527 cos 2 r sm •I+ 0·00528)t 

J is given for the first of each month m Table 6. 
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TABLE 18.-Factol'B F and f, corresponding to IJVery tenth of a degree of I, for reduc~ion and prediction of tides-Continued. 

I Ftor lunar K 2 Diff. /for lunar K1 DUI. I Ffor lunar K1 Di ff. / for lunar K 1 DUI. 

--··· .. 

0 0 

18·3 1·58749 1661 0·62992 666 23·3 1 ·00037 Sos 0·99963 811 
·4 ·57088 1634 ·63658 670 ·4 0·99232 796 1·00774 814 
·5 ·55454 ·64328 ·5 ·98436 ·01588 
·6 ·53845 

16o9 ·65000 672 ·6 •976s1 785 ·02405 817 
1583 676 77S 820 

·7 ·52262 
1557 

·65676 679 
·7 ·96876 766 ·03225 822 

·8 ·50705 1533 
·66355 682 ·8 ·96110 756 ·04047 825 

18·9 •49172 1509 ·67037 685 23·9 '953S4 746 
·04872 827 

19·0 . ·47663 1485 
·67722 688 24·0 •94608 

737 
·05699 830 

'I ·46178 ·68410 'I ·93871 ·o6529 
'2 ·44716 1462 ·6g101 691 ·2 ·93143 

728 ·07362 833 

'3 ·43276 1440 ·69795 694 ·3 ·92424 719 ·08197 835 

'4 I ·418s9 1417 ·70493 
698 '4 ·91714 

710 
'09°3S 

838 
1395 700 701 840 

19·5 ·40464 
1374 ·71193 703 24·5 ·91013 693 ·09875 843 ·6 ·39090 13S3 

·71896 706 
·6 ·90320 685 

·10718 
845 

·7 ·37737 1333 
·72602 

710 ·7 ·89635 676 ·n563 848 
·8 ·36404 1313 ·73312 712 

·8 •88959 668 ·12411 851 
19·9 ·35091 1292 ·74024 71s 

24·9 ·88291 66o ·13262 
8s3 

20'0 ·33799 1274 ·74739 718 2s·o ·87631 6s2 ·14115 
855 ·1 ·32525 ·75457 'I ·86979 •14970 

·2 ·31270 125s ·76179 722 ·2 ·86335 644 ·1s828 858 

·3 ·30034 
1236 

·76903 724 '3 ·85698 637 ·16689 861 

·4 ·28816 1218 
•77630 727 ·4 . ·85o69 629 ·17s52 863 

1200 730 622 865 

20·5 ·27616 1183 ·78360 
733 

25·5 ·84447 614 ·18417 868 
·6 ·26433 ·79093 ·6 ·83833 ·19285 
·7 ·25267 

1i66 
·79829 736 ·7 ·83226 6o7 ·20155 870 

·8 ·24118 1149 ·So598 739 ·8 ·82626 6oo ·21028 873 

20·9 ·22986 ll32 ·81310 742 2s·9 ·82032 S94 ·21903 87s 
1116 745 586 878 

21'0 ·21870 1100 ·82055 
747 

26·0 ·81446 
579 

·22781 8So 
'I ·20770 1085 

·82802 
751 · 1 ·8o867 

S73 
·23661 882 

·2 ·19685 1070 ·83S53 
753 

·2 ·So294 567 ·24543 884 
·3 ·18615 1054 ·843o6 

756 ·3 ·79727 56o ·25427 887 
·4 ·17561 1040 

·85062 
759 

·4 ·79167 
SSS 

·26314 890 

21·s · 16521 102s 
·85821 762 26·5 ·78614 

547 
·27204 892 

·6 ·15496 ·86S83 ·6 ·78067 ·28096 
·7 ·14484 

1012 
·87348 765 ·7 ·77526 541 ·28990 894 

·8 ·13487 997 ·88116 768 ·8 ·76991 S3S ·29886 896 

21·9 ·12503 984 ·88886 770 26·9 ·76462 s29 ·3078s 899 
970 773 S24 901 

22'0 ·11533 
957 

·896s9 776 
27'0 ·75938 s17 

·31686 
'l ·1os76 ·90435 'l ·75421 ·32s89 903 
·2 ·09632 944 ·91214 779 '2 ·74909 512 '3349S 900 
'3 ·08701 931 ·91996 782 ·3 ·74403 5o6 ·34403 908 

'4 ·07782 919 ·927So 784 '4 ·73903 
500 ·35313 

910 
907 787 49S 912 

22·s ·o6875 895 •93567 
790 

27'5 ·73408 
490 

·36225 
91s ·6 ·05980 883 '943S7 793 

6 ·72918 
484 

•37140 916 
·7 ·05097 ·9s150 ·7 '72434 ·3So56 
·8 ·04226 871 

'9S94S 795 ·8 ·719s5 479 ·3Sg7s 919 

22·9 ·03366 86o 
·96743 798 27·9 ·71481 474 ·39896 921 

848 Sol 468 924 

23·0 ·02518 838 '97S44 804 
28·0 ·71013 464 

•4o820 926 
'I ·01680 827 ·98348 So6 'l ·70549 

4S9 
·41746 927. 

·2 ·oo853 816 ·99154 So9 
·2 ·70090 

454 
·42673 930 

23'3 1·00037 0·99963 ·3 ·69636 •436o3 8os 811 
·4 ·69187 449 ·44535 932 

·s ·68743 444 ·45469 934 

I 28·6 0·68303 440 1·464o6 937 

F= I//= sin•"' (1 - i sin• i) = 0·156s1. 
sin• I sin• I 

J is given for the first of each month in Table 6. 

S. Ex. 81 pt. 2-16 
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TABLE 13.-FaotorB F andf, corruponding to tJVery tentk of a dl!(Jr66 of I, for reductio?i and prediction of tides-Continued . 

I 

0 

18·3 
·4 
·s 
·6 
·7 
·8 

18·9 

19·0 
·1 
·2 
'3 
•4 

19·s 
·6 
·7 
·8 

19·9 

20·0 
·1 
·2 
·3 
'4 

20·5 
·6 
·7 
•8 

20·9 

21·0 
'I 
'2 
'3 
·4 

21·s 
·6 
·7 
·8 

21·9 

22·0 
·1 
·2 
·3 
·4 

22·s 
·6 
·7 
·8 

22·9 

23·0 
• 1 
·2 

23·3 

. 
F(Ms) Dill. 

0·96349 S4 ·96403 
·964s8 SS 
·96s13 SS 
·96S68 SS 
·96624 S6 

s6 ·9668o 
s6 

·96736 S7 ·96793 
·968so S7 
•96907 S7 

s8 ·9696S s8 

·97023 S8 ·97081 
·97140 S9 

S9 ·97199 6o 
·972s9 59 
·97318 6o 
·97378 61 
·97439 61 
·97soo 61 
·97s61 61 

·97622 62 
·97684 62 
·97746 63 ·978og 62 
·97871 64 

·9793S 63 ·97998 64 ·98o62 64 ·98126 6S ·98191 6S 

•982s6 6S ·98321 66 
·98387 66 
·98453 66 
·98s19 67 

·98S86 67 ·986s3 
•98720 67 

68 ·98788 68 •988S6 69' 

·9892s 69 ·98994 69 •99063 69 ·99132 70 ·99202 71 

•99273 
•99343 70 

·99414 71 

0·99486 72 
72 

/(Ms) Diff. I F(M2) 

0 

1·0378g S8 
23·3 0·99486 

·03731 ·4 "99SS8 
·03672 S9 ·s ·99630 
·03613 S9 ·6 ·99702 
"03SS4 S9 ·7 "9977S 6o ·8 ·99848 ·03494 6o 
·03434 6o 23·9 ·99922 

·03374 61 24·0 0·99996 
·03313 ·1 1°00070 
·032s2 61 ·2 ·00145 
·03191 

61 ·3 ·00220 
61 ·03130 62 ·4 ·00296 

·03o68 62 24·s ·00372 
·03oo6 ·6 ·00448 
·02944 

62 ·7 ·oos2s 
63 ·02881 62 ·8 ·006o2 

·02819 63 24·9 ·oo679 

·027s6 64 
2s·o ·007s7 

·02692 63 
·1 ·0083s 

·02629 64 
·2 ·00914 

·02s6s 6S ·3 ·00992 
·02soo 64 

·4 ·01072 

·02436 6S 2s·5 ·ous2 
·02371 6S ·6 ·01232 
·02306 6S ·7 ·01312 
·02241 66 ·8 ·01393 
·0217s 66 2s·9 ·01474 

·02109 66 26·0 ·01ss6 
·02043 67 

• l ·01638 
·01976 66 ·2 ·01720 
·01910 67 ·3 ·018o3 
·01843 68 ·4 ·01886 

'01775 67 26·s ·01970 
·01708 68 ·6 ·02os4 
·01640 68 ·7 ·02138 
·01572 69 

·8 ·02223 
·01so3 68 26·9 ·02308 

'0143S 69 2ro ·o2394 
·01366 ·1 ·0248o 
·01296 70 ·02s66 

69 
·2 

·01227 70 ·3 ·026s3 
·011s7 70 

·4 ·02740 

·01087 70 2rs ·02828 
·01017 ·6 ·02916 

71 . ·00946 71 ·7 ·0300s 
·0087s ·8 ·o3093 

71 ·008o4 71 27"9 ·03183 

·00733 72 
28·0 ·03272 

·00661 ·1 ·o3363 
·00589 72 '2 ·034s3 

1·00517 72 '3 ·03s44 
73 ·4 ·o363s 

·s ·03727 
28·6 1·03819 

F=i//=cos• t w cos• t i_()~91s~. 
cos• t I cos• t I 

Di ff. /(Ms) 

72 1 ·oos17 
·00444 72 ·00372 72 ·00299 

73 ·0022s 
73 ·001s2 
74 
74 

·00078 

74 
1"00004 
0·99930 7S •998SS 7S ·9978o 76 

76 •9970s 

76 ·99630 
'99SS4 77 ·99478 77 

77 ·99402 

78 ·99326 

78 ·99249 

79 ·99172 

78 "9909S 
8o ·99017 
8o ·98940 

8o ·98862 

8o ·98783 
81 ·9870s 
81 ·98626 
82 ·98s47 

82 ·98468 
82 ·98389 

83 ·98309 
83 ·98229 

84 ·98148 

84 ·98o68 

84 ·97987 

85 ·97906 

8S •9782s 
86 ·97744 

86 ·97662 
86 ·97580 

·97498 87 
87 ·9741s 
88 ·97333 

88 ·972so 
I ·97167 89 

88 ·97083 
•96999 90 

89 ·9691s 

91 ·96831 
·96747 go ·96662 91 ·96s77 91 •96492 92 

92 ·96407 
0·96321 

F(M.) = F(N•) = F(2 N) = F(MS) = F(2 SM)= F(MSf) = F(:I.•) = F(!'i) = F(v,). 
/ (M•) =f (N,) =/(2 N) =/(MS) =/(2 SM)=/ (MSf) =/(i...) =/(µ9) =/ (v,). 

I is given for the first of each month in Table 6. 

Di1I. 

73 
72 
73 
74 
73 
74 
74 

. 74 
7S 
7S 
7S 
7S 

76 
76 
76 
76 
77 

77 
77 
78 
77 
78 

79 
78 
79 
79 
79 

79 
8o 
So 
81 
8o 

81 
81 
81 
81 
82 

82 
82 
83 
82 
83 

83 
84 
84 
84 
84 

84 
8S 
85 
85 
ss 
86 
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TABI.E 13.-Faotora F and f, oorruponding to every tenth of a degree of I, for reduction and prediction of tiqea-Continued. 

I F(O,) DUI. /(0,) Diff. I F(O,) Dill. /(0,) Diff. 

-· 

0 0 

18·3 1°24178 617 0·8o529 403 23·3 1·00166 
368 0·99834 368 

·4 ·23561 610 ·8o932 402 ·4 0·99798 
364 

1·00202 
368 

·5 ·22951 6o3 ·81334 400 ·5 '99434 362 ·00570 
367 ·6 ·22348 ·81734 ·6 ·99072 ·00937 

·7 ·21752 596 ·82134 400 ·7 ·98714 358 ·01303 366 

·8 ·21162 590 ·82534 400 ·8 ·9836o 354 ·01668 365 

18°9 ·20579 583 ·82933 399 23·9 ·98oo8 352 ·02033 365 
576 398 348 363 

19·0 ·20003 570 ·83331 398 
24·0 ·9766o 

345 
·02396 

363 
· 1 ·19433 ·83729 'I ·97315 ·02759 
·2 ·18869 564 ·84126 397 ·2 ·96973 342 ·03122 363 

·3 ·18311 558 •84523 397 ·3 ·96634 339 ·03483 361 
552 396 336 361 

'4 ·17759 
545 

·84919 
395 

·4 •96298 
332 

·03844 36o 

19'5 ·17214 
540 

·85314 
394 

24'5 ·95966 330 
·04204 

359 ·6 ·16674 
SJ~ 

·857o8 
394 

·6 •95636 327 
·04563 358 

·7 · 16141 52 
·86102 

394 
·7 ·95309 323 

·04921 
358 ·8 ·15613 ·86496 ·8 ·94986 '05279 

19'9 ·15090 523 ·86888 392 24•9 ·94665 321 ·05636 357 
517 392 318 356 

20'0 ·14573 511 
·8728o 

392 
25·0 '94347 316 ·05992 

355 ·1 ·14o62 ·87672 ·1 ·84031 ·06347 
'2 ·13556 5o6 ·88062 390 ·2 •93719 

312 ·06702 355 

·3 ·13055 501 ·88452 390 ·3 ·93409 
310 ·07056 354 

·4 ·1256o 495 ·88842 390 ·4 ·93102 307 ·07409 353 
491 388 304 352 

20·5 ·12069 
485 

·89230 388 25·5 ·92798 301 ·07761 
351 ·6 ·11584 ·89618 ·6 ·92497 ·08112 

'7 ·11104 48o ·90006 388 ·7 ·92198 299 ·08463 351 
475 387 296 349 ·8 ·10629 
471 

·90393 386 
·8 ·91902 ·08812 

20·9 'IOl58 ·90779 25·9 ·91608 294 ·09161 349 
465 385 292 348 

21·0 ·09693 461 ·91164 
385 

26·0 ·91316 289 ·09509 348 ·1 ·09232 ·91549 •1 ·01027 ·09857 
·08775 457 •91933 384 '2 ·90741 

286 ·10203 346 
'2 451 383 283 346 
·3 ·08324 

447 
·92316 

383 
·3 ·90458 282 ·10549 . 345 

'4 ·07877 
443 

•92699 382 ·4 ·90176 279 
·10894 

344 

21·5 ·07434 438 
·93081 381 26·5 ·89897 276 ·11238 

343 ·6 ·o6996 ·93462 ·6 ·89621. ·11581 
·7 ·06562 434 ·93842 38o ·7 ·89347 274 ·11924 343 

·8 ·06132 430 •94222 380 ·8 ·89075 
272 ·12266 342 

21·9 ·05707 425 ·946o1 379 26·9 ·888o5 270 ·126o6 340 
421 379 267 340 

22'0 ·05286 
417 

·9498o 
377 

27'0 ·88538 265 '12946 
'I ·04869 ·95357 'I ·88273 ·13285 339 
·2 ·04456 413 ·95734 377 '2 ·88o10 263 ·13624 339 

·3 ·04047 409 ·96111 377 '3 ·87749 
261 ·13961 337 

·4 ·03642 405 ·96486 375 '4 ·87491 258 ·142c;,8 337 
401 375 256 336 

22·5 ·03241 
398 

·96861 
374 

27'5 ·87235 
254 

·14634 
335 ·6 ·02843 ·97235 ·6 ·86981 ·14969 

·7 ·02450 393 ·97609 374 ·7 ·86728 253 ·153o3 334 
·8 ·0206o 390 •97981 372 ·8 ·86478 250 ·15636 333· 

22·9 ·01674 386 ·98353 372 27'9 ·86230 248 ·15968 332 
382 371 245 332 

23·0 ·01292 
379 

·98724 371 
28·0 ·85985 ·16300 

·1 ·0091~ ·99095 'I ·85741 244 ·16631 331 

'2 ·0053 375 ·99465 370 '2 ·85499 
242 · 16961 33°, 

23'3 1·00166 372 0·99834 369 ·3 ·85259 240 ·17290 329 
368 368 ·4 ·85021 238 ·17618 328 

I 
·5 ·84785 236 ·17945 327 

28·6 0·84551 234 1·18271 326 

F /. sin c.i cos• i c.i cos4 ii 0·38oo5 
= 1 'f = sin I cos• t I =sin I cos9 i l 

F(01) =F(Q1) = F(M 1) ....;- Q1• 

f(O,) = .f(Q,) = ./(M1) X Q'. 

Iis given for the first of each month in Table 6. 
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TABLE 13.-FactorB F andf, oorreaponding to evei·y tenth of a degree of I, for reduction and prediction of tidea-Continued. 

J F(OO) Diff. 

0 

18·3 2·o6270 
3289 ·4 2·02981 3218 ·5 I ·99763 3149 ·6 ·96614 3082 ·7 ·93532 

·8 ·90515 3017 

18·9 ·87561 2954 
2892 

19·0 ·84669 2832 ·1 ·81837 2774 '2 ·79o63 2717 
'3 ·76346 2662 
·4 •73684 26o7 

19·5 ·71077 2555 ·6 ·68522 2503 
·7 ·66019 

2454 ·8 ·63565 2404 
19·9 ·61161 

2357 

20'0 ·58804 2310 ·1 ·56494 
·2 ·54229 

2265 

·52008 
2221 

·3 2178 
'4 •49830 2135 

20·5 ·47695 2095 ·6 ·45600 2055 ·7 ·43545 2015 ·8 ·41530 
·39553 

1977 20·9 1940 

21'0 ·37613 1904 ·1 ·35709 1868 ·2 ·33841 1833 ·3 ·32008 
·4 ·30209 1799 

1766 

21·5 ·28443 1734 ·6 ·26709 1702 
·7 ·25007 1672 ·8 ·23335 1641 21·9 ·21694 1611 

22'0• ·20083 
1583 ·1 ·18500 

·2 ·16946 1554 
1527 ·3 ·15419 

'4 ·13919 1500 
1473 

22·5 ·12446 
1448 ·6 ·10998 1422 ·7 ·09576 1398 ·8 ·08178 
1374 22·9 ·o6804 
1350 

23·0 ·05454 1326 
· 1 ·04128 
·2 ·02823 1305 

1281 
23·3 I ·01542 1261 

/(00) Diff. I F(OO) 

0 

0·48482 784 23·3 1•01542 
·49226 ·4 1·00281 

793 ·50059 8o2 ·5 0·99042 
·50861 810 

·6 ·97824 
·51671 '7 ·96626 
·52489 

818 ·8 ·95448 
·53316 

827 23·9 ·94289 
835 

·54151 843 
24·0 ·93150 

·54994 ·1 ·92029 
852 

·55846 ·2 ·90927 861 
·56707 869 ·3 ·89842 
·57576 877 

·4 ·88775 

·58453 886 24·5 ·87726 
·59339 ·6 ·86693 

895 ·6o234 
904 

·7 ·85677 
·61138 ·8 ·84677 

912 ·62050 921 24•9 ·83693 

·62971 
929 

25·0 ·82724 
·63900 ·1 ·81771 
·64839 939 ·2 ·80832 
·65786 947 ·3 ·79909 

956 ·66742 
965 

•4 ·78999 

·67707 
974 

25·5 ·78104 
·68681 

983 
·6 ·77223 

·69664 
992 ·7 76355 

·70656 ·8 ·75501 
·71658 

1002 
25·9 ·74659 1010 

·72668 1019 26·0 ·73830 
·73687 1028 'I ·73014 
·74715 1038 ·2 ·72210 
·75753 ·3 ·71419 
·768oo 1047 ·4 ·70639 1056 

·77856 1o65 26·5 ·69871 
·78921 1075 

·6 •69114 
·79996 J084 ·7 ·68368 
·8108o 

1093 
·8 ·67634 

·82173 1103 26·9 ·66910 

·83276 27'0 ·66197 
·84388 

1112 ·1 ·65494 
·855w 

1122 
'2 ·648o1 

1131 ·86641 '3 ·64119 
·87782 1141 ·4 ·63446 1150 

·88932 116o 27·5 ·62783 
·6 ·62129 ·90092 1169 ·91261 

1179 
·7 ·61485 

·92440 ·8' ·60850 
1189 ·93629 1199 

27'9 ·6o224 

·94828 1208 
28·0 ·596o7 

·96036 'l ·58998 
·97254 

1218 ·2 ·58398 1228 
0·98482 1237 

·3 

I 
·578o6 

·4 ·57223 
·5 ·56647 

28·6 0·5608o 
i -

sin{,) sin2 t {,)cos• ii 0·01638 
F= 1//= sin I sin2 t I =sin .I sin• t I 

I is given for the first of each month in Table 6. 

Diff. /(00) Di ff. 

-··-. ·------

1261 0•98482 1237 0·99719 1239 1248 
1218 1·00967 1258 
1198 ·02225 1267 

·03492 1178 ·04769 1277 
1159 ·o6o57 

1288 
1139 1297 

1121 ·0735.i 1307 ·08661 1102 1318 
·09979 1085 1327 

1o67 ·11306 
1337 

1049 ·12643 1348 

1033 ·13991 1359 ·15350 1016 1368 
1000 ·16718 1378 ·18096 984 1389 
969 ·19485 

1399 

953 
·20884 

1409 ·22293 939 ·23713 
1420 

923 1430 
910 ·25143 1440 
895 ·26583 1451 

881 ·28034 1461 
868 ·29495 1472 
854 ·30967 1482 

·32449 842 
·33942 1493 

829 1503 

816 ·35445 1514 
804 •36959 1525 
791 ·38484 1535 ·40019 78o 

·41565 1546 
768 1556 

757 
·43121 

1567 
746 ·44688 1578 
734 

·46266 
1589 

724 ·47855 16oo 
713 •49455 1610 

703 ·51065 1621 ·52686 
693 ·54318 

1632 
682 1643 ·55961 673 ·57615 1654 
663 1664 

654 '59279 1676 ·60955 644 1686 
635 

·62641 1698 
·64339 626 1708 

617 66047 1720 

609 ·67767 
·69497 1730 

6oo 1742 
592 ·71239 1753 
583 ·72992 1764 
576 ·74756 1775 ·76531 
567 

I ·78317 1786 
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TABLE 13.-FaotorB F and f, correaponding to every tenth of a degree of I, for reduction and prediction of tid&-Continued. 

----- ------------------. ·-·- -------------·· ·----·-·- -- --------. --

I F<Mf) Diff. /(~If} Dift'. 

I 
I F(Mf) Dill". /(Mf} DUI. 

I 
0 I 0 

18·3 1·6oo43 1675 
0·62486 658 23·3 1·00852 812 0·99156 8o5 

'4 ·58368 1648 
•63144 663 ·4 1·00040 802 0·99961 8o7 

·5 ·56720 1622 ·638o7 668 ·5 0·99238 
792 

1·00768 810 
·6 ·55098 1596 

•64475 671 
·6 ·98446 782 

·01578 813 
·7 ·53502 ·65146 ·7 ·97664 ·02391 
·8 ·51931 

1571 ·65819 673 ·8 ·96893 771 ·03207 816 

18·9 ·50386 1545 ·66496 677 23·9 ·96131 762 ·04025 818 
1521 679 753 821 

19·0 ·48865 1497 
·67175 683 

24·0 ·95378 
743 

·04846 823 
·1 ·47368 ·67858 · 1 •94635 ·05669 
·2 ·45894 1474 ·68543 

685 ·2 ·93901 734 ·06495 
826 

1451 689 828 
'3 '44443 ·69232 ·3 ·93176 725 ·07323 
'4 •43014 1429 •69923 691 '4 ·9246o 716 ·08154 831 

1407 6g5 707 834 

19·5 ·416o7 1385 
·70618 

6g7 
24·5 ·91753 698 

·o8988 836 
·6 •40222 ·71315 ·6 ·91055 ·09824 
·7 ·38858 1364 72016 701 ·7 ·90365 690 ·1o663 839 

·8 ·37515 1343 ·72720 704 ·8 ·89683 
682 ·11504 841 

1324 707 673 843 
19'9 ·36191 1303 

•73427 
709 

24'9 ·89010 666 
·12347 846 

20'0 ·34888 1284 74136 712 
25·0 ·88344 

657 
·13193 849 

· 1 ·336o4 1265 ·74848 716 · 1 ·87687 
649 

·14042 851 
·2 ·32339 1246 75564 718 

'2 ·87038 642 
·14893 

853 
·3 •31093 1228 ·76282 721 ·3 ·86396 

634 
·15746 856 

·4 ·29865 ·77003 ·4 ·85762 ·166o2 
12IO 724 627 859 

20·5 ·28655 1193 
·77727 728 25·5 ·85135 620 

·17461 861 
·6 ·27462 ·78455 ·6 ·84515 ·18322 
·7 ·26287 1175 ·79185 730 ·7 ·83903 

612 ·19185 863 

·8 ·25129 1158 ·79918 733 ·8 ·83298 6o5 ·20050 865 

20·9 ·23987 
1142 ·8o654 736 25'9 ·82700 598 ·20918 868 
1125 738 591 871 

21'0 ·22862 1109 
·81392 

742 
26·0 ·82109 

584 
·21789 873 

· 1 ·21753 ·82134 ., ·81525 ·22662 
'2 ·20659 1094 ·82878 744 ·2 ·8o947 578 ·23537 875 

'3 ·19581 
1078 ·83625 747 3 ·8o377 570 ·24414 877 

w6~ 750 565 88o 
'4 ·18518 104 ·84375 

753 
·4 ·79812 

558 
·25294 883 

21·5 ·17470 1034 
·85128 

756 
26 s ·79254 552 

·26177 884 
·6 ·16436 ·85884 6 ·78702 ·27o61 

:A · 15416 
1020 •86643 759 ·7 ·78157 545 ·27984 

887 

·14411 1005 87404 
761 ·8 ·77617 540 ·28837 889 

21'9 ·13419 992 ·88168 764 26·9 ·77o84 533 ·29729 
8g2 

978 767 527 893 

22·0 ·12441 
965 

•88935 770 
27'0 ·76557 522 

·3o622 896 
· 1 ·11476 ·89705 ·1 ·76o35 . 31518 
·2 ·10524 952 ·90478 773 2 ·75519 516 •32417 

899 

'3 ·09585 939 ·91253 775 3 ·75009 
510 •33317 

goo 

·4 ·08659 926 ·92031 778 '4 ·74505 504 ·34220 903 
914 781 499 905 

22·5 ·07745 902 
·92812 

783 
27'5 ·74oo6 

494 
·35125 

907 
·6 ·06843 •93595 ·6 ·73512 ·36o32 
·7 ·05953 

890 •94381 786 '7 ·73024 488 ·36g41 909 
878 789 483 912 

·8 ·05075 867 ·95170 792 
·8 ·72541 478 

·37853 
914 

22·9 ·04208 856 ·95962 
794 

27'9 ·72063 472 
·38767 916 

23·0 ·03352 844 •96756 797 
28·0 ·71591 468 ·39683 918 

'I ·025o8 
834 •97553 8oo 'I ·71123 462 

·406o1 
920 

'2 ·01674 ·98353 '2 ·7o661 ·41521 
23·3 1·00852 

822 0·99156 8o3 ·3 ·70203 458 ·42443 922 
812 Sos 452 925 

'4 ·69751 448 •43368 
927 ·s ·69~03 ·44295 

28·6 0·68 6o 443 1·45223 928 

F= I//= sin• CJ cos41- i = 0·15779
0 

sin• I sin• I 

Iis given for the first of each month in Table 6. 
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TABLE 13.-Faotora Fandf, corruponding to evwy tenth of a ~rtHJ of I, for reduction and prediotion of tides-Continued 

I F(Mm) Diff. /(Mm) Diff. I 

0 0 

18·3 0·88387 163 1·13139 2o8 23·3 
·4 ·88550 164 ·12931 209 

·4 
·s ·88714 165 

·12722 209 
·5 

·6 ·88879 ·12513 ·6 
167 211 

·7 i ·8go46 168 ·12302 212 •7 
·8 ·89214 ·12ogo ·8 

169 212 
18·9 ·89383 171 ·11878 214 23,'9 

19·0 ·89554 172 
·11664 214 

24·0 
·1 ·89726 

174 
·11450 216 ·1 

·2 ·89900 175 
·11234 216 ·2 

·3 ·90075 177 
·11018 218 ·3 

·4 ·90252 178 
·108oo 218 ·4 

19·5 ·90430 18o •10582 219 24'5 
·6 ·go610 ·10363 ·6 

181 220 
·7 ·90791 183 

·10143 221 ·7 
·8 ·90974 184 ·09922 222 ·8 

19·9 ·91158 185 ·09700 223 24·9 

20·0 ·91343 187 ·09477 25·0 
·1 •91530 ·09253 224 ·1 

189 225 ·2 ·91719 191 
·09028 226 ·2 

'3 ·91910 192 
·08802 226 ·3 

·4 ·92102 
193 

·08576 228 ·4 

20·5 ·92295 195 
·08348 228 25·5 

·6 ·92490 ·08120 ·6 
·7 ·92687 197 ·07890 230 ·7 
·8 ·92885 198 ·0766o 230 ·8 

20·9 ·93085 
200 ·07429 

231 25 9 201 232 

21·0 ·93286 204 ·07197 233 
26-0 

'I ·93490 06g64 I 

·2 ·936g5 
205 . ·o6730 234 ·2 

·3 ·93901 
2o6 

o6495 235' ·3 
·4 ·94110 209 o6259 

236 ·4 210 237 

21·5 94320 211 
·o6o22 

237 
26·5 

·6 ·94531 ·05785 ·6 
·7 ·94745 

214 ·05547 
238 ·7 

·8 9496o 
215 ·05307 

240 ·8 
21·9 ·95177 

217 ·05o67 
240 26·9 

219 241 

22'0 ·953g6 221 ·04826 
242 

27·0 
•I ·95617 04584 ·1 

222 243 ·2 ·95839 224 
·04341 243 

·2 
·3 96o63 227 04098 245 

·3 
·4 ·g6290 ! ·03853 ·4 

228 245 

22·5 ·96518 230 
·036o8 246 27·5 

·6 ·96748 ·03362 ·6 
·7 ·96g8o 232 ·03115 247 ·7 
8 ·97213 233 ·02867 248 ·8 

229 ·97449 
236 ·02618 249 27'9 
238 250 

23 0 97687 ·02368 250 
28·0 

·1 ·97926 239 ·02118 'I 

·2 ·98168 242 ·01867 
251 ·2 

23·3 0 98411 243 1·01614 253 ·3 
246 253 ·4 

·s 
28·6 

{1-f sin9 w} (1-i sin• i) 
F= 1// = 1 - i sin9 I 

I is given for the first of each month m Table 6. 

FCMm) 

0·98411 
·98657 
·98905 
·99154 
·994o6 
·9966o 

0·99916 

1·00174 
·00434 
·00697 
·00962 
·01229 

·01498 
·01769 
·02043 
·02319 
·02597 

·02878 
·03161 
·03446 
·03734 
·04024 

·04317 
·04612 
·04910 
·05210 
·05513 

•05818 
·o6126 
·06437 
·o6750 
·07o66 

·07385 
·07707 
·o8o31 
·o8358 
·o8688 

•ogo21 
·09356 
·096g5 
·100~7 
·103 I 

·10729 
·11079 
·11433 
·11790 
·12150 

·12513 
·1288o 
·13249 
·13622 
·13999 
·14378 

1 ·14761 

0·75316 
1-i sin' I' 

Dllf. 

246 
248 
249 
252 
254 
256 
258 

26o 
263 
265 
267 
269 

271 
274 
276 
278 
281 

283 
285 
288 
290 
293 

295 
298 
300 
303 
3°5 

308 
111 
313 
316 
319 

322 
324 
327 
330 
333 

335 
339 
342 
344 
348 

350 
354 
357 
36o 
363 

367 
36g 
373 
377 
379 
383 

/CMm) Dilf. 

1.01614 253 ·01361 253 •01108 
255 ·00853 256 

·00597 256 
·00341 257 1·00084 258 

0·99826 259 ·99567 259 ·993o8 26o 
·99048 262 
·98786 262 

·98524 262 
·98262 264 
·97998 264 
·97734 265 
·97469 266 

·97203 267 
·96936 267 
·96669 268 
·96401 269 
·96132 270 

·95862 271 
·95591 
·95320 ' 271 

·95048 
272 

·94775 
273 
273 

·94502 275 ·94227 
·93952 

275 

·93677 275 

·93400 
277 
277 

·93123 278 
·92845 
·92566 279 

·92287 279 

·92007 
28o 
281 

·91726 282 
·91444 282 
·91162 283 
·90879 284 
·90595 284 

·90311 285 ·90026 
·89740 

286 

·8g453 
287 

·8g166 287 
288 

·88878 288 
•88590 
·88301 289 

•88ol I 290 

·87720 291 

·87429 
291 

0•87137 292 
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TABLE 14.-Faotors (F) for reducing Mn, K1+01, and X to mean values. 

I, or inclination of orbit to equator • 
.. ···----- --- - --

18lO I 190 I 20° I .,o I .,o 
I 

230 I 24~ I •so I 26° ..,. I .s• I •Bl" 

F(Mn) 

K,+o•=o·o 0·970 0·972 0·977 0·982 0·988 0·994 1'000 1·oo6 1'012 1·019 1·026 1·029 
M. o·:z 0·971 0·973 0·978 0·982 0·988 0·994 1·000 1·oo6 1·012 1·019 1·026 1·029 

0·4 0·972 0·974 0·979 0·983 0·988 0·994 1'000 1·oo6 1·012 1·018 1.025 1·028 
o·6 0·974 0·976 0·98o 0·984 0·989 0·994 l'Ooo 1·oo6 1'011 1·017 1·023 1·026 
o·8 0·977 0·979 0·982 0·986 0·990 0·995 1·000 1·005 1'010 1·015 1·020 1·022 
1'0 9•98o 0·982 0·985 0·989 0·992 0·996 1'000 1·004 1·oo8 1·013 1·017 1·019 
1·2 0·984 0·985 0·988 0·991 0·994 0·997 1·000 1'003 1·007 1'010 1·014 1·016 
1"4 0·988 0·989 0·991 0·994 0·996 0·998 1'000 1'002 1·005 1·007 1·010 1·012 
1"6 0·994 '0.994 0·995 0·997 0·998 0·999 ~·ooo 1·001 1·003 1'004 1·005 1·006 
1"8 1"001 1'000 1'000 1'000 1"000 1'000 1'000 1·000 1·000 1'000 1'000 0·999 
2'0 1·oo8 1·007 1·oo6 1·004 1·003 1'001 1·000 0·998 0·997 0·995 0·994 0·993 

2·5 1·025 1·023 1·019 1·014 1'009 1·004 0·999 0·994 .0·989 0·984 0·979 0·977 

F(K1 +01) 

I 1·1681 1·1481 1·109 I 1·0731 1·040 I I '010 I 0·982 I 0·955 I 0·931 0·9091 0·8881 0·878 

F(X) 

X'= 0·1 0·47 o·Sg 1·16 1·38 1·54 1·68 1·8o 1·86 
0·2 0·54 0·61 0·73 0·83 0·91 0·98 1·04 1·09 1·14 1·19 1•23 1"24 
0·3 0·86 0·88 0·91 0•94 0·97 0·99 1·01 1·04 1·05 1·07 1·o8 1"09 
0·4 0·96 0·96 0'97 1 0·98 0·99 1·00 1·01 l'OI 1·02 1'02 1·03 1·03 
0·5 1'00 1'00 1'00 1'00 1·00 1'00 1'00 1·00 1'00 1·00 1'00 1·00 

2·4o66 - x 
.F(K1+01}= 1•

4
o66/(Ki) +/(Oi)° F(X) =x,· cos (X · 18o

0
) =F(K1 +01) cos (X' · 18o

0
). 

This table is based upon Tables 1, 13, 21, and H 3, 21, 50. 
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TABLE 15.-Acoeleration in HW and LW of a 

[The amplitude of the principal wave is taken as unity.] 

HW phase.• 00 10° 20° 300 400 500 000 I 
700 aoo 900 

LW phase.• 1Ro 190 200 210 220 230 240 •so 26o 270 

--
0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I ., o·o 0 00 0 00 0 00· 0 00 0 00 0 00 0 00 0 00 0 00 0 00 

~ O'I 0 00 0 54 I 47 2 38 3 25 4 07 4 43 5 I2 5 32 5 42 
~ 0'2 0 00 I 40 3 18 4 52 6 22 7 44 8 57 9 59 IO 47 II I9 

~ 0·3 0 00 2 I8 4 35 6 47 8 SS IO 54 I2 44 I4 20 IS 4I . I6 42 
"'N 0·4 0 00 2 SI 5 4I 8 27 II 08 I3 42 I6 06 I8 I8 20 I3 2I 48 
.... ~ o·s 0 00 3 20 6 38 9 54 I3 05 I6 IO I9 06 2I 52 24 22 26 34 
~II< o·6 0 00 3 45 7 28 II IO I4 48 I8 2I 2I 47 25 04 28 09 30 58 

"" 0·7 0 00 4 07 8 I3 I2 I8 I6 I9 20 I8 24 II 27 57 3I 35 35 00 
.~ o·8 0 00 4 27 8 53 I3 I8 I7 4I 22 02 26 20 30 33 34 40 38 40 -a 0·9 0 00 4 44 9 28 I4 I2 I8 54 23 36 28 I6 32 53 37 28 4I 59 8 
<: l'O 0 00 5 00 IO 00 IS 00 20·00 25 00 30 00 35 00 40 00 45 00 

- -- ----- ----------
HW phase. 36oo 3500 3400 3300 3200 3100 3000 2900 280° 2700 

LW phase. 18o 170 16o 150 140 130 120 IIO 100 90 

--
•i.e. the argument, or phase, of the subordinate component (B) at the time of HW and LW, respectively ,of the principal component (A). 
By§ 2 

BOS sin HW phase 
. HW AZ LW phase 

tan acceleral1on Jn L W = !!_ a . 
b BOS HWphase 

± 1 + A a• cos L W phase 

(When o =a, this formula. is exact.) If I denote the time after the conspiring of A and B, § 17, then 
phase=~ - a) I; 

=4211w{orHW, 

" = ;; 2 n + 1 ,,. for L \\', 

,. being an integer denoting the number of high waters o! .A einco the coincidence of the maxima o! .A and B. 

HW phase. 00 

LW pha.ee. 18o 

., o·o i·ooe>O 
~ O'I l'IOOO <:: 
:a 0'2 I'2000 ... 
..8 0·3 1·3000 

" "' .; 0·4 1·4000 
.... ~ 0·5 1·5000 
~II< o·6 i·6ooo 

"" 0·7 I '7090 E o·S 1·8ooo :a 0·9 i·gooo 8 
<: l'O 2'0000 

------------
HW phase. 36oO 

LW phase. 18o 

TABLE 16.-Height of HW and L W for a 

[The amplitude of the principal wave is taken as unity.] 

10° 20° 300 400 500 6o0 70° aoo 900. 

190 200 210 220 230 240 250 26o 270 

I'OOOO I'OOOO I'OOOO I'OOOO 1'0000 I'OOOO I'OOOO 1"0000 I'OOOO 
I'0986 I'0945 I'o877 I'0785 I·o670 I'o536 I'0385 I '022I 1·0050 
I'I975 I'I899 I'I775 l'I6o3 I'I389 I'II3S I"0849 I'0532 I 'OI98 
I'2965 I '286o I'2687 I '2448 I'2I48 1·1790 I 0 1381 1·0928 1·0440 
I'3957 I ·3827 1·3611 1·33I5 I'2939 1·2490 I'I97~ I'I397 1·0770 
I'4949 I'4798 I'4546 l'4I98 1·3758 I'3228 1·261 I'1931 l'II8o 

I'5943 I'5772 I '5490 I'5097 I'4599 1·4000 1·33o6 I '2523 1·1662 
I •6937 I'6749 I'6439 1·6oo7 1·5459 I'4798 1·4032 I '3I65 1·2207 
I'7932 I'7730 I'7395 1·6928 1'6336 I'5620 1·4789 1'3849 l'28o6 
1·8928 I ·8712 1·8354 1·7858 1.7225 1'6463 I '5575 1'4569 1·3453 
I"9924 I'9696 1·9318 1·8794 1·8126 1'7320 1·6384 l '5320 1'4142 

-------- - ·---------
350° ~~o 3300 32on 3100 3000 2900 o8oo 2700 

170 150 140 130 120 110 100 90 

For high waters use the tabular values as given; but for low waters alter their signs. 
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111at•e due to anothtn" wave.of equal speed. 

[The amplitude of the principal wave is taken as unity.] 

HWphase. 

I 
100° 110° 120° 1300 1400 1500 

I 
100° 170° 18o• 

I LW phase. 28o 290 300 310 320 330 340 350 300 

-~--

0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 

~ o·o 0 00 0 00 0 00 0 00 0 00 0 00 0 00 0 00 0 00 
i:: O'I s 43 s 33 s· I3 4 4I 3 S9 3 08 2 IO I 06 0 00 
~ 0·2 II 32 II 24 IO S4 9 s8 8 38 6 S4 4 49 2 29 0 00 

~ 0·3 17 .I9 I7 26 I7 00 IS S4 14 03 II 27 8 08 4 I4 0 00 
"' .; 0·4 22 S7 23 32 23 2s 22 2s 20 20 17 01 12 22 6 32 0 00 

.... l> o·s 28 20 29 33 30 00 29 27 27 3I 23 48 I7 S3 9 42 0 00 0 ol 
... j;!:: o·6 33 2s 3S 2I 36 3S 36 48 3S 3I 3I S9 2s I2 I4 I7 0 00 

"Cl 0·7 38 07 40 SI 43 00 44 I6 44 o8 4I 38 34 S9 2I 22 0 00 
.i3 
;.:I o·S 42 27 4S S9 49 06 SI 36 S3 OI s2 29 47 49 33 I3 0 00 

"" 0·9 46 2s so 42 S4 47 ss 34 6I 46 63 S3 63 23 S3 S9 0 00 
I'O So oo ~ so 00 SS oo 6o 00 6S 00 70 00 7S 00 ss 00 

----- ---~--1--HWphasc. 200• 2500 2'40° 2300 220° 210° 200° 190• 
LWphase. So 70 00 50 40 30 20 JO 

When the top argument is used the tabular values are positive; when the bottom argument, they are negative. 
To express the acceleration in time, divide by a, the speed of the greater component. 

b 
To find the acceleration when b is not exactly equal to a, multiply the tabular values by ji• 

This acceleration is directly expressed in time by multiplying the tabular values by a~· 

tide composed of two wavea of eq~ai speed. 

[The amplitude of the principal wave is taken as unity.] 

HW phase. 100° 110° 1:110° 1300 1400 

LW phase. 28o 290 300 310 320 

--
... o·o I'OOOO I'OOOO I'OOOO I'OOOO I'OOOO 
~ o·I 0·987s 0·9703 0·9s40 0·9389 0·92s6 
~ 0·2 0·9852 0·9504 0·9I66 0·8848 0•8565 

~.; 0·3 0·9929 0·9407 0·8888 0·8392 0·7940 
0·4 I'OI04 0•94I5 0·87I7 0·8o36 0·7397 

.... I; 0·5 I'0375 0·9529 0·8660 0·7792 0·6957 
~ ~ o·6 1·073I 0·9744 0·87I8 0·7672 0·6639 

"" 0·7 1·1167 I·oo55 0·8889 0·7682 0·641'2 
,{;l o·8 1"I672 I'0454 0·9I65 0·7819 0•6437 
"a 0·9 1·2237 1·0929 0·9539 0·8081 0·6566 
~ 1·0 I ·2856 I'I472 I'OOOO 0·8452 0·6840 

----
HW phase. 200° 2500 2,0° 2300 120° 

LW phase. So 70 00 so 40 

--,,. 
t When b Is not exactly to a, mean value = 1 + (tabular value - 1) iii· 

1500 100° 
330 340 

I'OOOO 1·0000 
0'9I48 0·9007 
0•8329 0·8I50 
0·7552 0·72s3 
0·6835 0·6389 
0·6I97 0·557I 
0·5664 0·4820 
0·5269 0·4I76 
o·so44 0·3694 
0·5009 0·3443 
0'5I76 0·3472 

S110° 200• 
30 llO 

1700 18o0 

350 300 

I'OOOO I'OOOO 
0'90I7 - 0·9000 
0·8o38 o·Sooo 
0·7o65 0·7000 
o·6IOO o·6ooo 
0'5I50 0·5000 
0·4222 0·4000 
0·3336 0·3000 
0·2s36 0·2000 
O'I933 O.IOOO 
O'I744 o·oooo 

-----
190• 18o0 

IO 0 

Mean 
value.t 

I'OOOO 
1·002s 
I'OIOO 
1·0226 
1·0404 
I'o635 
I 0 0922 
1"1268 
1·1678 
1·216o 
1·2724 

-----·-
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PLATE I. 

TABLE 17:-ACCELERATION IN HW AND LW OF A SEMlDIURNAL WAVE 
DUE TO A DIURNAL WAVE . 

J'he a mpli.Lu d e of' tl-w serni..diu:rna L wa :ve is taken a1' uni.Ly. 

N o. 4 . 

HV\T Phase~ o· io• l!'0° 30• w w· GO" 10° so • 90• ioo· 110° no• 130• 1i.0° 150• 160 " 110° Iso•HW J>haso~ 
L W Phase•rno 190 zoo z10 n o ZJO z1,.o 2so 260 210 zso zoo 300 :uo 31.0 3·10 :v.o 350 J GO L ' '\T Phase~ 

0.0 I 0.0 

Z-3 1~~t-H-t--t-H-11H-H-t---i-1/ J ' J/ I/ I//// '/ / J {j_jJ// / 'lj/ . '\' \ 'l3 

I I I//, 1!/'/J//l!/1 1 \\\ 
Z.4~~~-1-1+-++-1--+1-+----11---1--11--1--A--l----,!-4-4-1--!1--l--ll--1--1+-.1--+!+.--l-l/--l'--IH--.1----1--+-1'-l---+-++---cl-l--+--+--+--+--+--+--+--+--+----1!---11-+-+Hf-+H,-ii Z.C. 

', I 'HH// ,//l/1!/J/ !1 \ 
I I I - I J I I ii I Jill I I I \\ 

z..s='1-. <:i ~1o ... -ll-1--r11~~~~--:...-=-~~- ~' !~' +:J_f-11--+/ rf 1-+--+-f-j-fl-H-lfi>-+t-t-- Lf:+-+-t0+++1~~/ /t---t-1/ t-1-1/ --t--+----t--t----+---r-----r--t---+--+---t--1-H\ \--11-t--it-t-1t z.:; 

2.6=="'~,~::;!:: =-- =::_:::;l~~-l---11-.-H--f-I+-/-{ -f-H-1-1-1-f--h 1/--1---#-}- Lf-H/,,f -+-lh~Wif-+*11 _!'-1+1-? /~1 --tt-II /--+---+---+--+--+--+--+---+----+---+---+----1--+-+++++-t-tt\ Z.6 

z .11-1-1-1-1-1-1t-1" ,'.._•<i1H~ - - --·1-1+ 1-1-1-1--H1-1--<-J•- L/-Vi /f7~- }/ f / - u/- /1-1---J--1- 1-+-1-1---1--t--1--+--t--1---H-1-IH-Hl2.1 

2.s l--l---l-4-J-+--H-l-~~~~-l--Hl-+-f+-h/ IH-flf-1+1-Uf-+l-ifh++-1-i~l/+lh/f--fl---ll-/ /1-t--+-+--+--+-+~--+--i--+-t--+-t--+-t+tttt ·i.s 

~ • - H1-i---1-1-1t--1-1+1-/
1
-1H-1J<+-//'- T/ . /// f f 1 2~ 

2

.

9

1-1-1!-l-ll-l-+H-l-H-·- e- -~ ~ ~~ 1
1 I- ti 1// /, I ''i-f f 1H----l-l---f--.4--l---+--l-l-----l---l-~-+--l--~-l-I 

:1.o•~H-1-1- - _ ,_,_,__._.,__,+-,_~, " •b•- -- , __ 1 I j_ !-' ff / ' / 3 .0 

0 I I I I ii 
3.l l-l-ll-+--+l-~~-i-+--l'-ll-l-~Hl-+"#+-++H-1!-++-l-l-Hf-+-Hl-+-H-J'-HH--#---t+-1--t---+---r---1t--t--+---+---+---+--+--+---t--+--t--t--+----t+i--t:U 

~ ///1 I/ !I 
3.2 ~ (1+/J-1-11 +II/ -Hl- ,1+-+/ +l- -+-t--t---i---t---t--+---l--+---t- -t--t--t--+-+-t-- Hf-13.2 

_ _ _ _ __ _ ___ _ _ __ :?. ____ ' II I I 
"' II 'II I I I I 

3.:l l--+4l++Hl--+++4-H+l---HH++-fll-+++-+-1+--H~.--f--1, f-+--H-- _-IH,_l-f-1_ f!HLHf_-1+_1-++-' *1 -+-/ +-+-t----11--t-+-+---+--+---+--+--+--t--t--t--+-++-t 3.:J 

- · - - - - - -ftl-r-tl_,...,.,.~JI l--ll-~-H11--+---l--+--t---t---l---l--l--+-l--+--+---l--l--+---l--t--+-I 

Hl-l-l-l-l-l--+-tf-l-l--H--1-1-1·-l+HH-ll-HH-tH-l--l--l-l-l-l++-l+~+-H+i-Ht-l-·-t--l-ocll-+-1-t--l--+--;---t--;---t--t--t---i--l-t--t--+---+---t-----+---t 

~ I 
3 .71-+-14-l-+-l--l-ll-l-Hl--l-ll-l--l-l.f.---l---l--H-l-Hf+l-l-l-l-4-ll-+-H~--l-H-i44+--il--l+.q-.-+4', f--+--t--+---t--+--+---+---l-t----1--+--+--+--+--+--+--+-----l 3.7 

~ 

.3 . 8 H-l-ll+-H-H+-H-+-HH-++-f-#-H+H+-H4++-ffH-+ll+Hl-H+l-H--t-l---l+-f+-+-=t-~-t---t-+--t--t--+-+-t----t--+--t--t--+-+--t--t-+--i3.8 

4.0 
HW Phase. :1G0° 350• 31,0• 330• 320° 310' 

I I ~ 
300• 290• iso· z10· 200° 2so· u.o· 230• zzo• 210· zoo• rno• Jsd'H\iV- Phase. 

L W Phase. 1so 110 160 150 i1.o J30 izo 110 100 90 ao 10 60 so 1,0 JO io io o L W Phase. 

W/-ien the top argurrienl is use d,,the tabular -val.ues are posi.li-ve ; when the boltorn argument, tlu,y are negati.ve. 

•Note . i .e., tlie a_ryUJneru.. , or p/-uuJe, of' the cliu.rnaL wa.ve (B) a1, the lim.e of' HW or LW or the serni.t:IM..rrwl wa.ve (AJ. 

. HW Phase- n.71'+ -fA?._B • D V Ph.ase - n7r'1=.f+fA "-1J
0 

_n,_ being an. integer . S ee §§ 5,20. 
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w 
a-q 

Cb 

0 ...., 
0... ..... 
~ 

~ 
E., 
~ 

~ 
(!) 

TABLE 19.- HIGH AND LOW WATER INEQUALITIES IN I-IEIGHT. 

P.LATE JJI. I-IWPhase. No.6 . 

---- ------ --- ------- -- - - -- s:; 
~ 
~ 

0
·
1 r---r---r--t==t=::::::~c::::~==l-1-1--1-t=:t:s~~~==r-r--T-10.1 ~ 

0.9 0 .9 ;:o 
§ 

aq 
Cb 

~ 
]() 1.0 0... ,...,. 

~ 

i 
11 l.l 

~ 
~ (!) . 

i.o.__.__._._......____,,_......_.____,,.__.'-L....__....__.....u...._,_.....,__.....___,,,....___,......._......__.~ ......... -u....1.-_._._~...._........_.&---..____.._....._..____.._ _ __...._.__ z.o 
180° 190° ioo 0 '210° 220° 230° 2<.0° Z50° '260° 270° 
360 350 3<.0 330 320 310 300 290 280 ?.70 

HWPhase. 

High wa-cer inegu.a:li;t;:y curves -cerrn.i.n..a..te in th,e lefl m.a..rgin, low wa,ter, in Lhe ri.ghL . 
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TABLE 20.-Great tropic mnge and ita duration. 

[The amplitude of the semidiumal wave is taken as unity.] 

251 

··--· 

Elevation of great tropic HW >depression of great tropic LW. Depression of gt. tropic LW >elevation of gt. tropic HW. 

HW phase. { o• 10• 20° 30• 40• 50• 6o" 70• So" 
i8o 170 I6o 150 140 130 120 110 100 

I'6{ 3•92I 4'I49 4·326 4'444 4'S04 4'S04 4·444 4·326 4'I49 
7 so 7 S4 7 S6 7 S7 7 57 7 57 7 57 7 56 7 54 

1·7{ 
4·062 4·29I 4•487 4·610 4·674 4•674 4'6IO 4·487 4•291 
7 S7 7 59 8 01 8 02 8 03 8 03 8 02 8 01 7 59 

1·8{ 4·205 4·4s6 4·649 4·777 4•844 4·844 4'777 4·649 4•456 
8 03 8 os 8 06 8 07 8 08 8 08 8 07 8 o6 8 os 

1·9{ 4·3s1 4•612 4•813 4'947 s·o1s s·o1s 4'947 4·813 4·612 
8 IO 8 JI 8 12 8 12 8 12 8 12 8 12 8 12 8 JI 

2·0{ 4'SOO 4•772 4•978 S'JI7 5·187 5'J87 5'JI7. 4·978 4•772 
8 J7 8 J7 8 J7 8 J7 8 J7 8 I7 8 J7 8 J7 8 J7 

2'I { 4·65I 4·932 5'J44 5·288 5·36o 5·360 s·288 5'J44 4•932 
8 24 8 23 8 22 8 2J 8 2J 8 2J 8 2I 8 22 8 23 

2'2{ 4·8os s·o93 S'3JI 5'46o 5·535 5·535 s·46o S'3JI 5·093 
8 3I 8 28 8 27 8 26 8 26 8 26 8 26 8 27 8 28 

.; 
2·3{ 

4•962 s·2s6 s·487 5·634 5'7JO 5'7JO 5·634 s·487 s·256 ~ 
II: 8 38 8 34 8 3J 8 3I 8 30 8 30 8 3J 8 3J 8 34 
"; 
s 2·4{ S'I21 5'42J s·6s2 s·8o8 s·886 5·886 s·8o8 s·652 5·42J 

" 8 45 8 40 8 37 8 3S 8 34 8 34 8 3S 8 37 8 40 :a .... 
0 

2·s{ 5·282 s·s89 s·824 5·984 6·063 6•o63 s·984 s·824 s·s89 .. 
""' 8 S3 8 4S 8 4J 8 39 8 38 8 38 8 39 8 4J 8 4S 

~ 
2·6{ S'445 S'7S7 S'997 6•J6o 6·241 6•24J 6·16o S'997 S'7S7 

~ 9 OJ 8 5J 8 46 8 44 8 42 8 42 8 44 8 46 8 51 

2·1{ S'6JI s·927 6'I70 6•337 6•420 6•420 6·337 6·170 S'927 
9 08 8 S7 8 SI 8 48 8 46 8 46 8 48 8 SJ 8 S7 

2·8{ 5'78o 6·097 6·34s 6•SJ4 6·6oo 6·6oo .6'SI4 6•34s 6·097 
9 J7 9 02 8 SS 8 s2 8 50 8 so 8 s2 8 SS 9 02 

2·9{ S'9Sl '6•274 6·522 6·692 6·779 6·779 6·6g2 6·s22 6·274 
9 2s 9 07 8 S9 8 SS 8 S4 8 S4 8 SS 8 S9 9 07 

3·0{ 6'J25 6·446 6·700 6·875 6·9s9 6·9s9 6·87s 6·700 6·446 
9 34 9 I3 9 03 8 S9 8 S7 8 57 8 S9 9 03 9 J3 . 

4·0{ 
8·000 8·26I 8·s17 8·70I 8·79s 8·79s 8·701 8'SJ7 8•26J 

I2 2s JO 03 9 42 9 32 9 28 9 28 9 32 9 42 IO 03 

s·o{ 
10'000 IO'I65 I0'399 lO'S79 I0'67S I0'67S JO'S79 I0'399 10·16s 
I2 25 JO 43 IO JI 9 S8 9 s2 9 s2 9 S8 IO JI IO 43 

JO'o{ 20'000 20·037 20'J46 20•289 20·387 20•387 20·289 20·146 20·037 
12 2s JI 48 JI J8 JI OJ IO S3 IO S3 JI OJ JI 18 JI 48 

HWphaae. f i8o0 190• 

I 

200• 210• 220° 2300 2400 250° 26o" 
36o 350 340 330 320 310 300 •90 28o 

I 

The fint value of each pair is the value of the great tropic range; the second, its duration in hours and minutes. 
This table assumes that d1 = m1• 

See H 25, 37, and S3· 

900 
90 

3·92I 
7 so 

4·062 
7 57 

4•2os 
8 03 

4·3s1 
8 IO 

4·500 
8 J7 

4'6SI 
8 24 

4·8os 
8 3I 

4·962 
8 38 

S'I21 
8 45 

s·282 
8 53 

S'44S 
9 OJ 

s·6JI 
9 08 

5'78o 
9 17 

S'9SJ 
9 25 

6'I2S 
9 34 

8.ooo 
12 25 

JO 00 
I2 2s 

20 00 
12 25 

270• 
270 
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-

-
Ampli
tude of 
subordt 
natccom 
poncnt 

0·02 
0·04 
0·06 
0·08 
0·10 
0·12 
0·14 
0·16 
0·18 
0·20 
0·22 
0·24 
0·26 
0·28 
0·30 
0·32 
0·34 
0·36 
0·38 
0·40 
0·42 
0·44 
0·46 
0·48 
0·50 

0·60 
0·70 
0·80 
0·90 
1'00 

-

K, 

----
'0001 
·0004 
·0010 
·0017 
·0027 
·0039 
·0053 
·0069 
·0087 
·0108 
·0130 
·0155 

UNITED ST.A.TES CO.A.ST AND GEODETIC SUUVEY. 

'fABLlt 21.-EffeotB of variou8 tidal oomponentB upon the 1nean aemirange of tidfi. • 

[The amplitude of M0 is taken as unity.'] 

Semidiumal components. Amp Ii- Diurnal components. 
tude of 
subordi-

--~,~~'-P, l_Q, I L, N, s, .... fl' natecom-

"" 
v, 

4 poncnt. 

------------------ ----- ·---- -

·0001 ·0001 '0001 '0001 ·0001 ·0001 '0001 O'l'4 ! '0001 '0001 '0001 I ·0001 
·0004 ·0004 ·0004 ·0004 ·0004 ·0004 ·0004 0·08 i ·0004 ·0004 ·0004 ·0003 
·0009 ·0009 ·0010 ·0009 ·0008 ·0009 ·0009 0'12 

I 
'0010 ·0008 ·0010 ·0008 

·0017 ·0015 ·0017 ·0017 ·0015 ·0015 ·0016 9·16 ·0017 ·0015 ·0017 ·0014 
·0026 ·0024 ·0027 ·0026 ·0023 ·0024 ·0025 0'20 ·0027 ·0023 ·0027 ·0021 

·0037 ·0035 ·oo39 ·0036 0·24 ·0039 ·oo33 ·0038 ·0030 
·0051 ·0047 ·0052 ·0049 0·28 ·0053 ·0045 ·0052 ·0041 

·oo61 ·0069 ·0064 0.32 ·0069 ·oo59 ·0068 
·0078 ·0087 ·0081 0·36 ·0087 ·0075 ·0086 
•0096 ·0107 '0100 0·40 ·0108 ·0093 ·0106 
·0116 ·0130 '0121 0·44 ·0130 ·0112 ·0127 
·0138 ·0154 ·0144 0·48 ·0155 ·0133 ·0150 
·0162 ·0181 ·0169 0·52 ·0182 ·0156 ·0176 
·0188 ·0210 ·0196 0·56 ·0211 ·0181 
·0216 ·0241 ·0225 o·6o ·0242 ·0208 

·0274 ·0256 0·64 ·0276 ·0237 
·0310 ·0289 0·68 ·0311 ·0268 
·0347 ·0324 0·72 ·0349 ·0300 
·0387 ·0361 0·76 ·0389 ·0334 
·0428 ·0400 0·80 ·0431 ·0370 
·0472 ·0441 0·84 ·0475 ·0407 
·0518 ·0484 0·88 ·0521 ·0447 
·0567 ·0529 0·92 ·0570 ·0488 
·0617 ·0576 0·96 ·0620 ·0532 
·0669 ·0625 1'00 ·o673 ·o577 

1·04 ·0728 ·o624 
·0964 ·0900 1·08 ·0785 ·0673 
·1312 ·1225 1·12 ·0845 ·0723 
·1715 ·16oo 1·16 ·09o6 ·0776 
·2169 ·2025 1·20 ·0969 ·0831 
·2678 ·2500 1·24 ·1035 ·0887 

1·28 ·1103 ·0945 
1·32 ·1173 
1·36 ·1245 
1·40 ·1320 
1·44 ·1396 
1·48 ·1475 

I 
1·52 ·1555 
1·56 ·1637 

I 
1·6o ·1720 

I 1·64 ·1805 
I 1·68 ·1892 
I ------- -· 

. C' ct 
• Tabular value for component l = 4M; m,•' § 1 3· 

I 
B' 
-.6 

·0001 
·0004 
·0009 
·0016 
·0025 
·0036 
·0049 
·0064 
·0081 
·0100 
·0121 
·0144 
·0169 
·0196 
·0225 
·0256 
·0289 
·0324 
·0361 
·0400 
·0441 
·0484 
·0529 
·0576 
·0625 
·0676 
·0729 
·0784 
·0841 
·0900 
·0961 
·1024 
·1089 
·1156 
·1225 
·1296 
·1369 
·1444 
·1521 
·1600 
·1681 
·1764 
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TABLE 22.-Value oft Mn when M.= I. 

K 1+01 
SJM1 

~ 
0·1 0"2 0·3 0·4 o·s o·6 0·7 o·a 

---· ... 

o·o l ·0127 1·0213 1 ·o357 1·0558 1·0817 1·1134 1°1508 1·1940 
0·2 1"0142 1·0228 1 ·0372 1·0573 1·0832 l "II49 1·1523 1·1955 
0·4 1·0185 1·0271 1·0415 1°0616 1·0875 l ·II92 1·1566 1·1998 
o·6 1·0257 1"0343 1·0487 1·0688 1·0947 I •1264 n638 1 ·2070 
o·8 1·0357 1·0443 1 ·0587 1·0788 1·1047 1 ·1364 1·1738 1 ·2170 
1·0 1·0486 1·0572 1 ·0716 1·0917 1·1176 1·1493 1"1867 1 ·2299 
1·2 1·0643 1·0729 1 ·0873 1·1074 1·1333 1°1650 l "2024 1·2456 
1·4 1°0830 1 ·0916 l"I06o 1·1261 1·1520 1·1837 1·2211 1 ·2643 
1·6 1·1045 1·1131 1 ·1275 1·1476 1·1735 1·2052 1·2426 1·2858 
1·8 l· 1289 1·1375 1· 1519 1·1720 1·1979 I ·2296 1 ·2670 1 ·3rn2 
2·0 1·1559 1·1645 1 ·1789 1·1990 1 ·2249 1 ·2566 1 ·2940 1·3372 

2·5 1·2360 1·2446 l ·2590 l ·2791 1·3050 1 ·3367 1·3741 1 ·4173 

-----

This table, based upon Tables I and 21, is computed upon the assumption that the ratios between the diurnal components, 
the pure lunar semidiumals, the solar semidiumals (including luni-solar K 2), are respectively constant for all stations; also 
that shallow water tides do not occur. 

On account of nonpredictable inequalities, the tabular values should be multiplied by about 1"02. 

TABLE 23.- Value of Mo when t Mn= 1. 

S2ftMn ~..!.+.2! I t Mn 

I 
! 

I o.r 0·2 0·3 0·4 : o·s o·6 0·7 o·a 

---·· ----·-- ' I 

I I o·o 0·9873 0•9785 0·9634 0·9414 0·9116 0·8725 0·8221 0·7574 
0·2 0·9858 0·9770 0·9618 0·9396 0·9096 0·8702 0·8194 0·7542 
0·4 0·9814 0·9725 0·9572 0·9348 0·9045 0·8648 0·8136 07479 
o·6 0·9740 0·9650 0·9495 0·9269 0·8963 0·8562 0·8045 0·7382 
o·8 0·9635 0·9543 0·9386. 0·9157 0·8847 0·8442 0·7919 0·7249 
l"O 0·9497 0·9403 0·9243 0·9011 0·8696 0·9286 0·7756 0·7077 
1·2 0.9322 0·9225 0·9062 0·8826 0·85o6 o·Bogo 0·7552 0·6863 
1·4 0·9106 0·9006 0·8839 0·8598 0·8272 0·7849 0·7302 0·6602 
1°6 0·8844 0·8740 0·8568 0·8321 0·7988 0·7557 0·7000 0·6288 
1·8 0·8529 0·8421 0·8243 0·7989 0·7648 0·7207 0·6639 0·5913 
2·0 0·8151 0·8o38 0·7854 0·7592 0·7242 0•6789 0·6208 0·5465 

2·5 0·7175 0·7049 0·6848 0·6566 I 0·6193 0·5710 0·5093 0·4304 
I 

- - .. 

This table is Table 22 reverted. 
On account of nonpredictable inequalities, the tabular values should be divided by about 1·02. 
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TABLE 24.-VariatWn in lunitidal interval and mean semirange of tide, due to the phase wave composed of s. andµ. 
--------------------------------------------------:-

Increase in mean semirange of tide due to S1 and 1'-1· 

Time. 
Increase In lunitldal 

interval due to S,. 

Length of half group. . 
·-------~-------------,-------,-------! 

o tides. 4 tides. 6 tides. 8 tides. 1otides, 

---------1--------1---------1------~-1--------l--------l-------I 
d. h. 

( 0 00 

I ~ ~~ 
. I ~ :! 
i1 ! ~ 
·~1 ~ ~ 
¢: 2 18 
< I 3 00 

3 o6 

l 3 12 
3 18 
4 00 

r i n 
~I ~ ~ 

lH ~ ~ 11 12 

~I ; ~ 
0 18 

l ~ ~~ 
0 00 

r o oo 

I ~ ~~ 
0 18 

~I ; : 
] 12 

18 
2 00 
2 06 

t 2 12 
~ 2 18 

I ~ : 
l ! ~ 
( 4 00 

I ~ H 
~I ~ ~ 
-~I ~ ~~ 
-~ ... 1 ; ~ 

I 12 
1l I 06 
ll:i I 00 

0 18 
0 12 
0 06 
0 00 

11l. 

0 

- 9 
- 18 
- 27 
- 35 
-44 
- 52 
- 61 
- 69 
- 77 
- 84 
- 92 
- 98 
-105 
-III 
-116 
-120 

-108 
-113 
-118 
-122 
-125 
-127 
-127 
-126 
-123 
-117 
-109 
- 99 
- 84 
- 67 
- 47 
- 24 

0 

0 

+ 24 
+ 47 + 67 + 84 + 99 
+109 
+117 
+123 
+126 
+127 
+127 
+125 
+122 
+118 
+113 
+w8 
+120 
+u6 
+1u 
+w5 
+ 98 
+ 92 
+ 84 
+ 77 + 69 + 61 
+ 52 
+ 44 
+ 35 + 27 
+ 18 
+ !) 

0 

" 
" 
" 
" 
" 

" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 

" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 

+0·22 
+0·12 
+0·02 
-0·09 
-0·20 
-0·31 
-0·42 
-0·53 
-0·64 

s, 

" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 

-0·74 " 
-0·84 
-0·93 
-1·01 
-1·08 
-1·13 
-1·16 
-1·18 
--'I 018 
-1·16 
·-1'13 
-1·08 
-1·01 
-0·93 
-0·84 

" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 

-0·74 " 
-0·64 
-0·53 
-0·42 
-0·31 
-0'20 
-0·09 
+0·02 
+0·12 
+0·22 

" 
" 
" 
" 
" 
" 
" 
" 
" 

" 
" 
" 
" 
" 
" 
" 
" 
" 
" 

" 
" 
" 
" 

+0·90 s., 
+0·90 
+0·89 
+0·87 
+0·84 
+0·80 
+0·76 
+0·71 
+0·65 
+0·58 
+0·51 
+0·44 
+0·35 
+0·26 
+0·18 
+0·07 " 
-0·04 

" .. 
" 

" 
" 
" 
" 
" 
" 
" 
" 

+0·20 
+0·10 

0'00 

-0'10 

" 
" 
" 
" 

---0·20 '' 

--0·30 " 
--0·41 " 
-0·52 " 
--0·63 " 
--0·73 " 
--0·82 " 
--0·90 " 
--0·98 
-1·05 " 
-1·09 •• 
-l"ll " 
-1·12 " 
-1·12 " 
-I'll 

-1·09 " 
-1·05 
-0·98 
-0·90 " 
-0·82 " 
--0·73 " 
--0·63 " 
--0·52 " 
-0·41 " 
--0·30 " 
-0·20 " 

-0·09 
+0·01 
+0·11 
+0·21 

,--0·04 
+0·07 
+0·18 
+0·27 
+0·36 
+0·45 
+0·52 
+0·58 
+0·65 
+0·71 
+0·76 
+o·8o 
+0·84 
+0·87 
+0·89 
+0·90 
+0·90 

" 
" 
" 
" 

" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 

+0·88 
+0·87 
+0·86 
+0·84 
+0·81 
+0·77 
+0 ·13 
+0·69 
+0·63 
+0·56 
+0·50 
+0·43 
+0 ·34 
+0·25 
+0·17 
+0·07 
-0·04 

+0·19 
+0·09 
-0·01 
-0·11 
-0·22 
-0·32 
-0·42 
-0·52 
-0·61 
-0·70 
-0·78 
-0·86 
-0·93 
-0·99 
-1·03 
-1·05 
-1·06 

-1·o6 
-1·05 
-1·03 
--0·99 
-0·93 
-0·86 
-0·78 

" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 

--0·70 " 
-0·61 
-0·52 
-0·42 
-0·32 
-0·21 
-0'11 
+0·01 
+o·u 
+0·21 

" 
" 
" 

" 
" 
" 
" 
" 
" 

" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 

+0·84 s, 
+0·83 
+0·82 
+0·81 
+0·78 
+0·74 
+0·70 
+0·65 
+0·59 
+0 ·53 
+0·47 
+0·40 
+0·32 
+0·23 
+0·15 
+0·05 
-0·06 

" 

" 
" 
" 
" 
" 
" 

" 
" 

" 
+0·19 
+0·08 
-0'02 
-0'12 
-0·23 
-0·32 
-0·42 
-0·51 
-o·6o 
-0·68 
-0·76 
-0·83 
-0·87 
-0·93 
-0·96 
-o·97 
-0·98 

-0·98 
-0•97 
-0·96 
-0·93 
-0·87 
-0·83 
-0·76 
-0·68 
-o·59 

" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 

" 
" 
" 
" 
" 
" 
" 

-0·50 " 
-0·42 " 
-0·32 " -0·22 " 
-0·11 " 

" 
o·oo 

+0·10 
+0·20 " 

" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 

+0·79 
+0·78 
+0·77 
+0·76 
+0·73 
+0·69 
+0·66 
+0·62 
+0·56 
+0·50 
+0·44 
+0·37 
+0·29 
+0·21 
+0·13 
+0·03 
-0·08 

+0·18 
+0·07 
-0·03 
--0·13 
-0·23 
-0·32 
--0·40 
-0·49 
-0·57 
-0·64 
-0·70 
--0·75 
-0·80 
--0·85 
-0·88 
--0·89 
--0·89 

-0·89 
-0•89 
--0·88 
-0·85 
-0·80 
-0·75 
-0·70 
--0•64 
-0·56 
.-0·48 
-0·40 
--0·31 
-0·22 
-0·11 

" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 

" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 

" 
" 
" 
" 
" 
" 
" 
" 
" 
" o·oo 

+0·10 " 
+0·19 

" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 

In clearing tides of phase or semimenstrual height inequality, apply the tabulated values as they stand to the low waters, but 
alter their signs for the high waters. 

Spring and neap tides occur 5•
0 

- M~o hours after syzygy and quadrature. 
1·0159 

This table is based upon Tables 1. 15, 16, and 21. 
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TABLE 25.-Variation in mean Be?niranga of tide dee to the parallax wav11 oompoaad of N,, ~. and 2N. 

Increase In mean semi::,d.nSi.of tide due to N 11 L,, 

I 
Increase In mean semlrange of tide due to N 1 , L,, 

and oN. 

Time.· 
Length of half group, 

Time. 
Length of half group, 

o tides. 4 tides. 8 tides. 1:1 tides. o tides. 4 tides. 8 tides. 1a tides. 

d. lz. d. h. 
0 00 +0·94No +0·93 N, +0·90N, +0·85 N, 0 00 -0·77 No -o·77 No -0·76No -0·73 N• 
0 o6 +0·94 " +0·93 " +0·90" +0·85" 0 06 -0·77 " -0·77 " -0·76 " -0·73 " 
0 12 +0·93 " +0·93 " +0·89" +0·84 " 0 12 -0·77 " -0·77 " -0·76 " -o·73 " 

.,; 0 18 +0·92 " +0·91 " +0·88" +0·83 " .,; 0 18 -0·76 " -0·76 " -0·75 " -0·73 " 
"' I 00 +0·91 " +0·91 " +0·87" +0·82 " "' I 00 -0·75 " -0·75 " -0·74 " -0·72 " "' "' ·.;; 

I 06 +0·89" +0·89 " +0.85" +o·8o " ·.;; I 06 -0·75 " -0·75 " -0·74 " -0·72 " <l 
I 12 +0·87" +0·87 " +0·84 " +0·79" 5 I 12 -0·74" -0·74 " -0·73 " -0·71 " t I 18 +0·85 " +0·85 " +0·82" +0·77 " 

~ 
I 18 -0·73 " -0·72 " -0·72 " -0·70 " ·i:: 2 00 +0·82 " +0·82 " +0·80 " +0·76" 2 00 -0·71 " -0·70 " -0·70 " -0·67 " ~ 2 o6 +0·79" +0·79 " +0·77 " +0·73 " 2 o6 -0•69 " -0·69 " -0·68 " -0·65 " ... .... 

"' 2 12 +0·75 " +0·75 " +0·74 " +0·70" 
., 

2 12 -0·68 " -0·68 " -0·65 " -0·64 " .:::: .:::: 
< 2 18 +0·72 " +0·72 " +0·72 " +0·67 " < 2 18 -0·66 " -0·66 " -0·64 " -0·63 " 

3 00 +0·68 " +0·68 " +0·67 .. +0·64 " 3 00 -0·63 " -0·63 " -0·62 " -o·6o " 
3 o6 +0·64 " +0·64 " +0·63·" +0·61 " 3 06 -0·61 " -0·61 " -o·6o " -0·57 " 
3 12 +o·6o" +o·6o " +0·59 " +0·57" 3 12 -0·58 " -0·58 " -0·57 " -0·54 " 

f3 12 +0·61 " +0·61 " + 0·59 " +0·57 " 3 12 -o·6o " -o·6o " -0•58 " -0·56 " 

I! 06 +0.57 " +0·57 " + 0·55 " +0·53 " 3 06 -0·57 " -0·57 " -0·55 " -0·53 " 
00 +0·52 " +0·51 " +0·50 " +0·49 " 3 00 -0·55 " -0·54 " -0·52 " -0·50 " .,; 18 +0·48 " +0·47 " +0·45 " +0·45 " .,; 2 18 -0·51 " -0·51 " -0·50 " -0·46 " "' ] "' 2 12 +0·43 " +0·43 " +0·40 " +0·40 " ] 2 12 -0·47 " -0·47 " -0·46 " -0·43 " 

"' 2 06 +0·38 " +0·38 " +0·36 " +0·36 " 2 o6 -0·45 " -0·45 " -0·44 " -0·41 " 
.§ 

., I 
2 00 +0·33 " +0·33 " +0·31 " +0·31 " -~ 2 00 -0·41 " ! 

-0·41 " -0·40 " 
[ 

-0·37 " 
:0 I 18 +0·28 " +0·28 " +0·27 " +0·28 " I 18 -0·37 " -0·37 " -0·35 " --0·32 " ·g "' I 12 +0·23 " +0·23 " +0·23 " +0·24 ." '§ I 12 -0·33 " -0•33 " -0·32 " I -0·29 " ... I o6 +0·18 " +0·18 " +0·19 " +0·20 " I 06 -0·29 " -0·29 " -0·27 '' --0·24 " .... ~ .8 I 00 +0·12 " +0·12 " +0·13 " +0·14." .8 I 00 -0·26 " -0·26 " -0·24 " -0·21 " "' ~ 

l~ 
18 +0·08 " +0·08 " +0·09 " +o·w " ... 

l~ 
18 -0·21 " -0·21 " -0·19 " -0·16 " P-l 

12 +0·02 " +0·02 " +0·04 " +0·04 " 12 -0·17 " -0·17 " -0·15 " -0·13 " 
06 -0·02 " -0·02 " o·oo " +0·01 " o6 -0·12 " -0·12 " -0·10 " -0·09 " 
00 '-0'07 " -0·07 '' -o·o6 " -0·04" 00 -0·07 " -0·07 " -0·06 " -0·04 " 

r~ 
00 -0·07 " -0·07 " -0·06 " -0·04 " 0 00 -0·07 " -0·07 " -0·06 " -0·04 " 
06 -0·12 " -0'12 " -0·10 " -0·09 " 0 o6 -0'02 " -0·02 " o·oo " +0·01 " 
12 -0·17 " -0·17 " -0·15 " -0·13 " 0 12 +0·02 " +0·02 •• +0·04 " +0·04 " 

.,; . 18 -0·21 " -0·21 " -0·19 " -0·16 " ~ 
0 18 +0·08 " +0·08 " +0·09 " +0·10 " 

"' I 00 -·0·26 " .-0·26 " -0·24 " -0·21 " I 00 +0·12 " +0·12 " +0·13 " +0·14 " "' ] ·.::: I 06 -0·29 " -0·29 " -0·27 " -0·24 " I o6 +0·18 " +0·18 " +0;19 " +0·20 " 
"' I 12 -0·33 " -o·33 " -0·32 " -0·29 " 

., 
l 12 +0·23 " +0·23 " +0·23 " +0·24 " 13 13 ·.c I 18 -0·37 " -0·37 " -0·35 " -0·32 " ~ I 18 +0·28 " +0·28 " +0·27 " +0·28 " "' '§ 2 00 --0·41 " --0·41 " --0·40 " -0·37 " ·9 2 00 +0·33 " +0·33 " +0·31 " +0·31 " 

2 o6 -0·45 " -0·45 " -0·44 " -0·41 " 2 o6 +0·38 " +0·38 " +0·36 " +0·36 " .... .... 
"' 2 12 -0.47 " -0·47 " -0·46 " -0·43 " "' 2 12 +0·43 " +0·43 " +0·40 " +0·40 " ¢: .:: 
< li 

18 -0·51 " -0·51 " -0·50 " -0·46 " < li 
18 +0·48 " +0·47 " +0·45 " +o·45 " 

00 -0·55 " -0·54 " -0·52 " -0·50 " 00 +0·52 " +0·51 " +0·50 " +0·49 " 
06 -0·57 " -0·57 " -0·55 " -0·53 " 06 +0·57 " +0·57 " +0·55 " +0·53 " 
12 -0·60 " -o·6o " -0·58 " -0·56 " 12 +0·61 " +0·61 " +0·59 " +0·57 " 

r1 
12 -0·58 " -0·58 " -0·57 " -0·54 " [l 

12 +0·60 " +o·6o " +0·59 " +0·57 " 
o6 -0·61 " -0·61 " -0·60 " -0·57 " o6 +0·64 " +0·64 " +0·63 " +0·61 " 
00 -0·63 " -0·63 " -0·62 " -o·6o " 00 +0·68 " +0·68 " +0·67 " +0·64 " .,; 18 -0·66 " -0·66 " -0·64 " -0·63 " ~ 18 +0·72 " +0·72 " +0·72 " +0·67 " "' 

~F 
12 -0·68 " -0·68 " --0·65 " -0·64 " "' 2 12 +0·75 " +0·75 " +0·74 " +0·70 " ·.;::: 
06 -0·69 " --0·69 " -0·67 " --0·65 " 2 o6 ;-0·79 " +0·79 " +0·77 " +0·73 " <l 
00 -0·71 " -0·70 " -0·68 " -0·67 " ol 2 00 +0·82 " +0·82 " +0·80 " +076 " ... 2 "' 

~I: 
18 -0·73 " -0·72 " -0·72 " -0·70 " -~ I 18 +0·85 " +0·85 " +0·82 " +0·77 " 
12 -0·74 .. -0·74 " -0·73 " -0·71 " "' I 12 +0·87 " +0·87 " +0·84 " +0·79 " A. 

"' I 06 -0·75 " -0·75 " -0·74 " -0·72 " e I o[> +0·89 " +0·89 " +0·85 " +o·8o " ~ I 00 -0·75 " -0·75 " -0·74 " -0·72 " .8 I 00 +0·91 " +0·91 " +0·87 " +0·82 " 

~ ll 18 -0·76 " -0·76 " -0·75 " -0·73 " 
., 

ll 
18 +0·92 " +0·91 " +0·88 " +0·83 " ~ 12 -0·77 " -o·.77 " -0·76 " -0·73 " 12 +0·93 " +0·93 " +0·89 " +0·84 " .06 -0·77 " -0·77 " -0·76 " -0·73 " 06 +0·94 " +0·93 " +0·90 " +0·85 " 

00 -0·77 " -0·77 " -0·76 " -0·73 " 00 +0·94 " +0·93 " +0·90 " +0·85 " 

In clearing tides of this inequality, apply the tabular values as they stand to the low waters, but alter their signs for the hi&-h 
waters. 

P . 'd 'd M,o-N,o ~ . engean ti es, apogean ti es, etc., occur 
0

.
5444 

hours aiter perigee, apogee, etc. 

This table is based upon Tables 1, 16, and 21. 
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TABLE 26.-Ejfect ofQ1 upon the amplitude ofO,. 

Resultant amp. 
Time. 

\ Resultant amp. 
Time. 0 1 and Q,. : 0 1 and Q,. 

01= •. i o, =•· 

d. d. 

~r 
1·19 ·r 0·81 

t t'.o I 1·19 t ~ I 0·81 
<:::·i:: 2 1·18 ~ 8. 2 0·83 
< ~ l3 1·16 "' 3 0·86 .. {' 1 ·13 .. {' 0·89 

~-.S 2 1·10 ~.§ 2 0·93 
., 'O I 1·06 't~ I 0·98 
i:i:i·- J:Q·-

8 0 1·02 8 0 0·02 

"Io 1'02 

T 
1'02 

~ S I 0·98 ~.§ I 1·o6 
¢:: ·.::i 
< :s l 2 0·93 <~ 2 1'10 

8 3 0·89 8 3 1·13 .. {' 0·86 .. {' 1·16 
~ ~ 2 0·83 _£ ~ 2 1·18 

"' 8. I 0·81 cu ·a:: I 1 ·19 
lll"' 0 0·81 Ill~ 0 1·19 

I 

This table is based upon Tables 1 and 16. 

TABLE 27.-Perturbatio11s in K 1 due to 0 1• 

Increase in K 1 tidal Increase in semi- Increase in K 1 tidal Increase in semi-
Time. ran~e of K 1 tide Time. ran~e of K 1 tide 

interval due to 0 1• ue to 0 1• 
interval due to 0 1• ue to01• 

d. h. h. 11l. "- h. h. 11l. 

ui 0 00 +o oo Oi/K1 +1·00 01 ri 0 00 0 oo 01/K1 -1·00 o. ., 
] 0 o6 +o 14 " +0·99 " ~ 0 06 -I 14 " -0·97 " 

0 12 +o 28 " +0·98 " 0 12 -2 16 " -0·91 " 
~ 0 18 +o 43 " +0·96 " ~ 0 18 -3 03 " -0·83 " 0 i:: 

I 00 +o 57 " +0·94 " 0 I 00 -3 27 " --0·73 " ·~ ·.::1 
I 06 +1 II " +o·go " "' I 06 -3 44 " -0·63 " .5 
I 12 +1 25 " +0·86 " .5 

I 12 -3 53 " -0·51 " u u ., 
I' 18 +1 39 " +0·81 " ., I 18 -3 54 " -0·40 " .,, .,, 

8 2 00 +1 53 " +0·75 " 2 00 -3 52 " -0·28 " a 
:;:l 2 06 +2 o6 " +0·69 " :;:l 2 o6 -3 48 " -0·17 " 
8 2 12 +2 19 " +0·62 " .§ 2 12 -3 40 " -0·06 " ";( 

2 18 +2 32 " +0·55 " i:: 2 18 32 " +0·05 " "' ·g -3 
Ei 3 00 +2 45 " . +0·46 " 3 00 -3 23 " +0·15 " .... .... ., 3 06 +2 57 " +0·37 " 

., 
3 o6 -3 12 " +0·25 " ¢:: ;j < 3 12 +3 og " +0·28 " 3 12 -3 01 " +0·35 " 

"' 3 12 +3 01 " +0·35 " ri 3 12 -3 og " +0·28 " ., 
] 3 06 +3 12 " +0·25 " .,, 

3 06 -2 57 " +0·37 " ·.i:: .. 3 00 +3 23 " +0·15 " ] 3 00 -2 45 " +0·46 .. 
i:: 2 18 +3 32 " +0·05 " 2 18 -2 32 " +0·55 " 0 0 
.i 2 12 +3 40 " -0·06 " ·.::i 2 12 -2 19 " +0·62 " 
"' 2 06 +3 48 " -0·17 " Jl 2 o6 -2 06 " +0·69 " s::: 
~ 2 00 +3 52 " -0·28 " u 2 00 -1 53 " +0·75 " ., ., .,, I 18 +3 54 " -0·40 " .,, I 18 -I 39 " +0·81 " 
§ I 12 +3 53 " -0·51 " a I 12 -I 25 " +0·86 " :;:l 

.§ I o6 +3 44 " -0·63 " 8 I 06 -I II " +0·90 " 
I 00 +3 27 " -0·73 " ";( I 00 -0 57 " +0·94 " i:: "' ·g 0 18 +3 03 " ...L-0'83 " 8 0 18 -0 43 " +0·96 " 

"' 0 12 +2 16 " -0·91 " "' 0 12 -0 28 " +0·98 " .... 

I 

.... 
.£ 0 o6 +1 14 " -0·97 " .£ 0 o6 -0 14 " +0·99 " 
"' 0 00 +o 00 " -1·00 .. ., 

0 00 " +1·00 " ~ lll -0 00 

Maximum antl minimum tlcclinational tides occur 

decreased by the acceleration in K, due to P,, Table 31. 

K10_.o,o 
1 .0980 hours after extreme and zero declination, provided K 1° is 

See~ 67. 
This table is based upon Tables 1, 15, and 16. 
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TABLK 28.-Tko •poed which oe>rr6'pcm4• to a perio4 of giv1m l6flgth. 

----------------
1
1 _____ Sp~~~-.----- ! Time equal 

Length of half period. :i----- . I to one de-
!. Per hour. J Per minute. ! gree. 

-;-~,~-\:.- ------0-- 0 "'· 

IO 00 I 600 18·009 0·3000 3·333 
IO 610 1]"705 0·2951 3•389 
20 I 620 1]"419 0·2903 3·445 
30 630 17'143 0·2857 3·500 
40 I 640 16·875 0·2813 3·556 
50 I 650 16·615 0·2769 3·611 

II 00 660 16·364 0"2727 3·667 
IO 670 16· 119 0·2687 3'722 
20 I 680 15·882 0'2647 3·778 
30 690 15·652 0·26o9 3·833 
40 I 700 15·429 0·2571 3·889 
50 710 15·211 0·2535 3•945 

12 00 720 15·000 0·~500 4·000 
JO 1' 730 14·795 0·2466 4·055 
20 740 14·595 5·2433 4·111 
30 750 14·400 0·2400 4·167 
40 76o 14·211 0·2369 4·222 

• 50 770 14 ·026 0·2338 4 ·278 
13 00 780 13·846 0·2308 4·333 

JO 790 13·671 0·2279 4·389 
20 800 13·500 0·2250 4·444 
30 810 13·333 0·2222 4·500 
40 I 820 13·171 0·2195 4·555 
50 830 13·012 0·2169 4·611 

14 oo 840 12·857 0·2143 I 4·667 
--- - - ------------__ I_·- -- ---- ------

'l'Anu: 2!l.-T/ie s1111's niean longitude at Greimtvioh niean 110011. 

,-D-a-y-. -,1--J1tt1--~.~~----_l'-._e-b=·=~----M~-a-r=. =l----~--\-~p-r_.~~==!l=la=y=. ~, _J_u_n-e.-_-i-J-~~· _} A1~~-- ! ~cpt~-1--~~ 1--='\o\'. -~~=~--
[ 0 0 0 0 0 -ll ______ 0 i 0 I 0 '1 0 I 0 0 0 

l 28o•6 311 "2 338•7 9•3 38•9 69•4 
1

1 99·0 129·6 1 160° I 189·7 220"2 249•8 
2 281·6 312·1 339·7 10·3 39·9 70·4 100·0 130·6 161·1 190·7 221·2 250·8 
3 282·6 313·1 340·7 11·3 40·9 71·4 . 101·0 131·5 162·1 I 191·7 2i;z·2 251·8 
4 283·6 314·1 341·7 12·3 41·8 72·4 102·0 132·5 163·1 \ 192·6 223·2 252·8 
5 284·5 315·1 342·7 13·3 42·8 7~·4 J02"9 133·5 164·1 193·6 224·2 253·7 

6 285·5 316·1 343·7 
7 286·5 317"1 344·7 
8 2sr5 318·0 345·7 
9 288·5 319·0 346·6 

10 289·5 320·0 347·6 

II 290·5 
12 291·4 
13 292·4 
14 293·4 
15 294•4 

16 295·4 
17 296·4 
18 297•4 
19 I 298·3 
20 299·3 

2I 300·3 
22 301·3 
23 302·3 
24 303·3 
25 304•3 

26 305·2 
27 3o6·2 
28 307'2 
29 308·2 
30 309·2 
3I 3I0"2 

321·0 
322·0 
323·0 
324·0 
324·9 

325·9 
326·9 
327'9 
328·9 
329·9 

33o·9 
331·8 
332·8 
333·8 
334·8 

335·8 
336·8 
337'8 
338·7 

348·6 
349·6 
350·6 
351·6 
35 2 "5 

353"5 
354·5 
355"5 
356·5 
357"5 

358·5 
359·4 

0·4 
1·4 
2·4 

3·4 
4·4 
S"4 
6·3 
7"3 
8·3 

14·2 43·8 
15·2 ~4·8 
16·2 45 ·8 
17·2 46·8 
18·2 47"8 

19·2 48·7 
20·2 49·7 
21 ·1 50·7 
22·1 51·7 
23·1 52·7 

24·1 53·7 
25·1 54·7 
26·1 55·7 
27·1 56·6 
28·0 57·6 

29·0 58·6 
30·0 59·6 
31 ·o 6o·6 
32·0 61·6 
33·0 62·5 

33·9 63·5 
34·9 I 64·5 
35·9 65·5 
36·9 66·5 
37"9 I 6n 

68·5 

74·4 
75"3 
76·3 
77·3 
78·3 

79·3 
80·3 
81 ·3 
82·2 
83·2 

84·2 
85·2 
86·2 
8r2 
88·2 

89·1 
90·1 
91 ·1 
92·1 
93·1 

94·1 
95·1 
96·0 
97·0 
98·0 

103·9 
104·9 
105·9 
106·9 
J07"9 

J08·9 
109·8 
II0°8 
111·8 
112·8 

113·8 
114·8 
115·8 
116·7 
117"7 

118·7 
119·7 
120·7 
121 ·7 
122·7 

123·6 
124·6 
125·6 
126·6 
12]"6 
128·6 

134·5 
135·5 
136·5 
137'4 
138•4 

139·4 
140·4 
141·4 
142·4 
143·4 

144·3 
145·3 
146·3 
147·3 
148·3 

149·3 
150·3 
151 ·2 
152·2 
153·2 

154·2 
155·2 
156·2 
i5r2 
158·1 
159·1 

165·0 
166·0 
16]"0 
168·0 
169·0 

170·0 
170·9 
171·9 
172·9 
173·9 

174·9 
175·9 
176·9 
177'9 
178·8 

179·8 
180·8 
181·8 
182·8 
183·8 

1847 
185·7 
186·7 
18r7 
188·7 

------'------'-----''----------------- --- -- - - -------- --- ---'------
This table assumes that the value for January 1 is 28o·6. 

S. Ex. 8, pt. 2--17 

194·6 
195·6 
196·6 
i9r6 
198·5 

199·5 
200·5 
201·5 
202·5 
203·5 

204·5 
205·5 
206·4 
207'4 
208·4 

209·4 
210·4 
211·4 
212·3 
213·3 

214·3 
215·3 
216·3 
217'3 
218·3 
219·3 

225·2 
226·1 
227"1 
228·1 
229·1 

230·1 
231·1 
232·1 
233·1 
234·0 

235·0 
236·0 
237'0 
238·0 
239·0 

240·0 
240·9 
241·9 
242·9 
243·9 

244·9 
245·9 
246·9 
247'8 
248·8 

254·7 
255·7 
256·7 
257·7 
258·7 

259·7 
26o·7 
261·6 
262·6 
263·6 

264·6 
265·6 
266·6 
267'5 
268·5 

269·5 
270·5 
271 ·5 
272·5 
273·5 

274·5 
275·4 
276·4 
277·4 
278·4 
279·4 
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TABLE 30.-Approximate equation of time at Greenwich mean noon. 

[To change apparent to mean time.] 

·-·------- -- ~~t~--' Day. Jan. Feb. Mar. Apr. May. June. July Aug. Sept. 

----- ----- ·--------- --··· --- ·---·----··· 

m. m. m. m. m. '"· m. m. 
I + 3·8 +13·8 +12·5 +n -3·0 -2·4 +n +6·1 
2 + 4•2 +13·9 +12·3 +3·6 -3·1 -2·3 +n +6·o 

3 + 4•7 +14·0 +12·1 +3"3 -3·2 -2·1 +n +6·o 

4 + 5·2 +14·1 +11·9 +3"0 -3·3 -2·0 +4"1 +5"9 
5 + 5·6 +14·2 +11·7 +2·8 -3·4 -1·8 +4"3 +5·8 

6 + 6·1 +14·3 +11·4 +2"5 -3"5 -1·6 +n +n 
7 + 6·5 +14·3 +11·2 +2"2 -3·6 -1·4 +4·6 +5·6 
8 + 6•9 +14·4 +11·0 +1·9 -3·7 -1·3 +4·8 +n 
9 +n +14·4 +rn·7 +1·6 -3"7 -1·0 +4"9 +n 

10 +n +14·4 +10·4 +1·3 -3·8 -0·9 +5·o +5·2 

II + 8·1 +14·4 +10·2 +1·0 -3·8 -0·7 +5·2 +5·1 
12 + 8·5 +14·4 + 9·9 +o·8 -3·8 -0·5 +n +4"9 
13 + 8·9 +14•4 + 9·6 +o·s -3·9 -0·3 +n +4"7 
14 + 9·3 +14·4 + 9·3 +0·3 -3·9 -0·1 +5·6 +4"5 
15 + 9·6 -f-14•3 + 9·1 +0·1 -3·9 +0·2 +n +n 

16 +rn·o +14-"3 + 8·7 -0·2 -3·9 +0·4 +5·8 +4"1 
17 +rn·3 +14·2 + 8·5 -0·5 -3·8 +o·6 +n +n 
18 +10·6 +14·1 + 8·2 -0·7 -3·8 +o·8 +6·o +n 
19 +10·9 +14·0 + 7"9 -0·9 -3·8 +1·0 +6·1 +3"5 
20 +11·2 +13·9 + r6 -1·1 -3"7 +1·2 +6·1 +n 

21 +11·5 +13·8 + n -1·3 -3·6 +1·5 +6·2 +3"0 
22 +11·8 +13·7 + ro -1·5 -3·6 +1·7 -f-6·2 +2·8 
23 -t-12·1 + 13·5 + 6·7 -1·7 -3"5 +1·9 +6·2 +2"5 
24 +12·3 +13·4 + 6·4 -1·9 -3·4 +2"1 +6·3 +2·3 
25 +12·5 +13·2 + 6·o -2·1 -3·3 +2"3 +6·3 +.2·0 

26 +12·8 +13·0 + 5·8 -2·3 -3·2 +2"5 +6·3 +1·7 I 
27 +13·0 +12·9 +S'S -2·4 -3·1 +2·7 +6·3 +1·4 
28 +13·2 +127 + 5·2 -2·6 -3·0 +3"0 +6·3 +1·2 
29 +13·3 +12·5 + 4·9 -2·7 -2·9 +3"2 -t-6·3 +0·9 
30 +13·5 + 4·6 -2·9 -2·7 +3·4 +6·2 +o·6 
31 +13·7 + 4"3 -2·6 -f-6·2 +0·3 

Sun's mean longitude . . . 
-----~- = nght ascension of mean sun = sidereal time of mean noon. 

15 
Sun's right ascension = right ascension of mean sun + equation of time. 

m. Ill. 

o·o --10·3 
- 0·4 -10·6 
- 0·7 -10·9 
- 1·1 -11·2 
- 1 ·3 -11·5 

- I •7 -11·8 
- 2·0 -12·1 
- 2·4 -12·4 
- 2·7 -12·7 
- 3·1 -12·9 

- 3·4 -13·2 
- 3·7 --13·5 
- 4·1 -13·7 
- 4·4 ·-13"9 
- 4·8 -14·1 

- 5·2 ·--14·4 
- S'S -14·6 
-5"9 -14·8 
- 6·2 -14·9 
- 6·6 -15·1 

- 6·9 -15·3 
-7"3 -15·4 
- 7·6 -15·6 
- 8·o -15·7 
- 8·3 -15·8 

- 8·6 -15·9 
- 9·0 -16·0 
- 9·3 -16·1 
- 9·6 -16·2 
-10'0 -16·2 

-16·3 

Nov. ~--1 
1/t. m. 

- -16·3 -10·8 
·-16·3 -10·5 
-16·3 -10·0 
-16·3 - 9·7 
-16·3 - 9·3 

-16·3 - 8·8 
-16·2 - 8·4 
-16·2 - 8·o 
-16·0 -rs 
-16·0 -7"1 

- 15·9 - 6·6 
-15·7 - 6·1 
-15·6 ·- S'7 
-15·3 - 5·2 
-15·3 - 4·7 

-15·1 - 4·2 
-14·9 - 3·7 
-14·7 - 3·2 
-14·5 - 2·7 
-14·3 - 2·2 

-14·0 - 1 ·7 
-13·7 - 1 ·2 
-13·5 - 0·7 
-13·2 - 0·2 
-12·9 + 0·3 

-12:6 + 0·7 
-12·2 + 1·2 
-11·9 + 1 ·7 
-11·6 + 2·2 
-11·2 + 2·7 

+ 3·2 
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TABI.IC 31.-l'el'turbation.a in K1, S,, due to the components P,, Kc, and T,. 
·----·--

:\ccclcration Resultant amplitude. 
Date ·------- ·---

Greenwich 
mean noon. 

I 
ln K~ due Jn S.\{luc ln S., due to 

to >I· to 2· solar K2. 
In S. due K~~l~1 i S2 and K 2 S. noel solar K1 

to T 1 • 1-•· S2 =1. S.=i. 
---·--- --

0 0 0 c 

Jan. I - 5·2 - 7·6 ·-2·4 
II - 9·9 -12·5 -J"9 
21 -IJ"S -15·2 -4·8 

I +01 I"JI4 ·76 0·92 

I -0·5 1·267 ·82 0·94 
-1·0 1·197 ·90 0·96 

JI -ITO -15·6 -4·9 
Feb. IO -1S·S -14·1 -4·5 

-1·5 1·105 ·99 o·99 
-1·9 0·993 1·08 1·02 

20 -18·7 -II·6· -3"7 -2·3 o·SS5 1·16 1·05 

Mar. 2 -15·S - S·2 -2·6 
12 - 9·4 - 4·4 -1·4 
22 - 0·5 - 0·3 -0·1 

Apr. I + S·5 +n +1·2 
II +15·4 + rs +2"5 
21 +1S·6 +II·2 +J·6 

-2·7 0·7S2 I "22 1·07 
--3·0 0·7o6 1·25 1·08 
-3·2 0·676 1·27 1·09 
-3·4 0·701 1·26 1·08 
-3·4 0·772 1·23 1·07 
-3·3 o·S73 I ·16 1·04 

May I +1S·9 +14·0 -J-4•4 -3·1 0·9S5 1·09 1·02 
II +in +15·4 +4"9 
21 +14·2 +15·4 +4"9 
JI +10·2 +13·0 +4"1 

June IO +n + S·2 +2·6 
20 + 0·9 + 1·3 +0·4 

-2·9 1·092 1·00 0·99 
-2·5 1 ·1S8 ·91 0·96 
-2·0 1·261 ·S2 0·94 
-1·4 1·309 ·76 0·92 
-o·S 1'329 ·73 0·91 

30 - 4·0 - 5·6 -1·S -0·3 1 ·321 ·74 0·92 

July IO -- S·7 -u·5 -3"7 
20 -12·S -14·6 -4·6 
30 -16·3 -15·6 ~5·o 

Aug. 9 -1S·6 -14·6 -4·7 
19 -19·1 -12·3 -3·9 
29 -17·0 - 9·2 -2·9 

+0·4 
I 1 ·2S2 ·So 0"9J 

+1·0 I ·217 ·SS 0·95 
+1·6 I ·131 ·97 0·9S 
+2"1 1·028 1·o6 1·01 
+2·6 0·913 1·14 1·04 
+2·9 0·807 1·21 I ·06 

Sept. s -u·7 -n -1·S 
1S - J•I - 1·3 -0·4 
2S + 6·4 + 2·S +0·9 

Oct. s +14·0 + 6·8 +2·2 
1S +1S·2 +10·4 +n 
28 +19·2 +IJ"J +4"2 

+3"2 0·721 1·25 1·08 
+n 0·677 1·27 1·08 
+n 0·6S7 1·26 1·08 
+3"3 0·748 1·23 1·08 
+3"2 0·844 1·1S 1·06 
+3"0 0·956 l"Il l"OJ 

Nov. 7 +1S·o +15·2 +4·S +2·7 1·065 1·03 1·00 
17 +15·1 +15·4 +n 
27 +II"J +13·7 +4"4 

Dec. 7 + 7·0 + 9·7 +3"1 

+2"3 1·165 ·93 0·97 
+1·9 1·244 ·S4 o·95 
+1·4 1·299 ·78 0"9J 

17 + 2·2 + 3"3 +1·0 +0·7 1·327 ·73 0·92 
27 - 2·7 - 4·0 -1·2 

Jan. 6 -- 7·4 - 9·9 -n 
---------------

Modifiea- Tabular Tabular Tabular 
tion of value X value X value. 

+0·3 1·325 ·74 0·92 
-0·2 I 1·295 ·79 . 0·92 

----
_____ ! ____ 

Tabular (Tab. -1) (Tah.-1) Tabular 
value. X F(K1) X/ (K2) value. 

tabular F(K 1). /(K,). 
value for 

+ I=c1 or +I. 
Cu. 

long. of 
moon's 
node. I 

I ------- -----
*I.e. K 1' or the K 1 for the given year. 

For the acceleration ins. due to lunar K,, use the tabular value multiplied by [/(K~)-o·JI7]· 
This table is based upon Tables 1, 15, 16, and 29. 
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S, and T 1 
S.=1. 

1·06 
1·06 
1·o6 
1·05 
1·05 
1·04 

l"OJ 
1·02 
1·01 
J"OO 

0·99 
0·9S 

0·97 
0·96 
0·96 
0.95 
0·95 
0·94 
0·94 

0·94 
0·94 
0·95 
0·95 
0·96 
o·97 

0·9S 
0·99 
1·00 
1·01 
1·02 
l"OJ 

l"OJ 
1·04 
1·05 
1·05 
1·05 
1·06 
1·06 

------
Tabular 
value. 
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Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

2 

12 
22 

II 
21 

I 
II 
21 
31 
TO 
20 
30 

JO 
20 
30 

9 
19 
29 

8 
18 
28 
8 

18 
28 

7 
17 
27 
7 

17 
27 

I 
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TABLE 32.-Faotor 1"1 f()r clearing D 1 of the effects of the longitude of tile 111oon's 110clc and of P,. 

I, or inclination of orbit to equator. 

---------·------- --.. -------·-

1·373 
1·463 
1·499 
1·468 
1·384 
1·28o 

1·181 
I '100 
1·036 
0·991 
.0·965 
0·954 
0·958. 

0·980 
1 ·017 
1 ·072 
1 ·146 
1·243 
I ·346 

1·443' 
1·499 
1 ·487 
1 ·412 
1'309 
1·205 

1 ·119 
1·050 
.1'001 
0·970 
o·955 
0·956 
0·976 

I 

190 

0·949 
o·974 
1 ·014 
1 ·073 
1 ·15 I 
1 ·245 

1 ·345 
1 ·431 
1·466 
1·436 
1 ·356 
1 ·256 

1 ·161 
1·082 
1 ·019 
0·977 
0·951 
0·941 
o·944 

0·965 
1·002 
1 ·055 
1 ·127 
1·219 
1·319 

1 ·412 
1 ·465 
1 ·454 
1 ·382 
1 ·283 
1·184 

1'100 
1 ·033 
0·986 
0·956 
0·941 
0·942 
0·962 

I 

20° 

0·923 
0·946 
0·983 
1°038 
1 ·112 
1·200 

1 ·293 
1 ·371 
1·404 
1 ·376 
1·302 
1·209 

1 ·121 
1·048 
0·989 
0·949 
0·925 
0·915 
0·918 

0·938 
0·972 
1·022 
1·090 
1 ·176 
1 ·268 

1 ·354 
1·403 
l ·392 
1 ·326 
1 ·235 
1 ·142 

1·o65 
1·002 
0·957 
0·929 
0·915 
0·916 
0·934 

I 

I 

210 

0·898 
0·919 
0·95~ 
1·00 
1·077 
1·158 

I '24) 
1 ·317 
1 ·347 
1 ·321 
1 ·253 
I ·167 

1·084 
1 ·015 
0·961 
0·922 
0·900 
0·890 
0·893 

0·912 
0·945 
0·992 
1 ·055 
1 ·135 
1 ·222 

1 ·301 
1·346 
1 ·336 
1 ·275 
1 ·191 
1 ·105 

1 ·031 
0·973 
0·930 
0·904 
0·891 
0·892 
0·908 

.,o 

0·874 
0·895 
0·929 
0·978 
1·043 
1 ·119 

1·200 
1 ·268 
1 ·296 
1 ·272 
1 ·208 
1 ·128 

1·051 
0·986 
0·934 
0·898 
0·876 
0·867 
0·871 

0·888 
0·920 
0·964 
1·024 
1 ·099 
1 ·179 

1·253 
1 ·295 
1 ·286 
1 ·229 
1·150 
1·070 

1 ·001 
0·946 
0·906 
o·88o 
0·868 
0·869 
0·884 

i 

230 

0·853 
0·872 
0·905 
0·951 
1 ·012 
1·084 

1 ·159 
1 ·223 
1 ·248 
1·226 
1 ·167 
1·093 

1·020 
0·959 
0·910 
0·875 
0·854 
0·846 
0·849 

0·866 
0·895 
0·937 
0·994 
1 ·065 
1 ·140 

1·209 
1 ·248 
1·240 
1 ·187 
1 ·113 
1·037 

0·973 
0·920 
0·883 
0·858 
0·846 
0·847 

! 0·862 
I 

240 

0·833 
0·851 
0·882 
0·926 
0·984 
1·052 

1 ·122 
1 ·182 
1·205 
1°185 
1·130 
1 ·059 

0·991 
0·933 
0·886 
0·854 
0·834 
0·826 
0·829 

0·845 
0·873 
0·913 
0·966 
1 ·033 
1·104 

I 
1 ·169 
1·205 
1 ·197 
1·148 
1 ·079 
1·008 

0·946 
0·896 
0·861 
0·838 
0·826 
0·827 
0·842 

'1'. 0·814 
0·831 

I 

~:~~~ 
0·958 
1'022 

I 1·088 
I l ·144 

I 
1 ·166 
1·147 
1 ·095 
1·029 

0·964 
0·909 
0·865 
0·833 
0·815 
o·8o8 
0·810 

0·825 
0·852 
0·890 
0·941 
1·005 
1 ·071 

1 ·132 
1·166 
1·159 
I '112 
1·047 
0·980 

0·922 
0·874 
0·841 
0·818 
o·8o8 
0·809 
0·822 

26° 

·---

I 

0·796 
0·813 
0·841 
0·881 
0·933 
0·994 

1 ·057 
1·109 
1 ·130 
1'112 
1·063 
1·000 

0·940 
0·887 
0·845 
0·815 
0·797 
o·790 
0·793 

0·807 
0·833 
0·869 
0·917 
o·977 
1·040 

1·098 
1 ·130 
1 ·123 
1·079 
1 ·018 
0·954 

0·899 
0·855 
0·822 
0·801 
0·790 
0·791 
0·8o4 

270 

---· 

0·779 
0·795 
0·822 
0·861 
0·911 
0·968 

1·028 
1·077 
1·097 
1·080 
1·034 
0·974 

0·916 
0·8661 
0·826 
0·798 
0·78o 
o·773 
0·776 

0•790 
0·815 
0·850 
0·895 
0·953 
1·013 

1·066 
I ·097 
1·091 
1·050 
0·991 
0·931 

0·878 
0·836 
0·8o4 
0·784 
0·774 I 

0·775 ! 
0·787 I 

I 

28° 

0·764 
0·779 
0·805 
0·842 
0·889 
0·945 

1·001 I 
1·047 
1·067 
1·050 I 
1·0071 
0·951 

o·895 I 
0·848 
0·809 
0·782 
0·765 
0·758 
0·761 

0·774 
0·798 
0·832 
0·875 
0·930 
0·987 

1·0381 
1·066 
1·o60 
1·021 
0·967 
0·909 

0·858 
0·818 
0·788 
0·768 
0·759 
0·76o 
0·772 

F - 2'4°66 I-1 x observed D, = K, + 0 1. 1·02 F 1 X observed D1 = D,. 
l - CJI 1·4o66.f(K1) + .f(O,)° 

286° 

0757 
0·772 
0·797 
0·833 
0·879 
0·933 

0·989 
1 ·034 
1 ·052 
1 ·037 
0·994 
0·939 

0·885 
0·839 
0·801 
0·774 
0·758 
0·751 
0·754 

0·767 
0·790 
0·823 
0·866 
0·919 
0·974 

1·024 
1 ·052 
1·046 
1·008 
0·955 
0·898 

0·849 
0·809 
0·78o 
0·761 
0·752 
0752 
0·764 

I 
i 

I 

This table is based on Tables 13 and 31. 
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TABLE 33.-Faotor Fo for clearing S, of Ko and T,. 
-

I, or inclination of orbit to equator. 

Date. -------------··· ··- -·--

t8l0 19• 
I 

0 230 240 250 260 270 

--'l~o_1 _2:_ 
·- ------~\ ---- ----

Jan. I 1·14 1 ·15 
II 1·08 1 ·09 
21 1·02 1 ·02 
31 ·96 ·96 

Feb.10 ·90 ·90 
20 ·86 ·86 

Mar. 2 ·83 ·83 
12 ·83 ·82 
22 ·83 ·82 

Apr. I ·83 ·83 
II ·86 ·86 
21 ·91 ·91 

May I ·96 ·96 
II 1·04 1·04 
21 1 ·12 1 ·12 
31 1·23 1·24 

June 10 1·30 1·31 
20 1 ·35 1 ·37 
JO 1·34 1 '35 

July 10 1 ·26 1 ·27 
20 1 ·17 1·18 
30 1'07 1·07 

Aug. 9 1'00 1·00 
19 ·94 ·93 

29 ·88 ·88 

Sept. 8 ·85 ·85 
18 ·84 ·83 
28 ·83 ·83 

Oct. 8 ·85 ·84 
18 ·86 ·86 
28 '90 ·89 

Nov. 7 ·95 ·95 
17 l "01 l '01 
27 1·07 l ·08 

Dec. 7 1 ·13 1·14 
17 1 ·16 1·18 
27 1·16 1·17 

Jan. 6 I 'II I 1 ·11 
I ·-- ---------··-----· 

-· 

1·16 
l'IO 
1·02 

·96 
·90 
·85 

·83 
·82 
·81 
·83 
·85 
·90 

·96 
1·04 
1 ·13 
1·25 
1 ·33 
1 ·39 
1 ·37 
1 ·28 
I '19 
1·08 
1'00 

·93 
·88 

·84 
·83 
·83 
·83 
·86 

·89 

·95 
1·02 
1·09 
1 ·15 
1·19 
I ·18 
1'12 

1·18 I l'I 9 
1·10 1·1 I 
I "OJ I 'O 3 
·96 ·9 6 
·89 ·8 9 
·85 ·8 4 
·82 
·81 
·So 
·82 
·84 
·89 

·95 
1·04 
1 ·13 
1·26 
1·35 
1·41 
1·39 

I ·30 
I ·19 
1·08 
1·00 

·93 

·87 

·84 
·82 
·82 
·83 
·85 
·89 

·95 
1·02 
1·09 
1·16 
1 ·21 
1 ·19 
1·14 

2 

9 
I 

3 
9 

·8 
·So 
·7 
·8 
·8 
·8 

'9 5 
1·04 
1 ·1 4 

7 
7 

2 

I '2 

1·3 
1·44 
1 ·4 

2 
0 

1 ·3 
1'2 
l'O 

1'00 
·9 
·8 

·8 
·8 
·8 
·8 
·8 
·8 

·9 

8 

2 

6 

3 
l 
I 
2 
5 
8 

5 
2 
0 

I 'O 
1·1 
l'I 
J':? 
1 ·2 
1·1 

8 
3 
I 

5 

1·20 
1 ·12 
1 ·04 

·96 
·89 
·84 

·81 
·79 
·79 
·So 
·82 
·88 

·95 
1·04 
I '14 
I ·28 
l '39 
1 ·47 
I '45 

1·34 
I '22 
1·09 

'99 
·92 

·85 

·82 
·So 
·80 
·81 
·84 
·88 

·94 
1 ·03 
l 'I I 

1·19 
1 ·25 
1 ·23 
1·16 

- ·-------

1 ·22 1·24 1 ·27 
1 ·14 1·15 I' 17 
1·04 1 ·05 1'06 

·96 ·96 ·96 
·88 ·88 ·88 
·83 ·83 ·82 

·So ·79 ·78 
·78 ·77 ·76 
·78 ·77 ·76 
·79 ·78 ·77 
·82 ·81 ·80 
·88 ·87 ·86 

·94 ·94 ·93 
1·04 1·04 1·04 
1 ·15 1 ·16 1 ·16 
1·30 1 ·32 1 ·34 
l '41 1 ·44 1"47 
1·50 1 ·54 1·58 
1 ·48 I ·51 I ·55 
1·36 1 ·38 1 ·41 
1·23 1 ·24 1 ·25 
1·09 1·09 1·09 

·99 ·99 ·98 
·91 ·90 ·89 

·84 ·83 ·83 

·81 ·So ·79 
·79 ·78 ·77 
·79 ·78 ·77 
·So ·79 ·78 
·83 ·82 ·81 
·88 ·87 ·86 

·94 ·94 ·94 
1·03 1·04 1'04 
1 ·12 1·14 1 ·15 
I '21 1 ·23 1·25 
1 ·27 1 ·30 1 '33 
1·25 1·28 1 ·31 
1 ·18 1'20 I 22 

This table is based upon Tables 13 and 31. 

TABLE 34.-Effect of v, upon tlle amplitude of N •. 
---------- -· -----

Apparent time of Resultant Apparent time of Resultant moon's upper or amplitudeN1 
moon ·supper or amplitude N1 lower transit. lower transit. 

D In perigee or and v1. D in perigee or and"!· 
apogee. N1=I· apogee. N1=1. 

--------
h. h. "'· h. !1. 111. 

o, 12 00 1 ·19 6, 18 00 0·81 
20 1 ·19 20 0•81 
40 1 ·18 40 0·82 

1, 13 00 1 ·17 7, 19 00 0·84 
20 1 ·16 20 0°86 
40 l '14 40 0·89 

2, 14 00 I 'II 8, 20 00 0·92 
20 1·08 20 0·95 
40 1·05 40 0·99 

3, 15 00 1·02 9, 21 00 1·02 
20 0·99 20 1 ·05 
40 0·95 40 1·08 

4, 16 00 0·92 IO, 22 00 I 'II 

20 0·89 20 1 ·14 
40 0·86 40 1 ·16 

5, 17 00 0·84 11, 23 00 1'17 
20 0·82 20 1 ·18 
40 0·81 40 1·19 

This table is hasnl t:pon Tal,l<!s I and 16. 

1·30 1 ·33 
I ·19 I '21 
l'o6 l '07 

•96 •96 
·87 ·87 
·81 ·81 

·77 ·76 
·75 ·74 
·75 ·74 
·76 ·75 
·79 ·78 
·85 ·85 

'93 ·92 
1·04 1·04 
i-17 l ·18 
1'37 I '39 
l ·51 1 ·55 
1·63 1 ·68 
1 ·59 1·64 

1'43 1·46 
I ·26 1 ·27 
1·10 I 'lo 

·98 ·97 
·88 ·88 

·82 ·81 

·78 ·77 
·76 ·75 
·76 ·75 
·77 ·77 
·So ·79 
·86 ·85 

'94 '93 
1 ·05 1·05 
l ·16 1 ·18 
l ·28 l 'Jl 
1 ·36 1'39 
1 ·34 1'37 
1·24 1·27 

261 

•Sto 

1·34 
1'22 
1·08 

·96 
·86 
·So 

·76 
·74 
·73 
·75 
·78 
·84 

·92 
1'04 
I ·19 
1·40 
1'57 
1·70 
I ·67 

1 ·47 
1·28 
1·10 

·97 
·87 

·So 

·76 
·75 
·74 
·76 
·79 
·85 

'93 
1·06 
1 ·19 
1 ·32 
1 ·41 
I '39 
1·28 
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T ABU: 35.-Group factors. 

For phase 1·ed11ction . 

. -----~-------- -·--·-------- ------------------
Number of Number of tides after springs or neaps. 

tides. before _ -·-----· 
spnngsor I J neaps. o 2 4 6 8 I 10 12 

------ ---·--- ------ -·- ---- --·----- ·-----

IT { : ~ 6 
~ 8 
cJi IO 

I2 

r 

0 
~ 2 

~l i ~ 8 
cJj IO 

I2 

{ 

0 
:-t' 2 

TI 4 
.. 6 

::a 8 
'-cl': IO 

I2 

TI I : 
i l ~ "Jj" IO 

I2 

I'OO 
I 'OI 
I ·03 
I'07 
I 'I3 
I'22 

I'34 

I'OO 
I'OI 

I'03 
I'07 
I 0 I4 
I'23 

I'35 

I'OO 
I 'OI 

I'03 
I 008 
I'14 
I'24 

I ·37 

I'OO 
I 'OI 

I'04 
I '09 
I 'I6 

I ·25

1 

I 
I '39 

I 'QI 
1 ·01 
1·02 
1·06 
I 'II 
1 ·I8 

I'29 

I '01 
I '01 

1·03 
1 ·06 
I' I I 

1 ·19 
I'30 

I 'OI 
I'OI 

I'03 
I'06 
I 'I2 
I'20 

I '3I 

I'OI 
I 'OI 

1'03 
1·07 
l'I3 
I '21 

1·33 

For parallax 1·eduction. 

Number of tides 
before or after Factor. greatest and least 
parallax effects. 

0 I'OO 

4 I 'OI 
6 1'02 

8 1·04 
IO 1·06 

This table is based upon Tables 1 and 16. 

1·03 
1·02 

I'03 
1 ·05 
I'IO 
l ·I6 

I '25 

I ·03 
1 ·03 

l '03 
I'o6 
I 'IO 
I' I7 
1·26 

I'03 
1'03 
I'03 
I'o6 
I' II 
I'l8 

I '27 

1·04 
I ·03 
I'04 
1·07 
I' 12 

l 'I9 
1·29 

1·07 
I·o6 

I'05 
1·07 
1 ·11 
I ·16 

1'24 

1·07 
1·06 

I 0 06 
1·08 
I'll 

I 'I7 
I ·25 

I'08 
1·06 
1·06 

I'08 
I 'I2 

I 'I7 
I'26 

1·09 
I ·07 
1·07 

1·09 
1 ·13 
I '19 
I'27 

I ·13 
I 'II 
I'IO 
1·11 

I 'I 3 
1 ·18 

1 ·25 

1 ·14 
I 'II 
I 'IO 
1· JI 
1·14 

I'19 
1·26 

1·14 
1·12 

I 'II 
1·12 

1·15 
1 ·19 
1 ·27 

I 'I6 
1 ·13 
I'I2 

I 'I3 
I 'I6 
I '2I 

1·29 

1 ·22 
1 ·I8 
1 ·16 
I ·16 
I ·18 
I '22 
1·28 

1 ·23 
I 'I9 
1 ·17 
I ·17 
I 'I9 
1·23 
1·29 

I'24 
1·20 
I 0 I8 

I '17 
I 'I9 
I '24 
I'30 

I'.25 
I'2I 

l 'I9 
l'I9 
1'2I 

I'25 
1·32 

1·34 
1 ·29 
1·25 
I'24 
I'25 
1·28 

1'34 

I'35 
I'30 
1°26 

1·25 
1·26 

1·29 

I'35 

1'37 
I ·31 
1'27 
1·26 

I'27 
I'30 
1·37 

I'39 
l ·33 
1·29 
1·27 
I'29 
1·32 

I'39 

For dcolinational reduction. 

Number of tides Factor before or after 
moon's extreme (for diurnal 

declination. 
wave). 

0 1'000 

2 1'005 

4 1'012 

6 1·024 
8 I'040 
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APPENDIX No. 8-1894. 

NOTES ON SOME INSTRUMENTS RECENTLY MADE: IN THE INSTRUMENT DIVI
SION OF THE OOAST .A.ND GEODETIC SURVEY OFFICE. 

Prepared by EDWIN 8Mrtn1 Assistant, United States Coa.et and Geodetic Survey, and Chief Of the Instrument 
Division. 

Submitted for publication December 18, 1894. 

The instrument shop i~ a repair and experimental shop, and the constrnction of new instru· 
meuts is incidental to this work, being mostly confined to such instrument!'! as may be required 
for experiment or may lrn sugg·ested by the experience of the field parties, the construction of 
which involves a considerable amou11t of experimental work and personal supervision. Such 
iu~truments are often evolutions and their construction would not be undertaken by private or 
commercial shops except at a much greater cost to tile Survey. 

In order to secure the best results, the Superintendent, in October, 1890, a.ppointed an advi
i:wry board 011 instruments and their construction, conRisting of the following officers: Assis tan ts 
C. A. Schott, R. S. Woodward, 0. H. Tittmann, Andrew Braid, Edwin Smith, E. D. Preston, and 
the chief instrument maker, Mr. E. G. Fischer. The Chief of the Instrument Division acted as 
chairman. Since that date all important matters referring to instruments have been considerl'd 
by this board, and as regards new instruments its 11im bas been to make them as perfect as 
possible, taking advantage of the experience of all surveys in this as well as foreign countries. 

The Survey is fortunate in having a well-equipped shop and several excellent instrumeut 
makers. To the chief instrument maker especial credit is due for excellent designs and mRt1y 
valuable mechanical suggestio11s, 

The instruments briefly descrilled in this paper are some that have been constructed since 
1890. Descriptions of others will be found in other reports, the pendulums in report of 1891, the 
Holton base apparatus in report of 1892, etc. 

TWO 30·5rm (12-IN9H) POSITION THEODOLITES, NOS. 145 AND 146, MADE IN THE INSTRUMENT 
DIVISION OF THE COAST AND GEODETIC SURVEY OFPICE, 1890-1893. SEE PLATE I. 

These numbers (145 and 146) belonged to two theodolites that bad been in the possession of 
the Survey for several years, but had not prove<l satisfactory. · An attempt was made to remodel 
them. As the work progressed various difficulties were encountered, und the result was the con
struction of two instruments entirely new except the circles. The two old circles had been cast 
from rliffereuf patterns,' and when they had been turned off, rflgmduated. and mounted upon the 
instruments, it was discovered that the circle of :N'o. HG was weak nnrl had sprung when ta.ken 
oft' the chuck. It was quite as perfect as many now i11 USll and the defect was not tlionght to be 

2fl5 
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serious-in fact, would uot have been noticed but for the unusually high power of the micrometer 
microscopPs. Before the instrument was sent to the field a new circle similar to the one on No. 
14;; was 11_1ade for it. 'l'he two instruments arn now as nearly alike as it is practicable to make 
them. The following description will apply to both: 

'fhe base is of cast iron, iuto the socket of which is fitted another cast-iron socket, to which 
is rigidly attached the brass circle and into which is fitted tlie cente1· which carries the alidade. 
Under the circle is a device for firmly clamping this socket to the base in any position of the 
circle. The. center is 22·2cm (8 inches) long, its two bearing surfaces being cones of different 
angles. It is made of the best quality of tool steel, aud the cones are made glass hard. No pains 
were spared in the construction of tht>se centers and sockets, and it is believed they are the most 
perfect ever made for theodolites, and are probably the first. theodolite centers with glass-ha.rd 
bearing surfaces. 

In the alidade the cover of the circle, the supports for the micrometer microscopes, the wye 
supports, axis, and setting circle of telescope are made of aluminum. The bearing surfaces of 
the wyes are of' brass, and the pivots of telescope axis are of bell metal. The draw tube of tele
scope, micrometer microscopes, clamps, and other small parts are of brass. 

The use of aluminum in the construction of these instruments was not with the special pur
pose of reducing the total weight of the instrument, but to reduce the weight supported upon the 
centers. 'l'he cast-iron bases of these instruments, in proportion to the whole mass of the instru
ments, are much heavier than is usual in other theodolites of the same size. These heavy bases 
and long center:> give great stability to the instruments. The weight of the whole alidade is 7·5 
kilogrammes (17 pounds), whereas in other instruments of the same size that have been used in the 
Survey tlie weight of similar parts is 18 kilogrammes (40 pounds). The centers of the old instru
ments are of various forms, and the friction is so great that it has to be relieved by some device 
at lower end of centers. No such device is necessary witli the new instruments. The total weight 
of one of the new instruments is 18·5 kilogrammes (41 pounds). 

The telescope objective was made by J. Brasliear, and is 6·1"111 (2.4 inches) aperture, and 73.7cm 
(29 inches) focus. The telescope has an ocular micrometer, with three Ramsden eyepieces, giving 
powers of 30, 45, and 60. Several levels, all made by A. Pesseler, of Germany, are attached to the 
alidade for convenience. The stride level has divhiions of 2mm, wifh arc value of 411

• 

The graduation. of the circle is on coin silver and is 30·5°111 (12 inches) in diameter. It is 
divided to 5' and reads to seconds by three equidistant micrometer microscopes. Each degree of 
the graduation is numbered. The degrees and nearest 5' are read by a low-power index microscope 
50° to the right of micrometer microscope A. Attached to the cover of the circle is a small camel's
hair brush which sweeps over the graduation. 

The circles were graduated on the United States Coast and Geodetic Survey engine. This 
graduating engine was originally made by Troughton & Simms, of London, and bears the date of 
1841. In the hands of the Survey it has received various improvements, the chief of which are a 
new tracing apparatus and new support for the same. The engine is driven by a small turbine 
wheel upon which a constant water pressure is maintained. To graduate a circle to 5' takes 
about 311 3;,m. The graduations are made at a temperature of 360·66 C. (98° F.), that temperature 
being most easily maintained at any season of the year and least aft'P.cted by the occasional 
presence of the operator. For the last nine years this engine has been manipulated exclusively 
by the present chief instrument maker of the Survey ~nd in his hands has produced some very 
fine graduations, as the results with the two new tlieodolites, Nos. 145 and 146, show. 

In April and May of 1893 a critical examination of these theodolites was made by Assistant 
R S. Woodward under instruction from the Superintendent of the Survey. He has submitte'l 
only a preliminary report, from wliich the following is taken: 

"This examination has spemal reference to the perfection of the horizontal circles of the 
instruments, and was conducted in accordance witli the following plan submitted to you in my 
letter of March 31, 1893. It is here restated as there given, in order that the lin~s along which 
the inquiry proceeded may be clea.rly apparent. 

" (1) In order to determine the value of a space on the horizontal circle, which space may be 
nsed as a standard space, it will be essential to compare such space with a large number of other 
spaces situated at equidistant intervals about the circle. The average value of this large number 
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of ~p~wes may be assumed to be the nominal value, whence the standard space will become known,. 
and it may then be ui:;ed for determining error of runs of micrometers. This process will also give 
the errors of all spaces observed, and thus afford a good general test of the equality of the spaces. 

"(2) We may then pass to an examination of the inequality of the arcs covered by the dis
tance between consecutive microscopes. By observing these inequalities for a large number of 
arcs symmetrically dh1posed about the entire circle the harmonic series expressing the divergeuce 
tin· any arc may be computed. A comparison of the computed and observed values of such diver
gencies will reveal any considerable accidental errors. 

" (3) By fa1· the most important class of errors affecting cii:cles of precision are the periodic 
errors not eliminated in the sum (or.mean) of the equidistant microscope readingi;;. These errors 
affect measured.angles, while the periodic errors mentioned under (2) above do not. To determine 
the harmonic expression for this more important class of errors the best method appears to be to 
observe as carefully as practicable a series of angles which will produce the maximum effect, 
respectively, from the several terms of the series. Such measures will enable us to compute the 
amplitudes and the phase angles of the several harmonic terms, and thus give a formula for the 
correction to any measured angle, whatever its size and whatever the part of the circle on which 
it may be observed. 

;, Before giving an abstract of the results of the examination it appears proper to make some 
statements with reference to the general features of these instruments and the degree of mechan
ical perfection shown by them. Having examined a number of similar instruments made hy 
'l'ronghton & Simms, the Repsolds, Pistor & Martins, and Fauth & Co., it has been easy to judge 
of the relative merits of the new thco<lolite1'. 

"With respect to design and perfection of mechanical construction, these new theodolites 
must, I think, take rank wit.h the highest of their class. In equality of spacing of consecutive 
graduation lines and in the uniformity of width ~ml aspect of these lines the circles of the instru
ments appear to be superior to a11 circles I have exa111i11ed under an equal magnifying power. 

"With respect to their capacity for measuring horizontal angles, repeated trials show that 
they are at least equal to the best instruments made elsewhere. It appears, in fact, that, so far 
as purely inRtrumental and observational errors are concerned, a mean measured angle from four 
equidistant positions of the circle of either instrument will have a precision equal to the require
ments of the highest order of primary triangulation. 

"Concerning the lightness of the instruments, which is a nov.el feature, it appears to me quite 
satisfactory. Without assistance an observer can take one of them from its case and place it on 
a pier or stand with perfect safety; and this is often a matter of economy and great convenience. 
On the other hand, the small mass of the instruments may not be satisfactory to some observers. 
After using heavier instruments of the same class (like those made by Troughton & Simms, for 
example) one's first impression is that the new theodolites are lacking in rigidity. This is most 
J1oticeable in the micrometer arms~ which are quite sensitive to lateral stress. It does not appear, 
however, that this lack of rigidity can be sensibly detrimental, especially with observers who 
understand their work. If any disadvantage result therefrom, it is, in my opinion, more than 
offset by the advantage coming from the lightness. 

"There is one noticeable defect of theodolite No. 146. It lies in departures of the graduated 
surface of its circle from a conical sui-face. These departures, though small, are large enough to 
require different focal adjustments of the particular microscope used on different parts of the 
circle in order to secure satisfactory freedom from parallax. Nevertheless, when the microscopes 
are adjusted for the average distance of tlte circle from them, the eflect of parallax does not 
appear to be sen8ible in measured angles. The defect manifests itself then only by indistinct 
vision on some parts of the circle. 

" With respect to the clamp and tangent for the alidade and the movement of the latter 
about its axis, the performance of the instrument is very satisfactory. The great length of the 
a1idade axis undoubtedly gives precision and stability to the motion of the microscopes. 'l.'he 
projection of the socket of this axis below the plane of the foot screws would be counted an 
objection by some, but if a real objection it appears to be of little weight. 
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"Spacing of consecutive graduation marks.-In accordance with section ( 1) of the plan outliued 
a.hove, a large number of spaces were measured by means of the micrometers ou each circle. The 
results have been computed for theodolite No. 145 only; and it may be doubted whether those for 
No. 146 are properly trustworthy, since they involve error!'! due to parallax which may equal or 
even surpass those of spacing. The observations on the spacing of No.145 were made by Assist
aut Sinclair. Each space of a group of equidii;taut spaces on the circle· was measured with the 
micrometer four times independently; and at intervals during the measures of these space!'! 
several similar determinations were made of the assumed standard space. Tliis latter is the space 
500051 to50°10'. The data thus obtained give the latter space in terms of the average value of all 
the Rpaces of the group. Four such groups of measures were made. The results are given in the 
tables below. The position of any space is defined by the index reading of microscope A, with 
which the meaflures were made. In all cases the space referred to is that between the 5' and 10' 
mark!':, these being chosen because they are of the same length and thus present the same aspect 
to the observer. 
' 

Reaulta ofmeallurea of 5' apacea on theodolite No. 145, C. H. Sinclair, obaerver, April 5, 1893. 

dmg. I Observed value of space 0. i Sums by quadrants. Index rea 

0 

0 

IO 

20 
30 
40 
50 
60 
70 
80 
90 

100 
IIO 
120 
130 
140 
150 
16o 
170 
18o 
190 
200 
210 
220 
230 
240 
250 
260 
270 
28o 
290 
300 
310 
320 
330 
340 
35° 

5 rev.+ 1·08 <liv. 
0·92 
0·78 
1'10 
1·28 
1·20 
1·32 
1·50 
1'00 
1·25 
1 ·42 
1·40 
1'20 
1·50 
1'02 
1·65 
I 'I8 
1·28 
I ·38 
1·48 
1·8o 
1·38 
1·42 
1·68 
1·15 
1·25 
1·58 
1·45 
1 ·25 
1'75 
1'78 
1·72 
1·58 
1·58 
1·78 
1·52 
--

Mean+ 1·378 = C 

+ 10·18 div. 

+ u·go 

+ I3'I2 

+ 14·41 

' C-0. Measures of space. 

+0·30 div. 50° 051 to 50° Io', 
+0·46 
+0·60 5 rev. + 1 ·08 div. 
+0·28 0·88 
+o·ro 1·28 
+0·18 1·30 
+0·08 0·98 
-0·12 r ·so 
+0·38 I ·08 
+0·13 --
-0·04 Mean+ 1·16 
-0·02 
+0·18 
-O'I2 
+0·36 
-0·27 It appears from these observations that the 
+0·20 space 50° 51 to 50° ro' is short by 0·"22. 
+0·10 That is, this space = 299·1178. 

o·oo 
-0·10 
-0·42 

o·oo 
-0·04 
-0·30 
+0·23 
+0·13 
-0'20 
-0·07 
+0·13 
-0·37 
-0·40 
-0·34 
-0'20 
-0·20 
-0·40 
-0·14 
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ReaultB of meafures of 51 spqcBB on tlu:odolite No. 145, C. JI. Si11olair, obeerver, April 5, 189.7-C<>ntinued. 

·--- -------------------·-----·----·---··-

Observed space V. Sum for semicircle. C- 0. ! Index reading. 
-··- --- , _________ 1--------1-----

0 
20 
40 
60 
80 

100 
120 
140 
160 
180 
200 
220 

240 
26o 
280 
300 
320 
340 

10 
30 
50 
70 
90 

110 

130 
150 
170 
190 
210 
230 
250 
270 
29c 
310 
330 
350 

S f\:V• +I 'o8 div, 
I '10 
1·20 
1'00 
1 ·02 
1·42 
1·30 
1·02 
1·88 
1 ·20 
1 ·22 
1 ·22 
1 ·20 
1 ·6o 
1 ·38 
1 ·28 
1·38 
1 ·22 

Mean 1 ·262 = c 

5 rev.+ O"J5 
0·52 
1 ·28 
1'22 
0·72 
0·40 
1·08 
0·65 
0·55 
1 ·02 
0·95 
1·25 
1 ·02 
1·18 
0·75 
l'OO 

1 ·18 
0·78 

Mean= o ·917 = C 

+u·o2 

+11·70 

+1·37 

+0·18 

+ ·16 

+ ·06 
+ ·26 

+ ·24 
·16 
·04 

+ ·24 
·62 

+ ·06 

+ ·04 
+ ·04 
+ ·06 

·34 
'12 
'02 
·12 

+ ·04 

i 

..\ l'RIL 8, t893. 

-0·03 
+ ·40 

·36 
·30 

+ ·20 
+ ·52 

·16 
+ ·27 
+ ·37 

·10 
·03 
'33 
·10 
·26 

+ ·17 
- ·08 

·26 
+ ·14 

-------- -----------·-
Space 50° 05 1 to 50° 10'. 

5 rev. + 1 ·08 div. 
0·88 
1·08 
1·08 

Mean 1·03 

Space: 50° 05 1 to 50° lo' is short by ol1 ·23. 

5 rev. - 1 ·08 div. 
0·72 
1·18 

Mean 0·99 

Spac-: 50° 051 to 50° 101 is too long by 0 11 ·07. 
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R 1111utt8 of mea8ureB of 5' spaoes on theodolite No. 145, 0. H. Sinclair, observer, .April 5, 1899-Continued. 

JUNE 8, 18q3. 

rlnde_x_r-ca_cl_i~-g-,-0-b_s_crv-~d_s_p-ac-e-O~ -.-S-u_m_b_y_q_u-ad-ra-n-ts-. -! 
C-0. 

5 5 rev. +1 ·40 div. 
•5 0·78 
25 0·88 
3S 1'02 
4S 1 ·05 
SS 1·30 
6S 0·78 
7S 0·92 
8S 0·90 
9S 1 ·38 

ms 1·32 
llS 1·08 
12s 0·90 
135 1 ·2s 
14S 1·22 
1ss 0·80 
165 0·90 
175 0·80 
18s 1·32 
19s 1 ·2s 
205 0·98 
215 1 ·10 

22s 1 ·18 
235 0·78 
245 1 ·08 
25s 0·82 
26s 0·98 
275 1·20 
285 1·32 
295 1 ·18 
305 0·92 
315 1 ·20 
325 1 ·32 
335 1 ·..12 
345 1 ·50 
355 I ·42 

Mean = 1 ·.096= C 

+ 9·03 

+ 9·6s 

+ 9'49 

+11·28 

-0·30 div. 
+ .32 + ·22 
+ ·08 
+ ·05 

·20 
+ ·32 + ·18 + ·20 

·28 
·22 

+ ·02 
+ ·20 
-- ·15 

·12 
+ ·30 + '20 + ·30 
- ·22 
- ·rs + ·12 

·oo 
- ·08 
+ ·32 + ·02 
+ ·28 + ·12 
- ·10 
- ·22 
- ·08 
+ ·18 
- ·10 
- ·22 
- ·12 

·40 
- ·32 

Space 50° os' to 50° 10'. 

5 rev. + 1•02 div. 
0·95 
0·85 
0·75 
1 ·15 

Mean 0·944 

Space 50° 051 to 50° 1o' is short by o11·1s. 

·--

I 
-·-- - ·-- ------- ----------- --- ----···--~-----------------

"Collecting the results for the value of the space 500 05' to 50° 10' and giving them weights 
proportional to the number of spaces in the groups, we llave 

1893, April 5, space 
6, 
7, 
8, 

Hcv. Div. 

= 5 -0·22, weight 
= s - ·23, 
= s + ·07, 
= s - ·1s, 

Weighted mean = S -0·1s ± 0·04 

2 
I 
I 

2 

"Similarly, taking averages of the residuals ( 0 - O), or the space errors, and weighting the 
values proportionally to the numbers of residuals in the groups, we get 

Div. 

1893, April 5, average (C- 0) - 0·21, weight 2 

6, - '16 I 
7, - ·23 I 
8, - ·19 2 

Weighted average -0·20 

"Thus it appears that the average error of spacing of the spaces examined is 0·20 div., or but 
0·15 microns. This indicates a degree of precision in spacing of a very high order. In this respect 
the graduation must be regarded as practically perfect. 

"Attention may be called to the progressive increase in the sums of the mea.sured spaces when 
taken by quadrants or by semicircles. This is quite large in the case of the observations of April 
5, bnt t!ie subsequent observations are less consistent on this point. 
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"Inequality of arcs comprised between consecutive microscopes.-Several series of' measures of 
the distance between a pair of microscopes were made on the equidistant arcs with each instru
ment. The followiug results will snmce to show what is developed by this test. Suppose A and B · 
denote the readings of the micl'Oscopes h:tving tbe same designation on any part of the circle; 
the difference, (B-.A) will involve the excess of the dis'tance betweeu these microscopes over the 
nominal distance, or 120o. Call this excess a. Then if ( B -A) be observed 011 a large numbet: 
of nrcs at equal intervals about the circle, it may be shown that a. is the mean of tb.e differences 
(B-A) so observed. The table gives the values of (B-A) -a for intervah; of 10° for each 
instrument. 

O"!IBerved ineq11alitie8 ill 11alues of inter11als (Jl - d) - a. 

Position of (B- A)-" for 
Ii Position of ! (B-A)-afor i 'B-A)-nfor (B-A)-" for 'i 

Mic.A. No. 1.5. No. 146. J Mic.A. No. 145. I- No. 146. 

------ " 
0 /I II 0 II I II 

0 -3·8 +0·9 180 +0·4 -6·6 
IO -2·9 +J'l 190 -1·3 -1·6 
20 -0·6 +5'4 200 -1·3 -2·6 
30 +1·3 -0·2 210 -0·3 -2·3 
40 +0·9 +2'9 220 -0·7 -1•9 
50 +2·4 +2·3 230 -6·9 +1·1 
6o +3·8 +1·9 240 -1·5 +s·1 
70 +6·2 +0·2 250 -5·3 +4'9 
Bo +6·2 -0·8 26o -2·9 +1·6 
90 +5'9 -4·3 270 -3·3 +4·8 

JOO +n -4·3 280 -4·1 +1·1 
110 +n -5'7 290 -S'S +6·3 
120 +6·5 -4·7 300 -4·6 +4"7 
130 +8·7 -6·6 310 -6·1 +2"1 
140 +5·1 -6·0 320 -6·5 +1·7 
150 +2'1 -2·2 330 -6·4 +5·o 
160 +4'1 -2·5 I 340 -4·7 +3.9 
170 +3'5 -7'2 !I 350 +0·3 +0·9 

i 

•' Tl!ese inequalities show a range of about 1511
• They are fairly regular, lwwernr, antl will 

uudonbtedly be very closely represented by two or three harmonic terms when these are computed. 
'''rite incautious reader should be warned against the common error of supposing that such 

Inequalities are necessarily tlue to eccentricity of the alidade witll respect to the circle. One can 
only say that these inequalities are the resultant of all sources of error, including eccentricity, 
wbich manifest themselves in the difference of a pair of microscope readiilgs. In general the 
components of this resultant are numerous, but not separately deter111i11able. l\foreover, these 
inequalities are relatively unimportant. So far as they are pul'ely periouic they shed 110 light on 
that class which a.ff~cti'.' the sum or me:1n of the microscope readings, which is the only really 
important class of errors with which we have to deal. It should not l>e inferred, therefore, that 
the circles of these theodolites are defective. The common notion that such inequalities consti
tute defects is not fouuded on adequate knowledge. 

"Results for meas1tred angles.-In order to test the instruments in the actual work of measur
ing angles, a temporary observatory was set up on Meridian Hill, where a clear view of a good 
share of the horizon could be had. A heavy stone pier was set firmly in the ground, and on this 
was placed a capstone fitted to receive the theodolites. The capstoll(\ was cemented to the pier 
aud the footplates to the capstone with Portland cement. Thus arranged the foundation for the 
instruments was \'ery rigid. About the pier was built a platform, on which an ordinary station 
tent was placed to protect the instrument from wind and the ordinary rays of the sun. 

"The following tabular statement gives the results obtained. A result for an angle is here 
taken to be the mean of two measuret-> made, the oue by turning tl1e alidade in the 1lirection of the 
graduation, and the other by turning in the opposite direction immediately afterward. This is done 
to eliminate twist of the instrument and its support. Some observations made with No. 146 
showed a twist ot 0".3 due to tt~rning the alidade through 3G0°. 

"The magnifying power use1l in the telescope was about GO diameters (the measured value 
for No. 14u was 5i.G). 
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"Direct observations with No.146 showed a probable error of a single pointiug to be ±0".25. 
This is the resultant of the error of fixing the telescope on the object and the error in the mean 

·of the three microscope readings. If we suppose the first of these errors and that of a single 
microscope reading to be equal, their common value must be ±0".22 in orde;r to produce the 
resultant just given. 

"The objects observed were from 2 to 3 miles distant. 
"The results are arranged in groups of four each with reference to the positions of the circle, 

these l>eing such .as to give the best elimfnation of the circle errors in the mean of the four values 
of a group. The accordance of these means for the different ~roups is the point to which atten
tion should be directed. The individual results of any group may,' and should, in general, differ 
from one another; but if the graduation of the circle is good, the group means should show small 
ranges. 

llcs1ilt8 for angles 111eas111·etl with theodolite No. Uli. 
___ , _______ 

Position of I Position of I 
Mic. A, B, or C. Value for angle. ~~ic. A, B, or C. Value for angle. 

-----··- -·---

0 0 II 0 II 

257 25 30 14·50 61 150 03 53·95 
287 9·50 91 51 ·85 
317 11·45 121 55·30 
347 13·15 151 52·55 

Mean 12·25 Mean 53·41 
-- 76 

272 11·50 106 150 03 52·25 
302 14·00 136 53"95 
332 9·20 166 55·15 

2 13·85 54·20 

Mean 12·14 Mean 5.)'89 
-- 48 --

264·5 13·30 78 25 30 14·40 
294·5 10·35 108 10·15 
324·5 10'95 ! 138 13·75 
354·5 12'05 I 10·85 

Mean n·66 Mean 12·29 
63 

279·5 8·80 93 15·75 
309·5 14·80 123 9·85 
339·5 12·75 153 12·05 

9·5 13·50 12·40 

Mean 12·46 Mean 12·51 
-- 264 --

312 164 II 4'45 294 150 03 53·20 
342 6·45 324 55·45 

12 6·75 354 51·75 
42 5·50 55·75 

Mean 5·79 Mean 54·04 
272 

327 4·20 302 55·00 
357 7'45 332 57'05 

27 2·15 2 52·65 
57 5·15 . 53·00 

Mean 4'74 Mean 54·42 
=· 2 57 --

333 184 54 59·50 ii 287 53·15 
3 58·10 I 317 55'35 

33 58·85 ,. 347 51·25 
63 62·sc II --- ,. 

54·45 

Mean 59·74 279 Mean 53·55 
309 --

348 61·45 339 150 03 55·05 
18 60·50 9 55'85 
48 58·10 53·8o 
78 61·30 52·55 

Mean 6p·34 Mean 54·31 
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'' Oonsidering the above group means as so many measures of the several angles to which 
they refer, respectively, it appears that the probable error of one such mean, or the probable 
error of the mean angle from four positions of the circle, is :I:: 0"·28. This error is the resultant 
of all sources of error which affect such measures, namely, periodic and accidental errors of 
graduation, errors of observation, errors due to unsteadiness of the atmosphere (which was not 
exceptionally favorable during the period covered by the observations), etc. It is evident, 
therefore, that the periodic and accidental errors not eliminated in the mean result from four 
positions of the circle are very small. 

"The range amongst the individual measures of a group rises at most to 611 , and since the 
angles measured were selected with a view to developing this range, it is probable that this 
represents the maximum range, due to periodic errors, which one may expect to find in angles 
measured with these instruments. 

"The results of this test are, then, very favorable to the instruments and show that they are 
fully equal in their capacity to the best instruments hitherto made." 

After the new circle was made for No. 146 there was no time for a critical examination of it 
before it was sent to the field. A partial examination made in the Instrument Division brought 
out the same characteristics as were found by Assistant Woodward for No. 14.5. The two 
instruments were sent to the field in the summer of the present year (1894). No. 145 was used at 
station Bison by Assistant F. W. Perkins and No. 146 at ,Mount Elbert by Assistant P. A. 
Welker. These stations are in the main transcontinental triangulation in the Rocky Mountains. 
Mount Bison is 31749 metres (12,300 feet) and Mount Elbert is 4,389 metres (14,400 feet) above sea 
level. The following results are from the field records: 

Station: Biso11, 1894. Observer: F. W. Perkins. lnsh'1tme11t, D. S. C. cf· G. S. theodolite No. 145. 

Marko Pikes Peak 1 I Ouray :z I Elbert3 Divide• 
Group. Position. Index. I 

o0 oo' so 05' 840 58' I 1300 53' 331° 53' 

0 d. d. d. d. d. 

I{ I 0 c·oo 6·go 57·8o 7'12 8·88 
II 15 7·27 59·52 5'97 11·25 
III 30 9·56 59·43 8·85 10·62 
IV 45 6·73 56·70 5·59 8·27 ----

Mean of froup g I 7'61 58·36 6•88 976 
0 I 

2{ 

v 7 30 o·oo 8·13 59·2~ 7·66 12·03 
VI 22 30 8·17 59·40 7·63 IJ ·39 
VII 37 30 7·67 56·85 6•79 8·48 
VIII 52 30 7·03 57'30 6·65 9·07 ____ , ____ 

--------
Mean of group g 2 7'75 58·21 7·18 10·24 

i 0 I 

3{ 

IX 
1§ 

45 o·oo 7·61 58·59 7'08 11·10 
x 45 8·43 6o·19 7'21 11'28 
XI 

~~ 45 8·81 58·21 8·04 9•82 
XII 45 7'29 58·33 6·46 9·56 

Mean of group g 3 8·03 58·83 7'20 10·44 
0 I 

4{ 

XIII II 15 o·oo 7'74 59·S5 6·51 10·52 
XIV 26 15 9·08 59·88 9·05 11·24 
xv 41 15 r18 57'53 6·81 9·78 

XVI 56 15 rs8 sr66 6•6g 9'94 ----------------
Mean of group g 4 7·97 58·73 7·26 10'37 
Mean of groups g m 7'84 58·53 7'13 10·20 

gm-gl + ·23 + ·17 + ·25 +·44 
g1n-g2 + '09 + ·32 - ·05 - ·04 
gm-g3 - ·19 - ·30 - ·07 - ·24 
gm-g4 - ·13 - '20 - ·13 - ·17 

M. E. of l group :I:: ·19 :I:: ·30 :I:: ·17 l :I:: ·31 
P. E. of 1 group ± ·13 :I:: '20 :I:: '12 :I:: ·21 
P. E. of mean of all :I:: ·07 :I:: ·10 l :I:: ·06 :I:: 'II I I 

-------· I I ----· 

These results are not corrected for run of micrometer or station adjustment. Average value of 1 div. of 
micrometer is o·11q976. 
S. Ex. 8, pt. 2--· 18 
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Each result of the above table is the mean of at least two series. A complete series com
prises pointings as follows: 

Telescope direct 
Telescope reversed 

0,1,2,3,4 
O, I, 2, 3,4 

4, 3, 2, I, O 
4, 3, :z, I, 0 

This method of observing was adopted in order to detect any flexure or disturbance of the 
instrument in turning the alidade from left to right and back from right to left. The detailed 
results do not show either flexure or disturbance of instrument. The individual results in the 
table depend upon at least eight pointings on each signal, and the angle between each signal and 
the mark is measured by six symmetrical arcs on the eircle. The resulting mean of each group of 
four positions depends upon at least thirty-two poiutings on each signal, and the angle between 
each signal and the mark is measured by twenty-four symmetrical arcs on the circle. The final 
means depend upon at least one hundred and twenty-eight pointings on each signal, and the 
angles are measured by ninety-six symmetrical arcs on the circle. The probable error of an angfo 
from the mark from the mean of a group of four positions is ::!_, O"·Hi and from the mean of the 
four groups of four positions is ::!: O"·Ott The greatest deviation of any in.dividual result in 
the table from the mean of the sixteen posit.ions is 1"·!)3 in Position IV, angle 4. 

At this station the siguals were distant as follow:;;: Pikes Peak, 59 kilometres (36·6 miles); 
Ouray, 110·5 kilometres (G8·"{ miles); Elbert, 83 kilometres (51"i miles), and Divide, 87 kilometres 
(54·1 rniles). These signals were heliotropes. 'rhe distance and description of mark is not given, 
but was probably a painted board about 3 kilometres, or 2 miles, distant. 

This practical field test of these instruments is highly satisfactory and shows that with them 
a very much smaller number of positions and pointings will meet the requirements of the highest 
class of primary triangulatiou. 

The results at Mount Elbert with No. 146 are not given, but are reported to be satisfactory. 
Before the observations were finished theodolite No. 146 was twice struck by lightning. The 
objective of the telescope was seriously injured and the pivots of telescope, bearings of wyes 
and leveling screws bumed. The instrument seems to have sustained 110 other injury. It was 
repaired as well as possible in the field and the observations completed. It bas since been 
through the instrument shop of the office, a new objective was furnished, and the whole instru
ment put in good order again. 

A 20·3cm (8-INCH) POSITION THEODOLITE REMODELED IN THE IN8TlWMENT DIVISION OF THE 
UNITED STATES COAST AND GEODETIC SURVEY OFFICE, 189!. SEE PLATE II. 

The remodeling of this theodolite was so thorough that it is practically a new instrument. 
The following are the changes made: 

New double cone center of hardened steel and cast-iron socket. 
New micrometer screws and eyepieces to the micrometer microscopes. 
Circle regrnduated and every degrP;e numbered. 
Circle firmly attached t-0 center and device added for "hifting position of circle and centm·. 
Cover to circle added. 
New eyepieces to telescope. 
General repairs. 
The cent~r is 14.7cm (5·8 inches) loug and projects above the circle. It is clamped to the base 

in any position of the circle by means of the wheel nut shown in the illustration. 'rhe socket 
carries the alidade. 'rhe only aluminum used in this instrument is the cover to the circle. 

The diameter of the graduation is 20·3cm (8 inches). It is divided to 10' and read to 2" by two 
micrometer microscopes. The heads of the micrometers are divided into 60 parts and numbered 
as follows: o, 10, 20, o, 10, 20. One revolution of the screw is 2', and one division of the head is 
211• In the micrometer, in place of the usual rack, is a glass scale, 10 parts of which correspond 
to a space of 10' on the circle and to 5 revolutions of the micrometer screw. The micrometer 
slide carries double wires. The micrometer reads 0 when the right-hand wire of double wires is 
on middle line of glass scale and the head of screw is at 0. Degrees and minutes are read directly 
in the microscope. The readings of the micrometer heads should be recorded as divisions. The 
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sum of the readings of the two micrometer heads will give the mean reading of the two micro
scopes in seconds. The telescope objective has a clear aperture of 4.45cm (1·75 inches) and a focal 
length of 40·64c111 (16 inches). Three Hamllden eyepieces give powers of 16, 24, :md 32. 
· The levels are by Fessler, of Germany. 'l'he stride level has divisions of 2111111

, with arc value 
of about 4"·6. Three more such instruments are uow being remodeled in the Instrument Division. 

ALT-AZIMUTH AND MAGNETOMETERS NOS. 17, 18, 19, AND 20, MADE IN THE INSTRUMENT DIVISION 
OF THE UNITED STATES COAST AND GEODETIC SURVEY OFFICE, 1892-93. SEE PLATE III. 

In their general form these instruments are similar to those that have been in use in the Survey 
for some years, an illustration of which will be found in United States Coast and Geodetic Survey 
Report for 1881, Appendix No. 8, plate 36. This form of magnetometer is now so well known that 
a detailed description is here unnecessary. The new instruments are a little larger than the old 
ones and are improvements upon them in details of design and especially in stability and perfection 
of workmanship. 

The new collimating magnets are octagonal in form. 'l'he stirrups in which the magnets are 
suspended are very light and made to support the magnets on two of their plane surfaces. The 
magnets can be suspeuded in the stirrups with scales accurately vertical, either erect or inverted 
at once, and the inertia ring can be accurately balanced upon the magnet with equal facility. 
With the old cylindrical magnets these operations were difficult and very trying to the patience of 
the observer. By means of a small rod attached to the stirrup the point at which the suspension 
fiber is fastened is raised a considerable distance above the center of the magnet. The effect 
of dip in different localities to displace the magnet from its horizontal position is thus overcome 
and the sliding ring used in the old instruments is unnecessary in these new ones. The oscil
lating mass is always the same and consequently its moment of inertia also. Another new feature 
is the black velvet screen connecting the telescope with the suspension box. This does away 
with the glass window usually placed in the suspension box between the telescope objective 
and ·the objective of the magnet. It also cuts off all stray light between the telescope and the 
magnet and renders the illumination of the magnet scale a matter of great ease. 

PLANE TABLE ALIDADE NO. 85, MADE IN THE INSTRUMENT DIVISION OF THE UNITED STATES 
COAST AND GEODJ<~TIC SURVEY OFI<'ICE, 189:t SEE PLATE IV. 

The general form of this instrument is similar to that illustrated in Appendix No. 13, Heport 
for 1880. In the new instrument the workmanship is of the finest class, and every detail has 
received close attention. The following are the principal iti1provements: 

(1) The rule is ma?e of aluminum bronze, a heavy metal, and the standard and telescope are 
made as far as practicable of aluminum, a light metal. This balances the instrument very nicely 
and gives it stability. The older instruments are made of brass and ai·e top-heavy. 

(2) Openings are made in the ruler giving a. fiducial edge directly nuder the line of collimation 
of telescope for use iu large scale work. 

(3) The arc for measuring small vertical angles is pla~ed so that it can be read by slightly 
moving the head after pointing the telescope. In the older instruments it was necessary to turn 
the alidade at right angles or walk about the table. There are two arcs that are interchangeable, 
one with a range of ± 15° for ordinary work, and one with a range of ± 300 for mountain work. 

( 4) An ocular micrometer is provided for use in mountain work. 
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APPENDIX No. 9-1894. 

FORMUL1E AND TABLES FOi~ THE COMPUTATION OF GEODETIC POSITIONS. 

[Fourth edition.] 

The first edition of these formulm a.nd tables was published as Appendix No. 36, Coast Survey 
Report for 1860, under the title "Formulre, tables, and example for the geodetic computation of 
latitudes, longitudes, and azimuths of trigonometrical points, as used in the United States Coast 
Survey." The tables were first computed by Assistant Th. W. Werner in 1847, and were used in 
manuscript form up to 1860, and at later dates they were extended in range of latitude in order 
to satisfy further demands of the Survey. They are based upon the formulm for the computation 
of geodetic positions as developed by Puissant, and their derivation will be found in Volume I, 
Chapter XV, of his Treatise on Geodesy.• These formulm were adapted in 1846 to the use of the 
Coast Survey by Assistant J. E. Hilgard (Superintendent during 1881-85), who added an inter
mediate term to the expression for difference of latitude 10 render it more accurate, and provided 
for the table of factors to facilitate the computation of geodetic positions. The spheroid of 
reference upon the surface of which the triangulations of the Survey were supposed to be 
developed was that derived by Bessel and published in the Astronomische Nachrichten, No. 438 
(December, 1841). The second edition of the tables is contained in Coast Survey Report for 1875, 
Appendix No. rn. The derivation of the formulm is there given and the tables are extended from 
latitude 500 to latitude ().'JO; it contains, besides, two auxiliary tables to facilitate computations 
when changing the reference spheroid from that of Bessel to that of Clarke (1866). However, it 
was not till I~ebruary 4, 1880, that Superintendent Patterson ordered the substitution of the latter 
spheroid for the Besselian, which latter had been in use on the Survey since the year 1844. t This 
change necessitated the issue of the third edition in Coast arnl Geodetic Survey Report for 1884, 
Appendix No. 7. The text was reprinted and the table given in connection with the computation 
of the spherical excess appeared extended in latitude. 

The present edition differs from the preceding one by the introduction of a change in the 
notation of the formulre, substituting for the older form one in better accord. with modern custom, 
and, further, by an extension of the t1tbles so as to take iu the highest latitude of United States 
territory, besides 50 added to the former southernmost limit. 
··-···------------ ---·------------------------------------

• Trait6 de G6od6sie, etc., par L. Puissant, Troisillme edition. Tomes I et II, Paris, 1842. 
t As 1s shown by tables of factors (for latitudes 30·1 to 45"), different from those now in use, but dependent on 

the (metric) dimensions of Bessel's spheroid, computed in 1843-44 by Assistant C. O. Boutelle; before this date and 
about the perio<l 1838-40 a spheroi<l having a depression of Jh appears to ho.Ye been em}lloyed. The matter is now 
of little interest, since all com1mtations of positious have loug since beeu repeated. 

279 
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The linear dimensions of Bessel's spheroid were originally expressed in toises. Their metric 
equivalents as generally adopted are given below. The dimensions of Clarke's spheroid (of 1866) 
are stated by him in feet, toises, and metres. (See Appendix to Comparisons of the Standards of 
Length, etc., by Capt. A. R. Clarke, under the direction of Col. Sir H. James, etc., London, 1866, 
page 287.) The dimensions in metres are: 

Equatorial semi-axis =a 
Polar semi-axis= b 

b/a = 

Accordmg to Bessel 
(1841), 

6 377 397·2 
6 356 079·0 

298·15 
299·15 

According to Clarke 
(1866), 

6 378 206•4 
6 356 583·8 

293·98 
294·98 

Strictly speaking, the latter dimensions, to be expressed, as they must be, in terms of the 
prototype metre, should be slightly changed, for the reason that Clarke's results depend primarily 
on the yard and the relation of the yard and metre as found by him, 1yard=0·914 391 8om (or 
1foot=0·304 797 27m),* should now be changed to conform to the more correct relation,+ viz: 1 
foot= 0·304 800 61 m, or 1 metre = 3·280 833 3 feet; the difference, however, is unimportant, since 
either spheroid might have been adopted, and it would be inexpedient to recompute the tables of 
factors. 

Among later determinations of spheroids representing the earth's figure, and apart from 
sev~ral published by Colonel Clarke, we may mention two of very different derivation, viz: 
Prof. W. Harkness, U. S. N., in his "The Solar Parallax and its Related Constants, Washington, 
D. O., 1891," reached the following result, viz: Equatorial semidiameter, 6 377 972 ::!:: 125 metres; 

polar semidiameter, 6 356 727 ::I: 99 metres, and a; b = 300.J::l: 3.~; F. Tisserand, in his "Traite 

de Mechanique Celeste, Tome II, Paris, 1891," states that the aplatissement (flattening) could not 

be greater than 29;.3 provid~d the earth's density increases continuously from surface to center 

and the shape of the surface is due to original fluidity. A new value for this representative 
figure of the geoid, more reliable than any yet deduced, may be expected to result from the 
labors of the International Geodetic Association for the measurement of arcs, particularly since 
arcs of the parallel can no longer be regarded as so far inferior in value to arcs of the meridian 
as to exclude them from combination with the latter, both however being seriously influenced 
by local deflections of the vertical. Arc measures in a country, if of sufficient extent, may be 
utilized for deducing or choosing a special spheroid adapted to its surface, as was, for instance, 
the case with the Clarke spheroid, which is supposed to conform better to the compact area of 
the United States than the one previously in use. 

In what follows, the derivation of the formulre and the arrangement for the computation of 
geodetic positions, as given by .Assistant J.E. Hilgard, have been reproduced from the preceding 
edition, after changing the notation as mentioned above. 

0. A. SCHOTT, Assistant. 
DECEMBER, 1894. 

~This is equivalent to 1 metre= 39·370 432 inches, whereas the v~lue adopted (November, '1891) by the United 
States Office of Standard Weights and Measures is 1 metre= 39·3700 inches, which agrees with the legal value 
adopted in the United States. 

t See Appendix: No. 16, Coast and Geodetic Survey Report for 1890, "On the relation of the yard to the metre," 
by O. H. Tittmauu, Assistant. 
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FORMULJE AND FACTORS FOR 'l'HE COMPUTATION OF GEODETIC LATITUDES, LONGITUDES, .A.ND 
AZIMUTHS. 

When the geographical coordinates of latitude and longitude of a point on the earth's surface 
and the distance and azimuth to another point are known, the problem of computing 'the latitude 
and longitude of the second point and the reverse azimuth may be treated in two different ways. 

We may either solve the spheroidal triangle formed by the two points and the poJe, as a whole, 
arriving at trigonometrical functions of the required co-latitude, azimuth, andJlifference of longi, 
tude, or we may develop expressions 1or the differences of the required and the given quantities. 

The former or direct method has the inconvenience of requiring the use of ten places of deci. 
mals in the computation, in order to give the positions with a degree of exactness corresponding 
to that of the known distance between the two points, while the sec(lnd leads to very convenient 
expressions, on account of the smallness of the differential arcs in ordinary triangulation. 

When, however, the arc between the two points reaches several degrees in length~ the direct 
method must be resorted to. This solution bas been very completely and elegantly effected by 
Bessel, and is given in .A.stronomische Nachrichten, No. 86, 1826. 

Adopting the second method, we follow in the main Puissant (Traite de Geodesie)* in the 
development of the difference of latitude of two points on the spheroid in terms of the distance, 
azimuth, and latitude of the given point. It will be desirable first to recall the expressions of 
several lines of an ellipse in terms involving the latitude <p which is the angle the normal to any 
point on the ellipse makes with the major axis. 

Designating the major or equatorial semi-axis by a all(l the minor or polar semi-axis by b 
then the ellinticity E or the ratio of their difference to the former is 

Thl" eccentricity e is expressed by 

a-b 
l'=-

a 

9 a,2 -b2 
e·= a~-

and shown in fig. 1 by cj, the distance from the center to the focus. 

t 

Fig.L 

The normal nz'terminating at the major axis equals 
a (l- e8 ) 

(1- e2 sin2 <p) 16 

* TraiM de G6od6sie, par L. Puissant, troisieme edition, Tome I, Chapter XV, page 847 ann fol., Paris, 1842. 
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The normal nm produced to the minor axis is 

N=- -- a -- --
(1- ff sin2 cp)"' 

The abscissa cd or no equals N cos cp. This is the radius of a parallel on the spheroid. 
The tangent nt ending at the minor axis equals N cot cp. 
The ordinate nd equals 

a (l-e2) sin cp 
(l-e2 sin2 cp)"' 

The reduced latitude being 1/;, we"have 
b 

tan 1p=- tan cp 
I a 

The radius vector p=a (1-e2 sin2 ¢)"', 
. The radius of curvature rp, r'p', r"p" . . . at any point of the ellipse r, r', r" is 

a(l-e2) 
R (I-el sin2 <Pf 

bZ 
The terminal points/, p, p', p", q_ form an evolute; at the equator where sin cp=O, R=a; and 

2 

the center of curvature is in the focus; at the pole, where sin cp=l, R=6 
The radius of curvature R and the normal N are principal quantities used in geodesy. It will 

be observed that radii of curvature for different latitudes do not intersect unless produced, and 
that when they lie in different meridional planes on the spheroid they will not intersect at all. 

Fig. 2. 

A and B in fig. 2 are two points on a spheroid of revolution, having the latitudes cp, cp', 
and joined by the geodetic line AB= s, making the angles with the meridian PAB = 1800 - a, and 
PBA =a' -1800. The azimuths a, a' are reckoned from south around by west in consequence of 
the latitudes being reckoned, by settled custom, from the equator toward the poles, otherwise the 
meridional coordinate of a point would be more properly measured from the pole and the azimuth 
of a line reckoned from the north. The angle APB between the two meridional planes passing 
through A and Bis the difference of their longitudes :l, .:l', which being reckoned positive to the 
westward we have .:l' - .A = L1:\. Furthermore, An, Bn', Ar, Br' indicate the normals N, N', and 
the radii of curvature in the meridian R, R', at the points A and B. 

This being premised and the latitude cp of the point A being give11, as well as the length s of 
the geodetic line AB and its azimuth a, we propose to find the latitude cp' of the point B, the angle 
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LJJ.., and the reverse azimuth fr', by solving the geodetic triangle ABP. Writing r, r', for the 
co-latitudes, I; for 180 - a, and er for the arc AB referred to radius = 17 we have in a spherical 
triangle for y' the following equation: 

cos y' = cos y cos ff + sin y sin t5 cos I; 

Observing now that <J' is always a small arc, rarely exceeding 1°, and generally less than 30', 
we can develop the increment of y with reference to that of <J' in a rapidly converging series, and 
will have, by Taylor's theorem, . 

I dy 1 f!ly 2 .l. dJy 3 
y = y + d<J' (J' + 2 d(ii (J' + 6 d<r3<1 + (a) 

In order to determine the differential coefficients, we consider a differential spherical triangle 
having the sides y, d<r, and y + dy, in which 

cos (y + dy) =cos y cos d<Y + sin y sin du cos e, 
and developing, as usual, by the differential calculus, we find 

dv 11 ,JJ • 
'Y ·21:: '''Y . c 3 I d(; = - Cose, d(r• =Rill co cot y, ddJ = Slll2 e COS c;, (1 + cot y) 

Introducing these values in (a) we obtai11 

y' - Y = - O"C08 $ + ~ <1'2 Sin2e COt y + t O":I Sin2 $COS$ (1 + 3 COt2 y)+ 

and substituting cp, <p' and a in this expression, we have for the difference of latitude 

<p - <p' = crcos a+~ cr2 sin2 a tan (P - t <Y3 sin2 a cos a (1+3 t.an2 qi)+ {b) 

It will be readily seen that the first term expresses the distance on the meridian PB from B to 
p, the foot of the perpendicular from A; the second term, the distance: very nearly, from p to the 
parallel passing through A; while the third term is a further approximation, and so on. 

Referring now our case to an imaginary sphere of radius equal to N, with its center at the 
point where the normal An intersects the polar diameter of the spheroid, we have 

substituting which, we get 
, s cos a 1 8

2 sin2 a tan <p , 8
3 sin2 a cos a (l 3 t 2 ) + 

<p-qJ = --N-+ !! - --- NZ - it --~ + an <p (c) 

This difference of latitude is, however, referred to a sphere whose radius is N and requires still 
.to be transformed by referring it to one whose radius is Rm,. the radius of curvature in the meridian 
for the middle latitude. Since we do not ~t first know tho middle latitude, it is more convenient 
to refer to the radius of curvature R of the starting point, the latitude of which is known, and 
t.hen find the small correction duo to the ratio of R to Rm. 

Multiplying then equation ( c) by ~ and dividing, moreover, by arc 1", in order to expr0ss cp-cp' 

in seconds of arc, we get 

-" 8 1 s2 . 2 83 • 2 1 3 i d 
-uqi=Rarcfncosa+ 2 RNarcl"sm atanqi-iRN2 arcl"sm acosa( +tan cp)+ .. () 

Tho computation of this series is facilitated by tables giving the logarithms of the following 
factors to the argument of qi, viz: 

1 
B------- R arc 1" 

Moreover, substituting in the third term the value of the first term, designated by h, we can 
write it 

s2 sin2 a i h. -- .N2--(l + 3 tan' qi) 
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and tabulate another factor 

E 
1+3 tan2 cp 

= 6 N 2 ' 

when our formula for computation becomes 

-ocp=B cos a . B + s2 sin2 a . 0-h . s2 sin2 a . E + 

In order, finally, to obtained the true L1cp referred to Rw we must increase ocp by ~:m_ocp 
Now 

R-Rm=a (l-e2) Cl-e2 s~n2 cp)i-(1-e't s~n2 C{Jw)t) 

t e2 (sin2 cp-sin2 CfJm) 
=a (l-e2) (1-e2 sin2 cp)~ (l-e2sin2 - cpro); 

by developing and neglecting terms involving higher powers of e2; but 

sin~ cp-sin2 C/Jm =sin (cp-cpm) sin (rp+cpm)= ocp sin 1" sin cp cos cp 

very nearly, because~ sin 2cp =sin cp cos cp; hence we write 
R-Rm_ a(l-e2) ~ e2 O<P sin 1" sin <p cos cp (1-e2 siu2 <pm)i ~ e2 o<p sin 1" sin <p cos <p 
----rf,ril- (1-e2 sin2 cp)t (l-e2 sin2 'Pm)i x a (l-e2) - =- _-(l-e2siu2(j})~ 

nearly, but making 
D-~ e2 sin cp cos <p arc 111 

- (l-e2 sin2 cp)i 
we get for the desired corrective term• 

R_R:m O<p=(ocp)2 D 

and we finally have for the true difference of latitude 

{e) 

-L1rp=s cos a. B +s2 sin2 a. 0+ (ocp}2• D-h. s2 sin 2a. E (1) 

which formula, although of a somewhat complicated derivation, is very simple and convenient in 
practical computation with the aid of the tabulated log. factors B, C, D, E. 'fhe term t ( o <p }2 D 
is here interposed between the second and third terms of the series proper, because the latter is 
frequently uot required, being insensible when the distance s is less than about 10 statute miles or 
logs, in metres, less than 4·23. The term {otp}2 D should be used whenever log h exceeds 2·31, 
and h2 may be substituted for (ocp}2 in all cases where logs does not exceed 4·93. 

The term depending on the fourth diflerential coefficient, neglected in equation (a) never 
exceeds 0"·002 for <Y = 1° or s=lOI) kilometres, and may therefore be safely neglected in practice.f. 

•In his "The Theory and Practice of Surveying" Prof. J. B. Johnson develops this corrective term in a direct 
manner ns contrasted with the approximate and laborious method given in the text, and points out that the f-power 
in the denominator of D should be replaced by unity. This has been done in the appended tables; although the defect 
is not more than 0·001 of the value of this terw, which is itself very small.-C. A. S. 

t This term was deviMed by the writer of this article in 1846, while arranging the formulm for use in the Coast 
Survey and putting them into the form above given, in which they have been employed ever since.-J. E. H. 

t This additional term hM, however, been lately developed by Mr. M. H. Doolittle, of the Computing Division, 
who finds that it can be given as a function of the factors A, C, and E of the tables, thus requiring no special 
tabulation. It is as follows: 

The additional term of Taylor's theorem 

1 d•y 1 [ ] 
24 d6• a'<= - 24 o• sin• E cot y (1- 3 cosll E) (1 + 3 cot• y) - 6 cos• E cosec• y 

Substituting 90° - <p for y, 180° - a for E, N!_ for o, and multiplying by __ N_ in the same manner as for the 
R arc l" 

other terms 
1 d•y 1 s• , 

24 do• o• =-24 RN3 arc l" sin• a tan <p (1+3 tan• <p) 

1 84 

+ g RN3 arc l" sin• a cos• a tan <p (1 + 3 tan2 <p) 

1 s• + 4 RN·• arc 1,, sin• a cosll a tan <p sec• <p 
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For secondary triangulation and when the sides do not exceed about 12 statute miles, or say 
20 kilometres, the formula (l) may be advantageously reduced to the following: 

- L1 <p = s cos a . B + s2 sin2 a.· 0 + h2 
• D (2) 

In order next to deduce the angle APB (fig. 2) between the meridional planes passing through 
A and B and intersecting in the polar axis, or the difference L1A. of the longitudes A. and A.' of the 
points A and B, counted from east to west, we avail ourselves of the latitude <p' of B, which has 
become known by the previous calculation, and have simply, using the same notation as before, 

sin r': sin ~ = sin <r: sin L1A. 

Referring <r to a sphere the radius of which is the normal Bn' = N', we have C1' = ~t, aJl(l 

assuming for the present the small arcs <r and .::1A. proportional to their sines, we obtain 

AA= s·sin a (3) 
N1 cos cp' arc 111 

dividing by arc 1" in order to obtain .::17'. expressed in seconds of arc. The table gives the loga

rithm of the factor A= N a;c 111 , which must be taken out for <p'· We have 

L1A. = s sin_ a A 
cos <p1 

In order to correct for the assumption that the small arcs sand L1Ji. are proportional to their 
sines we use a table giving the differences of the logarithms of the arcs and sines. This table is 
given before the tabulation of the factors A to F. In using it take out the differences for the 
arguments log. s and log. L1A. the first with a negative, the second with a positive sign, and add 
their algebraic sum to log. L1A.. 

We obtain finally the reverse azimuth a' by considering that in the spherical triangle .APB 
(fig. 2) we have the following relation 

cot! (e'+e') =tan! (.::::IA.) cos! (y' + y) =tan! (L1A.) sin! ( <p' + <p) 
cos! (y' - y) cos! ( <p1 

- <p) 
but e = 180° - a, therefore 

and 
cot! (1800 - a+ e'') = - tan!(&' - a) 

- tan! (L1a) =tan! (.::::IA.) sin! (cp' + <p) 
cosJ? (<p' - <p) 

Assuming the tangents of ! L1 a and ! L1A. proportional to their arcs, and writing <pm = i ( <p + cp') 
for the middle latitude, we have 

sin </)m - L1a = L1A. ---- and a' = a+ 1800 + .::::la 
cos~ (L1<p) 

Denoting tho second term 8• sin• a 0 in formula (e) by 01 
3z sinz a tan <p (1 + 3 tan• <p) 

o, E= 12 RN" arc 1" 

si eini a tan <p 
,Ai O, = 2 RN" arc 3 1" 

and we finally obtain 
- ~q>=Boos a B+B• sin• a c.+ (8 <p)• D-h. s• sin• a E 

-~ B' C1 E+~ B' cos• a 0 1 B+~ B'cos'asec• <p. A• 0 1 arc•1" 

In the line from Ibepah to Ogden, in Utah, 230 kilometres long, tho additional term amounted to 0"·038. In 
Puiesant's time no such long linos had to be provided for as have siuce been observed in triangulations; e. g., in Cali
fornia, Nevada, Utah, and Colorado, where several sides reach to nearly 20 in length, or slightly surpass this limit, 
with a maximum eight of 2f". The formnlm applicable for tho computation of the largest triangles that it is 
possible to measure, given in Clarke's Geodesy (Oxford, 1880) and in Appendix No. 9, Coast and Geodetic Survey 
Report for 1885, pages 462-464., and employed in the British Ordn1Lnce Survey, also in the extension of La Caille's aro in 
South Africa., may bo employed for a check computation, but they demand tho use of not leBB than 9-place logarithms. 

l<'or distances greater than any that can be directly observed, see development of formulro in eeriM by Dr. F. R. 
Helmert, "Theoriecu der Hoheren GeodiiBie, Leipzig, 1880," Vol. I, pages 296-298. It includes terms of the fifth order. 

DECEMBEU, 1894. . 
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When the difference of longitude is very large it becomes necessary to correct for the error in the 
assumption that tan 2 (L1a) : tan~ (LL\.)= L1a: L1A. By an obvious transformation we find the 
correetion to be -1~· (L1;\)3 sin q101 cos2 <p"m sin2 l ",for which we write (L1A.)3 Fwhere log.Fis to be 
taken from the table (see last column of table of factors). This term is only 0"·01 when log. 
L1;\ = :{·36 aud need never to be used for secondary triangulation. A convenient table for 
finding the reciprocal of cos 2 ( Ll<p) is appended. 

Th~ following examples will illustrate the use of 'the formulre and tables: 
The formulre for the computation of the geodetic difforences in latitude L1cp, in longitude LIA, 

and in azimuth L1a are as follows: 

~ 
- L1cp = s cos a. B + s2 sin2 a. 0 + ( ocp)2 D- h. s2 sin2 a. E 

LIA = .~ sin a sec cp'. A 
- L1a =LIA. sin 2 ( <p + cp') sec J (Ll<p) + (LJA)3 F 

where 

~ 
q/ = <p + L1cp 
;\'=A+ L1A. 
a' = a + L1a + 180 

and { - o <p = s cos a. B + s2 sin2 a. 0 - h. s2 sin2 a. E 
also h = s cos a. B 

For subordinate triangulation when the sides do not exceed say 25 kilometres, or about 15 
statute miles, the term involving E in .tJcp and the factor sec 2 (.tJcp), as well as the term involving 
Fin L1a, may be omitted. · 

Our formulm can also be used for the solution of the inverse problem, viz, given the positions 
of two p_oints on the spheroid, to find their dil:itance and mutual azimuths, i. e., given cp, A., cp', A.' 
(or cp, cp', .tJA.), to finds, a, and a'. For its direct solution put 

<p 
Llcp 

cp' 

{ 

s COS a=.£= -j f Llcp + C. J/ + D (Llcp)2 + J.: (.drp) y2 + /IJ. C, y~j 

· .:JA COS rp' 
8 Slll If = Y = ·- - -- -

'- A 

I 
0 

tan tr = y / x and s = x sec a = y cosec a 

Positio11 computation: Given, qJ, A, .~, and rx; 1·cq11il'ed, rp', A.', a'. 

FOR}f FOR PRIM.A.RY 'rHIANGCLATIO!ll. 

0 

a Mount Blue to ~fount Pleasant 26 19 
L Ragged Mountain and Mount Pleasant - 85 35 

a ~fount Blue to Ragged Mountain 
Lia 

300 44 02·91 
+ 50 03·88 

------ ----------

a' J Ragged Mountain to Mount Blue 
I 
I ---··-·------ --·----·-------

II 

180 
I 121 34 06·79 

i 44 43 41 ·437 Mount Blue :< 1- 30 56·052 s = 110 743·7 metres* L1 I. 
------

44 12 45·385 Ragged Mountain A.' 
I 
I 

0 

70 20 33·157 
-- I 11 27'830 

~~ 05·321/ 
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F•rmfor ]Jrimal'y tria11gulatio11.-Continued. 

cc:s a J 

5·044 3191 s• 10·08864 h 3·2633 
9·708 4678 sin• a 9·86854 ( clq>)• 6·5372 s' sin• a 9·9572 

/,' 8·510 4887 c 1 ·39991 D 2·3926 E 6·2069 
--------

" 
erm 1st t 

2d te rm 

3·263 

nd 4th terms 

q; 

+ q>') 

2756 

II 

+1833·478 I 3d term 
+ 22·756 i 4th term 

+1856·234 
- 0·182 i 

: 
+1856·052 s 

0 I II sin a 
44 28 13·4 A 

0 15 28·0 sec cp' 

LI;;. 

N. B.-Take out A from table for q/. 

1·35709 8·9298 
' 

II 

+ 0·0851 
- 0·2675 

: 

! 

i 
5·044 3191 
9·934 2701 .. Arg. 
8·509 0107 s - 218 
0·144 6280 A}." + 314 

3·632 2375 .. Corr . + 96 . 
II 

-4287·830 

I 
• 68'8 statute miles, nearly. 

FORM FOR SUBOJWINATE TRIANGULATION. 

<P 
LI •I> 

.. r 

·--·· 

0 

38 
+ 

38 

--· 

H'P+ 'P') 

1st term 

I 

IO 

7 

18 

and 3d terms 

-'-LI <p 

a I Tamales Bay to Sonoma Mountain 
L Bodega and Sonoma Mountain 

a ! Toma.Jes Bay to Bodega 
.Lia 

!--
' 

a' Bodega to Toma.Jes Bay 

II 

47'982 Toma.Jes Bay. 
28·222 s = 14 626·8 metres. 

16·204 

I 
0 I II i 
38 14 32 I 

II 

-448·273 
+ 0·051 

------
-448·222 

sin a 
A 

sec q>1 

s 
cos a 

B 

h 

Bodega. 

4·165 1480 
9'975 4055n 
8·510 9892 

--------
2·651 5427n 

4·165 148o 
9·514 8602 
8·509 1611 
0·105 2810 

2·294 4503 
II 

+ 196·99j 

s• 
sin• a 

c 

-Lia 

N. B.-Take out A from table for 'I''· 

!' 
244 08 

-83 14 

16o 53 
2 

18o 
340 51 

8·3303 
9·0297 
1·3003 

------
8·66o3 
0·046 

2·29445 
9·79168 

2·08613 
II 

+ 121·9 

9·4274 

LH3 

i l0'897n 
F 7'844 

8·741., i 

L1'. 3•632 237n 
sin i( <P+'I") 9·845 433 
sec. !(Llcp) o·ooo 004 

3'477 674n 

1st term - 3003·82 
2d term - 0·06 

·-Lia - 3003·88 

II 

30·9 
34·7 

56·2 
01 ·9 

54·3 

I 
0 I II 

A. 122 56 47·301 
LIA. + 3 16·993 

A' 123 00 04·294 

It• 5·303 
D 2·380 

--------
7·683 
0·005 
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The inverse problem.-Cases frequently occur where the distance and mutual azimuths are 
demanded of two points whose latitudes and longitudes only are known. It has not been found 
necessary to prepare special formulrn and blank forms for this comput.ation, as it can readily be 
made with the help of the preceding forms. It is done by dividing LIA.= s sin a. A • sec cp' by 
the first term for L1 cp, h ....: s cos a . B, whence we get 

L1A.. B 
tan a = A sec q/ h 

This would give the azimuth at once, provided we knew h, since L1 A. is given. We therefore compute 
the smaller terms for the difference of latitude in order to obtain h by subtracting them from the 
known value of L1cp. The only addition to the usual form is the term log. tan a = log (s sin a) -
log (11 cos a). The value of swill best be taken from the term h when sin a exceeds cos a, and from 
the term L1A. when the reverse is the case. When the distances is large, as in primary triangulation, 
it will be necessary to introduce the correction for LIA. due to difference of ratio between sine and 
arc, using the form for primary work, inversely, as indicated above. 

Distance and azimuth ooniputation: Giv1m, <p, qi', A., ;\ 1; 1·equired, s, a, a' • 

. --~------------------,------- ------
0 // 

a Tomales Bay to Bodega 160 53 56·2 
Lla 2 01·9 

---------
180 

a' Bodega to Tomales Bay 340 51 54·3 

------------------------------

! o II 

i 38 10 47'982 Tomales Bay. 
s= 14 626·8 metres. 

;i. 

LlA. + 

"' 
j+ 7 28·222 

I <p' • 38 18 16·204 

I I 

Bodega. 

---· --
I 

0 I II 8 } s• } i('P+ qr) =38 14 32 cos a 4'140 5535n sin• a 7'36oo h• 
B 8·510 9892 c I ·3003 D 

II ------ ----
1st term -448·273 h 2·651 5427u 8·66o3 

2d and 3d terms + 0·051 0·046 ---- ----
-Acp -448·222 s } 3·680.0082 s sin a 

sin a s cos a 

A 8·509 1611 AA. 2·29445 tan a 
sec qr 0·105 2810 sint(cp+ip') 9·79168 

------ ---- a 
2·294 4503 2·08613 

II II sin a 
L1 '). 

I 
+196·993 --L1a +121·9 s 

I 
---·--·· 

0 II 

122 56 47'301 
3 16·993 

123 00 04·294 I 

5·303 
:.i·38o 

r683 
0·005 

3·68o 0082 
4·140 5535n 

9'539 4547n -----
160° 53' 5611 ·2 

------
9·514 86o2 
4•165 1480 
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Table of corrections to longitude for d~tference in aro a11d Hine.* 

logs(-) 

3·876 
4·026 
4·114 
4·177 
4·225 

4·265 
4·298 
4·327 
4·353 
4·376 

4·396 
4·415 
4·433 
4·449 
4·464 

4·478 
4 ·491 
4·503 
4·526 
4·548 

4·570 
4·591 
4·612 
4·631 
4·649 

4·667 
4·684 
4·701 
4·716 
4·732 

4·746 
4·761 
4·774 
4·788 
4·801 

4·813 
4·825 
4·834 
4·849 
4·860 

log Jiffercncc. 

o·ooo 0001 
02 
03 
04 
05 

06 
07 
08 
09 
IO 

II 

12 
13 
14 
15 

10 
17 
18 
20 
23 

25 
27 
30 
33 
36 

39 
42 
45 
48 
52 

56 
59 
63 
67 
71 

75 
80 
84 
89 
94 

log ~.I.(+) 

2·385 
2·535 
2·623 
2·686 
2·734 

2774 
2·807 
2·836 
:)•862 
2·885 

2·905 
2·924 
2·942 
2·958 
2·973 

2·987 
3;000 
]"012 
3·035 
3·057 

3·079 
3·100 
3·121 
3·140 
3·158 

3·176 
3·193 
3·210 
3·225 
3·241 

3"2 55 
3·270 

'3·283 
3·297 
3·3rn 

3·322 
3·334 
3·343 
3·358 
3·369 

x:J A..:' 
·:-> From sin x = x - 7) + 

1 
~-0 -

log ,. (-) log dificrencc. 

4·871 
4·882 
4·892 
4·9o3 
4·9 13 

4·922 
4·932 
4·941 
4·950 
11 ·959 

4·968 
4·976 
4·985 
4·993 
5·002 

5·010 
5·01 7 
5·025 
5·033 
5·040 

5·047 
5·054 
5·062 
5·068 
5·075 

5·082 
5·088 
.'\"0 95 
5·rn2 
5·108 

5·114 
5·120 
5 ·126 
5·132 
5 ·138 

5·144 
5 ·150 
5·156 
5 ·161 
5·167 

o·ooo 0098 
!03 
I08 
114 
119 

124 
130 
136 
142 
147 

153 
16o 
166 
172 
179 

186 
192 
199 
206 
213 

221 
228 
236 
243 
251 

300 
309 
318 
327 
336 

345 
354 
364 
373 
383 

lug~>. (+l 

3·380 
:;-391 
y401 
3"412 
3·422 

3·43 1 

3·441 
3·450 
.1"459 
3·468 

3·477 
3·485 
3·494 
3·502 
3·511 

3"5 19 
3·526 
3·534 
3·542 
3·549 

3·556 
3·563 
3·571 
3"577 
3·584 

3·591 
3·597 
3·604 
3·611 
3·617 

y623 
3·629 
3·635 
y641 
y647 

3·653 
3·659 
3·665 
3·670 
3·676 

logs \-) log difference. 

5·172 
5·178 
5·183 
5 ·188 
5· 193 

5·199 
5·204 
5·209 
5·214 
5·219 

5·223 
5·228 
5·233 
5 ·238 
5·242 

5·247 
5·251 
5·256 
5·260 
5·265 

5·269 
5" 2 73 
5·278 
5·282 
5·286 

5·290 
5 ·294 
5" 299 
5 ·303 
5 ·307 

5·311 
5·315 
5 ·319 
5 ·323 
5 ·327 

5·331 
5·335 
Ll39 
5·343 
5·347 

o·ooo 0392 
402 
412 
422 
433 

443 
453 
464 
474 
486 

497 
508 
519 
530 
541 

553 
565 
577 
588 
600 

743 
757 
771 
785 
800 

log ~.I.(+) 

3·681 
3·687 
3·692 
3·697 
3·702 

3·708 
3·713 
3·718 
3·723 
3·728 

3"732 
3·737 
3·742 
3·747 
3·751 

3'756 
3·760 
3'765 
3·769 
3·774 

3"778 
3·782 
3·787 
3·791 
3·795 

3"799 
3·803 
3·808 
3·812 
3·816 

3·820 
3·824 
3·828 
3·832 
5·836 

]"840 I 
3·844 
3·848 ' 
]"852 i 
3·856' . ___ I 

x' 
we have with sufficient accuracy for our purpose log sin x oo-_ log x - - /If 6, and 

log (log x ·-log sin x) =log ( llf.t;). 
Substituting the value of Mor modulus of common log's, and putting x sin 111 for x, when expressed in seconds, we get 

Jog ( M~) = 2 log x + [8·23078]; hence the expression log (log cliff.)= l 8·2308] + 2 log L1i.. By taking an average value 

for lo~ A, say [8·5090], we get hy means of log L11. o= log A+ logs, the corresponcling expression log (log cliff.)= 2 logs+ 2 

log A + [8·5090], and the numerical d1Hcrcnce of the correspuncl111g tabular values of logs and log L1~ equals 1·4910. 

s. Ex. s, pt. 2--rn 
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Table ofralues of log sec! (Llcp). 

--------··- ---- .. -

Llcp log sec! (Llcp) :: L!cp log s~c ~ (Llrp) /j _ L!<p \og sec~ (Llrp) ' Llcp log sec! (Lieµ) Ii Ll<p log sec! (Ll<p) 

11-, 
I· __ ·-- ---------·· 

I 
IO o·ooo ooo 28 o·ooo 004 Ii :6 o·ooo 010 64 o·ooo 019 82 o·ooo OJI 
II I 29 

4 I 47 
IO 65 19 SJ J2 

12 JO 4 48 II 6b 20 84 J2 
IJ JI 4 49 II 67 21 85 3J 
14 J2 5 50 II 68 21 86 34 

15 3J 5 51 12 69 22 87 J5 
16 34 5 52 12 70 2"' SS 36 
17 35 6 53 IJ 7.1 23 89 36 
18 36 6 54 13 72 24 90 37 
19 2 J7 6 55 14 7J 24 91 J8 

20 2 JS 7 56 14 74 25 92 J9 
21 2 J9 7 57 15 75 26 9J 40 
22 2 40 7 58 15 76 26 94 41 
2J 2 41 8 59 16 77 27 95 41 
24 J 42 8 6o 16 78 28 96 42 

25 3 4J 8 61 17 79 29 97 43 
26 3 44 9 62 18 80 29 98 44 
27 3 45 9 6J 18 81 JO 99 45 

To c:ouvcrt: To c.onvcrl: 

~lctrcs to feet. Feet to mctn.:s. Kilomctrc:s to statute Statute miles to kilo-
miles. metres. 

I= 3·28o 8J3 I = 0·304 8006 I = 0·621 3699 I= 1 ·609 J47 
2 6·561 667 2 0·609 6o12 2 I ·242 7J99 2 3·218 694 
3 9·842 500 3 0·914 4018 3 I ·864 I098 3 4·828 042 
4 IJ'l23 J33 4 I ·219 2024 4 2·485 4798 4 6•4J7 J89 
5 16·404 166 5 I ·524 OOJO 5 3·106 8497 5 8·046 736 
6 19·685 000 6 I ·828 80J7 6 3·728 2196 6 9·656 08J 
7 22·965 8J3 7 2·133 6o4J 7 4'J49 5896 7 11 ·265 4JO 
8 26·246 666 8 2·438 4049 8 4·970 9595 8 12·874 778 
9 29·527 500 9 2·74J 2055 9 5·592J2(J5 9 q·484125 

·----·-- ----·-- - . -- --------· __ I 
FORMULA AND '.l'ABLE FOR C0'.\1PU'.l'ING 1'JIE SPIIEIU<JAL EXCESS OF TRIANGLES. 

In every spherical triangle the excess of tlie sum of the three angles over 1soo bears the same 
ratio to eight right angles as the area of the triangle bears to that of the whole sphere. Putting 

E arcn arcci 
,. for radius, E for the excess, we have 47r = 4 -r~n-· hence E = -r2 ··, In order to express E in sec-

<>nds of arc, we must divide the expression by sin 1". 'fhe area of the triangle, when it is small 
in relation to the whole sphere, as is the case in all geodetic triangles, may be expressed with 
sufficient accuracy for this purpose by i a1 b, sin 01 where a, and b1 arc two sides and 01 thP. 
included angle. We then have 

a1 b1 :,;in C1 
E = !£ i·:.i-i;jj}.l II 

In determining E in a triangle on the terrestrial spheroid, we can refer it to an osculating 
sphere, the radius of which is taken as ,/J{N, where R equals radius of curvature in the meridian 
:and N equals radius of curvature in the prime vertical at the center of the triangle. These are 
I'Cspecti vely 

R - a (1-_ez)__ N- a. 
- (l-e2 sin2 <p)~ (1 - <fl i;iu2 <p)~ 

using the notation of the preceding formul:c for position computation. 
We have, therefore, for the spherical triangle, 

c = /E,~~r-~~~n ~r; = !riiia(1lb~~!}-~ii-T" 11 - c2 sin2 <p]z 

for which we write E = a1 b1 sin 01 x m, and tabulate the logarithms of m = 2J~ ~(l~s~n)~--~]
2

111 for 
a - u- 8111 

different latitudes. · 
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Table of log ni. 

Latitude. I Logm. ! Latitude. Log m. ! Latitude. 

I 

Log111. 

I 
Latitude. Log m. I 

I 

! 
0 0 I 0 I 

I 
0 I i I I 

i I 

18 ()() 1·40639 33 ()() I ·40520 48 00 I ·40369 63 00 1 ·40227 
18 30 636 33 30 516 48 30 364 

I 63 30 223 
19 ()() 632 34 ()() 511 49 ()() 359 64 00 219 
19 30 629 34 30 506 I 49 30 354 64 30 215 
20 ()() 626 35 ()() 501 I 50 ()() 349 65 ()() 210 

I 

20 30 623 35 30 496 50 30 

I 
344 65 30 207 

21 ()() 619 36 00 491 51 00 339 66 ()() 203 
21 30 616 36 30 486 51 30 3J4 66 JO 199 
22 00 612 37 ()() 482 52 00 329 i 67 ()() 195 
22 30 608 37 30 477 52 JO 324 67 30 192 

23 00 6o5 I 38 ()() 472 53 ()() 319 68 ()() 188 I 

23 30 6o1 i J8 30 467 53 30 314 68 30 185 
I 

24 ()() 597 
11 

39 ()() 462 54 00 309 I 69 ()() 181 
24 30 594 39 30 457 54 30 304 69 30 178 
25 ()() 590 11 40 00 452 55 ()() 299 70 ()() 174 

ii 
25 30 586 40 30 446 55 30 295 70 30 171 
26 ()() 582 41 ()() 441 56 ()() 290 71 ()() 168 
26 30 578 41 30 436 56 30 285 71 30 164 
27 00 573 42 00 431 57 ()() 280 72 00 1 ·40161 
27 30 569 42 30 426 57 30 276 

28 00 565 43 ()() 421 58 00 271 
28 30 560 43 30 416 58 30 266 
29 00 556 44 00 411 59 ()() 262 
29 30 552 44 30 406 59 30 257 
30 ()() 548 45 ()() 400 60 00 253 

30 30 544 45 30 395 6o 30 249 
31 00 539 46 00 390 I 61 00 244 
31 jo 534 

I 

46 30 385 I 61 30 240 
32 ()() 530 47 ()() 380 

:I 
62 00 235 

32 30 1 ·40525 47 30 I ·40375 62 30 1·40231 
II II 

[The above table is computed for the Clarke spheroid of 1866.] 
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GEODETIC POSITION COMPUTATIONS. 
-------·· -------

TABLE OF I .. OGARITI-IJ\IS 01'' }'ACTOHS A, B, C, D, E, F, 

BASED UPON THE CLARKE SPHEROID OF 1866 AND THE METRIC SYSTEM, 
BETWEEN LATITUDES 180 AND 720_ 

( 1 - e• sino cp)~ 
A·····--------- a arc 1 11 

(1 - e• sin• qi)~ 
B---··· --- . 

-- a (1- e•) arc 1 11 

C __ (~=-..!.'sin• qi)• t~_tp 
- 2a" (1 -- «')arc 111 

I>= l<'_sin <p cos qi_ a~~~' 
I - e" sin• <p 

. (1-!- 3 tan• <p) (1 --- , .. , sin• rp) 
f, ~~ ----- ---·-6a" ___ _ 

F =/;sin q1 cos' <p arc" 111 

CONSTANTS. 

.. ____ ___:__:_:_:__:_c:::::::--___ -_-_=-=-=--:::...· == 

log a= 6·804 698 57 
log b = 6·803 223 78 
log c• = 'j·830 502 57 

log ---
1
- = 8·509 726 56 

a arc 1 11 

log I -- -- ~ 8·512 676 15 
a (I - e•) arc 111 

log- ----
1
----------=1·4069476 

2a2 (1 - e•) arc 111 

log (Be" arc 111) = 2·692 168 7 

log -
1
- = 5·612 45 

6a• 
log (1\- arc• 111) = 8·291 96 

:.!93 
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IJATI'l'UDE 180 
------ -···------ ----------- .. -------

Lat. 
log A log B log C log D log E logF 

diff. 1" = -- 0•04 diff. 1
11 = - 0'13 difI. 1" = + 0'70 diff. 1" = + o·o6 diff. •" = + 0·03 diff. 10' = + 3"0 

0 

18 00 S·so9 5862 8·s12 25so 0·91816 2·16o6 5·7317 7·738 
! S9' 42 859 10 19 
2 S7 3S 902 13 21 
3 S4 27 94S 17 23 
4 s2 19 0·91987 20 2s 

os 49 12 0·92030 24 27 
6 46 8·s12 2so4 073 27 29 
7 44 8·s12 2497 llS 31 31 
8 41 89 rs8 34 33 
9 39 81 201 38 3S 

10 8·so9 s836 8·s12 2474 0·92243 2·1641 s·7337 
II 34 66 286 44 39 
12 31 S9 328 48 41 
13 29 51 371 51 44 
14 26 43 413 SS 46 
IS 24 36 4S6 S8 48 
16 21 28 498 62 so 
17 19 20 S40 65 52 
18 16 13 582 68 54 
19 13 8·512 2405 625 72 56 

20 8·509 S81 I 8·512 2397 0·92667 2·1675 5·7358 7·744 
21 08 90 709 79 6o 
22 06 82 751 82 62 
23 03 74 793 85 64 
24 8·509 s801 67 836 89 67 

25 8·509 5798 59 878 92 69 
26 96 51 920 95 71 
27 93 44 0•92962 2·1699 73 
28 90 36 0·93004 2·1702 75 
29 88 28 046 06 77 

30 8·509 5785 8·512 2320 0·93088 2·1709 5·7379 
31 83 13 129 12 81 
32 80 8·512 2305 171 16 83 
33 78 8·5122297 213 19 85 
34 75 90 25s 22 88 

35 72 82 296 26 90 
36 70 74 338 29 92 
37 67 66 ]80 32 94 
38 65 58 421 36 96 
39 62 51 463 39 5'7398 

40 8·509 5759 8·512 2243 0·93505 2·1742 5·74oo 7'75° 
41 57 35 546 46 02 
42 54 27 588 49 05 
43 52 19 629 52 07 
44 49 12 671 56 09 

45 46 8·512 2204 712 59 II 
46 44 8·512 2196 753 62 13 
47 41 88 795 65 15 
48 39 So 836 69 17 
49 36 72 877 72 19 

50 8·so9 5733 8·512 2165 0·93919 2·1775 5·7422 
51 31 57 0·9396o 79 24 
52 28 49 0·94001 82 26 
S3 25 41 042 8S 28 
S4 23 .13 083 88 30 

SS 20 2s 12s 92 32 
56 18 17 166 95 34 
57 15 10 207 2·1798 37 
s8 12 8·s12 2102 248 2· 1801 39 
59 10 8·s12 2094 289 05 41 

60 8·s09 5707 8·s12 2086 0·94330 2·1808 5·7443 ns6 

·-----·----- - -----·------'---· ··-- - . ------·· ·-----· 
295 
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LATITUDE mo 
------- ---- - .. 

Lat. 
log A log B logC IogD togE log F 

diff. 1 11 ~ -0·04 cliff. 1 11 = -0·13 
0

diff. r" = +0·67 d1ff 1'' = +0·05 . diff. 1 11 = +0·04 diff. 10
1 = +2'7 

0 

19 00 8·509 5707 8·512 2086 0·94330 2·1808 5•'7443 7'i56 
04 78 370 II 45 

2 8·509 5702 70 411 14 47 
3 8·509 5699 62 452 18 49 
4 96 54 493 21 52 

05 94 46 534 24 54 
6 91 38 575 27 56 
7 89 30 615 30 58 
8 86 22 656 34 60 

9 83 14 697 37 62 

10 8·509 5681 8·512 2006 0·94737 2·1840 5 ·7464 
II 78 8·512 1999 778 43 67 
12 75 91 819 46 69 
13 73 83 859 50 71 
14 70 75 900 53 73 

15 67 67 940 56 75 
16 65 59 0·94981 59 78 
17 62 51 0·95021 62 80 
18 59 43 061 66 82 
19 57 35 102 69 84 

20 8·509 5654 8·512 1927 0·95142 2·1872 5·7486 7'701 
21 5.z 19 182 75 88 
22 49 II 223 78 91 
23 46 8·512 1903 263 81 93 
24 43 8·512 1895 3o3 84 95 

25 41 87 344 88 97 
26 38 79 384 91 5·7499 
27 35 71 424 94 5·7501 
28 33 63 464 2· 1897 04 
29 30 55 504 2·1900 06 

30 8·509 5627 8·512 1847 0·95544 2•1903 5·7508 
31 25 38 584 07 10 
32 22 30 624 10 12 

33 19 22 664 13 15 
34 16 14 704 16 17 

35 14 8·512 1806 744 19 19 
36 II 8·512 1798 784 22 21 

37 08 90 824 25 23 
38 06 82 863 28 26 

39 03 74 903 31 28 

40 8·509 56oo 8·512 1766 0·95943 2•1934 5 ·7530 7·767 
41 8·509 5598 57 0·95983 38 32 
42 95 49 0·96022 41 34 
43 92 41 062 44 37 
44 89 33 102 47 39 

45 87 25 142 50 41 
46 84 17 181 53 43 
47 81 08 221 56 46 
48 78 8·512 1700 260 59 48 
49 76 8·512 1692 300 62 50 

50 8·509 5573 8·512 1684 0·96339 2·1965 5 ·7 552 
51 70 75 379 68 54 
52 68 67 418 71 57 
53 65 59 457 74 59 
54 62 51 497 77 61 

55 59 43 536 80 63 
56 57 34 575 83 65 
57 54 26 615 86 68 
58 51 18 654 89 70 
59 48 10 693 92 72 

L __ 60 8·509 5546 8·512 16o2 0·96733 2·1996 5·7574 7'772 

--------- -··------
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LATITUDE 200 

--··-------

Lat. 
log A log B log C log I> log E log F 

Uiff. i" = - 0'05 difI. 1" = - 0·14 diff. 1
11 = +0·64 Uiff. 1" = +o·as di ff. 1" = +0'04 diff. 10' = + ··s 

·--- -----·--- -· . --------- ---

0 

20 00 8·509 5546 8·512 1602 0·96733 2·1996 5·7574 7"772 
43 8·512 1593 772 2·1999 77 

2 40 85 81I 2'2002 79 
3 37 77 850 05 81 
4 35 68 889 08 83 

05 32 60 928 II 86 
6 29 52 0·96967 14 88 
7 26 44 0·97006 17 90 
8 24 35 045 20 92 
9 21 27 084 23 94 

10 8·509 5518 8·512 1519 0·97123 2·2026 5·7597 
II 15 IO 162 28 5·7599 
12 12 8·512 1502 201 31 5·7601 
13 IO 8·512 1494 240 34 03 
14 07 85 279 37 06 

15 04 77 318 40 08 
16 8·509 5501 69 356 43 JO 

17 8·509 5499 6o 395 46 12 
18 96 52 434 49 15 
19 93 44 472 52 17 

20 8·509 5490 8·512 1435 0·97511 2·2055 5·7619 7·777 
21 87 27 550 58 21 
22 85 18 588 61 24 
23 82 10 627 64 26 
24 79 8·512 1402 666 67 28 

25 76 8·512 1393 704 70 30 
26 73 85 743 73 33 
27 71 76 781 76 35 
28 68 68 819 79 37 
29 65 6o 858 81 40 

30 8·509 5462 8·512 1351 0·97896 2·2084 5·76.p 
31 59 43 935 87 44 
32 57 34 0·97973 90 46 
33 54 26 0·98011 93 49 
34 51 17 050 96 5 I 

35 48 09 088 2·2099 53 
36 45 8·512 1301 126 2'2102 55 
37 42 8·512 1292 164 05 58 
38 40 84 203 08 60 
39 37 75 241 10 62 

40 8·509 5434 8·512 1267 0·98279 2·2113 n664 7·782 
41 31 58 317 16 67 
42 28 50 355 19 69 
43 25 41 393 22 71 
44 23 33 431 25 74 

45 20 24 469 28 76 
46 17 16 507 31 78 
47 14 8·512 1207 545 33 81 
48 JI 8·512 1199 583 36 83 
49 08 90 621 39 85 

50 8·509 5406 8·512 1182 0·98659 2·2142 5'7688 
51 03 73 697 45 90 
52 8·509 5400 64 735 48 92 
53 8·509 5397 56 773 50 94 
54 94 47 811 53 97 

55 91 39 848 56 5·76<)9 
56 88 30 886 59 5·no1 
57 86 21 924 62 04 
58 83 13 962 65 06 

i 59 So 8·512 1104 0·98999 67 08 
I 

60 8·509 5377 8·512 1096 o·99o37 2·2170 5·7711 7·787 I 
·-· -··-·--------··· --------· .__i 
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LATITUDE 210 

Lat. 
log A log n logC Jog!) IogE logF 

diff. 1" = -0·05 diff. 1 11 = -0'15 diff. 111 = +0·62 diff. 1" = +o·o~ diff. i" = +o·o~ diff. io' = + 2·2 

------
0 I 

21 00 8·509 5377 8·512 1096 0•99037 2·2170 5·771 I n87 
I 74 87 075 73 13 
2 71 79 II2 76 15 
3 68 70 150 79 18 
4 66 62 187 81 20 

05 63 53 225 84 22 
6 60 45 262 87 24 
7 57 36 300 90 27 
8 54 27 337 93 29 
9 51 19 375 95 31• 

IO 8·509 5348 8•512 IOIO 0·99412 2·2198 5·7734 
II 46 8·512 1002 450 2·2201 36 
12 43 8·512 0993 487 04 38 
13 40 84 524 07 41 
14 37 76 562 09 43 
15 34 67 599 12 45 
16 31 58 636 15 48 
17 28 50 673 18 50 
18 25 41 711 20 52 
19 22 32 748 23 55 

20 8·509 5320 8·512 0924 0·99785 2·2226 5·7757 7'791 
21 17 15 822 29 59 
22 14 8·512 0906 859 31 62 
23 II 8·512 0897 896 34 64 
24 08 89 933 37 66 

. 25 05 So 0·99971 40 69 
26 8·509 5302 71 1·00008 42 71 
27 8·509 5299 62 045 45 73 
28 96 54 082 48 76 
29 93 45 119 50 78 

30 8·509 5290 8·512 0836 1·00156 2·2253 5778o 
·31 88 27 192 56 83 
32 85 19 229 59 85 
33 82 10 266 61 87 
34 79 8·512 0801 303 64 90 

35 76 8·512 0792 340 67 92 
36 73 84 377 69 94 
37 70 75 413 72 97 
38 67 66 45° 75 5·7799 
39 64 57 487 78 5·7802 

40 8·509 5261 8·512 0748 1·00524 2·2280 5·7804 7796 
41 58 39 560 83 06 
42 55 31 597 86 09 
43 52 22 634 88 11 
44 49 13 670 91 13 

45 46 8·512 0704 707 94 16 
46 44 8·512 0695 743 96 18 
47 41 86 780 2·2299 20 
48 38 78 816 2·2301 23 
49 35 69 853 04 25 

50 8·509 5232 8·512 0660 1·00890 2·2307 5·7828 
51 29 51 926 09 30 
52 26 42 962 12 32 
53 23 33 1·oo999 15 35 
54 20 24 1·01035 17 37 

55 17 15 072 20 40 
56 14 8·512 o6o6 I08 23 42 
57 II 8·512 0598 144. 25 44 
58 08 89 181 28 47 
59 05 80 217 31 49 

60 8·509 5202 8·512 0571 I ·01253 2·2333 5·7851 7·800 
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LATITUDE 220 

Lat. 
log A log B log C log D log- E log F 

diff. 1" = - 0'05 dJfT. J" ::=.- 0·15 dlff. 111 = + 0'59 diff. 1 11 = +0'04 difT. •" = +0°04 difT. 10' = + 2'0 

---

0 I 

22 00 8·509 5202 8·512 0571 I '01253 2·2333 5·7851 ']'Soo 
I 8·509 5I99 62 289 36 54 
2 96 53 326 38 56 
3 93 44 362 4I 59 
4 90 35 398 44 6I 

05 87 26 434 46 63 
6 84 I7 470 49 66 
7 8I 8·5I2 0508 506 SI 68 
8 78 8·512 0499 542 54 71 
9 75 90 578 57 73 

IO 8·509 5I72 8·512 048I 1·0I615 2'2359 5'7875 
II 69 72 651 62 78 
12 66 63 687 64 80 
13 63 54 723 67 83 
14 6o 45 759 70 85 

I5 57 36 794 72 87 
I6 54 27 830 75 90 
I7 5I I8 866 77 92 
18 48 09 902 80 95 
19 45 8·512 0400 938 83 97 

20 8·509 SI42 8·5I2 0391 l 'OI974 2·2385 5 ·7899 7·8o4 
21 39 82 I '020IO 88 5·7902 
22 36 73 045 90 04 
23 33 64 o8I 93 07 
24 30 55 117 95 09 
25 27 46 I53 2·2398 II 
26 24 37 188 2·2400 14 
27 21 28 224 03 I6 
28 I8 I9 26o 06 I9 
29 I5 JO 295 08 2I 

30 8·509 5112 8·512 0301 1 ·02331 2·2411 5·7924 
31 09 8·5I2 0292 367 13 26 
32 06 83 402 I6 28 
33 03 73 438 I8 3I 
34 8·509 5100 64 473 2I 33 

35 8·509 5097 55 509 23 36 
36 94 46 544 26 38 
37 91 37 580 28 4I 
38 88 28 615 3I 43 
39 85 19 651 33 45 

40 8·509 5082 8·512 02IO I '02686 2·2436 5·7948 7·808 
4I 79 8·5I2 0200 721 • 38 50 
42 76 . 8·512 019I 757 4I 53 
43 72 82 792 43 55 
44 69 73 828 46 58 

45 66 64 863 48 6o 
46 63 55 898 5I 62 
47 6o 46 933 53 65 
48 57 36 I '02969 56 67 
49 54 27 1·03004 58 70 

so 8·509 505I 8·512 0118 I '03039 2·246I 5·7972 
SI 48 09 074 ~~ 75 
52 45 8·512 OIOO 109 77 
53 42 8·512 0090 145 68 80 
54 39 81 180 70 82 

SS 36 72 2I5 73 84 
56 33 63 250 75 87 
57 30 54 285 78 89 
58 27 44 320 80 92 
59 23 35 355 83 94 

60 8·509 5020 8·512 0026 1·03390 2·2485 5·7997 7·812 
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LATI'rUDE 230 

---- --··. -----------· -· ---· -----· r Lat I log A lop; B lo~ C log J) lo;:: E log F 

______ J difI. 1 11 ::::: - 0·05 dtff. 1 11 = -0·16 diff. 1
11 = : 0·57 difT. 1

11 = -fo·o4 cliff. 1" ';'". ~- ••. :04 diff. 10'== + 1'8 

0 

23 00 8·509 5020 8·512 0026 1·03390 2·2485 5·7997 7·812 
17 "l7 425 88 5·7999 

2 14 8·512 0008 460 90 5·8002 
3 11 8·511 9998 495 93 04 
4 08 89 53° 95 07 

05 05 8o 565 2·2497 09 
6 8·509 5002 71 600 2·2500 12 
7 8·509 4999 61 634 02 14 
8 96 52 669 05 16 
9 93 43 704 07 19 

10 8·509 4990 S·5u 9934 1·03739 2·2510 5·8021 
l l 87 24 774 12 24 
12 83 15 809 14 26 
13 80 8·5u 99o6 843 17 29 
14 77 8·511 9896 878 19 31 

15 74 87 913 22 34 
16 71 78 947 24 36 
·17 68 68 I ·03982 26 39 
18 65 59 1·04017 29 41 
19 62 50 052 31 44 

20 8·509 4959 8·511 9840 1·04086 2·2534 5·8046 7·816 
21 55 31 121 36 49 
22 52 22 155 38 51 
23 49 12 190 41 54 
24 46 8·511 9803 224 43 56 

25 43 8·511 9794 259 45 59 
26 40 84 293 48 61 
27 37 75 328 50 64 
28 34 66 362 53 66 
29 31 56 397 55 69 

30 8·509 4927 8·511 9747 1 ·04431 2·2557 5·807l 
31 24 37 466 60 74 
32 21 28 500 62 76 
33 18 19 534 64 79 
34 15 09 569 67 81 

35 12 8·5u 9700 6o3 69 84 
36 09 8·511 9690 637 71 86 
37 05 81 672 74 89 
38 8·509 4902 71 706 76 91 
39 8·509 4899 62 740 78 93 

40 8·509 4896 8·511 9653 1·04775 2·2581 5·8og6 r819 
41 93 43 809 83 5·8099 
42 90 34 843 85 5·8101 
43 87 24 877 88 04 
44 83 15 911 90 06 

45 So s·5n 96o5 945 92 09 
46 77 8·511 9596 1·04980 95 II 

47 74 86 1·05014 97 14 
48 71 77 048 2·2599 16 
49 68 67 082 2·2601 19 

50 8·509 4865 s·5u 9558 I ·05116 2·2604 5·8121 
51 61 48 150 06 24 
52 58 39 184 09 26 
53 55 29 218 II 29 
54 52 20 252 13 31 

55 49 IO 286 16 34 
56 45 8·511 9501 320 18 36 
57 42 8·5u 9491 354 20 39 
58 39 82 388 23 41 
59 36 72 422 25 44 

6o 8·509 4833 8·5u 9463 l ·05456 2·2627 5·8146 7·823 

---------· 
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LATITCDE 240 

Lat. 
log A log B log(" log ll log E loi;: F I 

difI. x" == -0'05 diff. 1"=-0°16 diff. 1
11 =-t-0'56 cliff. 1''=+0·04 cliff. 1"= +0·04 cliff. 10'=+1·6 I 

--------- --·--·- --- - ··---------· 

0 

24 00 8·509 4833 8·511 9463 1 ·05456 2·2627 s·8146 7·823 
30 S3 490 29 49 

2 26 44 s23 31 SI 
3 23 34 557 34 54 
4 20 24 591 36 57 

05 17 IS 625 38 59 
6 14 8·511 9405. 6_58 41 62 
7 10 8·511 9396 692 43 64 
8 07 86 726 45 67 
9 04 77 760 47 69 

10 8·509 4801 8°SI I 9367 1 ·os794 2·2650 5·8172 
II 8·509 4798 58 827 52 74 
12 94 48 861 S4 77 
13 91 38 894 56 79 
14 88 29 928 S9 82 

15 85 19 962 61 85 
16 82 09 1·os995 63 87 
17 78 8·s11 9300 1·06o29 65 90 
18 75 8·511 9290 062 68 92 
19 72 81 096 70 95 

20 8·509 4769 8·511 9271 1 ·06130 2·2672 5·8197 7·826 
21 66 61 1(,3 74 5·8200 
22 62 52 197 77 02 
23 59 42 230 79 05 
24 56 32 263 81 07 

25 53 23 297 83 10 
26 50 13 330 85 13 
27 46 8·511 9203 364 88 15 
28 43 8·511 9194 397 90 18 
29 40 84 431 92 20 

30 8·509 4737 8·511 9174 1·06464 2·2694 s·8223 
31 33 6s 497 96 25 
32 30 55 530 2·2699 28 
33 27 45 564 2·2701 31 
34 24 35 597 03 33 

35 20 26 630 05 36 
36 17 16 664 07 38 
37 14 8·511 9106 697 10 41 
38 II 8·5u 9096 730 12 43 
39 07 87 763 14 46 

40 8·509 4704 8·511 9077 1 ·06797 2·2716 5·8249 7·829 
41 8·509 4701 67 830 18 51 
42 8·509 4698 58 863 20 54 
43 94 48 896 23 56 
44 91 38 929 25 59 

45 88 28 962 27 61 
46 85 18 1•06995 29 64 
47 81 8·511 9009 1 ·07028 31 67 
48 78 8·511 8999 061 33 69 
49 75 89 095 36 72 

50 8·s09 4672 8·511 8979 1·07128 2·2738 5·8274 
51 68 70 161 40 77 
52 65 6o 194 42 80 
53 62 so 226 44 82 
54 59 40 259 46 8S 

55 SS 30 292 49 87 
56 s2 21 325 51 90 
57 49 II 358 53 92 
58 45 8·511 8901 391 55 95 
59 42 8·511 8891 424 57 s·8298 

60 8·509 4639 8·511 8881 1 ·07457 2·2759 5·8300 7·832 

·--- ·----· 
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LA'flTUDE 250 

Lat. 
log A log B log C log D log E log F 

diff. 1 11 == - o·o6 diff. 111 = -0·16 diff. •" = +0·54 diff. 1 '' = + 0·03 diil. J
11 = +0•04 diff. 10' = + ,.5 

-------.-----
0 

25 00 8·509 4639 8·511 8881 1 ·07457 2·2759 5·8300 r832 
36 71 49° 61 03 

2 32 62 523 63 05 
3 29 52 555 66 08 

4 26 42 588 68 II 

05 23 32 621 70 13 
6 19 22 654 72 16 
7 16 12 687 74 18 
8 13 8·511 8802 719 76 21 
9 09 8·5u 8793 752 78 24 

10 8·509 4606 8·5ll 8783 1 ·07785 2·2780 5·8326 
11 03 73 817 82 29 
12 8·509 4600 63 850 85 32 
13 8·509 4596 53 883 87 34 
14 93 43 915 89 31 

15 go 33 948 91 39 
16 86 23 1 ·07981 93 42 
17 83 13 1·08013 95 45 
18 8o 8·511 8704 046 97 47 
19 76 8·5II 8694 078 2 ·2799 50 

20 8·509 4573 8·511 8684 1 ·081 II 2·2801 5·8352 7·835 
21 70 74 143 03 55 
22 66 64 176 05 59 
23 63 54 208 07 6o 
24 60 44 241 10 63 

25 56 34 273 12 66 
26 53 24 306 14 68 
27 50 14 338 16 71 
28 46 8·511 86o4 370 18 73 
29 43 8·511 8594 403 20 76 

30 8·509 4540 8·511 8584 1·08435 2·2822 5·8379 
31 37 74· 468 24 81 
32 33 64 500 26 84 
33 30 54 532 28 87 
34 26 44 565 30 89 

35 23 34 597 32 92 
36 20 24 629 . 34 94 
37 17 14 662 36 5·8397 
38 13 8·511 8504 694 38 5·8400 
39 IO 8·511 8494 726 40 02 

40 8·509 4507 8·511 8484 1 ·08758 2·2842 5·8405 7'838 
41 03 74 791 44 08 
42 8·509 4500 64 823 46 IO 

43 8·509 4496 54 855 48 13 
44 93 44 887 50 16 

45 go 34 919 52 18 
46 86 24 951 54 21 
47 83 14 1·08984 56 24 
48 80 8·511 8404 I ·09016 58 26 
49 76 8·511 8393 048 6o 29 

50 8·509 4473 8·511 8383 1·09080 2·2862 5·8431 
51 70 73 112 64 34 
52 66 63 144 66 37 
53 63 53 176 68 39 
54 60 43 208 70 42 

55 56 33 240 72 45 
56 53 23 272 74 47 
57 50 13 304 76 50 
58 46 8·511 8303 336 78 53 
59 43 8·511 8293 368 8o 55 

6o 8·509 4439 8·51 I 8283 1·09400 2·2882 5·8458 7·841 

----



Lat. 
log A 

diff. 1" = - o'o6 

0 I 

26 00 8·509 4439 
I 36 
2 33 
3 29 
4 26 

05 22 
6 19 
7 16 
8 12 
9 09 

IO 8·509 4406 
II 8·509 4402 
12 8·509 4399 
13 95 
14 92 
15 88 
16 85 
17 82 
18 78 
19 75 

20 8·509 4372 
21 68 
22 65 
23 61 
24 58 
25 54 
26 51 
27 48 
28 44 
29 41 

30 8·509 4337 
31 34 
32 31 
33 27 
34 24 

35. 20 
36 17 
37 13 
38 10 
39 07 

40 8·509 4303 
41 8·509 4300 
42 8·509 4296 
43 93 
44 89 

45 86 
46 83 
47 79 
48 76 
49 72 

50 8·509 4269 
51 65 
52 62 
53 58 
54 55 
55 52 
56 48 
57 45 
58 41 
59 38 

60 8·509 4234 

UEPORT FOU 1894-P AH.T II. 

log B 
diff. 1 11 = - 0'17 

8·511 8283 
72 
62 
52 
42 

32 
22 
12 

8·511 8201 
8·511 8191 

8·511 8181 
71 
61 
51 
40 
30 
20 
10 

8·511 8100 
.8·511 8089 

8·511 8079 
69 

. 59 
48 
38 
28 
18 

8·511 8008 
8·5u 7997 

87 

8·5u 7977 
67 
56 
46 
36 
25 
15 

9·511 7905 
8·511 7895 

84 

8·5u 7874 
64 
53 
43 
33 
22 
12 

s·5u 7802 
8·5u 7791 

81 

8·511 7771 
60 
50 
40 
29 
19 

8·511 7709 
8·511 7698 

88 
77 

8·51 I 7667 

LATITUDE 260 

1 og C lo~ ]) log E 
tliff. 1 1 '= -+0·52 cliff. 1" = + 0'03 diff. 1

11 = + 0'04 

1· 09400 
432 
464 
496 
52 7 

1· 

1 · 
1· 

1 · 

1· 

1 · 

1 · 
I• 

559 
591 
623 
655 
6S7 

09718 
750 
782 
814 
845 
877 
909 
940 

09972 
!0004 

10036 
067 
099 
130 
162 

194 
225 
257 
288 
320 

10351 
383 
414 
446 
477 
509 
540 
571 
603 
634 

rn666 
697 
728 
76o 
791 
822 
854 
885 
916 
947 

10979 
11010 

041 
072 
103 

134 
166 
197 
228 
259 

1·1 1290 

2·2882 5·8458 
84 61 
86 63 
88 66 
90 09 
92 71 
94 74 
96 77 

2·2898 79 
2·2900 82 

2·2902 5·8485 
04 88 
06 90 
08 93 
10 96 
12 5·8498 
14 5 ·8501 
16 04 
18 06 
20 09 

2•2922 5·8512 
23 14 
25 17 
27 20 
29 22 

31 25 
33 28 
35 30 
37 33 
39 36 

2·2941 5·8539 
43 41 
45 44 
47 47 
48 49 
50 52 
52 55 
54 57 
56 60 
58 63 

2·296o 5·8566 
62 68 
63 71 
65 74 
67 76 

69 79 
71 82 
73 85 
75 87 
77 90 

2·2978 5·8593 
So 95 
82 5·8598 
84 5·8601 
86 04 

88 06 
89 09 
91 12 
93 14 
95 17 

2"2997 5·8620 

303 

log F 
diff. 10' = + 1·3 • 



304 UNITED STATES COAST AND GEODETIC SURVEY. 

LATITUDE 270 

Lat. 
log A log B log C logD log E tog F 

diff. 1" = -o·o6 cliff. 1 1' = -0·18 diff. r'' = +o·sx diff. 1 11 ::::= -t-o·o3 diff. 1" = +o·os diff. 10' = +1·1 

--------------·-· 

0 

27 00 8·509 4234 8·511 7667 1·11290 2·2997 5·8620 r849 
I 31 57 321 2·2999 23 
2 27 46 352 2·3001 25 
3 24 36 383 03 28 
4 20 25 414 04 31 

05 17 15 445 06 34 
6 13 8·511 76o5 476 08 36 
7 IO 8·5II 7594 507 IO 39 
8 06 84 538 12 42 
9 03 73 569 14 44 

IO 8·509 4200 8·511 7563 1 ·11600 2·3015 5·8647 
II 8·509 4196 53 631 17 50 
12 93 42 662 19 53 
13 89 32 693 21 SS 
14 86 21 724 23 58 

15 82 II 755 24 61 
16 79 8·511 7500 786 26 64 
17 75 8·51I 7490 817 28 66 
18 72 79 848 30 69 
19 68 69 878 32 72 

20 8·509 4165 8·51I 7458 1·11909 2·3033 5·8675 r851 
21 61 48 940 35 77 
22 58 37 1 ·11971 37 80 
23 54 27 1 ·12002 39 83 
24 51 16 032 41 86 

25 47 8·511 7406 063 42 88 
26 44 8·511 7395 094 44 91 
27 40 85 125 46 94 
28 37 74 1s6 48 97 
29 33 64 186 50 5·8699 

30 8·509 4130 8·511 7353 1 ·12217 2·3051 5·8702 
31 26 43 248 53 05 
32 23 32 278 SS 08 
33 19 22 309 57 IO 

34 16 II 340 58 13 

3S 12 8·5u 7301 370 60 16 
36 08 8·511 7290 401 62 19 
37 05 80 432 64 22 
38 8·509 4!01 69 462 65 24 
39 8·509 4098 58 493 67 27 

40 8·509 4094 8·51 I 7248 1·12523 2·3069 5 ·8730 7·853 
41 91 37 S54 70 33 
42 87 27 584 72 35 
43 84 16 615 74 38 
44 80 8·5u 7206 646 76 41 

45 77 8·51J 7195 676 78 44 
46 73 84 707 79 46 
47 70 74 737 81 49 
4E 66 63 768 83 52 
49 63 S3 798 8s 55 

50 8•509 4059 8·s11 7142 1·12829 2·3086 5·8757 
51 56 31 859 88 6o 
52 52 21 889 go 63 
53 49 IO 920 91 66 
54 45 8·511 7100 950 93 69 

55 41 8·511 7089 1"12981 95 72 
56 38 78 1 ·1301J 97 74 
57 34 68 041 2·3099 77 
58 31 S7 072 2·3100 8o 
59 27 46 102 02 83 

6o 8·509 4024 8·5u 7036 1·13132 2·3104 5 ·8785 r855 
- ·---··-··----- ·-~-----
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LATI'l'UDE 230 

-

I Lat. I 
log A log B IogC logD log E logF 

diff. 1" = -o·o6 dlff. 1 11 = -0°18 <liff. 1 11 = +0·50 diff. 1" = -j-o·o3 dlff. 1" = -j-o•o5 dlft. 10' = +1·0 

1 ____ 

0 

28 00 8·509 4024 8·511 7036 I ·13132 2·3104 5·8785 r855 
20 25 163 05 88 

2 17 14 193 07 91 
3 13 8·5I1 7004 223 09 94 
4 10 8'5II 6993 254 JO 97 

05 06 82 284 12 5·8799 
6 8•509 4002 72 3J4 J4 5·88o2 
7 8·509 3999 6J 345 16 05 
8 95 50 375 J7 08 
9 92 40 405 19 II 

JO 8·509 3988 8·5u 6929 J 'J3435 2.3J2J 5·88J3 
II 85 J8 465 22 J6 
12 81 8°5I1 6908 496 24 19 
13 78 8·5I1 6897 526 26 22 
14 74 86 556 27 25 

15 70 75 586 29 27 
16 67 65 616 3J 30 
17 63 54 646 32 33 
18 60 43 677 34 36 
19 56 33 707 36 39 

20 8·509 3952 8·511 6822 I '13737 2·3137 5·8841 r857 
21 49 II 767 39 44 
22 . 45 8·511 6800 797 41 47 
23 42 s·5u 6790 827 42 so 
24 38 79 857 44 53 

25 35 68 887 46 55 
26 31 57 917 47 58 
27 27 47 947 49 61 
28 24 36 1 ·13977 51 64 
29 20 25 I '14007 52 67 

30 8·509 3917 8·511 6714 1 ·14037 2·3154 5·8870 
31 13 8'5II 6704 o67 56 72 
32 09 8•511 6693 097 57 75 
33 06 82 127 59 78 
34 8·509 3902 71 157 61 81 

35 8·509 3899 61 187 62 84 
36 95 50 217 64 87 
37 92 39 247 65 89 
38 88 28 277 67 92 
39 84 17 307 69 95 

40 8·509 3881 8•51 I 66o7 1 ·14337 2·3170 5·8898 7·859 
41 77 8·511 6596 366 72 5·8901 
42 73 85 396 74 04 
43 70 74 426 75 06 
44 66 63 456 77 09 

45 63 52 486 78 12 
46 59 42 516 So 15 
47 55 31 545 82 18 
48 52 20 575 83 21 
49 48 8·5u 6509 605 85 23 

50 8•509 3845 8•5II 6498 I' 14635 2·3187 5·8926 
51 41 87 664 88 29 
52 37 76 694 90 32 
53 34 66 724 91 35 
54 30 55 754 93 38 

55 26 44 783 95 40 
56 23 33 813 96 43 
57 J9 22 843 98 46 
58 J6 II 872 2·3199 49 
59 12 8·5u 6400 902 2·3201 52 

60 8•509 3808 8·511 6389 J •14932 2·3203 5·8955 7·86J 

----··--· ·------·-
S. Ex. 8, pt. 2--20 



SO fl UNITED STATES COAST AND GEODETIO SURVEY. 

J,ATITUDE 290 

Lat. 
Jog A Jog B log-(' Jog D Jog E Jog F 

diff. 1'' = - o·o6 diff. 1 11 = - 0'18 d1ff. 1" = + 0'4Q diff. 1" = + 0'03 diff. , .. = + 0'05 diff. ro' = +o·S 

0 I 

29 00 8·509 3808 8·5u 6389 1·14932 2·3203 5•8955 7·861 
05 78 961 04 58 

2 8·509 3801 68 1·14991 06 6o 
3 8·509 3797 57 1·15021 07 63 
4 94 46 050 09 66 

05 90 35 080 10 69 
6 86 24 109 12 72 
7 83 13 139 14 75 
8 79 8·5u 6302 168 15 78 
9 76 8·511 6291 19!) 17 8o 

10 8·509 3772 8·511 6280 1·15228 2·3218 5·8983 
II 68 69 2f 20 86 
12 65 58 2 7 21 89 
13 61 47 316 23 92 
14 57 36 346 25 95 
15 54 26 375 26 5·8998 
16 50 15 405 28 5·9000 
17 46 8·511 6204 434 29 03 
18 43 8·5u 6193 464 31 06 
19 39 82 493 32 09 

20 8·509 3735 8·5u 6171 1·15522 2·3234 5·9012 r1S63 
21 32 6o 55:1 35 15 
22 28 49 581 37 18 
23 24 38 611 38 21 
24 21 27 640 40 23 
25 17 16 670. 42 26 
26 13 8·511 6105 699 43 29 
27 IO 8·5u 6og4 728 45 32 
28 o6 83 758 46 35 
29 8·509 3702 72 787 48 38 

30 8·509 36g9 8 '5II 6o6I 1 ·15816 2·3249 5·go4I 
31 95 50 846 5I 43 
32 9I 39 875 52 46 
33 88 28 904 54 49 
34 84 I7 934 55 52 

35 So 8·5u 6oo6 963 57 55 
36 77 8·511 5995 1·15992 58 58 
37 73 84 1 ·16o21 60 61 
38 69 73 051 61 64 
39 66 61 080 63 67 

40 8·509 3662 8·5u 5950 I 'I6I09 2·3264 5·9069 7·864 
41 58 39 I38 66 72 
4'2 SS 28 167 67 7S 
43 51 17 197 69 78 
44 47 8·511 5906 226 70 81 

45 44 B·su 5895 2~5 72 84 
46 40 84 2 4 73 87 
47 36 73 313 75 90 
48 33 62 343 76 93 
49 29 51 372 78 96 

50 8·509 3625 8·su 5840 1·16401 2·3279 5·9098 
51 21 29 430 81 5·9101 
52 18 18 459 82 04 
53 14 8·5u 58o6 488 84 07 
54 IO 8·5u 5795 SI7 85 10 

55 07 84 546 87 13 
56 8·509 36o3 73 575 88 16 
57 8·509 3599 62 604 90 I9 
58 96 51 633 91 22 
59 92 40 663 93 25 

6o 8·509 3588 8·5u 5729 1·16692 2·3294 5·9127 7·866 

---------·-· 
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LATITUDE 300 

Lat. 
log A log B logC log D log E ' log Jo' 

rliff. 1" = - o·o6 diff. •'' = -0·19 diff. 1" = + o' 48 dlff. ,,, = +0·02 diff. •" = + 0'05 dltf. 10' "' I- 0'7 

. ·-· ------- ---- --·-------·--· 

0 

30 00 8·509 3588 8·5u 57:~ 1·16692 2·32~i 5·9127 7·866 
84 721 30 

2 81 8·511 57o6 750 97 33 
3 77 8·511 5695 778 2·3298 36 
4 73 84 8o7 2·3300 39 

05 69 73 836 01 42 
6 66 62 865 03 45 
7 62 51 894 04 48 
8 58 40 923 o6 51 
9 55 28 952 07 54 

10 8·509 3551 8·511 5617 1 ·16981 2·3309 5 ·9157 
II 47 8·511 5606 1 ·17010 IO 59 12 43 8·511 5595 039 12 62 
13 40 84 068 13 65 
14 36 73 097 14 68 
15 32 61 126 16 71 
16 29 so I~S 17 74 
17 25 39 I 4 18 77 
18 21 28 212 20 80 
19 17 17 241 22 83 

20 !!·509 3514 8·511 5505 1 ·17270 2·3323 5·9186 r867 
21 10 8·511 5494 299 24 89 
22 on 83 328 26 92 
23 8·509 3502 72 357 27 95 
24 8·509 3499 61 385 29 5·9198 
25 95 49 414 30 5·9200 
26 91 38 443 32 03 
27 88 27 472 33 06 
28 84 16 500 34 09 
29 8o 8·511 5404 529 36 12 

30 8·509 3476 8·511 5393 1·17558 2'3337 5'92;~ 31 72 82 587 39 
32 69 71 615 40 21 
33 65 59 644 41 24 
34 61 48 673 43 27 

35 57 37 701 44 30 
36 54 26 730 46 33 
37 50 14 759 47 36 
38 46 8·511 5303 788 48 39 
39 42 8·511 5292 816 50 42 

40 8·509 3439 8·511 5281 1·17845 2·3351 5'92!~ 7·869 
41 35 69 874 53 
42 31 58 902 54 51 
43 27 47 931 SS 53 
44 24 35 959 57 56 

45 20 24 1 ·17988 58 59 
46 16 13 1·18o17 59 62 
47 12 8·5u 5202 045 61 65 
48 09 8·511 5190 074 62 68 
49 05 79 102 64 71 

50 8·509 3401 8·511 5168 1 ·18131 2·3365 5·9274 
51 8·509 3397 56 160 66 77 
52 94 45 188 68 80 
53• 90 34 217 69 83 
i;4 86 22 245 70 86 

55 82 II 274 72 89 
56 78 8·511 5100 302 73 92 
57 75 8·511 5088 331 74 95 
58 71 77 359 76 5·9298 
59 67 66 388 17 5·9301 

60 8·509 3363 8·511 5054 1·18410 2·.~379 5·9304 r870 



308 UNITED S'rATES COAST A~D GEODETIC SUU.VEY. 

LATITUDE ;:no 
--···-·--·--· ----·------·-

Lat. 
log A log B log C log D log E log F 

dill. r" = - o"o6 diff. 1
11 == - 0'19 d1ff. t" = + 0·47 diff. J'' = + 0·02 diff. 1'' = +o·os diff. 10' = +0·5 

------ . - ----- -- - . - .. 

0 

JI 00 8·509 3363 8·511 5054 I 0 I84I6 2·3379 5·9304 7·870 
'I 60 43 445 80 07 
2 Sb 32 473 81 10 
3 52 20 501 83 13 
4 48 8·511 5009 530 84 16 

05 44 8·5 u 4998 558 85 19 
6 41 86 587 87 22 
7 37 75 615 88 25 
8 33 64 643 89 28 
9 29 S2 672 91 3I 

IO 8·509 3325 8·5I1 4941 1·I8700 2·3392 5·9334 
II 22 29 729 93 37 
12 18 18 757 95 39 
I3 14 8·5u 4907 785 96 42 
I4 10 8·5u 4895 8I3 97 45 

15 06 84 842 2·3399 48 
16 8·509 3303 72 870 2·3400 5I 
17 8·509 3299 61 898 01 54 
I8 95 50 927 03 57 
I9 9I 38 955 04 6o 

20 8·509 3287 8·5u 4827 1 ·18983 2·3405 5·9363 7·871 
21 84 I5 1 ·I9012 06 66 
22 8o 8·5u 4804 040 08 69 
23 76 8·5u 4793 068 09 72 
24 72 81 096 IO 75 

25 68 70 125 12 78 
26 65 58 153 I3 8I 
27 6I 47 I8I 14 84 
28 57 35 209 I6 87 
29 53 24 238 17 90 

30 8·509 3249 8·5 II 4713 I" 19266 2·3418 5 ·9393 
3I 46 8•5 II 4701 294 20 96 
32 42 8·5u 4690 322 21 5·9399 
33 38 78 351 22 5·9402 
34 34 67 379 23 05 

35 30 55 407 25 08 
36 26 44 435 26 II 

37 23 32 463 27 14 
38 I9 21 49I 29 I7 
39 I5 8"5I I 46o9 520 30 20 

40 8·509 32ll 8·5I I 4598 I ·I9548 2·3431 5·9423 7·872 
41 07 86 576 32 26 
42 03 75 604 34 29 
43 8·509 3200 63 632 35 32 
44 8·509 3196 52 660 36 35 

45 92 40 688 37 38 
46 88 29 716 39 41 
47 84 I7 744 40 44 
48 8I 8·5u 4506 772 4I 47 
49 77 8·511 4494 800 43 50 

50 8·509 3173 8·5u 4483 I 0 I9828 2•3444 5·9453 
5I 69 7I 856 45 56 
52 65 6o 884 46 59 
53 61 48 9I2 48 62 
54 57 37 940 49 65 

55· 54 25 968 50 68 
56 50 14 I"I9996 51 72 
57 46 8·5u 4402 I "20024 53 75 
58 42 8·51I 4391 052 54 78 
59 38 79 080 55 81 

60 8·509 3134 8·511 4368 1·20108 2·3456 5·9484 7·873 

---------·· ·-·-··---·--- ----- ----------· ------·-···--·· 



Lat. 
lo!!' A 

di ff. t" = - o·o6 

0 I 

32 00 8·509 3134 
I 31 
2 27 
3 23 
4 19 

05 15 
6 II 

7 07 
8 04 
9 8·509 3100 

10 8·509 3096 
II 92_ 
12 88 
13 84 
I4 80 

I5 76 
I6 73 
I7 69 
I8 65 
I9 6I 

20 8·509 3057 
2I 53 
22 49 
23 46 
24 42 
25 38 
26 34 
27 30 
28 26 
29 22 

30 8·509 30I8 
3I 15 
32 II 

33 07 
34 8·509 3003 

35 8·509 2999 
36 95 
37 91 
38 87 
39 83 

40 8·509 298o 
4I 76 
42 72 
43 68 
44 64 

45 60 
46 56 
47 52 
48 48 
49 44 

50 8·509 2940 
5I 37 
52 33 
53 29 
54 25 

55 2I 
56 I7 
57 I3 
58 09 
59 05 

6o 8·509 290I 
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LATITUDE 320 
--- ---------------------

log B log C log D log E log F 

diff. 1'' = - o· IQ difl'. 11
' = + 0'46 cliff. 1'' = +0·02 diff. 1" = +0'05 difl'. 10' = +0·3 

------------------------- ---

8·511 436 8 
6 5 

3 
2 

44 
3 
I 

8·511 431 
8·511 429 

8 
7 
6 

8·511 425 

0 

8 
7 
5 
3 

4 
2 
I 

8·511 420 

2 
0 

9 
7 
5 

8·511 4I9 4 
2 

I 

9 
7 

8 
7 
5 
4 

8·511 413 
2 
I 

6 
4 
3 

8·511 410 I 
8·511 408 9 

8 
6 
4 
3 
I 

7 
6 
5 
4 
3 

8·511 402 0 

8 
6 
5 
3 

8·511 400 
8·511 399 

8 
7 
6 
5 
3 
2 
I 

0 

8 
6 
5 

8·5u 390 3 
I 8·511 389 

7 
6 
5 

9 
8 
6 

3 
2 

44 
3 
I 

8·5u 38o 
8·511 379 

9 
8 

8·511 378 6 
4 
3 
I 

7 
6 
5 
3 
2 
I 

9 

7 
6 

8·511 370 4 
2 

0 
8·511 369 

8 

8·511 366 9 

I '20108 
136 
164 
192 
220 

248 
276 
304 
332 
360 

1 ·20387 
415 
443 
47I 
499 
527 
555 
582 
6IO 
638 

I '20666 
694 
722 
749 
777 
805 
833 
860 
888 
916 

I ·20944 
971 

I '20999 
I ·21027 

054 
082 
110 
137 
165 
I93 

I '21220 
248 
276 
303 
331 
358 
386 
4I4 
44I 
469 

I '21496 
524 
551 
579 
6o7 

634 
662 
689 
717 
744 

1·21772 

2·3456 5·9484 
57 87 
59 90 
60 93 
61 96 
62 5·9499· 
64 5·9502 
65 05 
66 08 
67 II 

2·3469 5·9514 
70 I7 
71 20 
72 23 
73 26 

75 29 
76 32 
77 35 
78 38 
79 4I 

2·348I 5·9544 
82 47 
83 50 
84 53 
85 56 
87 6o 
88 63 
89 66 
go 69 
91 72 

2·3493 5·9575 
94 78 
95 8I 
96 84 
97 87 

2·3499 90 
2·3500 93 

01 96 
02 5·9599 
03 5·96o2 

2·3504 5·96o5 
06 08 
07 II 

08 15 
09 I8 

IO 21 
II 24 
I3 27 
I4 30 
I5 33 

2·3516 5 ·9636 
17 39 
18 42 
19 45 
21 48 
22 5I 
23 54 
24 58 
25 6I 
26 64 

2·3527 5 ·9667 



310 UNITED STATES COAST AND GEODETIC SURVEY. 

LATITUDE 330 

I log A log B log C log D log E log F I Lat. dlfl. 1" = --0·07 diff. 1"=-0'20 dlff. •" = +0·45 diff. 1" == +o·o:i difJ. 1" = +0·05 difI. 10' =+0·2 I 
-· ----- ·----

0 I 

33 00 8·509 2901 8·511 3669 1·21772 2·3527 5·9667 7·875 
I 8·509 2897 57 799 29 70 
2 94 45 827 30 73 
3 90 33 854 31 76 
4 86 22 882 32 79 

05 82 8·511 3610 909 33 82 
6 78 8·511 3598 937 34 85 
7 74 86 964 35 88 
8 70 75 1·21992 36 92 
9 66 63 1·22019 38 95 

IO 8·509 2862 8·511 3551 1°22047 2·3539 5·9698 
II 58 39 074 40 5·9701 
12 54 28 IOI 41 04 
13 51 16 129 42 07 
14 47 8·511 3504 156 43 10 

15 43 8·511 3492 184 44 13 
16 39 8o 211 45 16 i 

17 135 69 238 46 19 ' 

18 31 57 z66 48 22 
19 27 45 293 49 26 

20 8·509 2823 8·511 3433 1 ·22321 2·3550 5·9729 r876 
21 19 21 348 51 32 
22 15 8·5u 3410 375 52 35 
23. II 8·511 3398 403 53 38 
24 07 86 430 54 41 

25 8·509 2803 74 457 55 44 
26 8·509 2799 62 485 56 47 
27 95 51 512 57 50 
28 91 39 539 58 53 
29 88 27 567 6o 57 

30 8·509 2784 8·511 3315 1·22594 2·3561 5·9760 
31 80 8·511 3303 621 62 63 
32 76 8·511 3291 648 63 66 
33 72 80 676 64 69 
34 68 68 703 65 72 

35 64 56 730 66 75 
36 60 44 757 67 78 
37 56 32 785 68 81 
38 52 20 812 69 85 
39 48 8·511 3209 839 70 88 

40 8·509 2744 8·511 3197 1·22866 2·3571 5•9791 7·876 
I 

41 40 85 893 72 94 
42 36 73 921 73 5'9797 
43 32 61 948 75 5·9800 
44 28 49 1·~2975 76 03 

45 24 37 1·23002 77 06 
46 20 25 029 78 10 
47 16 13 057 79 13 
48 12 8·511 3102 084 So 16 
49 08 8·511 3090 Ill 81 19 

50 8·509 2704 8·511 3078 1·23138 2·3582 5·9822 
51 8·509 2701 66 165 83 25 
52 8·509 2697 54 192 84 28 
53 93 42 220 85 31 
54 89 30 247 86 35 

55 85 18 274 87 38 
56 81 8·511 3006 301 88 41 
57 77 8·511 2995 328 89 44 
58 73 83 355 90 47 
59 69 71 382 91 50 

6o 8·509 2665 8·5u 2959 1·23409 2·3592 5"9853 rs11 



REPORT FOR 1894-P ART II. 311 

LATITUDE 340 

Lat. log A log U log C log D log E log :F 
diff. J11 = - 0·07 diff. 1 11 = ~·20 diff. •" = + 0·45 di ff. J II = + 0'02 diff. 1" = +o·os dlff. 10' = 't' o'o 

0 

34 00 8·509 2665 8·511 2959 1 ·23409 2·3592 5·9853 7·877 
I 61 47 437 93 57 
2 57 . 35 464 94 6o 
3 53 23 491 95 63 
4 49 8:511 2911 518 96 66 

05 45 8·511 2899 545 97 69 
6 41 87 572 98 72 
7 37 75 599 2·3599 75 
8 33 63 626 2·3600 79 
9 29 51 653 01 82 

10 8·509 2625 8·511 2840 1·23680 2·36o2 5 ·9885 
II 21 28 707 03 88 
12 17 16 734 04 91 
13 13 8·511 2804 761 05 94 
14 09 8·511 2792 788 06 5'9897 

15 05 80 815. 07 5·9901 
16 8·509 2601 68 842 08 04 
17 8·509 2597 56 869 09 07 
18 93 44 896 IO 10 
19 89 32 923 II 13 

20 8·50<;. 2585 8·511 2720 1·23950 2·3612 5·9916 7·877 
21 81 8·511 2708 I ·23977 13 19 
22 77 8·511 2696 1·24004 14 23 
23 73 84 031 15 26 
24 69 72. 058 16 29 

25 65 60 085 17 32 
26 61 48 112 18 35 
27 57 36 139 19 38 
28 53 24 165 20 42 
29 49 12 192 21 45 

30 8·509 2545 8·511 26oo 1 ·24219 2·3622 5·9948 
31 41 8·511 2588 246 23 51 
32 37 76 273 24 54 
33 33 64 300 25 57 
34 29 52 327 26 61 

35 25 40 354 27 64 
36 21 28 381 28 67 
37 17 16 408 29 70 
38 13 8·511 2504 434 30 73 
39 09 8·511 2492 461 31 76 

40 8•509 2505 8·511 2480 I ·24488 2·3632 5·998o 7·877 
41 8·509 2501 68 515 33 83 
42 8·509 2497 56 542 34 86 
43 93 44 569 35 89 
44 89 32 595 36 92 

45 85 20 622 37 96 
46 81 8·511 2408 649 38 5'9999 
47 77 8·511 2396 676 39 6·0002 
48 73 84 703 40 05 
49 69 72 729 41 08 

50 8·509 2465 8·511 236o I ·24756 2·3642 6·0011 
51 61 48 783 43 15 
52 57 35 810 43 18 
53 53 23 837 44 21 
54 49 8·511 2311 863 45 24 

SS 45 8·511 22~~ 890 46 27 
56 41 917 47 31 
57 37 75 944 48 34 
58 33 63 970 49 37 
59 29 51 1·24997 50 40 

6o 8·509 2425 8·511 2~39 l ·25024 2·3651 6·0043 7·877 



312 UNITED STATES COAST AND GEODETIC SURVEY. 

LA'rl'rCDE 35° 

Lat. log A log B lo!( C log D log E log F 
dtff. r11 = - 0'07 di.ff. 1" = - 0·20 diff. 1"·::=+0·44 diff. 1

11 = +0·01 diff. 1" = + 0·05 diff'. 10
1 = + o·a 

.---- -

35 00 8·509 2425 8·5u 2239 1 ·25024 2·3651 6·0043 1·877 
I 21 27 050 52 47 
2 17 15 077 53 50 
3 13 8·511 2203 104 54 53 
4 09 8·51 I 2191 131 55 56 

05 05 78 157 56 59 
6 8·509 2401 66 184 56 63 
7 8·509 2396 54 211 57 66 
8 92 42 237 58 69 
9 88 30 264 59 72 

10 8·509 2J84 8·511 2118 1°25291 2°J66o 6"0075 
11 8o 8·511 2106 J17 61 79 
12 76 8·511 2094 J44 62 82 
IJ 72 82 J71 63 85 
14 68 70 397 64 88 

15 64 57 424 65 91 
16 6o 45 451 66 95 
17 56 33 477 66 6·0098 
18 52 21 504 67 6·0101 
19 48 8·511 2009 531 68 04 

20 8·509 2J44 8·511 1997 I ·25557 2°J669 6•0107 7·877 
21 40 85 584 70 II 
22 J6 72 610 71 14 
2J 32 6o 637 72 17 
24 28 48 664 7J 20 

25 24 J6 690 74 2J 
26 20 24 717 75 27 
27 16 12 74J 75 JO 
28 12 8·5u 1900 770 76 J3 
29 08 8·5u 1887 796 77 36 

30 8·509 2304 8·5u 1875 r ·25823 2·3678 6•0140 
JI 8·509 2300 6J 850 79 43 
32 8·509 2296 51 876 So 46 
J3 92 39 90J 81 49 
34 87 27 929 82 52 

35 8J 15 956 82 56 
J6 79 8·511 18o2 I ·25982 8J 59 
J7 75 g·511 1790 1·26009 84 62 
J8 71 78 035 85 65 
J9 67 66 062 86 69 

40 8·509 226J 8·511 1754 1 ·26o88 2°J687 6·0172 7·877 
41 59 41 115 88 75 
42 55 29 141 88 78 
4J 51 17 168 89 81 
44 47 8·511 1705 194 90 85 
45 4J 8·511 169J 221 91 88 
46 J9 8o 247 92 91 
47 J5 68 274 93 94 
48 JI 56 JOO 94 6·0198 
49 27 44 J27 94 6·0201 

50 8·509 2222 8·5u 1632 1'26J5J 2'J695 6·0204 
51 18 20 38o 96 07 
52 14 8·511 16o7 406 97 II 

53 10 8·5n 1595 432 98 14 
54 06 8J 459 99 17 

55 8·509 2202 71 485 2·J699 20 
56 8·509 2198 58 512 2·3700 24 
57 94 46 5J8 01 27 
58 go 34 565 02 30 
59 86 22 591 03 33 

60 8·509 2182 8·511 1510 1°26617 2·37q4 6·o2J7 7·877 



REPORT FOR 1894-P ART II. 313 

LATITUDE 360 

Lat. 
log A log Il log c: log D log E log F 

diff. 1
11 = - 0"07 dlff. t 11 = - o'ao d1ff. 1" = + 0'44 diff. 1" = + 0'01 diff. 1" = +o·os dllf. 10' = - 0°2 

-·-----
0 

36 00 8·509 2182 8·511 1510 1·26617 2·3704 6·0237 7·877 
78 8·511 1497 644 04 40 

2 74 85 670 05 43 
3 70 73 697 o6 46 
4 65 61 723 07 50 

05 61 48 749 08 53 
6 57 36 776 09 56 
7 53 24 802 09 59 
8 49 8·511 1412 828 10 63 
9 45 8·511 1399 855 II 66 

10 8·509 2141 8·511 1387 1 ·26881 2·3712 6·0269 
II 37 75 908 13 72 
12 33 63 934 13 76 
13 29 50 960 14 79 
14 25 38 1 ·26987 15 82 

15 21 26 1·27013 16 85 
16 16 14 o39 17 89 
17 12 8·511 1301 o66 17 92 
18 08 8·511 1289 092 18 95 
l9 04 77 118 19 6·0299 

20 8·509 2100 8·5u 1265 1'27145 2·3720 6·0302 7·877 
21 8·509 2096 52 171 21 05 
22 92 40 197 21 08 
23 88 28 223 22 12 
24 84 15 250 23 15 
25 80 8·511 1203 276 24· 18 
26 75 8·5IJ 1191 302 25 21 
27 71 79 329 25 25 
28 67 66 355 26 28 
29 63 54 381 27 31 

30 ·8·509 2059 8·511 1142 1 ·27407 2·3728 6·0334 
31 55 29 434 29 38 
32 51 17 46o 29 41 
33 47 8·511 1105 486 30 44 
34 43 8·5u 1092 512 31 48 

35 39 80 539 32 51 
36 35 68 565 32 54 
37 30 56 591 33 57 
38 26 43 617 34 61 
39 22 31 644 35 64 

40 8·509 2018 8·511 1019 1°27670 2·3735 6·0367 7·877 
41 14 8·5IJ 1006 696 36 71 
42 10 8·5n 0994 722 37 74 
43 o6 82 748 38 17 
44 8·509 2002 69 775 39 80 

45 8·509 1998 57 801 39 !14 
46 93 45 827 40 87 
47 89 32 853 41 90 
48 85 20 879 42 94 
49 81 8·5u ogo8 905 42 6·0397 

50 8·509 1977 8·5u 0895 1·27932 2·3743 6·0400 
51 73 83 958 44 03 
52 69 71 I •27984 45 07 
53 65 58 1·28010 45 IO 

54 61 46 036 46 13 

55 56 34 062 47 17 
56 52 21 088 48 20 
57 48 8·511 0809 114 48 23 
58 44 8·5u 0797 141 49 27 
59 40 84 167 50 JO 

8·509 1936 8·511 0772 1·28193 2·375o 6·0433 7·876 



314 UNITED STATES COAST AND GEODETIC SURVEY. 

LATITUDE 370 

I I 

i,at. 
log A log B log- C log D log E log F 

diff. 1 11 = - 0·07 d1ff. 1
11

::::: - 0'21 diff. ,,, = + 0·43 diff. 111 = +0'01 diff. 1" = +o·o6 diff. 10' ::::::. - 0'3 

-- . - --- -· 

0 I 

37 00 8·509 1936 8·511 0772 1 ·28193 2·3750 6·0433 7·876 
I 32 60 219 51 37 
2 28 47 245 52 40 
:! 23 35 271 53 43 
4 19 22 297 53 46 

05 15 8·511 0710 324 54 50 
6 II 8·51 l o698 350 55 53 
7 07 85 376 56 ~6 
8 8·509 1go3 73 402 56 00 

9 8·509 1899 61 428 57 63 

10 8·509 1895 8·511 0648 1·28454 2·3758 6·0466 
, II go 36 480 59 70 
12 86 23 5o6 59 73 
13 82 8·5u o6u 532 6o 76 
14 78 8·511 0599 558 61 80 

15 74 86 584 61 1S3 
16 70 74 610 62 86 
17 66 61 636 63 89 
18 62 49 662 63 93 
19 57 37 683 64 96 

20 8·509 1853 8·511 0524 1·28715 2·3765 6·0499 7·876 
21 49 12 741 66 6·0503 
22 45 8·511 0500 767 66 06 
23 41 8·511 0487 793 67 09 
24 37 75 819 68 13 

25 33 62 845 68 16 
26 28 50 871 69 19 
27 24 37 897 70 23 
28 20 25 923 70 26 
29 16 13 949 71 29 

30 8·509 1812 8·5ll 0400 l ·28975 2·3772 6·0533 
31 08 8·511 0388 l ·29001 72 36 
32 04 75 027 73 39 
33 8·509 1800 63 053 74 43 
34 8·509 1795 51 079 74 46 

35 91 38 104 75 49 
36 87 26 130 76 53 
37 83 13 156 76 56 
38 79 8·511 0301 182 77 59 
39 75 8·511 0288 208 78 63 

40 8·509 1771 8·511 0276 l ·29234 2'3779 6·0566 7·875 
41 66 64 26o 79 69 
42 62 51 286 8o 73 
43 58 39 312 81 76 
44 54 26 .BS 81 79 

45 50 14 364 82 83 
46 46 8·511 0201 3go 82 86 
47 41 8·511 0189 416 83 89 
48 37 76 442 84 93 
49 33 64 468 84 6·0596 

50 8·509 1729 8·5n 0151 1 ·29494 2·3785 6·o6oo 
51 25 39 520 86 03 
52 21 26 546 86 o6 
53 16 14 571 87 IO 

54 12 8·5n 0102 597 88 13 

55 08 8·5u 0089 623 88 16 
56 04 77 649 89 20 
57 8•509 1700 64 675 go 23 
58 8·509 1696 52 701 go 26 
59 92 39 727 91 30 

6o 8·509 1687 8·511 0027 1 ·29753 2·3792 6·o633 7·874 
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LATI'fUDE 330 

-·--- -·~·-··---------------

Lat. I 
log A log B log C loi;: D log E log F 

diff. 1
11 = - 0·07 difl. 1" = - 0·21 diff. 1" = + o".43 d1ff. 1'' = +0·01 diff. 1" = + o'o6 difi. 10' = - 0''4 

' ·-------1 -
0 I 

38 00 8·509 1687 8·511 0027 I' 29753 2'3792 6·o633 7·874 
I 83 14 '178 92 36 
2 79 8·511 0002 804 93 40 
3 75 8·5m 9989 830 93 43 
4 71 77 856 94 47 

05 67 64 882 95 50 
6 62 52 908 95 53 
7 58 39 934 96 57 
8 54 27 959 97 6o 
9 50 14 1 ·29985 97 63 

10 8·509 1646 8·510 9902 1 ·30011 2·3798 6·o667 
II 42 8·5m 9889 037 2·3799 70 
12 37 77 063 2·38oo 73 
13 33 64 0S9 00 77 
14 29 52 114 01 8o 

15 25 39 140 01 84 
16 21 27 166 02 87 
17 17 14 192 02 90 
18 12 8·5m 9802 218 03 94 
19 08 8·5m 9789 243 03 6·o697 

20 8·509 16o4 8·5m 9777 1·30269 2·38o4 6·0701 7·874 
21 8·509 1600 64 295 05 04 
22 8·509 1596 52 321 05 07 
23 92 39 347 o6 II 

24 87 27 372 06 14 

25 83 14 398 07 17 
26 79 8·510 9701 424 08 21 
27 75 8·5 m 9689 450 08 24 
28 71 77 476 09 28 
29 66 64 501 09 31 

30 8·509 1562 8·510 9652 1 ·30527 2·3810 6·0734 
31 58 39 553 II 38 
32 54 27 579 II 41 
33 50 14 6o4 12 44 
34 46 8·510 9601 630 12 48 

35 41 8·510 9589 656 13 51 
36 37 76 682 14 55 
37 33 64 707 14 58 
38 29 51 733 15 61 
39 25 39 759 15 65 

40 8·509 1521 8·510 9526 1·30785 2·3816 6·0768 7'873 
41 16 14 810 16 72 
42 12 8·510 9501 836 17 75 
43 08 8·510 9488 862 18 78 
44 04 76 887 18 82 

45 8·509 1500 63 913 19 85 
46 8·509 1495 51 939 19 89 
47 91 38 965 20 92 
48 87 26 1·30990 20 95 
49 83 13 1·31016 21 6·0799 

50 8·509 1479 8·510 940• 1 ·31042 2·3822 6·o802 
51 75 8·510 9388 061. 22 06 
52 70 76 093 23 09 
53 66 63 119 23 13 
54 62 50 144 24 16 

55 58 38 170 24 19 
56 53 25 196 25 23 
57 49 13 221 25 26 
58 45 8·510 9300 247 26 30 
59 41 8·510 9287 273 27 33 

6o 8·509 1437 8·510 9275 1 ·31299 2·3827 6·o836 7'872 



316 UNITED STATES OOAST AND GEODETIC SUUVEY. 

LATITUDE 390 

Lat. 
\ ~A ~u ~c ~D ~E ~F 

diff.1"= -o·o7 ddl. •"~ -0·21 d1ff. 1"=+0-.n diff. 1"= +0·01 diff. 1"=+o·o6 diff.10'= -o·s 

; ,i -----------------------------··-·---!-- --0 ----,- ·-

39 00 
I 
2 

3 
4 

05 
6 
7 
8 
9 

10 
II 
12 
13 
14 

15 
16 
17 
18 
19 

20 
21 
22 

23 
24 

25 
26 
27 
28 
29 

30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

40 
41 
42 
43 
44 

45 
46 
47 
48 
49 

50 
51 
52 
53 
54 

55 
56 
57 
58 
59 

60 

8·5c9 1437 
33 
28 
24 
zo 

16 
12 
07 

8·509 1403 
8·509 1399 

8·509 1395 
91 
86 
82 
78 

74 
70 
65 
61 
57 

8·509 1353 
49 
44 
40 
36 

32 
28 
23 
19 
15 

8·509 1311 
07 

8·509 1302 
8·509 1298 

94 
90 
86 
81 
77 
73 

8·509 1269 
64 
60 
56 
52 

48 
43 
39 
35 
31 

8·509 1227 
22 
18 
14 
10 

06 
8·509 1201 
8·509 1197 

93 
89 

8·509 1184 

8·510 9275 
62 
50 
37 
25 

8·5w 9212 
8·510 9199 

87 
74 
62 

8·510 9149 
36 
24 

8·510 91II 
8·510 9098 

86 
73 
61 
48 
36 

8·510 9023 
8·510 9010 
8·510 8998 

85 
73 
60 
47 
35 
22 

8·510 8909 

8·510 8897 
84 
72 
59 
46 

34 
21 

8·510 8808 
8·510 8796 

83 

8·510 8771 
58 
45 
33 
20 

8·510 8707 
8·510 8695 

82 
69 
57 

8·510 8644 
31 
19 

8·510 8606 
8·510 8593 

81 
. 68 

55 
43 
30 

8·510 8517 

1°31299 
324 
35° 
375 
401 

427 
45 2 

478 
504 
529 

1·31555 
581 
606 
632 
658 

683 
7°9 
734 
76o 
786 

1·31811 
837 
862 
888 
913 

939 
965 

1·31990 
1°32016 

041 

1°32067 
092 
118 
144 
169 

195 
220 
246 
271 
297 

1·32323 
348 
374 
399 
425 

450 
476 
501 
527 
55 2 

1·32578 
603 
629 
654 
680 

705 
73 1 

756 
782 
807 

1 ·32833 

2·3827 
28 
28 
29 
29 

30 
30 
31 
31 
32 

2·3832 
33 
33 
34 
35 

35 
36 
36 
37 
37 

2·3838 
38 
39 
39 
40 

40 
41 
41 
42 
42 

2·3843 
43 
44 
44 
45 

45 
46 
46 
47 
47 

2·3848 
48 
49 
49 
50 

so 
51 
51 
52 
52 

2·3852 
53 
53 
54 
54 

55 
55 
56 
56 
57 

2·3857 

6·0836 
40 
43 
47 
50 

53 
57 
60 
64 
67 

6·0871 
74 
77 
81 
84 
88 
91 
95 

6·0898 
6·0902 

6·0905 
08 
12 
15 
19 
22 
26 
29 
32 
36 

6·0939 
43 
46 
50 
53 

57 
60 
63 
67 
70 

6·0974 
77 
81 
84 
88 

91 
95 

6·0998 
6·1002 

05 

6·1008 
12 
15 
19 
22 

26 
29 
33 
36 
40 

6·1043 



REPORT FOR 1894-P ART II. a17 

LATITUDE 400 

I 

Lat. 
log A log B 

difl. 1" = -0'07 difl. 1'' = - 0'21 cl 

log C 
iff. 1"=+0·42 

log D 
diff. 1''= +0·01 

log E 
diff. 1"= +o·o6 

log F 
diff. 10'=-0·7 

0 I . 
40 00 B·509 11B4 B·510 Bs17 

I 8o B·s10 B50S 
2 76 B·s10 8492 
3 72 79 
4 67 67 

1 ·32833 2·38s7 6·1043 
858 s8 47 
884 58 so 
909 58 54 
935 59 57 

os 63 S4 
6 S9 41 
7 SS 29 
8 50 16 
9 46 B·s10 B403 

96o S9 61 
1·32986 6o 64 
I ·33011 6o 67 

037 6o 71 
062 61 74 

10 B·509 1142 B·s10 8391 
II 3B 7B 
12 34 65 
13 29 53 
14 25 40 

1·33088 2·3861 6·107B 
113 62 Bl 
139 62 B5 
164 63 BB 
1B9 63 92 

15 21 27 
16 17 15 
17 12 B·510 8302 
18 08 8·510 8289 
19 04 77 

215 64 95 
240 64 6·1099 
266 65 6·1102 
291 65 06 
317 65 09 

20 8·509 1100 8·510 8264 
21 B·509 1096 51 
22 91 38 

I "333.42 2·3B66 6·1113 
368 66 16 
393 67 20 

23 87 26 
24 83 13 

41B 67 23 
4~4 68 27 

25 79 8·510 8200 
26 74 8·510 8188 
27 70 75 
28 66 62 

469 6B 30 
49S 6B 34 
s20 69 37 
546 69 41 

29 62 50 S71 70 44 

30 8·509 1057 B·s.10 8137 
31 S3 24 
32 49 8·510 8111 
33 45 8·510 8099 
34 41 86 

1'33S96 2·3870 6·114B 
622 70 51 
647 71 SS 
673 71 5B 
69B 72 62 

35 36 73 
36 32 61 
37 :?8 48 
38 24 35 
39 19 23 

723 72 65 
749 72 69 
774 73 72 
Boo 73 76 
82s 74 79 

40 8·509 1015 8·510 8o10 
41 II B·510 7997 

1 ·33850 2·3B74 6·11B3 
876 74 B6 

rB66 

42 07 84 
43 B·509 1002 72 
44 B·509 0998 59 

901 75 90 
926 75 93 
952 76 6·1197 

45 94 46 
46 90 33 
47 85 21 
4B 81 B·510 7908 
49 77 B·510 7895 

1·33977 76 6·1200 
1·34003 76 04 

02B 77 07 
0S3 77 II 

079 77 15 

50 B·509 0973 8·510 7883 
51 68 70 
52 64 57 
53 6o 44 
54 56 32 

I •34104 2·3B7B 6·121B 
129 78 22 
155 79 25 
1Bo 79 29 
206 79 32 

SS 52 19 
s6 47 8·510 7Bo6 
S7 43 8·s10 7793 
sB 39 Bl 
S9 34 68 

231 80 36 
256 Bo 39 
282 So 43 
307 Br 46 
332 Bl so 

l_ 6o 8·so9 0930 8·510 7755 
--------· -··-

1·34358 2·3882 6·12s3 

----- ----·-··-
j 



318 UNITED STATES COAST AND GEODETIC SURVEY. 

LA'l'ITUDE 410 

Lat. 
log A log B log C log D log E log F 

<liff. 1" = -0·07 diff. 1"=-0'21 diff.1"--=+0·42 diff. •"=+0·01 di ff. 1" = + o'o6 diff. 10' = -o 8 

0 

4I 00 8·509 0930 8·5Io 7755 1·34358 2·3882· 6·I253 rs64 
I 26 42 383 82 57 
2 22 30 408 82 6o 
3 I8 I7 434 83 64 
4 I3 8·510 7704 459 83 67 

05 09 8·510 769I 484 83 7I 
6 05 79 5IO 84 75 
7 8·s09 0900 66 S3S 84 78 
8 8•509 0896 53 56o 84 82 
9 92 40 s86 8S 8S 

10 8·so9 0888 8·sio 7628 1 ·34611 2·3885 6·1289 
II 83 15 636 8s 92 
I2 79 8·s10 7602 662 86 96 
I3 7S 8·SIO 7Sgo 687 86 6:I299 
I4 7I 77 7I2 87 6·1303 

IS 67 64 738 87 06 
16 62 SI 763 37 IO 
I7 s8 39 788 88 14 
I8 S4 26 8I4 88 I7 
19 49 13 839 88 21 

20 8·so9 084s 8·s10 7SOO 1 ·34864 2·3889 6·I324 r863 
21 41 8·SIO 7488 890 89 28 
22 37 7S 9IS 89 3I 
23 32 62 940 90 3S 
24 28 49 96s go 38 

25 24 36 I "3499I go 42 
26 20 24 I"3SOI6 9I 46 
27 IS 8°SIO 7411 04I 9I 49 
28 II 8·5Io 7398 066 9I 53 
29 07 8S 092 9I s6 

30 8·s09 08o3 8·SIO 7373 1·3s117 2·38g2 6·I36o 
3I 8·s09 0798 6o I42 92 63 
32 94 47 I68 92 67 
33 go 34 I93 93 70 
34 86 22 2I8 93 74 

35 8I 8·SIO 7309 243 93 78 
36 77 8·SIO 7296 269 94 8I 
37 73 83 294 94 8S 
38 69 70 3I9 94 88 
39 64 s8 345 95 92 

40 8·509 076o 8·5Io 724S I "3S370 2·389s 6·1395 r86I 
4I S6 32 39S 9S 6·1399 
42 s2 I9 420 96 6·I403 
43 47 8°SIO 7207 446 96 o6 
44 43 8·5Io 7I94 471 96 IO 

4S 39 8I 496 97 13 
46 3S 68 s22 97 I7 
47 30 SS S47 97 20 
48 26 43 S72 97 24 
49 22 30 S97 98 28 

so 8·509 07I8 8°SIO 7II7 I ·3562~ 2·3898 6°I431 51 13 8'SIO 7Io4 64 98 3S 52 
S3 09 8'SIO 709I 673 98 38 
S4 05 79 698 99 42 

8·s09 0700 66 723 99 46 

55 8·s09 0696 S3 749 2·3899 49 
S6 92 40 774 2·3900 53 
S7 88 27 799 00 S6 
S8 83 I5 824 00 6o 
S9 79 8°SIO 7002 850 00 63 

6o 8·509 o675 8·5Io 6g89 I ·35875 2·3goI 6·1467 7·86o 
·-----·--- -----



REPo:wr FOR 1894-P ART II. 319 

LATITUDE 420 

Lat. 
log A log B logC logU log E log F 

i 
d1ff. 1" .= - 0'07 diff. 1''= - 0°21 diff. 1"=+ 0'42 cliff. t"= +o·oo diff. 1"=+o·o6 diff. 10'=:;;: -0·9 

1-
·------ -· ---------· 

0 

42 00 8·509 o675 8·510 6989 1 ·35875 2·3901 6·1467 7·86o 

I I 71 76 900 01 71 
2 66 64 925 01 74 

I 3 62 5I 95I 01 78 
I 4 58 38 I'35976 02 81 

05 54 25 I·36oo1 02 85 
6 49 I2 026 02 89 
7 45 8·510 6900 052 03 92 
8 4I 8·510 6887 077 03 96 
9 36 74 102 03 6'I499 

10 8·509 o632 8·5Io 6861 I '36127 2•3903 6'IS03 
II 28 48 I52 04 07 
12 24 36 I78 04 IO 
I3 19 23 203 04 14 
I4 15 8·510 6810 228 04 I7 
IS II 8·510 6797 253 05 2I 
I6 07 84 278 05 25 
17 8·509 o602 72 304 05 28 
I8 8·509 0598 59 329 05 32 
I9 94 46 354 06 35 

20 8·509 0590 8·510 6733 I'36379 2·3906 6'IS39 7·858 
2I 85 20 404 06 43 
22 8I 8·5Io 6707 430 06 46 
23 77 8·5Io 6695 455 07 50 
24 72 82 48o 07 54 
25 68 69 505 07 57 
26 64 56 530 07 61 
27 60 43 556 08 64 
28 SS 3I 58I 08 68 
29 51 I8 6o6 08 72 

30 8·509 0547 8'SIO 66o5 I'3663I 2·3908 6·I575 
3I 43 8.5Io 6592 656 08 79 
32 38 79 682 09 83 
33 34 66 707 09 86 
34 30 54 732 09 90 

35 25 4I 757 09 93 
36 2I 28 782 IO 6·I597 
37 I7 IS 808 IO 6•160I 
3!: I3 8·5Io 6502 833 IO 04 
39 08 8'5IO 6490 858 IO 08 

40 8·509 0504 8·5Io 6477 1•36883 2·39IO 6·1612 7'856 
4I 8·509 0500 64 908 II 15 
42 8·509 0496 SI 934 II 19 
43 9I 38 959 II 22 
44 87 25 1·36984 II 26 

45 83 I3 1·37009 I2 30 
46 78 8·510 6400 034 12 33 
47 74 8·510 6387 0~9 I2 37 
48 70 74 0 s 12 4I 
49 66 61 IIO 12 44 

50 8·509 0461 8'SIO 6348 1·37135 2·3913 6°1648 
51 57 36 16o I3 52 
52 53 23 I85 I3 SS 
53 48 8·510 6310 210 I3 59 
54 44 8·5Io 6297 235 I3 63 

55 40 84 26I I4 66 
56 36 7I 286 I4 70 
57 31 59 31I 14 73 
58 27 46 336 14 77 
59 23 33 36I 14 81 

6o 8·509 0419 8·5Io 6220 1·37386 2·3914 6·1684 7·854 

-·-···-----·-



i320 UNITED STATES COAST AND GEODETIC SURVEY. 

Ll\.TITUDE 430 

Lat. 
log A log B log C log D log E logF 

diff. 1
11 = -0°07 dtff. 1" = -0·21 diff. •" = +o· •• dill. 1

11 = +o·oo diff. 1 11 ~ +o·o6 diff'. 10' = -t'o 

0 

43 00 8·509 0419 8·510 6220 I ·37386 2·3914 6·1684 7·854 
I4 8·5Io 6207 4I2 I5 88 

2 IO 8·5Io 6195 437 I5 92 
3 o6 82 462 I5 95 
4 8·509 040I 69 487 15 6°I699 

05 8·509 0397 56 5I2 I5 6·I703 
6 93 43 537 16 o6 

7 89 30 ~~ 
I6 10 

8 84 I7 16 14 
9 80 8°5Io 6105 6I3 I6 I7 

IO 8·509 0376 8·5Io 6o92' I ·37638 2·39I6 6·172I 
II 71 79 663 I6 25 
I2 67 66 688 17 28 
I3 63 53 7I3 I7 32 
I4 59 40 739 I7 36 

15 54 28 764 17 39 
I6 50 15 789 17 43 
17 46 8·510 6oo2 8I4 I7 47 
18 41 8'5IO 5989 839 I8 50 
19 37 76 864 I8 54 

20 8·509 0333 8°5Io 5963 I ·37889 2·3918 6'I758 7'852 
21 29 50 915 18 6I 
22 24 38 940 I8 65 
23 20 25 965 I8 69 
24 16 8·510 5912 1·37990 18 72 

25 12 8·5Io 5899 1·38oI5 19 76 
·I 26 07 86 040 19 8o 

27 8·509 0303 73 o65 19 83 
28 8·509 0299 6o 091 19 87 
29 94 48 116 I9 91 

30 8·509 0290 8·510 5835 r38141 2·3919 6·1795 
31 86 22 166 20 6·1798 
32 82 8·510 5809 191 20 6•18o2 

33 77 8·510 5796 216 20 o6 

34 73 • 83 24I 20 09 

35 69 7I 266 20 I3 
36 64 58 292 20 17 
37 6o 45 3I7 20 20 
38 56 32 342 20 24 
39 52 I9 367 21 28 

40 8·509 0247 8·510 57o6 1•38392 2·3921 6·183I 7'850 
41 43 8·5Io 5693 4I7 21 35 
42 39 8I 442 2I 39 
43 34 68 467 2I 42 
44 30 55 492 21 46 

45 26 42 5I8 2I 50 
46 22 29 543 21 53 
47 I7 I6 568 22 57 
48 13 8·510 56o3 593 22 61 

49 09 8·510 5591 618 22 65 

50 8·509 0204 8·5Io 5578 I 0 38643 2·3922 6·1868 
51 8·509 0200 65 668 22 72 
52 8·509 0196 52 693 22 76 
53 92 39 719 22 79 
54 87 26 744 22 83 

55 83 13 769 22 87 
56 79 8·510 550I 794 23 9I 
57 74 8·510 5488 8I9 23 94 
58 70 75 844 23 6·1898 

59 66 62 869 23 6·1902 

60 8·509 0162 8·510 5449 1·38894 2·3923 6·1905 7·848 



HEPOHT J!'OH 1894-P Al~T II. 321 

LATITGDE 440 

·-·-·· ---·· 

I.al. 
lug A log B log C log D log E log F 

dill. 1 11 = -0·07 difl. 1'' = -0'21 diff. 1" = -t<>'~· dtff. 1" = +o·oo diff. 1" = +o·o6 diff. 10
1 = ·1°2 

i ·-------

44 00 8·509 0162 8·5Io 5449 I ·38894 2"3923 6"I905 7"848 
57 36 9I9 23 09 

2 53 23 945 23 I3 
3 49 8·5Io 5411 970 23 I7 
4 44 8·510 5398 I ·38995 23 20 

05 40 85 I"39020 23 24 
6 36 72 045 24 28 
7 .)I 59 070 24 31 
8 27 46 095 24 35 
9 23 33 I20 24 39 

IO 8·509 0119 8·510 5320 1 ·39145 2·3924 6·I943 
II 14 8·510 5307 171 24 46 
12 10 8·510 5295 196 24 50 
13 06 82 221 24 54 
14 8·509 0102 69 246 24 58 

15 8·509 0097 56 271 24 6I 
16 93 43 296 24 65 
17 89 30 321 24 69 
18 84 I8 346 24 72 
19 80 8·510 5205 37I 25 76 

20 8·509 0076 8·5Io 5I92 1 ·39396 2"3925 6·I98o 7'845 
2I 72 79 422 25 84 
22 67 66 447 25 87 
23 63 53 472 . 25 91 
24 59 40 497 25 95 

25 54 28 522 25 6·1999 
26 50 15 547 25 6·2002 
27 46 8·5w 5w2 572 25 06 
28 42 8·5Io 5089 597 25 IO 
29 37 76 623 25 14 

30 8·509 0033 8·5Io 5063 I"39648 2•3925 6·2017 
31 29 50 673 25 21 
32 24 37 698 25 25 
33 20 25 723 25 29 
34 16 8·5Io 5012 748 25 32 

35 II 8·5Io 4999 773 25 36 
36 07 86 798 26 40 
37 8·509 0003 73 823 26 44 
38 8·508 9999 6o 848 26 47 
39 94 47 873 26 51 

40 8·508 9990 8·5Io 4935 I ·39898 2·3926 6·2055 7'843 
4I 86 22 924 26 59 
42 8I 8·510 4909 949 26 62 
43 77 8·510 4896 974 26 66 

44 73 83 I "39999 26 70 

45 69 70 I"40024 26 74 
46 64 57 049 26 77 
47 60 44 074 26 8I 
48 56 32 099 26 85 
49 SI 19 I24 26 89 

50 8·508 9947 8·510 48o6 I •40I49 2·3926 6·2092 
51 43 8·5Io 4793 174 26 6·2096 
52 39 80 200 26 6"2IOO 
53 34' 67 225 26 04 
54 30 54 250 26 08 

55 26 4I 275 26 II 

56 21 29 300 26 I5 
57 17 16 325 26 I9 
58 I3 8·510 4703 350 26 23 
59 09 8·510 4690 375 26 27 

6o 8·508 9904 8·510 4677 1·40400 2·3926 6·2130 ]"840 

·----------
S. Ex. 8, pr. 2--21 



322 UNITED STATES COAST AND GEODETIC SURVEY. 

LATITUDE 450 

Lat. 
log A log B log C log[' log E log F 

I diff. •" .= - 0·07 diff. t" = - o·:u dlff. 1" = +0'4• diff. 1" = ± a·oo dill'. 1" = +o·o6 diff. 10' = - 1·3 
I 

. --·------ . 
0 I 

45 00 8·508 9904 8°5Io 4677 I'40400 2·3926 6·2130 7'840 
I 8·508 9900 64 425 26 34 
2 8·508 9896 51 450 26 38 
3 91 39 475 26 42 
4 87 26 50I 26 46 

05 83 I3 526 26 49 
6 78 8·5Io 4600 55I 26 53 
7 74 8·5Io 4587 576 26 57 
8 70 74 6oI 26 6I 
9 66 6I 626 26 64 

IO 8·508 986I 8°5Io 4548 1·40651 2·3926 6·2168 
II 57 36 676 26 72 
I2 53 23 701 26 76 
13 48 8·510 45Io 727 26 80 
I4 44 8·510 4497 752 26 83 

15 40 84 777 26 87 
I6 36 7I 8o2 26 91 
I7 3I 59 827 26 95 
I8 27 46 852 26 6·2199 
I9 23 33 877 26 6·2202 

20 8·508 98I8 8·510 4420 I '40<)02 2·3926 6·2206 7'838 
21 14 8·5Io 4407 927 26 IO 
22 IO 8·510 4394 95 2 26 I4 
23 06 81 1 ·40978 26 18 
24 8·508 98oI 68 1·41003 26 21 

25 8·508 9797 56 028 26 25 
26 93 43 053 26 29 
27· 88 30 078 26 33 
28 84 17 103 26 37 
29 80 8·510 4304 I28 26 40 

30 8·508 9776 8·510 4291 1 ·41153 2·3921i 6·2244 
3I 71 78 178 26 48 
32 67 65 203 26 52 
33 63 52 229 26 56 
34 58 40 254 26 60 

35 54 27 279 26 63 
36 50 14 304 25 67 
37 46 8·510 4201 329 25 71 
38 41 8·510 4188 354 25 75 
39 37 75 379 25 79 

40 8·508 9733 8·5Io 4162 1·41404 2·3925 6·2283 7·835 
41 28 49 429 25 86 
42 24 37 454 25 90 
43 20 24 479 25 94 
44 16 8·5104111 505 25 6·2298 

45 u 8·510 4098 53° 25 6·2302 
46 07 85 555 25 06 
47 8·508 9703 72 58o 25 09 
48 8·508 9698 6o 605 25 13 
49 94 47 630 25 17 

50 8·508 9689 . 8·510 4034 1 ·41655 2·3925 6·2321 
51 85 21 68o 25 25 
52 81 8·510 4008 705 25 29 
53 77 8·5Io 3995 731 2.) 32 
54 72 82 756 24 36 

55 68 69 781 24 40 
56 64 57 8o6 24 44 
57 6o 44 83I 24 48 
58 SS 3I 856 24 52 
59 51 18 881 24 55 

6o 8·508 9647 8·510 3905 I·41906 2·3924 6·2359 7'832 



REPORT FOR 1894-P ART II. 323 

LATITUDE 460 

Lat. 
log A log 13 log C logD log E log F 

tliff. 1" = -0·07 diff. i" = - 0·21 diff. 1" = + o· 42 cliff. •" = - o'oo diff. 1 11 = +o·o6 diff. 10' = .:.... 1«~ 

·----- ---
0 

46 00 S·508 9647 8·510 3905 I •41906 2·3924 6·2359 7'832 
43 8·5w 3892 931 24 63 

2 38 79 957 24 67 
3 34 67 1·41982 24 71 
4 30 54 1·42007 24 75 

05 25 41 032 24 79 
6 21 28 057 23 82 
7 17 15 082 23 86 
8 13 8·510 3802 107 23 90 
9 08 8·510 3789 132 23 94 

IO 8·508 9604 8·510 3776 I ·42157 2·3923 6·2398 
II 8·508 9600 64 183 23 6•2402 
12 8·508 9595 51 208 23 06 
13 91 38 233 23 09 
14 87 25 258 23 13 

15 83 8·5w 3712 283 23 17 
16 78 8·510 3699 308 23 21 
17 74 86 333 22 25 
18 70 74 358 22 29 
19 65 61 384 22 33 

. 20. 8·508 9561 8·5w 3648 1 ·42409 2·3922 6·2436 7'830 
21 57 35 434 22 40 
22 53 22 459 22 44 
23 48 8·510 36o9 484 22 48 
24 44 8·510 3596 509 22 52 

25 40 84 534 22 56 
26 35 71 559 21 60 
27 31 58 584 21 64 
28 27 45 610 21 67 
29 23 32 635 21 71 

30 8·508 9518 8·5rn 3519 1 ·42660 2·3921 6•2475 
31 14 8·510 3506 685 21 79 
32 10 8·510 3494 710 21 83 
33 05 81 735 21 87 
34 8·508 9501 68 760 20 91 

35 8·508 9497 55 786 20 95 
36 93 42 811 20 6•2499 
37 88 29 836 20 6·2502 
38 84 17 861 20 06 
39 80 8·510 3404 886 20 IO 

40 8·508 9475 8·5w 3391 1 ·42911 2·3920 6·2514 r827 
41 71 78 936 19 18 
42 67 65 961 19 22 
43 63 52 1·42987 19 26 
44 58 39 1·43012 19 30 

45 54 27 037 19 34 
46 50 14 062 19 38 
47 45 8·510 3301 087 19 41 
48 41 8·510 3288 112 18 45 
49 37 75 137 18 49 

50 8·508 9433 8·510 3262 I •43163 2·3918 6·2553 
51 28 49 188 18 57 
52 24 37 213 18 61 

53 20 24 238 18 65 
54 16 8·510 3211 263 18 69 

55 II 8·510 3198 288 17 73 
56 07 85 314 17 77 
57 8·508 9403 72 339 17 81 
58 8·508 9398 6o 364 17 84 
59 94 47 389 17 88 

6o 8·508 9390 8·510 3134 I •43414 2·3917 6·259:? r824 



324 UNITED STATES COAST AND GEODETIC SURVEY. 

LATITUDE 470 

Lat. 
log A log B log C log D log E log F 

diff. 1" = - 0°07 diff. 1" = - 0'21 diff. 1" = + 0'42 diff. 1
11 = - o'oo diff. 1 11 = + 0'07 diff. 10' = - 1°6 

0 I 

47 00 8·508 9390 8·510 3134 1·43414 2·3917 6·2592 7·824 
I 86 21 439 J6 6·2596 
2 8J 8·5w 3108 465 J6 6·26oo 
3 77 8·510 3095 490 16 04 
4 73 82 SJS J6 08 

05 68 70 540 16 J2 
6 64 57 565 16 16 
7 6o 44 590 J5 20 
8 56 31 615 15 24 

.9 51 18 641 15 28 

10 8·508 9347 8•5Jo 3005 J •43666 2·3915 6·2632 
JI 43 8·sw 2993 691 15 35 
J2 38 80 7J6 14 39 
13 34 67 74J 14 43 
14 30 54 766 J4 47 

15 26 41 792 14 51 
16 21 28 817 J4 55 
17 J7 16 842 J3 59 
18 13 8·510 2903 867 J3 63 
19 09 8·510 2890 892 J3 67 

20 8·508 9304 8·510 2877 1 ·43917 2·3913 6·2671 ]"821 
2J 8·508 9300 64 943 13 75 
22 8·508 9296 51 968 I2 79 
23 91 39 I '43993 I2 83 
24 87 26 I"440J8 I2 87 

25 83 I3 043 I2 9I 
26 79 8·5Io 2800 069 I2 95 

I 
27 74 8·5w 2787 094 JI 6·2699 
28 70 74 ll9 JI 6·2702 
29 66 62 I44 II 06 

30 8·508 926J 8·5Io 2749 I '44I69 2·3911 6·27Jo I 
3J 57 36 I95 II J4 
32 53 23 220 JO J8 
33 49 8·510 27Io 245 JO 22 
34 44 8·510 2698 270 IO 26 

35 40 85 295 IO 30 
36 36 72 32I JO 34 
37 32 59 346 09 38 I 

38 27 46 371 09 42 
39 23 33 396 09 46 

40 8·508 92I9 8·510 262I 1 ·4442I 2·3909 6·2750 7·8I7 
4I I4 8·5Io 26o8 447 08 54 
42 IO 8·5Io 2595 472 08 58 

I 43 06 82 497 08 62 
44 8·508 9202 69 522 08 66 

I 
45 8·508 9I97 57 547 07 70 
46 93 44 573 07 74 
47 89 31 s98 07 78 ! 

48 84 I8 623 07 82 
49 80 8·5Io 2sos 648 07 86 

so 8·so8 9176 8·sJo 2493 I "44673 2·3906 6·2790 
SI 72 80 699 06 94 
52 67 67 724 06 6·2798 
53 63 54 749 06 6·2802 
S4 S9 41 774 05 06 

SS SS 28 800 os IO 
56 50 J6 825 os 14 
57 46 8·5Io 2403 850 05 18 
58 42 8·5Io 2390 875 04 22 
59 38 77 900 04 26 

6o 8·508 9I33 8·5w 2364 1·44926 2·3904 6·2830 7·8I4 
' .---·- ------ .. ·----·- -



l·rnPORT FOH, 1894-P AHT 11. 325 

LATITUDE 430 
--------· 

Lat. 
log A log B log C log D log E log F 

difL •" -- 0'07 ditf. 1" = - 0·21 diff. 1 11 = +0·42 diff.1"=-0'00 diff. 1" = +0·07 dfff, IO'= - I '7 

------ -----------

0 

4S 00 8·508 9133 8·5w 2364 1·44926 2·3904 6·2830 r814 
29 52 95 1 04 34 

2 25 39 1 ·44976 OJ J8 
J 20 26 1·45001 OJ 42 
4 16 IJ 027 OJ 46 

05 12 8·510 2JOO 052 02 50 
6 08 8·5 w 2288 077 02 54 
7 8·508 910J 75 102 02 58 
8 8·508 9009 62 128 02 62 
9 95 49 15J 01 66 

JO 8·508 9091 8·5 w 22J6 1 ·45178 2'J901 6·2870 
II 86 24 20J 01 74 
12 82 8·510 2211 229 01 78 
IJ 78 8·510 2198 254 00 82 
14 74 85 279 00 86 

15 69 72 304 2·3900 90 
16 65 60 JJO 2·J899 94 
17 61 ·47 355 99 6°2898 
18 57 34 38o 99 6·2902 
19 52 21 406 99 06 

20 8·508 9048 8·510 2108 1 ·454JI 2°J898 6·2910 7'811 
21 44 8·5w 2096 456 98 14 
22 J9 8J 481 98 18 
23 35 70 507 97 22 
24 JI 57 532 97 26 

25 27 45 557 97 30 
26 22 32 582 97 34 
27 18 19 608 96 38 
28 14 8·510 2006 633 96 42 
29 10 8·5w 1993 658 96 46 

30 8·508 9005 8·510 1981 1 ·4568J 2·3895 6·2950 
31 8·508 9001 68 709 95 54 
32 8·508 8997 55 734 95 58 
33 93 42 759 95 62 
34 88 30 785 94 66 

35 84 17 810 94 70 
J6 80 8·5 w 1904 835 94 74 
37 76 8·5w 1h91 861 93 78 
38 71 78 886 93 82 
39 67 66 911 93 86 

40 8·508 8963 8·510 1853 1 ·45937 2·3892 6·2990 7·807 
41 59 40 962 92 94 
42 54 27 1 ·45987 92 6·2998 
43 50 15 1·46o12 91 6'J002 
44 46 8·5w 1802 038 91 06 

45 41 8·510 1789 063 91 10 
46 37 76 088 90 15 
47 33 64 114 90 19 
48 29 51 139 90 2J 
49 24 38 164 89 27 

50 8·508 ~920 8·510 1725 1·46190 2'J889 6·3031 
51 16 13 215 89 35 
52 12 8·510 1700 240 88 39 
53 08 8·5w 1687 266 88 43 
54 8·508 8903 74 291 88 47 

55 S·508 8899 62 316 87 51 
56 95 49 342 87 55 
57 90 J6 367 87 59 
58 86 23 392 86 6J 
59 82 8·510 1610 418 86 67 

60 8·508 8878 8·5w 1598 1 ·46443 2·3886 6·3071 7·8o4 

-------- ···------



326 UNITED STATES COAST AND, GEODETIC SURVEY. 

LATITUDE 490 

-

Lat. 
log A log 13 log C 

cliff. x" = - 0'07 diff. 1" = -0'21 diff. 1" = +o· 
logD log E log F 

42 diff. 1" ='-0'01 diff. 1
11 = + 0'07 diff. 10' = - 1 ·9 

0 I 

49 00 S·50S SS7S S·510 159S 1·46443 
I 73 S5 46S 
2 69 72 494 
3 65 59 519 
4 61 47 544 

2·3886 6·3071 r804 
S5 75 
85 79 
85 S4 
84 88 

05 57 34 570 
6 52 21 595 
7 4S S·s 10 150S 621 
s 44 S·510 1496 646 
9 39 83 671 

S4 92 
S4 6·3096 
S3 6·3100 
83 04 
S3 08 

10 8·508 SS35 8·510 1470 1•46696 
II 31 58 722 
12 27 45 747 
13 23 32 773 
14 18 19 798 

2·3S82 6·3112 
S2 16 
SI 20 
81 24 
81 2S 

15 14 8·510 1407 824 
16 10 8·510 1394 849 
17 06 81 874 
18 8·508 88o1 68 S99 
19 8·508 8797 56 925 

So 32 
80 37 

·so· 41 
79 45 
79 49 

20 8·50S S793 S·510 1343 1 ·46950 
21 89 30 1'46976 
22 S4 17 1·47001 
23 So S·510 1305 026 
24- 76 8·510 1292 052 

2·3S78 6·3153 7·8oo 
7S 57 
78 61 
77 65 
77 69 

25 72 79 077 
26 67 67 103 
27 63 54 128 
28 59 41 153 
29 SS 28 179 

77 73 
76 78 
76 82 
75 S6 
75 90 

30 S·50S 8750 S·510 1216 1·47204 
31 46 8·510 1203 230 
32 42 8·510 1190 255 
33 3S 7S 281 
34 33 65 .306 

2·3875 6·3194 
74 6·3198 
74 6·3202 
73 06 
73 10 

35 29 52 331 73 15 
36 25 39 357 
37 21 27 382 
38 16 14 40S 
39 12 8·510 1101 433 

72 19 
72 23 
71 27 
71 31 

40 S·50S S708 S·510 1088 l '47459 
41 04 76 484 
42 S·50S S700 63 509 
43 S·50S S695 50 535 
44 91 38 56o 

2·3871 6·3235 7"796 
70 39 
70 43 
69 47 
69 52 

45 S7 25 586 
46 S3 12 6I1 
47 7S S·510 1000' 637 
4S 74 S·510 0987 662 
49 70 74 6SS 

69 56 
6S 6o 
68 64 
67 68 
67 72 

50 S·508 S666 S·510 0962 1·47713 
51 61 49 738 
52 57 36 764 
53 53 23 7S9 
54 49 S·510 0911 815 

2•3866 6·327.6 
66 SI 
66 85 
65 89 
65 93 

55 45 S·510 0S9S S40 
56 40 S5 866 
57 36 73 S91 
ss 32 60 917 
59 2S 4S 942 

64 6·3297 
64 6·3301 
63 05 
63 09 
63· q 

60 S·50S S623 S·510 0S35 1·47968 2·3862 6·331S 7"792 

--· ·----- --· -·--- ---· ··-· 



REPORT FOR 1894-P .A.RT ll. 327 
LATITUDE 500 

- ··-

Lat. 
log A log B loge logD log E log F 

diff. 1
11 = - 0·07 diff. 111 = -0·21 dill. •" = + 0·43 difl. i" = -0·01 dill. •" = + 0·07 diff. 10' = -·2·0 

0 I 

50 00 s·sos S623 s·sio 0S35 I ·47968 2·3862 6·3318 7·792 
I 19 22 1 ·47993 62 22 
2 I5 S·s10 0809 I ·48019 6I 26 
3 II S·sio 0797 044 6I 30 
4 06 84 070 60 34 

05 S·50S S6o2 71 095 60 39 
6 8·soS S598 59 . I2I 60 43 
7 94 46 I46 59 47 
s 90 33 I72 S9 5I 
9 S5 2I 197 5S 55 

IO S·50S S58I S·510 0708 I 04S223 2·3S5S 6·3359 
II 77 S·sio 0695 248 57 63 
I2 73 S3 274 57 68 
13 68 70 299 56 72 
14 64 57 325 56 76 

15 60 45 350 5S So 
I6 s6 32 376 5S S4 
17 52 I9 40I 55 SS 
18 47 S0 5Io 06o7 427 54 93 

I I9 43 S·510 OS94 452 54 6·3397 

20 S·soS 8539 S·5Io 058I I ·48478 2·3Ss3 6·340I 7"788 I 

2I 35 69 504 53 os 
22 30 56 529 s2 09 
23 26 43 555 52 I4 
24 22 31 s8o 5I 1S 

25 IS I8 606 51 22 
26 I4 8·510 05os 63I 50 26 
27 09 8·5Io 0493 657 50 30 
28 05 So 682 49 34 
29 S·sos 8so1 67 70S 49 39 

30 S·50S S497 S·sio 045S I"48734 2·384S 6·3443 
3I 93 42 759 48 47 
32 88 29 785 47 5I 
33 84 I7 8Io 47 55 
34 So 8·510 0404 836 46 60 

35 76 8·510 0392 861 46 64 
36 7I 79 887 45 68 
37 67 66 913 45 72 
3S 63 54 938 44 76 
39 59 4I 964 44 81 

40 8·5o8 8455 8°5Io 0328 I 0 48989 2·3843 6·3485 7'784 
41 50 I6 I "490I5 43 89 
42 46 S·510 0303 04I 42 93 I 
43 42 s·s10 029I 066 42 6·3497 i 
44 3S 78 092 4I 6·3502 

45 34 65 117 4I 06 
46 29 53 I43 40 IO 
47 25 40 I69 40 I4 
4S 2I 27 I94 39 18 
49 I7 15 220 39 23 

so s·5oS 84I3 8·5Io 0202 I"49246 2·383S 6·3527 
5I 08 8·s10 0I90 27I 38 JI 
52 04 77 297 37 35 
53 8·so8 8400 64 322 37 40 
54 S·soS S396 52 348 36 44 

SS 92 39 374 36 4S 
S6 87 27 399 JS s2 
57 S3 I4 425 35 S6 
5S 79 S·5Io OIOI 451 34 6I 
S9 75 S·510 00S9 476 34 65 

6o S·508 S37 I 8·510 0076 I"49S02 2·3S33 6·3569 r1So 

- -



328 UNITED STATES CO.A.ST AND GEODETIC SURVEY. 

LATI'fUDE 510 
--·-··--------

Lat. 
log A log B log C log D log E log F 

diff. 1 11 = - 0·07 diff. 1" = - o':u diff. 1
11 = + 0'43 diff. i'' = - o'or diff. 1" = + 0'07 diff. 10' =- 2'2 

--------------

0 

SI 00 8·508 837I 8·5Io 0076 1 ·49502 2·3833 6·3569 7·780 
66 64 528 33 73 

2 62 5I 553 32 78 

3 58 38 579 32 82 

4 54 26 6o5 3I 86 

05 50 I3 630 3I 90 
6 45 8•5Io OOOI 656 30 95 
7 4I 8·509 9988 682 29 6·3599 
8 37 75 707 29 6·3603 

9 33 63 733 28 07 

IO 8·508 8329 8·509 9950 1 •49759 2·3828 6·3612 
II 24 38 785 27 I6 
I2 20 25 810 27 20 

I3 I6 I3 836 26 24 
I4 I2 8·509 9900 862 26 28 

IS 08 8·509 9887 887 25 33 
16 8·508 8303 75 913 25 37 
17 8·508 8299 62 939 24 4I 
18 95 50 965 23 45 
19 9I 37 1·49990 23 50 

20 8·508 8287 8·509 9825 1 ·50016 2·3!!22 6•3654 7'776 
2I 82 8·509 9812 042 22 58 
22 78 8·509 9799 067 21 63 
23 74 87 093 21 67 
24 70 74 119 20 71 

25 66 62 145 20 75 
26 62 49 170 19 8o 

27 57 37 196 18 84 
28 53 24 222 I8 88 
29 49 8·509 9711 248 17 92 

30 8·508 8245 8·509 9699 I 0 50273 2·38I7 6·3697 
31 41 86 299 16 6·3701 
32 36 74 325 16 05 
33 32 61 35I 15 IO 

34 28 49 376 I4 14 

35 24 36 402 14 18 
36 20 24 428 13 22 

37 16 8·509 9611 454 I3 27 
38 II 8·509 9599 480 12 31 
39 07 86 5°5 II 35 

40 8·508 8203 8·509 9574 I ·50531 2·3811 6·3740 7'772 
41 8·508 8199 61 557 IO 44 
42 95 48 583 IO 48 
43 90 36 609 09 52 
44 86 23 634 08 57 

45 82 8·509 9511 660 08 61 
46 78 8·509 9498 686 07 65 
47 74 86 712 07 70 
48 70 73 738 06 74 
49 65 61 764 05 78 

50 8·508 8161 8·509 9448 1 ·50789 2·3805 6·3782 
51 57 36 815 04 87 
52 53 23 841 04 91 
53 49 8·509 9411 867 03 6·3795 
54 45 8·509 9398 893 02 6·3800 

SS 40 86 919 02 04 
56 36 73 944 OI 08 

57 32 61 970 01 13 
58 28 48 1 ·50996 2·3800 17 

59 24 36 1 ·5 !022 2·3799 21 

6o 8•508 8I20 8·509 9323 1·5Io48 2·3799 6·3826 7'767 
; 

------. --------- --



Lat. 
log A 

diff. 1" = - 0'07 

0 I 

52 00 8·508 8120 
I 15 
2 II 

3 07 
4 8·508 8103 

05 8·508 8099 
6 95 
7 90 
8 86 
9 82 

IO '8·508 8o78 
II 74 
12 70 
13 65 
14 61 

15 57 
16 53 
17 49 
18 45 
19 41 

20 8·508 8036 
21 32 
22 28 
23 24 
24" 20 

25 16 
26 JI 

27 07 
28 8·508 8003 
29 8·508 7999 

30 8·508 7995 
31 91 
32 87 
33 82 
34 78 

35 74 
36 70 
37 66 
38 62 
39 58 

40 8·508 7953 
41 49 
42 45 
43 41 
44 37 

45 33 
46 29 
47 24 
48 20 
49 16 

50 8·508 7912 
51 08 
52 04 
53 8·508 7900 
54 11·508 7895 

55 91 
56 87 
57 83 
58 79 
59 75 

60 8·508 7871 
.• 
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log B 
<liff. i" = - o·:n 

8·509 9323 
8•509 931 I 
8·509 9298 

86 
73 
61 
48 
36 
23 

8·509 9211 

8·509 9198 
86 
73 
61 
48 

36 
23 

8·509 9111 
8·509 9099 

86 

8·509 9074 
61 -
49 
36 
24 

8·509 9011 
8·509 8999 

86 
74 
62 

8·509 8949 
37 
24 

8·509 8912 
8·509 8899 

87 
74 
62 
50 
37 

8·509 8825 
12 

8·509 8800 
8·509 8788 

75 
63 
50 
38 
25 
13 

8·509 8701 
8·509 8688 

76 
63 
51 

39 
26 
14 

8·509 8602 
8·509 8589 

8·509 8577 
-

LATITUDE 520 

I og C 
diff. 1

1 '= --j-0·43 

I 

I 

I 

I 

I 
I 

I 

·51048 
074 
100 
126 
151 

177 
203 
229 
255 
281 

·51307 
333 
359 
385 
41I 

436 
462 
488 
514 
540 

·51566 
592 
618 
644 
670 
696 
722 
748 
774 
800 

·51826 
852 
878 
904 
930 
956 

·51982 
·52008 

034 
o6o 

·52086 
112 
138 
164 
190 
216 
242 
268 
294 
320 

I' 52347 
·373 
399 
425 
451 

I' 

477 
5°3 
529 
555 
581 

526o8 

log D 
diff. 1" = -0·01 

2·3799 
98 
97 
97 
96 
96 
95 
94 
94 
93 

2·3792 
92 
91 
91 
90 
89 
88 
88 
87 
87 

2·3786 
85 
85 
84 
83 
83 
82 
81 
81 
80 

2·3779 
79 
78 
78 
77 
76 
75 
75 
74 
73 

2·3773 
72 
71 
71 
70 
69 
68 
68 
67 
66 

. 2·3766 
65 
64 
64 
63 
62 
61 
61 
6o 
59 

2·3759 

329 

log E logF 
diff. 1" = + o"r,,7 diff. to' = - >'3 

6·3826 
30 
34 
39 
43 
47 
52 
56 
60 
65 

6·3869 
73 
78 
82 
86 

91 
95 

6·3899 
6·3904 

08 

6·3912 
17 
21 
25 
30 

34 
38 
43' 
47 
51 

6·3956 
60 
65 
69 
73 
78 
82 
86 
91 

6·3995 

6·4000 7"758 
04 
08 
13 
17 
21 
26 
30 
35 
39 

6·4043 
48 
52 

. 57 
61 

65 
70 
74· 
79 
83 

6·4088 7·753 



330 UNITED STATES CO.AST AND GEODETIC SURVEY. 

LATITUDE 530 

Lat. 
log A log n logC logD logE log F 

diff. 1''= - 0·07 dlff. 1 11 = - o':n diff. 1"=+0·44 diff. 1 11 = - 0°01 diff. 1"=+0·07 dllf. ro'= - 2·5 

--

0 I 

53 00 8·508 787I 8·509 8577 I 0526o8 2·3759 6·4088 7"753 
I 67 64 634 58 92 
2 62 52 66o 57 6·4096 
3 58 40 686 56 6·4IOI 
4 54 27 7I2 56 05 

05 50 I5 738 55 IO 
6 46 8·509 8502 764 54 14 
7 42 8·509 8490 790 53 I8 
8 38 78 8I7 53 23 
9 34 65 843 52 27 

IO 8·508 7829 8·509 8453 I "52869 2·375I 6·4I32 
II 25 4I 895 5I 36 
I2 2I 28 92I 50 4I 
I3 I7 I6 947 49 45 
I4 I3 8·509 8404 I"52974 48 49 

I5 09 8·509 839I I '53000 48 54 
I6 05 79 026 47 58 
I7 8·508 78oI 67 052 46 63 
I8 8·508 7797 54 078 45 67 
I9 92 42 I05 45 72 

20 8·508 7788 8·509 8329 I "53I3I 2·3744 6•4176 7"748 
2I 84 17 I57 43 80 
22 80 8·509 8305 183 42 85 
23 76 8·509 8292 209 42 89 
24 72 80 236 41 94 

25 68 68 262 40 6•4I98 
26 64 55 288 39 6·4203 
27 6o 43 JI4 39 07 
28 55 31 34I 38. I2 
29 5I I8 367 37 I6 

30 8·508 7747 8·509 8206 I ".53393 ·3736 6·4221 
3I 43 8·509 8194 4I9 36 25 
32 39 82 446 35 29 
33 35 69 472 34 34 
34 JI 57 498 33 38 

35 27 45 524 33 43 
36 23 32 55I 32 47 
37 18 20 577 31 52 
38 I4 8·509 8108 6o3 30 56 
39 IO 8·509 8095 630 29 61 

40 8·508 77o6 8·509 8o83 I 053656 l"3729 6·4265 7"743 
41 8·508 7702 7I 682 28 70 
42 8·508 7698 58 709 27 74 
43 94 46 735 26 79 
44 90 34 76I 26 83 

45 86 22 788 25 88 
46 82 8·509 8009 814 24 92 
47 77 8·509 7997 840 23 6·4297 
48 73 85 867 22 6•4301 
49 69 72 893 22 06 

50 8·508 7665 8•509 796o l ·53919 2·3721 6·43Io I 51 6I 48 946 20 I5 
52 57 36 972 19 19 

I 53 53 23 1"53998 18 24 
54 49 8·509 791I l ·54025 I8 28 

I 
55 45 8·509 7899 051 17 33 
56 41 87 077 16 37 
57 37 74 104 I5 42 
58 32 62 130 14 46 
59 28 50 157 14 51 

60 8·508 7624 8·509 7838 I ·54183 2'37I3 6·4355 7·738 
-------------------·-··- -----···· 
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LATITUDE 540 

l Lat. 
Jog A logB logC logD logE logF 

i diff. 1"== -0·07 diff. •"= - 0°20 diff. •"= +0·44 diff. 1 11 = - 0'01 dlff. •"= +o'o8 difT. to'=~ 2'6 

i 
0 I 

54 00 8·508 7624 8·509 7838 I ·54183 2·3713 6·4355 7"738 
I 20 25 209 12 6o 
2 16 13 236 II 64 
3 I2 8·509 7801 262 IO 69 
4 08 8·509 7789 288 og 73 

05 04 76 315 09 78 
6 8·508 7600 64 34I o8 82 
7 8·508 7596 52 368 07 87 
8 92 40 394 06 9I 
9 88 27 421 05 6·4396 

IO 8·508 7584 8·509 77I5 1"54447 2·3705 6·4400 
II 79 8·509 7703 474 04 05 
12 75 8·509 7691 500 03 09 
I3 71 78 527 02 14 
I4 67 66 553 01 18 

I5 63 54 580 00 23 
I6 59 42 6o6 2·3700 28 
17 55 30 633 2·3699 32 
18 51 17 659 98 37 
19 47 8·509 76o5 686 97 4I 

I 

20 8·508 7543 8·509 7593 I •54712 2·3696 6•4446 7·733 
21 39 81 739 95 50 
22 35 69 765 94 55 
23 3I 56 792 94 59 
24 27 44 818 93 64 

25 22 32 845 92 68 
26 18 20 871 9I 73 
27 I4 8·509 7508 898 90 78 
28 IO 8·509 7495 924 89 82 
29 o6 83 95I 88 87 

30 8·508 7502 8·509 7471 1'54977 2·3688 6•449I 
3I 8·508 7498 59 I •55004 87 6•4496 
32 94 47 03I 86 6·4500 
33 go 34 057 85 05 
34 86 22 084 84 09 
35 82 8·509 7410 IIO 83 I4 
36 78 8·509 7398 I37 82 I9 
37 74 86 163 82 23 
38 70 74 Igo 8I 28 
39 66 6I 217 8o 32 

40 8·508 7462 8·509 7349 I'55243 2·3679 6·4537 7·728 
4I 58 37 270 78 4I 
42 53 25 297 77 46 
43 49 I3 323 76 51 
44 45 8·509 7JOI 350 75 55 
45 4I 8·509 7289 376 74 6o 
46 37 76 403 74 64 
47 33 64 430 73 69 
48 29 52 456 72 74 
49 25 40 483 7I 78 

50 8·508 7421 8·509 7228 I '555IO 2·3670 6·4583 
5I I7 I6 536 69 87 
52 I3 8·509 7204 563 68 92 
53 09 8·509 7I9I 5go 67 6•4597 
54 05 79 6I6 66 6·46oI 

55 8·508 740I 67 643 66 06 
56 8·508 7397 55 670 65 IO 
57 93 43 696 64 I5 
58 89 31 723 63 20 
59 85 19 750 62 24 

60 8·508 7J8I 8·509 7107 I 0 55777 2·366I' 6·4629 7·723 



332 UNITED STATES COAST AND GEODETIC SUH.VEY. 

J;ATITUDE 550 

I.at. 
log A logB log C logD log E logF 

diff. I
11 = - 0·07 diff. 1

11 = - 0'20 cliff. 1"==+0·45 diff. J" = - 0°02 diff. 1" = +o·o8 diff. to'= - 2'8 

-----

55 00 8·508 7381 8·509 7107 1 ·55777 2·3661 6·4629 7·723 
77 8·509 7095 8o3 6o 33 

2 73 82 830 59 38 
3 69 70 857 58 43 
4 6S 58 884 S7 47 

05 61 46 910 S6 52 
6 S6 34 937 s6 57 
7 52 22 964 55 61 
8 48 8·509 7010 1·55991 54 66 
9 44 8·509 6998 1 ·56o17 53 70 

IO 8·508 7340 8·509 6986 1·56044 2·36s2 6·4675 
II 36 74 071 51 So 
12 32 62 098 50 84 
13 28 49 125 49 8'1 
14 24 37 151 48 94 
IS 20 2s I78 47 6•4698 
I6 I6 13 205 46 6·4703 
I7 12 8·509 6go1 232 45 08 
18 08 8·509 6889 259 44 12 
19 04 77 286 43 I7 

20 8·508 7300 8·509 6865 I ·56312 2·3642 6·4721 7·717 
21 8·508 7296 53 339 42 26 
22 92 41 366 41 31 
23 88 29 393 40 35 
24 84 17 420 39 40 
2s 80 8·509 68o5 447 38 45 
26 76 8·509 6793 474 37 49 
27 72 81 500 36 54 
28 68 69 527 35 .~9 
29 64 57 554 34 63 

30 8·508 726o 8·509 6745 1·56581 2·3633 6·4768 
31 56 33 008 32 73 
32 52 2I 635 31 77 
33 48 8·509 6709 662 30 82 
34 44 8·509 6696 689 29 87 

35 40 84 716 28 91 
36 36 72 743 27 6·4796 
37 32 60 770 26 6·4801 
38 28 48 797 25 05 
39 24 36 823 24 IO 

40 8·508 7220 8·509 6624 I ·56850 2·3623 6·4815 7'7ll 
41 16 12 877 22 20 
42 12 8·s09 66oo 904 21 24 
43 08 8·s09 6588 931 20 29 
44 04 76 958 19 34 
45 8·508 7200 64 I ·5698S 18 38 
46 8·508 7196 52 1·57012 17 43 
47 92 40 039 16 48 
48 88 28 066 I5 52 
49 84 I6 093 14 57 

50 8·508 7I80 8·509 6505 I '57I20 2·3613 6·4862 
sr 76 8·so9 6493 147 u 66 
52 72 81 174 II 71 
53 68 69 201 IO 76 
S4 64 57 229 09 81 

SS 60 45 2s6 08 85 
56 56 33 283 07 90 
57 s2 2I 310 06 6·4895 
58 48 8·509 6409 337 05 6·4900 
59 44 .8·509 6397 364 04 04 

6o 8·508 7140 8·so9 638s I'5739I 2·36o3 6•4909 7'706 
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LATITUDE 5()0 

Lnt. I log A log ll logC log!) log E log F 

cliff. 1
11 -= -0'07 diff. 1" = -0·20 cliff. 1" = +0·45 ditf. 1" = - 0'02 cliff. t"=+o·oB di tr. 10' == - 3·0 I ______ 

I 

I 
56 00 8·508 7 ;40 8·509 6385 1·57391 2·36.·3 6·4909 7·706 

36 73 418 02 14 
2 32 61 445 01 18 
3 28 49 472 2·3600 23 
4 24 37 499 2·3599 28 

05 20 25 526 98 33 
6 16 13 554 97 37 
7 12 8·509 6301 581 96 42 
8 08 8·509 6289 608 95 47 
9 04 77 635 94 52 

IO 8·508 7100 S·509 6266 1 ·57662 2·3593 6•4956 
II 8·50S 7096 54 6S9 92 61 
12 92 42 717 91 66 
13 S8 30 744 90 71 
14 S4 1S 771 S9 75 
15 So 8·509 6206 798 SS So 
16 76 S·509 6194 825 S7 85 
17 72 S2 S52 86 90 
18 69 70 880 85 94 
19 65 58 907 84 6·4999 

20 8·508 7061 8·509 6147 1 ·57934 2·3583 6·5004 7"700 
21 57 35 961 82 09 
22 53 23 1 ·57989 81 13 
23 49 8·509 6111 1 ·58016 80 18 
24 45 8·509 6099 043 78 23 

25 41 87 070 77 28 
26 37 75 098 76 32 
27 33 63 125 75 37 
28 29 51 152 74 42 
29 25 40 179 73 47 

30 8·508 7021 8·509 6028 1 ·58207 2·3572 6·5052 
31 17 16 234 71 56 
32 13 8·509 6oo4 261 70 61 
33 09 8·509 5992 289 69 66 
34 05 So 316 68 71 

35 8·508 7001 68 343 67 75 
36 8·508 6997 57 371 66 80 
37 93 45 398 65 85 
38 89 33 425 64 90 
39 86 21 453 62 95 

40 3·508 6982 8·509 5909 1 ·58480 2·3561 6·5099 7"694 
41 78 8·509 5897 507 6o 6·5104 
42 - 74 36 535 59 09 
43 70 74 562 58 14 
44 66 62 589 57 19 

45 62 50 617 56 24 
46 58 38 644 55 28 
47 54 27 672 54 33 
48 50 15 699 53 38 
49 46 8·509 58o3 726 52 43 

50 8·508 6942 8·509 5791 1 ·58754 2·3550 6·5148 
51 38 79 781 49 52 
52 34 67 809 48 57 
53 30 56 836 47 62 
54 26 44 864 46 67 

55 23 32 891 45 72 
56 19 20 919 44 77 
57 15 8·509 5709 946 43 81 
58 II 8·509 5697 r58974 42 86 
59 07 85 1 ·59001 41 91 

6o 8·508 6903 8·509 5673 1 ·59028 2·3539 6·5196 r688 

-------·-·- ·······-----



334 UNHED STATES COAST AND GEODETIC SURVEY. 

LATITUDE 570 

Lat. 
Jog A Jog n JogC JogD JogE 

diff. 1" = - o'o6 di ff. 1 11 = - 0'19 diff. •"= + 0"46 diff. 1 11 = - 0'02 diff. •"= +o·oS diff. 

logF 
10'= - 3'2 

0 I 

57 00 8·508 6903 8·509 5673 1 ·59028 2·3539 6·5196 
I 8·508 6899 61 056 38 6·5201 
2 95 50 083 37 06 
3 91 38 I II 36 10 
4 87 26 139 JS IS 

7'688 

os 83 14 166 34 20 
6 79 8·s09 56o3 194 33 2s 
7 7S 8·so9 SS91 221 32 30 
8 72 79 249 30 3S 
9 68 67 276 29 40 

10 8·so8 6864 8·so9 SSS6 1·s9304 2·3s2S 6·s244 
II 6o 44 331 27 49 
12 56 32 359 26 S4 
13 s2 20 387 2s 59 
14 4S 8·s69 5S09 414 24 64 

IS 44 8·509 5497 442 22 69 
16 40 8S 469 21 74 
17 36 73 497 20 79 
18 32 62 s2s 19 83 
19 28 so 5S2 18 SS 

20 S·508 6S25 8·so9 S43S 1 ·59s80 2·3s17 6·5293 
21 21 27 6oS 16 6·s29S 
22 17 15 63s 14 fi'S30J 
23 13 8·509 S403 663 13 oS 
24 09 8·509 5392 691 12 13 

7·6S2 

2s 05 So 71S Ii 1S 
26 S·sos 6801 6S 746 IO 22 
27 S·50S 6797 56 774 09 27 
2S 93 4S 801 07 32 
29 90 33 829 06 37 

30 8·sos 6786 8·s09 s321 I ·59S57 2·3505 6'S342 
31 82 S·509 S310 sss 04 47 
32 7S S·509 529S 912 03 s2 
33 74 86 940 02 S7 
34 70 75 96S 2·3soo 62 

3S 66 63 I 'S9996 2'3499 67 
36 62 SI I ·6oo23 9S 72 
37 5S 40 051 97 76 
38 54 2S 079 96 81 
39 51 16 107 9S 86 

40 S·50S 6747 S·so9 s20s 1·601.34 2·3493 6'SJ91 
41 43 8·509 5193 162 92 6·5396 
42 39 S1 190 91 6·s401 
43 3S 70 21S 90 06 
44 JI ss 246 89 II 

4S 27 46 274 87 16 
46 23 35 301 86 21 
47 20 23 329 85 26 
48 16 12 357 84 31 
49 12 8·so9 SIOO 3Ss 83 36 

so S·sos 6708 8·s09 soS8 1·6o413 2·34S1 6·s441 
51 04 77 441 So 46 
s2 8·so8 6700 6S 469 79 so 
53 8·50S 6696 S4 496 7S SS 
S4 92 42 S24 76 6o 

55 S9 30 ss2 7S 65 
S6 8S 19 580 74 70 
S7 SI 8·509 soo7 6oS 73. 7S 
5$ 77 8·509 4996 636 72 So 
59 73 84 664 70 8s 

6o I 8·508 6669 8·509 4972 1·6o692 2·3469 6·5490 
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Lat. 
log A log B logC log D log E log F 

cliff. 1" = - o'o6 diff. 1" = - 0"19 'diff. 1" = -+ 0'47 diff. x" :::::: - 0'02 diff. •" = + o'o8 dlff. io' = - 3·3 

0 I 

s8 00 S·508 6669 8·s09 4972 1·60692 2·3469 6'S490 r669 
I 6S 61 720 6S 6·S49S 
2 62 49 74S 67 6·ssoo 
3 ss 3S 776 66 os 
4 S4 26 So4 64 10 

os so 14 S32 63 IS 
6 46 S·s09 4903 S6o 62 20 
7 42 8·s09 4S91 8SS 61 2s 
s 3S So 916 S9 30 
9 3S 6S 944 5S JS 

10 8·so8 6631 8·509 4Ss7 1 ·60972 2·3457 6'SS40 
.11 27 4S 1·61000 s6 4S 
12 23 33 02S 54 50 
13 19 22 os6 S3 SS 
14 IS S·s09 4S10 084 s2 6o 

IS II s·so9 4799 112 51 6S 
16 oS S7 140 49 70 
17 04 76 168 4S 7S 
18 8·so8 6600 64 197 47 8o 
19 S·508 6s96 S3 225 46 ss 

20 s·so8 6592 S·so9 4741 1·612s3 2·3444 6·ss90 7'662 
21 SS 30 281 43 6·S59S 
22 ss 1S 309 42 6·s6oo 
23 81 S·so9 4707 337 41 os 
24 77 S·so9 469S 36s 39 10 

25 73 S4 393 38 IS 
26 69 72 422 37 20 
27 6S 61 450 3S 2s 
2S 62 49 478 34 30 
29 5S 3S so6 33 3S 

30 8·so8 6S54 8·so9 4626 1'61S34 2·343z 6·s640 
31 50 IS s63 30 4S 
32 46 8·s09 4603 591 29 so 
33 42 8·so9 4S92 ' 619 2S 5S 
34 39 80 647 26 60 

3S 3S 69 67s ~s 6S 
36 31 S7 704 24 70 
37 27 46 732 23 7S 
3S 23 3S 760 21 So 
39 20 23 7S9 20 S6 

40 8·so8 6s16 8·so9 4S12 1·61817 2·3419 6•5691 r6s6 
41 12 8·509 4SOO S4s 17 6·s696 
42 08 8·509 4489 873 16 6·5701 
43 04 77 902 15 o6 
44 ' S·508 6SOO 66 930 14 II 

45 S·50S 6497 S4 958 12 16 
46 93 43 1·619S7 II 21 

' 47 S9 32 1 ·62015 10 26 I 

48 ss 20 043 08 JI 
49 S1 8·509 4409 072 07 36 

so S·50S 647S S·509 4397 1·62100 2·34o6 6·5741 
SI 74 S6 129 04 46 
52 70 74 157 03 SI 
53 66 63 185 02 s6 
S4 62 52 214 2·3400 62 

SS S9 40 242 2·3399 67 
56 SS 29 271 9S 72 
S7 SI 17 299 96 77 
ss 47 S·so9 4306 32 7 9S S2 
S9 43 8·509 4295 356 9,4 S7 

60 2·3392 6·s792 
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Lat. 

0 I 

59 00 
I 
2 
3 
4 

05 
6 
7 
8 
9 

10 
ii 
12 
13 
14 
15 
16 
17 
18 
19 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

40 
41 
42 
43 
44 

45 
46 
47 
48 
49 
50 
51 
52 

I 53 
54 

55 
56 
57 
58 
59 

6o 

UNITED STA.TES COAST A.ND GEODETIC SURVEY. 

log A Iog·B 

diff. 1"=-o·o6 diff. 1 11 =-0·19 

--

8·508 6440 8·509 4283 
36 72 
32 61 
28 49 
24 38 
21 26 
17 15 
13 8·509 4204 
09 8·509 4192 
05 81 

8·508 6402 8·509 4170 
8·508 6398 58 

94 47 
90 36 
87 24 

83 13 
79 8·509 4102 
75 8·509 4090 
71 79 
68 68 

8·508 6364 8·509 4056 
60 45 
56 34 
53 22 
49 II 

45 8·509 4000 
41 8·509 3989 
38 77 
34 66 
30 55 

8·508 6326 S·5og 3943 
23 32 
19 21 
15 8·509 3910 
II 8·509 3898 
08 87 
04 76 

8·508 6300 65 
8·508 6296 53 

93 42 

8·508 6289 8·509 3831 
85 20 
81 8·509 3808 
78 8·509 3797 
74 86 

70 75 
66 63 
63 52 
59 41 
55 30 

8·508 6251 8·509 3719 
48 8·509 3708 
44 8·509 3696 
40 85 
36 74 
33 63 
29 52 
25 40 
22 29 
18 18 

8·508 6214 8·509 36o7 

LATITUDE 590 

I log D log E 
diff. I diff. 111 = -0°02 diff. 1"=+0·09 

I 

I 

I 

I 
I 

I 

·62384 
413 
441 
470 
498 
527 
555 
584 
612 
641 

·62669 
698 
727 
755 
784 
812 
841 
870 
898 
927 

·62955 
·62984 
·63013 

041 
070 

099 
127 
156 
185 

·214 

·63242 
271 
300 
329 
357 
386 
415 
444 
473 
501 

1 · 63530 
559 
588 
617 
646 

·I 

I 

674 
7°3 
732 
761 
790 

·63819 
848 
877 
906 
935 
964 

·63993 
64022 

051 
1 · 

o8o 

I• 

2·3392 6·5792 
91 6·5797 
90 6·5802 
88 07 
87 13 
86 18 
84 23 
83 28 
82 33 
8o 38 

2·3379 6·5843 
78 48 
76 54 
75 59 
74 64 
72 69 
71 74 
69 79 
68 84 
67 89 

2·3365 6·5895 
64 6·5900 
63 05 
61 10 
60 15 

58 20 
57 26 
56 31 
54 36 
53 41 

2·3351 6·5946 
50 51 
49 57 
47 62 
46 67 

44 72 
43 77 
42 82 
40 88 
39 93 

2·3337 6·5998 
36 6·6003 
35 08 
33 14 
32 19 
30 24 
29 29 
28 34 
26 40 
25 45 

2·3323 6·6050 
22 55 
20 61 
19 66 
17 71 
16 76 
15 81 
13 87 
12 92 
IO 6·6og7 

2·3309 6·6102 

-------· 

log F 
diff. 10'=-3·5 

r649 

r642 

7·635 

7·627 
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LATl'l' l ! DI~ (jQO 

-----· -----

Lat. 
log A IOI\' fl IGg C log I) logE log- F 

diff. 1"=-0'06 diff. 1
11
=-0'18 di IT. 1

11
:::;:: + 0"49 <liff. 1"=-0'03 diff. 1"= lo·09 di ff. 10'-= - _(7 

--·--·-· ------·- --- ------- --
0 

6o 00 8·508 6214 8·509 36o7 1·64109 2·3309 6'6!02 ru27 
l 10 8·509 3596 138 07 08 
2 07 85 167 06 13 
3 8·508 6203 73 196 04 18 
4 8·508 6199 62 225 03 23 

05 96 51 254 02 29 
6 92 40 283 2·3300 34 
7 88 29 312 2'3299 39 
8 84 18 341 97 44 
9 81 8·509 3507 370 96 50 

10 8·508 6177 8·509 3495 1·64400 2·3294 6·6155 
II 73 84 429 93 6o 
12 70 73 458 91 66 
13 66 62 487 90 71 

• 14 62 51 516 88 76 

15 58 40 545 87 81 
16 55 29 574 85 87 
17 51 18 604 84 92 
18 47 8·509 3407 633 82 6·6197 
19 44 8·509 3395 662 81 6·6203 

20 8·508 6140 8·509 3384 1 ·64691 2·3279 6·6208 7·620 
21 36 73 720 78 13 
22 33 62 750 76 18 
23 29 51 779 75 24 
24 25 40, 808 73 29 

25 21 29 838 72 34 
26 18 18 867 70 40 
27 14 8·509 3307 896 69 45 
28 10 8·509 3296 925 67 50 
29 07 85 955 66 56 

30 8·508 6103 8·509 3274 1·64984 2·3264 6·6261 
31 8·508 6099 63 1 ·65013 63 06 
32 96 52 043 61 72 
33 92 40 072 60 77 
34 88 29 IOI 58 82 

35 85 18 131 57 87 
36 81 8·509 3207 160 55 93 
37 77 8·509 3196 190 54 6·6298 
38 74 85 219 52 6•6304 
39 70 74 248 51 09 

40 8·508 6066 8·509 3163 l '65278 2'3249 6·6314 r613 
41 63 52 307 48 20 
42 59 41 337 46 25 
43 55 30 366 45 30 
44 52 19 396 43 36 

45 48 8·509 3108 425 41 41 
46 44 8·509 3097 455 40 46 
47 41 86 484 38 52 
48 37 75 514 37 57 
49 33 64 543 35 62 

50 8·508 6o30 8·509 3053 1·65573 2·3234 6·6368 
51 26 42 602 32 73 
52 22 31 6.P 31 79 
53 19 20 661 29 84 
54 15 8·509 3010 691 28 89 

55 II 8·509 2999 721 26 6•6395 
56 08 88 750 24 6•6400 
57 04 77 780 23 05 
58 8·508 6000 66 809 21 II 

59 8·508 5997 55 839 20 16 

60 8·508 5993 8·509 2944 1 ·65869 2·3218 6·6422 r605 
----··------·- ··-· ·----·-···-·-

S. Ex. 8, pt. 2--22 
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LA'l'ITUDE GlO 

[ _ ~:1 ·---1-d-iff_. :~;=~- o'o6 __ dl_ff_. :_~;_=_n __ o·_,s~~d-iff_._',''.7 =Cl-o·s_o __ 'ii_ff. ',''._~_='-~-o-·o_3 __ d_i_ff_. '._~'g_'=_E+_o·-09--d-iff_.1~! :· --~o_ [, 
i 

0 I I 
61 00 ! 

I 
2 

3 
4 

05 
6 
7 
8 
9 

IO 

II 
12 
13 
14 
15 
16 
17 
18 
19 

20 
21 
22 

23 
24 

25 
26 
27 
28 
29 

30 
31 
32 
33 
34 

35 
36 
37 . 
38 
39 

40 
41 
42 
43 
44 

45 
46 
47 
48 
49 

50 
51 
52 
53 
54 

55 
56 
57 
58 
59 

60 

8·508 5993 
89 
86 
82 
79 
75 
71 
68 
64 
60 

8·508 5957 
53 
49 
46 
42 

39 
35 
31 
28 
24 

8·508 5920 
17 
13 
IO 

06 

8·508 5902 
8·508 5899 

95 
92 
88 

8·508 5884 
81 
77 
74 
70 
66 
63 
59 
56 
52 

8·508 5848 
45 
41 
38 
34 
30 
27 
23 
2C 
16 

8·508 5813 
09 
05 

8·508 58o2 
8·508 5798 

95 
91 
88 
84 
80 

8·50,8 5777 

22 
II 

8·509 2900 
8·509 2889 

78 
67 
56 
46 

8·509 2835 
24 
13 

8·509 2802 
8·509 2791 

80 
69 
58 
48 
37 

8·509 2726 
I5 

8·509 2704 
8·509 2693 

83 
72 
61 
50 
39 
28 

8·509 2618 
8·509 26o7 
8·509 2596 

85 
74 
64 
53 
42 
31 
20 

8·509 25 JO 

8·509 2499 
88 
77 
67 

56 
45 
34 
24 
13 

8·509 2402 
8·509 2391 

81 
70 
59 
49 
38 
27 
16 

8·509 23o6 

8·509 2295 

1 ·65869 
898 
928 
958 

1 ·65987 
1 ·(,60I7 

047 
076 
106 
136 

I 0 66166 
195 
225 
255 
285 

315 
344 
374 . 
404 
434 

I 066464 
494 
524 
553 
583 
613 
643 
673 
703 
733 

1 ·66763 
793 
823 
853 
883 

913 
943 

I '6697 3 
1 ·67003 

033 

1 ·67063 
094 
124 
I54 
I84 
214 
244 
274 
3°5 
335 

1°67365 
395 
425 
456 
486 

5I6 
547 
577 
607 
637 

2·3218 
17 
15 
13 
12 
IO 

O<) 
07 
06 
04 

2·3202 
2·3201 
2·3199 

98 
96 

94 
93 
91 
90 
88 

2·3186 
85 
83 
81 
80 

78 
77 
75 
73 
72 

2·3170 
68 
67 
65 
64 
62 
60 
58 
57 
55 

2·3154 
52 
50 
49 
47 

45 
44 
42 
40 
39 

2·3137 
35 
34 
32 
30 
29 
27 
25 
23 
22 

2·3120 

6·6422 
27 
32 
38 
43 
48 
54 
59 
65 
70 

6·6476 
81 
87 
92 

6·6497 
6·6503 

08 
14 
19 
25 

6·6530 
36 
41 
46 
5.l 

57 
63 
68 
74 
79 

6·6585 
90 

6·6596 
6·6601 

07 
12 
18 
23 
29 
34 

6·6640 
'15 
51 
56 
62 

67 
73 
78 
84 
89 

6·6695 
6·6700 

o6 
12 
17 

23 
28 
34 
39 
45 

6·6750 

7'597 
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LA'l'l'lTDB (j20 

Lat. 
log- A log- B log- C log-]) lo~ E log- F l <liff. 1' = - o'o6 dlff. 1" = - 0°18 diff. 1

11
:::: +0'51 diff. 1" = - 0'03 diff. 1" = +0·09 ditf. ro' = - 4'2 

----···--·-- --------

0 

62 00 8·508 5777 8·509 2295 I ·67668 2·3120 6·6750 7"581 
I 73 84 698 18 56 
2 70 74 728 17 61 
3 66 63 759 15 67 
4 63 52 789 13 73 

05 59 42 820 12 78 
6 55 31 850 IO 84 
7 52 20 880 08 89 
8 48 8·509 2210 9"n 06 6·6795 
9 45 8·509 2199 941 05 6·6801 

IO 8·50B 5741 8·509 2188 I ·67972 2·3103 6·6806 
II 38 '18 1·68002 01 12 
12 34 67 033 2·3100 17 
13 JO 56 063 2·3098 23 
14 27 46 094 96 29 
15 24 35 124 94 34 
16 20 25 155 93 40 
17 16 14. 185 91 45 
18 13 8·509 2103 216 89 51 
19 09 8·509 2093 246 87 57 

20 8·508 5706 8·509 2082 1·68277 2·3086 6·6862 7"573 
21 8·508 5702 71 307 84 68 
22 8·508 5699 61 338 82 73 
23 95 50 369 80 79 
24 92 40 399 79 85 

25 88 29 430 77 90 
26 85 19 461 75 6·6896 
27 81 8·509 2008 491 74 6·6902 
28 78 8·509 1997 522 72 07 
29 74 87 553 70 13 

30 8·508 5671 8·509 1976 1 ·68583 2·3068 6•6919 
31 67 66 614 66 24 
32 64 55 645 65 30 
33 60 45 675 63 36 
34 56 34 706 61 41 

35 53 23 737 59 47 
36 49 13 768 58 53 
37 46 8·509 1902 799 . 56 58 
38 42 8·509 1892 829 54 64 
39 39 81 86o 52 70 

40 8·508 5635 8·509 1871 I 0 68891 2·3050 6·6975 7·564 
41 32 6o 922 49 81 
42 28 50 953 47 87 
43 25 39 1·68984 45 92 
44 21 29 1·69014 43 6·6998 

45 18 18 045 42 6·7004 
46 14 8·509 1808 076 40 09 
47 II 8·509 1797 107' 38 15 
48 07 87 138 36 21 
49 04 76 169 34 26 

50 8·508 56oo 8•509 1766 1·69200 2·3033 6·7032 
51 8·508 5597 55 231 31 38 
52 93 45 262 29 44 
53 90 34 293 27 49 
54 86 24 324 25 55 

55 83 14 355 23 61 
56 So 8·509 1703 386 22 67 
57 76 8·509 1693 417 20 72 
58 73 82 448 18 78 
59 69 72 479 16 84 

60 8·508 5566 8•509 1661 1·69510 2·3014 6·7o89 7"556 
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1,A'l'I'ruirn G3o 

·-----·-

I 
i 

log A lo~ B log(' log ]J l•r: E log- F 
Lat. I chff. 1" = - 0·06 ditf. 1

11 = -0·17 <liff. 1
11 

:::= ··:-- 0•5'2 Iliff. 1
11 = - 0'03 cliff. 1

11 = -!-0'10 diff. 10' = - •fS 

1------ ---·· -

I 0 I 

I 63 00 8·508 5566 8·509 1661 1 ·69510 2·3014 6·7089 7"556 
I 62 51 541 13 6·7095 
2 59 40 572 II 6·7rn1 

3 55 JO 603 09 07 
4 52 20 635 07 12 

05 48 8·509 1609 666 05 18 
6 45 8·509 1599 697 OJ 24 
7 41 88 728 02 30 
8 38 78 759 2·3000 35 
9 34 68 791 2·2998 41 

10 8·508 5531 8·509 1557 1 ·69822 2·2996 6·7147 . 
II 27 47 853 .94 53 
12 24· 36 884 92 59 
13 20 26 915 90 64 
14 17 16 947 89 70 

15 14 8·509 1505 1 ·69978 87 76 
16 10 8·509 1495 1 ·70009 85 82 
17 07 85 041 83 88 
18 03 74 072 81 93 
19 8·508 5500 64 103 79 6·7199 

20 8·508 5496 8·509 1454 1 ·70135 2·2977 6·7205 7·547 
21 93 43 166 75 II 

22 89 33 197 74 17 
23 86 23 229 72 22 
24 83 - - 26o 70 28 

25 79 8·509 14c 292 68 34 
26 76 8·509 13c 323 66 40 
27 72 i 355 64 46 
28 69 386 62 51 

29 65 I ·- 417 60 57 

30 8·508 5462 8·509 1350 170449 2·2958 6·7263 
31 58 40 480 57 69 
32 55 30 512 55 75 
33 52 19 544 53 81 
34 48 8·509 1309 575 51 86 

35 45 8·509 1299 607 49 92 
36 41 89 638 47 6·7298 
37 ~ 78 670 45 6·7304 
38 68 701 43 10 
39 31 58 733 41 16 

40 8·508 5428 8·509 1248 1 ·70765 2·2 939 6·7322 7·538 
41 24 37 796 37 28 
42 21 27 828 36 33 
43 17 17 8~ 34 39 
44 14 8·509 1207 891 32 45 

45 II 8·509 l 196 923 30 51 
46 07 86 955 28 57 
47 04 76 1 ·70986 26 63 
48 8·508 5400 66 1·71018 24 69 
49 8·508 5397 55 050 22 75 

50 8·508 5394 8·509 1145 1 ·7rn82 2·2920 6·7381 
51 90 35 114 18 86 
52 I 87 25 145 16 92 
53 I 83 15 177 14 6·7398 
54 8o 8·509 I 104 209 12 6·7404 

55 77 8·509 1094 241 10 IO 

56 73 84 273 08 16 
57 70 74. 3°5 06 22 
58 66 64 337 04 28 
59 63 54 368 02 34 

6o 8·508 536o 8·509 1043 1 ·71400 2·2901 6·7440 7·529 
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LATI'l'UDE ()40 

Lat. 
log :\ log B log C log J) log E log F 

<liff. 1
11 ;.~ - o·o6 diff. 1

11 = -u·17 cliff. 1" = + 0'54 d1fT. 111 := - 003 tliff. t" = +0·10 di ff. 10' = - ·4°7 

-------

64 00 8·508 5360 8·509 1043 I °71400 2·2901 6·7440 7'5 29 
I 56 33 ·432 2·2899 46 
2 53 23 464 97 52 

3 49 13 496 95 58 
4 46 8·5c9 1003 528 93 63 

05 43 8·509 0993 560 91 69 
6 39 82 592 89 75 
7 36 72 624 87 81 
8 33 62 656 85 87 
9 29 52 688 83 93 

JO 8·508 5326 8·50<) 0942 1·7:720 2·2881 6·7499 
II 22 32 752 79 6·7505 
12 19 22 785 77 II 

13 16 12 817 75 17 
14 12 8·509 0902 849 73 23 

15 .09 8·509 0891 881 71 29 
16 06 81 913 69 35 
17 8·508 5302 71 945 67 41 
18 8·508 5299 61 I ·71977 65 47 
19 96 51 I :72010 (>3 53 

20 8·508 529:? 8·509 0841 I ·72042 2·2861 6·7559 7"520 
21 89 JI 074 59 65 
22 85 21 106 57 71 
23 82 II 139 55 77 
24 79 8·509 0801 171 53 83 

25 75 8·509 0791 203 51 89 
26 72 81 235 49 6·7595 
27 69 71 268 47 6·7601 
28 65 61 300 45 07 
29 62 51 332 42 13 

30 8·5o8 5259 8·509 0741 I ·72365 2·2840 6·7619 
31 55 31 397 38 25 

32 52 21 430 36 31 
33 49 II 462 34 37 
34 45 8·509 0701 495 32 43 

35 42 8·509 0691 527 30 49 
36 39 81 559 28 56 
37 35 71 592 26 62 
38 32 61 624 24 68 

39 29 51 657 22 74 

40 8·508 5225 8·509 0641 I ·72689 2 ·2820 6·7680 7·511 
41 22 31 722 18 86 
42 19 21 755 16• 92 

43 15 II 787 14 6·7698 
44 12 8·509 0601 820 12 6·7;04 

45 09 8·509 0591 852 JO JO 

46 05 81 885 07 16 

47 8·508 5202 71 918 05 22 

48 8·508 5199 61 950 03 28 

49 95 51 I ·72983 2·2801 35 

50 8·508 5192 8·509 0541 1 ·73016 2·2799 ()·7741 
51 89 31 048 97 47 
52 86 21 081 95 53 
53 82 II 114 93 59 
54 79 8·509 0501 146 91 65 

55 76 8·509 0491 179 89 jl 

56 72 82 212 87 77 
57 69 72 245 84 84 
58 (>6 62 278 82 90 

59 62 52 JIO So 6·7796 

60 8·5085159 8·5<'<) O.J4~ I '73343 2·2778 6·7802 7·5c1 

----··---··-· . -------·--·· ·-· . --------- ·----·- ----·-· 
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LATITUDE 650 

I log A log ll log C log J) log E log F 

_ ~--l-'-liff_._i_"_=_-_o·-05--d-iff_._'_'' _=_-_a_· 16--c-liff_._'_" _= --~_:· ~-6 __ '_liff_. ___ '_'' =:-_-_0_·_0_4--d-iff_. _"_' =_ +_o·-10--d-iff_._'o_'_= __ -_s_·o_ 

o I 

2 
3 
4 

05 
6 
7 
8 
9 

IO 
JI 

12 
13 
14 

15 
16 
17 
18 
19 

20 
21 
22 
23 
24 

25 
26 
27 
28 
29 

30 
31 
32 
33 
34 

35 
36 
37 
38 
39 

40 
41 
42 
43 
44 

45 
46 
47 
48 
49 

50 
51 
52 
53 
54 

55 
56 
57 
58 
59 

6o 

8·5085159 
56 
52 
49 
46 

43 
39 
36 
33 
30 

8·508 5126 
23 
20 
17 
13 
JO 

07 
03 

8·508 5100 
8·508 5097 

8·508 5094 
90 
87 
84 
81 

77 
74 
71 
68 
64 

8·508 5061 
58 
54 
51 
48 

45 
41 
38 
35 
32 

8·508 5029 
25 
22 
19 
16 

13 
09 
06 
03 

8·5o8 5000 

8·508 4996 
93 
90 
87 
84 
80 
77 
74 
71 
68 

8·509 0442 
32 
22 
12 

8·509 0402 

8·509 0393 
83 
73 
63 
53 

8·509 0344 
34 
24 
14 

8·509 0304 

8·509 0295 
85 
75 
65 
55 

8·509 0245 
36 
26 
16 

8·509 0206 

8·509 0197 
87 
77 
67 
57 

8·509 0148 
38 
28 
18 

8·509 0109 

8·509 0099 
89 
So 
70 
60 

8·509 0051 
41 
31 
22 
12 

8·509 0002 
8·508 9993 

83 
73 
64 

8·508 9954 
44 
35 
25 
15 

8·508 9906 
8·508 9896 

87 
77 
67 

8·508 9858 

1·73343 
376 
409 
442 
475 
508 
541 
574 
607 
640 

1·73673 
706 
739 
772 
805 
838 
871 
904 
937 

1 ·73970 

1·74004 
037 
070 
103 
136 
170 
203 
236 
270 
303 

1 ·74336 
370 
403 
436 
470 

503 
537 
570 
604 
637 

1 ·74670 
704 
738 
771 
805 

838 
872 
906 
939 

1 ·74973 

175007 
040 
074 
108 
142 

175 
209 
243 
277 
311 

1 ·75344 

2·2778 
76 
74 
72 
70 
68 
65 
63 
61 
59 

2·2757 
55 
53 
50 
48 
46 
44 
42 
40 
38 

2·2735 
33 
31 
29 
27 
24 
22 
20 
18 
16 

2·2714 
II 
09 
07 
05 

03 
2·2700 
2·2698 

96 
94. 

2·2692 
89 
87 
85 
83 
80 
78 
76 
74 
72 

2·2669 
67 
65 
63 
60 

58 
56 
53 
51 
49 

2·2647 

6·7802 
08 
14 
20 
27 

33 
39 
.45 
51 
57 

6·7864 
70 
76 
82 
88 

6·7895 
6·7901 

07 
13 
19 

6·7926 
32 
38 
44 
51 

57 
63 
69 
76 
82 

6·7988 
6·7994 
6·8001 

07 
13 

19 
26 
32 
38 
44 

6·8051 
57 
63 
70 
76 
82 
89 

6·8095 
6·8rn1 

07 

6·8114 
20 
27 
33 
39 

46 
52 
58 
65 
71 

6·8177 

7'501 

·------'----------------· ··---------------------------------· 
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LATITl!DE (jQO 

I I i loir A 
log- B log C log D lor: E log F 

,at. I . .• 
diff. 1

11 = - 0"16 diff. •" = +0·57 diff. 1
11 = -0·04 diff. 1 11 = +0·11 diff. 10'=-5·3 

'-------'~~=--0·~5 

66 00 8·508 4964 8·508 9858 I ·75344 2·2647 6·S177 7'47I 
I 6I 48 378 44 84 
2 58 39 412 42 90 
3 55 29 446 40 6·8196 
4 52 20 480 38 6·8203 

05 48 IO 514 35 09 
6 45 8·508 980I 548 33 16 
7 42 8·508 979I 582 31 22 
8 39 82 616 28 28 
9 36 72 650 26 35 

ItJ 8·508 4933 8·508 9762 1 ·756811 2·2624 6·8241 
II 29 53 7I8 22 48 
12 26 43 752 19 54 
I3 23 34 786 17 61 
14 20 24 820 15 67 

15 17 14 854 12 73 
16 I3 8·508 9705 889 IO 80 
17 IO 8·508 9696 923 08 86 
18 07 86 957 05 93 
19 04 77 1 ·75991 03 6·8299 

20 8·508 4901 8·508 9667 1 ·76025 2·2601 6·8306 7'46I 
21 8·508 4898 58 060 2·2598 12 
22 95 48 094 96 I9 
23 91 39 128 94 25 
24 88 29 163 91 31 

25 85 20 197 89 38 
26 82 II 231 87 44 
27 79 8·508 96oI 266 84 51 
28 76 8·508 9592 300 82 57 
29 73 82 334 80 64 

30 8·508 4869 8·508 9573 I ·76369 2·2578 6·8370 
31 66 63 403 75 77 
32 63 54 438 73 83 
33 60 44 472 70 90 
34 57 35 507 68 6°8396 

35 54 25 541 66 6·8403 
36 50 16 576 63 09 
37 47 8·508 9507 610 6I 16 
38 44 8·508 9497 645 59 22 
39 41 88 679 56 29 

40 8·508 4838 8·508 9478 I ·76714 2'2554 6•8436 7'450 
4I 35 69 749 51 42 
42 32 6o 783 49 49 
43 29 51 818 47 55 
44 26 41 853 44 62 

45 22 32 887 42 68 
46 I9 23 922 39 75 
47 I6 13 957 37 81 
48 13 8·508 9404 1·76991 35 88 
49 IO 8·508 9395 I ·77026 32 6·8495 

50 8·508 48o7 8·508 9385 I ·77061 2·2530 6·8501 
51 04 76 096 27 08 
52 8·508 4801 66 131 25 I4 
53 8·508 4797 57 166 23 2I 
54 94 48 200 20 27 

55 91 38 235 I8 34 
56 88 29 270 IS 41 
57 85 20 305 I3 47 
58 82 IO 340 II 54 
59 79 8·508 930I 375 08 6o 

6o 8 508 4776 8·508 9292 I'i7410 2·2506 6·8567 7'440 

------ ---- -----·- ·-·----------· -·- ·-- ·-··-· -- .. 



344 UNI'l'ED STATES COAST AND GEODETIC SURVEY. 

LATITUDE 670 

Lat. 
log A log B log C logD logE. logF 

diff. t"= - 0·05 cliff. x"= - 0·15 diff. 1"=+0·59 di ff. 1 11 = - o'o+ diff. 1''=+0·11 diff. 10' = - 5•6 

--------- - ----· 
0 

67 00 8·508 4776 8·508 9292 1·77410 2·2506 6·8567 7·440 
I 73 83 445 03 74 
2 70 73 480 2·2501 80 
3 66 64 515 2·2498 87 
4 63 55 55° 96 6·8594 

05 6o 46 585 93 6·8600 
6 57 36 620 91 07 
7 54 27 656 89 14 
8 51 18 691 86 20 
9 48 8·508 9208 726 84 27 

10 8·508 4745 8·508 9199 1 ·77761 2·2481 6·8634 
II 42 90 796 79 40 
12 39 81 831 76 47 
13 36 72 867 74 54 
14 33 62 902 71 ' 6o 

15 30 53 937 69 67 
16 26 44 1·77973 66 74 
17 23 35 1·78008 64 80 
18 20 26 . 043 61 87 
19 17 16 c79 59 6·8694 

20 8·508 4714 8·508 9107 1 ·78114 2·2456 6·8700 7·429 
21 II 8·508 9098 149 54 07 
22 08 89 185 51 14 
23 05 Bo 220 49 20 
24 8·508 4702 71 256 46 27 

25 8·508 4699 62 291 44 34 
26 96 52 327 41 41 
27 93 43 362 39 47 
28 90 34 398 36 5+ 
29 '!l.7 25 433 34 61 

30 8·508 4684 8·508 9016 1'78469 2·2431 6·8768 
JI 81 8·508 9007 5°5 29 74 
32 78 8·508 8998 540 26 81 
33 75 88 576 24 88 
34 72 79 612 21 6·8795 

35 68 70 647 19 6·8802 
36 65 61 683 16 08 
37 62 52 719 14 15 
38 59 43 755 II 22 
39 56 34 790 09 29 

40 8·508 4653 8·508 8925 1 ·78826 2·2406 6·8835 7'418 
41 50 16 862 03 42 
42 47 8·508 8907 898 2·2401 49 
43 44 8·508 8898 934 2·23<)8 56 
44 41 89 1 ·78970 96 63 

45 38 80 1·79006 93 70 
46 35 71 042 91 76 
47 32 62 078 88 83 
48 29 53 114 86 90 
49 26 44 150 83 6·8897 

50 8·508 4623 8·508 8834 1·79186 2·238o 6·8904 
51 20 25 222 78 IO 

52 17 16 258 75 17 
53 14 8·508 8807 294 73 24 
54 II 8·508 8798 330 70 31 

55 08 89 366 67 38 
56 05 8o 402 65 45 
57 8·508 4602 71 438 62 52 
58 8·508 4599 62 474 60 59 
59 96 54 511 57 65 

6o 8·508 4593 8·508 8745 1 ·79547 2·2354 6·8972 7'406 
-------·-· 
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IJATITUDE GSO 

Lat. 
tog A log B log C log D log E log}<' 

chff. 1 11 = - o·os diff. 1'' = - 0·15 di ff. 1'' = -1- 0°6'.l diff. 1
11 = - 0·4 cliff. •" = + 0°1' difI. 10

1 F - 5·9 
····-----

0 

68 00 8·508 4593 8·508 8745 1 ·79547 2·2354 6·8972 7·406 
I 90 36 583 52 79 
2 87 27 620 49 86 

,3 84 18 656 47 6·8993 
4 81 09 692 44 6·9000 

05 78 8·508 8700 728 41 07 
6 76 8·508 8691 765 39 14 
7 73 82 801 36 21 
s 70 73 838 33 28 
9 67 64 874 31 35 

!O 8·508 4564 8·508 8656 1 ·79911 2·2328 6·9042 
II 61 47 947 26 48 
12 58 38 1 ·79984 23 55 
13 55 29 1 ·80020 20 62 
14 52 20 057 18 69 
15 49 11 093 15 76 
16 46 8·508 86o2 130 12 83 
17 43 8·508 8593 166 10 90 
18 40 84 203 07 6·9097 
19 37 75 240 04 6•9104 

20 8·508 4534 8·508 8566 1 ·80276 2·2302 6·9111 7·395 
21 31 58 313 2·2299 18 
22 28 49 350 96 25 
23 25 40 387 94 32 
24 22 31 423 91 39 
25 19 22 46o 88 46 
26 16 13 497 85 53 
27 13 8·508 8505 534 83 60 
28 10 8·508 8496 571 So 67 
29 07 87 608 77 74 

30 8·508 4504 8·508 8478 1 ·80645 2·2275 6·9181 
31 8·508 4501 69 682 72 88 
32 8·508 4499 60 719 69 6·9195 
33 96 52 756 67 6•9203 
34 93 43 793 64 10 

35 90 34 830 61 17 
36 87 25 867 58 24 
37 84 17 904 56 31 
38 81 8·508 8408 941 53 38 
39 78 8·508 8399 1 ·80978 50 45 

40 8·508 4475 8·508 8390 1 ·81015 2·2248 6·9252 ns3 
41 72 82 052 45 59 
42 70 73 089 42 66 
43 67 64 127 39 73 
44 64 56 164 36 So 

45 61 47 201 34 88 
46 58 38 239 31 6·9295 
47 55 30 276 28 6·9302 
48 52 21 313 26 09 
49 49 12 35° 23 16 

50 8·508 4446 8·508 8303 1·81388 2'2220 6·9323 
51 43 8·508 8295 425 17 JO 
52 40 86 463 14 37 
53 38 77 500 12 45 
54 35 68 538 09 52 

55 32 60 575 06 59 
56 29 51 613 03 66 
57 26 43 650 2'2201 73 
58 23 34 688 2·2198 80 
59 20 25 726 95 88 

60 8·508 4417 8·508 8217 1·81763 2·2192 6·9395 7·371 



346 UNlTED s~rATES COAST AND GEDDE'l'lC SUHVEY. 

I~ATI1'C"DE G9° 
-· ·-- ----------·------· 

Lat. 
lo~ A log B IogC log ]J :o.~ E log F 

diff. 1" = - 0·05 d1ff. 1
11

;:;:: -0'14 di ff. 1" = + 0'64 cliff. 1 11 ;::::: - 0·05 diff.1"=-!-0'12 cliff. 10' = - 6'2 

---- --- ------------ --------·---------·---- - ·--- ------------· -, 
0 

69 00 8·508 4417 8·508 8217 I 
0 81763 2·2192 6·939s 7"371 

14 08 801 89 6·9402 
2 12 8·508 8200 838 87 09 
3 09 8·508 8191 876 84 16 

4 06 82 914 81 24 

c;:, 03 74 952 78 31 
6 8·508 4400 6S 1·81989 75 38 
7 8·508 4397 57 1 ·82027 72 4S 
8 94 48 ous 70 52 
9 92 39 103 67 60 

10 8·508 4389 8·508 8131 I 0 82141 2·2164 6•9467 
II 86 22 179 61 74 
12 83 14 217 58 82 
13 80 8·508 8IOS 2S5 S5 89 
14 77 8·508 8096 293 S3 6·9496 

15 74 88 330 so 6·9503 
16 71 79 369 47 II 

17 69 71 407 44 18 
18 66 62 445 41 25 
19 63 S4 483 38 32 

20 8·so8 4360 8·508 8045 I ·82s21 2·2136 6·9s40 7"358 
21 S7 37 5S9 33 47 
22 SS 28 S97 30 S4 
23 52 20 636 27 62 
24 49 II 674 24 69 

25 46 8·508 8003 712 21 76 
26 43 8·508 7994 7SO 18 84 
27 40 86 789 15 91 
28 37 77 827 12 6·9598 
29 3S 69 865 IO 6·96o6 

30 8·so8 4332 8·508 7960 I ·82904 2·2107 6·9613 
31 29 s2 942 04 20 
32 26 43 1 ·82981 2·2101 28 

33 23 3S 1·83019 2·2098 35 
34 21 26 058 9S 42 

35 18 18 096 92 50 
36 15 09 13s 89 57 
37 12 8·508 7901 173 86 6S 
38 09 8·508 7893 212 83 72 
39 06 84 250 80 79 

40 8·so8 4304 8·508 7876 1 ·83289 2·2078 6·9687 7"346 
41 8·508 4301 67 3~8 7S 6·9694 
42 8·so8 4298 S9 366 72 6·9702 
43 9S 51 40s 69 09 
44 93 42 444 66 16 

45 90 34 483 63 24 
46 87 26 s21 60 31 
47 84 17 560 S7 39 
48 81 09 S99 S4 46 
49 79 8·508 7801 638 51 54 

50 8·so8 4276 8·508 7792 1 ·83677 2·2048 6°9761 
SI 73 84 716 45 69 
s2 70 75 755 42 76 
53 67 67 794 39 84 
54 6S S9 833 36 91 

5S 62 50 872 33 6·9799 
56 S9 42 911 30 6·9806 
57 56 34 950 27 14 
58 S4 2s 1·83989 24 21 

59 SI 17 I ·84028 21 29 

60 8·so8 4248 8·508 7709 1 ·84068 2·2018 6·9836 7·333 

-------



REPOHT FOR 18!14-PAH'r 11. 347 

J,A'I'I'J'l"DE 70° 
·--·-------· 

Lat. I 
lug,\ log H Ing C lo;:: [J lo:! E lo;:: F 

diff.1"=-0·04 cliff. 1 11 = -0·14 diff. 1
11 = + 0'67 diff. i" = -0·05 diff. 1 1

: := +o·i3 ddI. to' = - 6·1 

[---
0 I 

70 00 I S·508 424S 8·508 7709 1 ·S4068 2·201S 6·9836 7·333 

I 45 S·508 7701 107 15 44 
2 43 8·50S 7692 146 12 51 
3 I 40 84 lS5 09 59 
4 . I 37 76 225 06 66 

05 34 68 264 03 74 
6 32 59 303 2·2000 81 
7 29 51 343 2·1997 89 
8 26 43 382 94 6·9896 
9 23 35 421 91 6·9904 

IO 8·508 4221 8·508 7626 1·84461 2·1988 6·99I2 
II 18° 18 500 85 I9 
12 I5 IO 540 .82 27 
13 12 8·508 7602 579 79 34 
14 IO 8·508 7594 6I9 76 42 
l 5 • 07 86 658 73 50 
16 04 78 698 70 57 
17 8·508 4201 69 738 66 65 
18 8·508 4199 6I 778 63 73 
19 96 52 817 60 So 

20 8·508 4I93 8·508 7544 I ·84857 2·1957 6·9988 7·320 21 90 36 S97 54 6·9995 
22 88 28 937 51 7·0003 
23 85 20 I ·84976 48 11 

24 82 12 1 ·85016 45 18 

25 80 8·508 7504 056 42 26 
26 77 8·508.7495 096 39 34 
27 74 87 136 36 41 
28 71 79 176 33 49 
29 69 7I 216 29 57 

30 8·508 4166 8·508 7462 I ·85256 2·1926 7·0064 
31 63 54 296 23 72 
32 6o 46 336 20 So 
33 58 38 376 17 88 
34 . 55 30 4I6 14 7 ·0095 

35 52 22 456 11 7 ·0103 
36 50 14 497 08 II 
37 47 S·5o8 7406 537 04 19 
38 44 8·508 7398 577 2·1901 26 
39 42 90 618 2·1898 34 

40 8·508 4139 <)·508 7382 I ·85658 2·1895 7·0142 7·307 41 36 74 698 92 50 
42 34 66 739 89 57 
43 3I 5S 779 S5 65 
44 28 50 819 82 73 
45 26 42 860 79 Sr 
46 23 34 900 76 S8 
47 20 26 941 73 7·0196 
'48 18 18 I ·85981 70 7·0204 
49 15 IO 1 ·S6022 66 12 

50 S·598 4112 8·508 7302 1 ·86063 2·1863 7·0220 
51 IO 8·508 7294 103 60 27 
52 07 86 144 57 35 
53 04 77 185 54 43 
54 8·508 4101 69 225 50 51 

55 8·508 4099 61 266 47 59 
56 96 53 307 44 67 
57 93 45 348 41 75 
58 91 38 389 38 82 
59 88 30 430 34 90 

60 8·508 4086 8·508 7222 I ·86470 2·1831 7·0298 7·293 



348 U:NITED S'f.ATES COAST A.ND GEODETIC SUI{VEY. 

LATITUDE 710 

I Lat. ' 

log ;\ log B lo,, C iog !) log E log F 

dtff. 1
11 = -0'04 diff. 1

11 = -0'13 diff. 111 = f-0"70 d1ff. 1
11 = -0'05 dtfT. 111 = -t-0·13 d1ff. 10' = -7·2 

-----;---- , 
0 I 

71 00 8·508 4086 8·508 7222 1 ·86470 2·1831 7·0298 7'293 
83 14 511 28 ro306 

2 80 8·508 7206 552 25 14 
3 78 8·508 7198 593 21 22 
4 75 90 634 18 30 

05 72 82 675 15 38 
6 70 74 717 12 46 
7 67 66 758 08 54 
8 64 58 799 05 62 
9 62 50 840 2·1802 70 

10 8·508 4059 8·508 7142 1 ·d6881 2·1799 7;0378 
II 57 34 923 95 85 
12 54 . 27 1·86964 92 7·0393 
13 51 19 1·87005 89 ro401 
14 49 II 046 86 09 

15 46 8·508 7103 088 82 17 
16 43 8·508 7095 129 79 25 
17 41 87 171 76 33 
18 38 79 212 72 41 
19 36 72 254 69 49 

20 l:»508 4033 8·508 7064 I •87295 2·1766 7'0457 7'279 
21 30 56 337 62 65 
22 28 48 378 59 73 
23 25 40 420 56 82 
24 23 33 462 52 90 

25 20 25 503 49 7·0498 
26 17 17 545 46 7·0506 
27 15 09 587 42 '4 
28 12 8·508 7002 629 39 22 
29 IO 8·508 6994 671 36 30 

30 8·508 4007 8·508 6986 1"87712 2·1732 7·0538 
31 05 78 754 29 46 
32 8·508 4002 71 796 26 54 
33 8·508 3999 63 838 22 62 
34 97 55 880 19 70 

35 94 47 922 16 79 
36 92 40 I •87964 12 87 
37 89 32 1·88006 09 7'0595 
38 86 24 049 06 7·0603 
39 84 16 091 2·17o;i. I I 

40 8·508 3981 8·508 6908 1 ·88133 2·1699 7·0619 7·265 
41 79 8·508 6901 175 95 27 
42 76 8·508 6893 217 92 36 
43 74 85 260 89 44 
44 71 78 3c2 85 52 

45 68 70 344 82 60 
46 66 62 387 78 68 
47 63 SS 429 75 77 
48 61 47 472 72 85 
49 58 40 514 68 ro693 

50 8·508 3956 8·508 6832 l ·88557 ;i.·1665 7·0701 
51 53 24 599 61 09 
52 51 17 642 58 18 
53 48 09 685 54 26 
54 46 8·508 6802 727 51 34 

55 43 8·508 6794 770 48 42 
56 41 86 813 44 51 
57 38 79 855 41 59 
58 36 71 898 37 67 
59 33 64 941 34 75 

·60 8·508 39.10 8·508 6756 1·88984 2·1(,,0 7·0784 7·250 

. -------------· - --·- --
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APPENJ)IX No. 10-1894. 

' 
GEOGltAPHIC POSITIONS m' TRIGONOMETRIC POINTS IN THE STATE Qlt' MASSACHUSETTS, 

DETER~HNED BY THE U~ITED STATES COAST AND GEODETIC SURVEY BETWEEN 
THE YEAiiS 1134:1 AND 1894, AND INCLUDING THOSE DETERMINED BY 

THE SURVEY MADE BY BORDEN IN THE YEARS 1332 TO 1838. 

---------- --------·------------· -·- ... 
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APPENDIX No. 10-REPORT FOR 1894. 

GEOGHAPHIC POSITIONS OF TRIGONOl\IETRIO POINTS IN THE STATE OF 
l\IASSACIIUSETTS, DETElUIINED BY 'l'HE UNITED STATE8 COAST AND GEO· 
DE.TIO SURVEY BETWEEN. 'rIIE YEAHS 1843 AND 18U4, AND INCLUDING 
THOSE DETERMINED BY THE SUHVEY l\fADB BY BOHDEN IN THE YEAl{S 
1832 'l'O 1838. 

Second enlarged and revised edition, with three plates. ~ubmitte<l for publicntiou February 3, 1893. 

INTRODUOTION, AND EXPLANATION OF THE TADLE OF POSITIONS. 

The geographic positions in the State of Massachusetts herewith presented were determined 
by the United States Ooa;;t and Geodetic Survey between the years 1843 and 18!)4, and include 
the work of the Bor(len Survey of the years 183~ to 1838. A first, edition was published by the 
Survey as Appendix No. 8, Heport for 1885, wliich contained the results reached to the end of 
that year.• fo the present second edition, enlarged and revised, the latest observations made 
since 1885 and in connection with the l\fassachusetts State survey, are iucorpornted. Prior to, 
during, and after 18!)0 the State of .l\fassiwhnsetts was engaged upon a trigonometric survey of 
its towrrnhip boundaries which is based 011 the standard data of the Coast and Geodetic Survey. 
The Borden, the Coai;;t and Geodetic, and the l\'Iassachusetts State surveys, being based on the 
same standard geodetic data, form a systematic whole. After 1890 the cooperation of the Coast 
and Geodetic Survey with the l\fassaclimietts Statl~ snn·ey ceased. This addition to the field· 
work uece8sitated iu many cases a readjustment or an additional adjnst\neut of part of the 
secondary and tel'tiary triangulations, 1lue to remeasures of old angles or measures of new ones, 
in order to complete former weak figures. Iu most cases the reaction on the results of positions 
already published was small: and within the limits of accul'acy assigned to them in the preface 
to the first edition. 

All results depend on the standard geodetic data of tile Survey, and in particular on the data 
adopted for the Atlantic Coast; they are given below. . 

Unit of length.-The unit of length now adopted on the Survey is the international metre,t 
or, in this country, since January 2, 1890, its representative, the national prototype metre No. 27; 
fortunately, t.he length of the committee metre, standarded in France in 17!)() and brought to the 
United States in 180;3 by the first Superintendent of the Survey, and used here up to the time of 
the adoption of the national prototype metre, was found to be so nearly equal to tlw.Jength of 
tlie latter t that none but the most refined results of the Survey would need a small correction. 
The change produces no sensible effect upon the results here presented. 

•Excepting a piece of triangulation of 1885, rccoivml too lute for publication. 
t Bulletin No. 26. Fnndnmental standards of length nnd mai<s (April 5, 1893). 
t The difference is probably less than a micron, i.e., less than one·millionth pa.rt of the length. See Bulletin 

No. 17, October, 1889. 
351 



352 UNI'fED STA'l'ES COAST .AND GEODETIC SUHVEY. 

Geodetic surface of re.ferenee.~The geometric surface or splicroid of rotation most uearly 
conformiug to the earth's surface as a whole, and upon which the triangulations of the Survey have 
beeu developed since Fcbrnary, 1880, for the purpose of computing the latitudes and longitudes 
of the points of triangulation, is that deduced in 1866 by Capt. A. H. Clarke, R E., and from 
which the later result given in his" Geodesy" (1880) differs lmt.slightl~'· The Bessclian spheroid 
which had been used for some time on the Survey,i1rior to 1880 was found to be too small for our 
middle latitudes. The dimensions of the Clarke· splieroid of 18(i6 are as follows:· 

a= Equatorial semidiameter,• 6 378 206·-! 1nctrcs [ log a= 6·80J 698 57 
b = Polar semi-axis, 6 356 583·8 metr.es log b = 6·803 223 78 
a : b = 294·98 : 293·08 

The standard latitude is that of the primary triangulation along the Atlantic Coast, viz: 
Principio station, <p0 = 39° 35' 36·"692 (see Appendix ~o. 8, Heport for 1879). 

The standaril longitude is that resulting from the adjusted telegraphic longitude syst.em which 
connects directly with Greenwich as the initial or zero meridian. \Ve have for Principio station 
A.

0 
= 7c;o 00' 16·"407 west of Greenwicll (see Appendix No. 11, Heport for 1884). 

The standm·d azimuth is that of the primary triangulation, viz: Principio to Turkey station 
a 0 =10 3!' 36·"413 (see Appendix No. 8, Heport for 1879). 

The older publications by t.his Office of gl'ographic positions in Appendix No. 1'.!, Report,for 
1851, Appendix No. 15, H.eport for 1864, and Appendix No. 13, Heport for 1868, are therefore 
superseded as based upon a different spheroid as well as upon different standard data from those 
now in use. Nor 11ad the old re;;ults hcen snbjected to thorough adjustment. All of the results 
published in the report of 1885 are reproduced here, improved or corrected wlien necessary, and to 
tliose 1 504 new positions are added. t 

Respecting elevations of stations above the half tide or average sea level, the Survey is not 
at present in a condition to fumish them accurately. Copies of descriptions of stations, liow 
marked on the surface and below ground, can generally be given on application to the Survey 
Office. 

The additional 'vork of triangulation done in and since the year 1885 was for the most part 
confined to the eastern section of the State, but owing to its minuteness demanded a larger 
scale projection to clearly distinguish it than was require1l for the preceding edition. Two 
of the accompanying triangulation sketches t are on the scale of 1:150000. The first contains 
the region about Cape Cod, t.lie second that of Cape Anu, while the third sketch, on a scale of 
1 :300 000, is a copy from the former publication, and comprises the middle aud western part of 
the State. The positions and connecting lines of all adjusted stations are shown on these maps . 
.All less important points, or in regions where much crowded, are simply shown by dots. 

The results of the com1rntation of the primary triangulation are contained in Appendix No. 
21, Heport for 1865, from whfrh m'ticle the le11gths of the triangle side!:! upon which the survey in 
Massachusetts depends have been taken. 

In a general way and sufficient for illustration we may explain the process of computing and 
of producing systematic results as follows: The position of that particular trigonometrical station 
which is connected most strongly with the main triangulation is first fixed by adjustment, taking 
into consideration the lines directed to it from primary stations as well as lines diverging from it 
and intersecting the latter. Should there be more than one such point, say two or more, having 
equal strength of connectfon, they may be treated together in one least-square adjustment. In this 
manner point after point or a series of such is adjusted in position, !IO that the sum of the squares 
of the corrections to the observed horizontal directions sb'all be a minimum; the geometrical 
relations of the preceding points being always considered as fixed with respect to the variable 
element.!:1 of the new point or points next under treatment. The principal secondary stations having 
thus become known in position, the tertiary positions are determined in the Rame systematic, 
though somewhat less elaborate, manner as that followed for the secondaries, and generally without 
least square adjustment. 
-------------------------- -------,-------·---------

* We suppose here the metres to be prototype metres. 
t Eleven positions determined in 1894 were added while this report passed through the press. 
t The positions were plotted and counecting lines run in by Mr. J. B. Boutelle. 
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The final result of this systematic treatment may be summarized by stating that no discrepancy 
remains in the results themselves, and that the length and direction of any 1:1ide of a triangle may 
be computed from any starting side, and through any series of connecting triangles, and yet the 
same result!'! will be reached. 

The latitudes and longitudes of the trigonometric points were computed by the usual for
muhe, aided by the tables ordinarily employed in the Survey, for which see Appendix No. 7, Report 
for 1884, but preferably the preceding Appendix No. 9 of this report. For primary sides, not 
exceeding in length (s) 100 or 150 kilometres (about 62 or 93 statute miles), the formulm for 
difference of latitude (Liq;), difference of longitude (.di\), and difference of azimuth (Lia), are very 
accurate or sufficiently perfect for the purpose; these are:• 

- .d<p = s cos a. B + s2 sin2 a. C + (o<p)2 D - h s2 sin2 a. E 
AA. = s sin a sec <p1 

• A 
- Lia =LIA. sin 2( <p + q;') sec 2(.dcp) + (Lli\.)3.F where - ocp = s cos a B + s2 sin2 a C nearly 

and h = s cos a B 
hence the results for the new position 

<p' = <p + Llcp 
i\' = A+ l17t 
a' = a + Lia + 1800 

For sides not exceeding 25 or 30 kilometres (about 15 or 19 statute miles) the fourth term m the 
expression for Ll<p may be omitted, also the factor sec 2 (.d<p}, as well as the second term in the 
expression for Lia. For full explanation, forms, examples, and auxiliary tables the reader may 
-0onsult the latest appendix cited above. 

There also is shown the inverse problem, viz, given <p anrl A. and <p' and A.' (or <p, <p', and Lli\.) to 
finds and a and a'. This process may be used in cases where the required distance and azimuths 
are not directly contained in the table of results. 

For the direct solution put: 

whence 

1 

{ 

s. cos a= x = - JT ('-'II'+ C. y2 + D (.:::111')2 + E (.dll')Y2 +EC y4
) 

. ill cos IP' s sm a= y = __ A ____ _ 

tan a = '!/_ and s = x sec a = y cosec a x 

In secondary and tertiary work the terms in E may be omitted. 
For convenience of computing secondary and tertiary positions, the logarithms of factors A, 

B, C, D, E are here reproduced for the limiting fatitudes 40° 55' to 42° 55' so as to cover the 
parallels of Connecticut, Rhode Island, and Massachusetts, and two applications are added, one to 
exemplify the direct, the other the inverse, process. In the first case we start from a known point 
(II' l) and determine the position (IP' i/) of a second point, the distance (s) and direction (a) of 
which from the given point are known from triangulation; in the second case we have given the 
positions of two points (IP ). and IP' l') and require the distance (s) between them and their direc. 
tions (a a'). For further explanation Appendix No. 9, Heport for 1894, should be consulted. 

*With slightly chnnge<l notntion oonformnbly to more modern practice, a.s given in Appendix No. 9. 

S. Ex. 8, pt. 2--23 
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Table of log factors for the computation of geodetic positions, between latitudes 4()0 55' and 42° 55!~ 

<p 
log A 

diff. for 111 , - 0·07 

log B 
diff. for 1", - 0•21 

!of. C 
diff. or i", 

+0·4• 
logD log E 

-------
0 / 

40 55 8·509 0952 .8·510 7819 l ·34231 2·3880 6·1236 

56 947 806 256 

57 943 793 282 

58 I 939 781 307 

59 ' 934 7\j8 332 

41 00 8·509 0930 8·5107755 1 ·34358 2·3882 6·1253 

OJ 926 742 383 
' 

02 922 730 408 

03 I 918 717 434 

04 913 704 459 

41 05 8·509 0909 8·510 7691 J ·34484 2·3883 6·1271 

06 905 679 510 

07 900 666 535 
08 896 653 560 

; 

09 892 640 586 

41 10 8·509 0888 8·510 7628 J ·346ll 2·3885 I 
6·1289 

II 883 615 636 
12 879 602 662 

13 875 59° 687 

14 871 577 712 

41 
151 

8·509 0867 8·510 7564 1 ·34738 2·3887 6·1306 

16 862 551 763 

17 858 539 788 
18 854 526 814 

19 849 513 839 

41 20 g·509 0845 8·510 7500 1·34864 2·3889 6·1324 

21 841 488 890 
22 837 475 915 

23 832 462 940 
24 828 449 9€5 

41 25 8·509 0824 8·510 7436 I ·34991 2·3890 6·1342 

26 I 820 424 I ·35016 
I 

27 815 411 041 
28 811 398 066 

29 807 385 092 

41 30 8·509 0803 8·5107373 l ·35117 2·3892 6·1360 

31 798 36o 142 

32 794 347 168 

33 790 334 '93 
34 786 322 218 

41 35 8·509 0781 8·510 7309 l "35243 2·3893 6·1378 

36 777 296 269 

37 773 283 294 

38 769 270 319 

39 764 258 345 
-1 
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Table of log factors for the computation of yeocletic positio11H, etc.-Continued. 

··--· --·-- ---· 

II I <p log A log B I diJ
0fo~ 1" log D logE 

---11 
difI. for 1", --0·07 diff. for 1" 1 -0'21 

-t-<>'42 

-· 1- )---- : 
o I : I 

I 
41 :~ii 8·509 0760 8·5 IO 7245 i I ·35370 ! 2·3895 6·1395 

I 756 232 

.! 
395 I 

421 752 219 420 

43 747 207 

I 
446 

I 

441 743 194 471 

41 45 ,i 8·509 0739 8·510 7181 I ·35496 2·3897 6·1413 

46 :1 735 168 522 

4711 
730 155 547 

48 I 726 143 572 

4911 722 130 597 

41 50 I 8·509 0718 8·510 7117 1 ·35623 2·3898 6·1431 

51 713 104 648 

52 709 091 673 

53 705 079 698 

54 700 066 723 

41 
551, 

8·509 o696 8·510 7053 1 ·35749 2·3900 6·1449 

56 692 040 774 
57 : 688 027 799 

58 J 683 015 824 . 
59 I 679 8·510 7002 850 

42 00 i 8·509 o675 8·510 6989 I ·35875 2·3901 6·1467 
01 671 976 900 
02 666 964 925 
OJ 662 951 951 
04 658 938 1 ·35976 

42 05 8·509 0654. 8·510 6925 1 ·36001 2·3902 6·1485 
06 649 912 026 

07 645 900 052 
08 641 887 077 

09 636 874 102 

42 10 8·509 0632 8·510 6861 1 ·36127 2·3903 6·1503 
II 628 848 152 
12 624 836 178 

13 619 823 203 

14 615 810 228 

42 15 8·509 061I 8·510 6797 1 ·36253 2·3905 6·1521 
16 607 784 278 

17 602 772 304 
18 ' 598 759 329 
19 I 594 746 354 

42 20 8·509 0590 8·510 6733 1 ·36379 2·3906 6·1539 
21 585 720 404 
22 581 707 430 

23 . 577 695 455 

i 24 J 572 682 480 
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Table of log factors for the computation of geodetic positions, etc.-Continned. 

' ' 
<p log A logB 

diff. for 1" ,-0'07 diff. for 1'' ,-0'21 

loge 
log D log E diff. tor 1'', 

+0·42 

' 

0 , 
42 25 8·509 0568 8·510 6669 1 ·36505 2·3907 6'I557 

26 564 656 530 

27 560 643 556 

28 555 63I 58I 

29 551 6I8 606 

42 30 I 8·509 0547 8·510 66o5 

JI 543 592 

I ·3663I 2·3908 6'I575 

656 

32 538 579 682 

33 534 566 707 

34 530 554 732 

42 35 8·509 0525 8·5w 6541 1·36757 2·3909 6·I593 

36 521 528 782 

37 5I7 5I5 808 

38 5I3 502 833 

39 508 490 858 

42 40 8•509 0504 8·5Io 6477 1·36883 2·3910 6·16I2 

4I 500 464 908 

42 496 4SI 934 

4l 49I 438 959 

44 487 425 1·36984 

42 45 8·509 0483 8;5Io 6413 I'37009 2·39I2 6·I630 

46 478 400 034 

47 474 387 059 

48 470 374 085 

49 466 361 IIO 

42 50 8·509 046I 8·5Io 6348 1·37135 2·3913 6·I648 

SI I 457 336 160 

52 453 323 I85 

53 448 310 21'0 

54 444 297 235 

42 SS 8•509 0440 8·5Io 6284 I ·37261 2·39I4 6·1666 

-· -----··------
Log F = 7•86 within the limits of the table. 
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Specimen of position computation for secondary and tertiary triangulation.• Form for direct 
computation. 

I 
I 

I 
I 

cp 

6,rp + 

I 
a i School-house Hill to Box Hill. 

L · Talcott nnd Box Hill. 

a School-house Hill to Talcott. 

6.<r 

a 1 : Talcott_ to School-house Hill. 
I -------- ----· -------- . 

0 

230 00 

- 79 58 

150 01 

- 4 42•4 
1-180 ------. 

! 329 57 15·8 

-------------------
0 II 0 

41 39 31-321 School-house I-Jill. ;t 72 40 

9 10·316 .iJfelrt'S. lv"\. + 7 

II 

52·913 

04·273 

--------- 19 606·04 

I 
---------

rp' 41 48 41 ·637 Talcott. .v 72 47 57·186 

------ --- ---

I 
8·58481 0 I II s 4 •292 389 8 s• 

Yz(rp+ rp') =41 44 06 Cos a n9'937 674 2 Sin" er 9·3971 ( 0 rp)• 5·48 

B 8·510725 I c I ·3536 D 2·39 
II ---- ---- ----

1st tcrrn. -550-540 ,,2·740 789 l 9'3355 7-87 

2cl & 3d terms. + 0-224 +0·217 +0·007 
----

- 6,cp -550-316 

4·292 389 8 

Sin a 9·698 538 7 
A 8·509 072 31 6,A 2·627 65 

Sec <p1 0·127 644 7 Sin Y, ( <p + cp1 ) 9-823 27 
---- i------
2·627 645 5 

I 
2·450 92 

II 

I 
II 

6,.l +424·273 -6.a +z82·4 

N. B.-A is to be tnkcn out for <p1 • 

~For primary triallgulation forms sec preceding Appendix IS'o. 9, Heport for 1894. 
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Position computation. Form /fir inverse solution. 

a Stamford Harbor L. H. to Round Hill 2. 

L:,a 

Round Hill 2 to Stamford Harbor L. H. 

0 /I 

<p 41 00 49·212 Stamford Har. L. H. 

L:,<p + 5 23·810 Metres. 

A. 

L:,A. 

0 

132 

180 

312 

+ 

0 

73 

15 

5 

IO 

32 

7 

/I 

34 ·740 

51 ·490 

-------- 14 865·77 --------
<p' 41 06 13·022 Round Hill 2. ;v 73 40 26·230 

--- ·-------

s }I 3·999 877 8 

I I 
0 / // s• } 8·0830 ( oq> )" 5·02 

Yz (<p+ r) =4' 03 31 Cos a ;n Sin• a 
Tl 8·510 774 4 c I ·3438 D 2·39 

i // ------ ----- ----
1st term. i - 324·080 ,,2·510 652 2 9·4268 7·41 

2d & 3d terms. I + 0·270 + 0·267 + 0·003 

-f'yp I-= 323·810 
! 

-----

s. sin a I 
4·041 478 0 

Si: a} 4·041 478·0 s. cos a ti3 ·999 877 8 
-

A/ 8·509 090 4 6A 2·673 47 
tan a 110·041 600 2 

Sec rp/ 0'122 904 I Sin Yz ( <p + <p') 9·817 45 
a 132° 15' 3611 ·2 

-------------- Sin a 9·869 290 5 2·673 472 5 2·490 92 
// // s 4·172 187 5 

/;),). + 471·490 -/;),a + 309·7 

N. B.-A is to be taken out for rp/. 
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We have also the length of the angular measures of one minute in the meridian and in the par
.allel '{, given by the formulro 

m m • m 
1' of the meridian= 1852·2015-9·4342 cos 2 'f' + 0·020 cos 4 <p-

m m m 
1' of the parallel = 1856·9183 cos 'f' - l ·5757 cos 3 'f' + 0·002 cos 5 <p- • 

whence the following tabular values expressed in metres: 

Arc of i' 

Latitude. --
In meridian. In par'allel. 

--·-

0 I 1ll IJt 

40 00 1850·54 1423 ·27 

20 0·65 16·33 

40 0·76 09·34 

41 00 0·87 1402·29 

20 0·98 1395·20 

40 1·09 88·07 

42 00 1 ·19 80·89 

20 1·30 73·66 

40 I ·41 66·38 

I 43 00 1S51 ·52 1359·05 

'l'he effect of the earth's curvature may be estimated from the fact that the area of a triangle 
fo latitude 40° having oue second ( 1") of spherical excess, is 7<>-060 square statute miles; in latitude 
41°, 76·<l78 square statute miles, and in latitude 420, 'i6·096 square statute miles. 'l'he shape of 
the triangle is of no consequence. 'l'o convert square statute miles into square kilometres we 
have the relations, 1 sq. st. mile= 2·5S9 998 sq. km., and 1 sq. km.= 0·386 101 sq. st. miles. 

'l'he spherical excess " of a triangle whose sides are A and B and included angle c is given by 
the formula 

AB siu c . 
0 = 2 2 (l 2 2 9 )2 1", expressed m seconds. a - e cos .. 'f' arc 

Putting m -
1 

- -- we have "= m AB sin o - 2n2 (1 - 2e2 cos 2 <p)2 arc1" 

<p I logm. 
--------

0 

40 0 I ·40452 

40 30 446 

41 0 441 

41 30 436 

42 0 431 

42 30 426 

43 0 421 
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To facilitate reference to the table an alphabetical index to stations is supplied and these 
have been subdivided geographically us follows: 

hons. 
' 

No. of Sta· I 
tions. No., of St~- '1/ 

-----·-------------------1---·--------------------
I. Primaries 

2. Subordinate primaries and secondaries 

3. Nantucket and vicinity 

4. Marthas Vineyard and Vineyard Sound 

5. Buzzards Bay 

6. Massachusetts and Rhode Island boundary 

13 11 

20 ii 
56 1J 

108 

203 :j 
92 11 

12. Cape Ann and vicinity 

13. Coast north of Cape Ann 

14. Massachusetts and New Hampshire bound
ary 

15. 'Vorcester and Middlesex counties 

16. Connecticut River Valley 

17. Massachusetts, New York, and Connecti-

114 

10 

166 

7. Taunton River 211 cut boundary 15 
8. Cape Cod Bay and Peninsula Connections with surrounding States 65 
9. Cape Cod Bay to Boston Bay 

IO. Boston Bay 

11. Salem and vicinity 

Observers an<l yea1·s of observation. 

Observer. Year. 
,,-

Obser\'er. 

A. D. Bache 1844-45-46-47, 1862. B. A. Gould 

F. Blake, jr. 1877-78. I. W. Grcgorie 

E. Blunt 1843, 1845,1861-62-63. A. M. Harrison 

C. P. Bolles 1848-49. C. Hosmer 

S. Borden 1832-33-34-35-36-37-38. W. E. McClintock 

C. 0. Boutelle 

C. H. Boyd 

G. Bradford 

E. L. Brown 

C. L. Carpenter 

T. J. Cram 

R. D. Cutts 

G. Davidson 

F. ]. Davis 

G. W. Dean 

C. M. Eakin 

G. A. Fairfield 

G. W. Fernald 

H. E. Gage 

H. R. Garland 

E. Goodfellow 

1845-46-47-48-49-50-51, S. C. McCorkle 
186o-61, 1867. H. L. :\Iarindin 

1861, 1868. R. A. Marr 
1884, 1886-87. F. ]. Norris 
1889. E. E. Peirce 
1886. F. W. Perkins 
1847-48-49. S. Petersen 
1874, 1876-77- E.T. Quimby 
1846-47. ]. B. Rogers 
1886. C. H. Sinclair 
1848. W. H. Stearns 
1844-45-46. J. A. Sullivan 
1849-50, 1877. 0. H. Tittmann 
1886. J.B. Tolley 
1886. C. H. Van Orden 
1887. J.B. Weir 
1870. 

Number of stations occupied 
Number of triangles formed 

1 467 
1 2:n 

Year. 

1864-65. 

1850. 

1876. 

1860. 

1887-88. 

1870, 1878. 

1880. 

1887. 

1894. 

1888-89-90. 

1885. 

1887. 

1886. 

1886. 

1876. 

1874. 

1875. 

1894. 

1885, 1888-89-90. 

1885, 1887-88-89-90-91. 

1886. 

of which 447 belong to the Borden survey. Of the occupied stations 103 are Borden stations, and 
43 are common to both surveys. A number of computers was engaged upon this work, but the 
principal share of the work fell to Mr. E. H. Courtenay of the Computing Division, to whose zeal, 
industry, and scrupulous care much of the accuracy of the results 1s clue. The results now com
municated were deduced in 1884, 1885, 1886, 1889, 1890, 18!.H, 1892, and 18!)4, 
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Respecting the accuracy of a triangulation the mean error m of an adjusted or resulting angle 
has been advantageously employerl as a <Juantity of comparison for different triangulations by 
which to judge of their relative value (see, e.g., Coast and Geodetic Survey Heport for 1884, p. 389). 
The value m may be deduced in various more or less accurate ways, according to circumstances;. 
in adjusted triangulations it may be readily deduced from 

J2 
1n = 1 ·25 . ;E [ c 

n.s 

where 2'[ c is the sum of corrections, irrcspcctfrc of signs, to observed directions, n the number of 
conditional equations invofved, ands the number of directions in the adjusted figure. In unadjusted 
work, it uiay be found from 

or. without squaring, from 

/2;' & 
m=y3f 

[e 
111=1·25 ti/3 

where c =triangle closing error ·(or difference from 7£ + c-), to be taken with positive sign in 
last formula, and t = number of triangles. 'vVe thus find for the adjusted triangulation of· 
the Coast and Geodetic Survey, but e.x·clusivc of the primary triangulation, for Massachusetts, 
the value of m = ::!: 3"·7, a11d for its unadjusted work m = ± 3"·!l; similarly for the Borden 
survey we find the average values m = ::!: u"·O and m = ::!: G"·4 for adjusted and unadjusted work, 
respectively. 

The accuracy of the triangulation may otherwise be roughly expressed in terms of the distance, 
and thus estimated the average error of secondary work may range l>etween .ni.looo and 26.locrn of" 
the length, while that of tertiary w01•k may l>e estimated as low as Tei.l0-00 or less near its inferior 
limit. 

'rhere remain l>ut a few words to l>e added explanatory of the faule of results. Column 1 
contains the names of the stations~ column 2 the latitude, column 4 the longitude, columns 3 and 
5 contain the equivalents in metres of the seco11ds (in arc) of latitude and longitude respecth·ely, 
solely for the use of the draftsman in projections; column G gives the azimuth of the first to tlte 
second named station, counted from south round by west from 0° to 360°; it is followed by 
the reverse azimuth in the next column. The distances are all referred to the surface of the 
spheroid at the average sea level. Those who may prefer the Euglish foot as the unit of leugth 
can readily make the conversion from one unit into the other by rneans of the following tables: 

Im.= 3·280 83 ft. I ft.=0·304 801 m, 

2 6·561 67 2 0·6o9 601 

3 9·842 50 3 0·914 402 

4 13·123 33 4 1 ·219 202 

s 16·404 17 s 1·524 003 

6 19·685 00 6 1 ·828 804 

7 22·965 83 7 2·133 604 

8 26·246 67 8 2·438 405 

9 29·527 50 9 2·743 ws 
IO 32·808 33 IO 3·048 006 
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and for the conversion of kilometres into statute miles, and vice ver.~a: 

I km. =0·62I 370 st. m. I st. m. = I ·609 347 km. 

2 I'242740 2 3·2I8 694 

3 I 0864 110 3 4·828 042 

4 2·485 480 4 6·437 388 

5 3·106 850 5 8·046 736 

6 3·728 2I9 6 9·656 083 

7 4·349 589 7 11·265 430 

8 4·970 959 8 I2'874 778 

9 5·592 329 9 14·484 I25 

IO 6·2I3 699 IO I6·og3 472 

C. A. SOHOT'l', AssiNfant. 

OOMPUTING DIVISION, Co.A.ST .A.ND GEODETIC SURVEY OFFICE, February 3, 1895. 

N. B.-The following errata refer to Appendix No. 8, Report for 1885, containing the geodetic positions in Massachusetts 
and Rhode Island : 

p. 288, line 17, for 125 read 1·25. 
p. 294, line 13, for 370 read 372. 
p. 308, line 8 from bottom, for 57·08 read 57·111, for 1761·3 read 1762·4, for 18·76 read I8·756, and for 425·9 read 425·8. 
p. 310, line 4, for 231·8 read 27·7. 
p. 325, line 2I, for I92° read 292°. 
p. 327, line 23 from bottom, for 281° read 285°. 
p. 329, line I7, for 7706·5 read 7724·3. 
p. 337, line 8 from bottom, for I73° read I75°. 
p. 340, line 10, for 20° read 70°. 
p. 340, line I 5, for 2 1 ° read 71°. 
p. 34 I, line 8, for 307° read 207°. 
p. 34 I, line 8 from bottom, for 132° read 134°. 
p. 343, line 13, for 235° read 325°. 
p. 344, line 11, for 71° 07 1 read 71° 02·. 
p. 344, bottom line, for 2611·68 read 2811 ·68. 
p. 345, line 6 from bottom, for 314° read 313°. 
p. 358, line 8 from bottom, for 83.ro read 883·0. 
p. 359, line 16 from bottom, for 109° read Io5°. 
p. 362, line 8 from bottom, for 48· 13 read 58·13. 
p. 366, line 3 from bottom, for 1243·2 read 1551 ·7. 
p. 377, line 5, for 13911·3 read 13011·2. 
p. 38I, line 5, for rn4° read IOI 0

• 

p. 381, line 8 from bottom, for 351·5 read 53I·6. 
p. 413, line I2, for 127° read I26°. 
p. 424, line 4, for 4I411 ·328 read 41 11·328. 
p. 424, line 5 wrong; for correct position see bottom of p. 430. 
p. 424, line 13, for 1709·5 read 16og·5. 
p. 425, line 18, for 3404·1 read 3104·1. 
p. 425, line 21, for 45 1 3011 read 4° 45 1 3011

• 

p. 430, bottom line, for 1861 read 1861-69. 
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Index of geog1·aphic positions, State of Massachusetts. 

Name of station. 

Abbott Rock, stone beacon. 

Abington, corner 2. 

Abington, corner 3. 

Abington, corner 4 (1835). 

Abington, corner 4 ( 1862 ), 

Abington, corner 6. 

Abington, Swcdenborgian church, 

Academy. 

Accord Pond. 

Accord Pond, base end, 

Accord Pond 2. 

Accord Pond 3. 

Accord Pond 4. 

Acushnet, Congregational church. 

Acushnet, Methodist church. 

Adams. 

Adams school, flagstaff. 

Agam enticus (~ie.). 

Agassiz Museum. 

Alander Mountain. 

Alden. 

Alex. 

Alfred. 

Almy. 

Alumpond. 

Ambrose. 

Ames. 

Amesbury-Merrimac, corner 1. 

Amesbury.:\ierrimac, corner 2. 

Amesbury MiJls, tall white spire. 

Amesbury powder house. 

Amesbury-Salisbury, corner I. 

Amesbury-Salisbury, corner 2. 

Amherst Agricultural College, belfry. 

Amherst Agricultural College, drill hall tower. 

Amherst Agricultural College, flagstaff. 

Amherst City, Methodist church tower. 

Amherst College, chapel. 

Amherst College, hall. 

Amherst, Congregational church. 

Amherst, Episcopal church. 

Amherst, Lawrence Observatory. 

Amherst, Walker Hall tower. 

Amherst, Williston HaJI tower. 

Andrews Hill. 

Andrews Point. 

Angelica Point. 

Annisquam Harbor, light-house. 

Page. 

566 

504 
512 

524 

524 

524 

504 
424 

498 

498 

498 

498 

. 498 

420 

420 

578 

540 
394 
542 
612 

484 
440 

408 

4121

1 

430 ' 
578 1: 

I 
458 

59° 

590 

574 

574 
578 
578 
610 

610 

610 

610 

600 

6o8 

610 

610 

610 

610 

6o8 

582 

568 

412 

568 

Name of station. 

Annisquam, pole on rock. 

Apple Island, flag. 

Arnold Brook. 

Ashland street. 

Ashley's (E. R.) barn. 

Ashunet. 

Assonet. 

Assonet, academy: 

Assonet, Baptist church. 

Assonet, flat top church. 

Atkinson (N. H. ). 

Atkins, peg. 

Atlantic House, chimney . 

Attleboro, Catholic church. 

Attleboro, corner 1. 

Attleboro, corner 6, 1889. 

Attleboro, corner 6, 1890. 

Attleboro, grammar school. 

Attleboro, Methodist church. 

Atwood. 

AYon, Baptist church. 

Avon-Brockton, road stone. 

Avon-Stoughton, corner 2. 

Ayer Hill. 

Ayer Village. 

Ayer Village; church. 

Back River Harbor. 

Bagley, monument. 

Bailey's wharf. 

Baker Hill. 

Baker Island light-house. 

Baker Pond. 

liald Hill. 

Bald Hill (Tolland County, Connecticut). 

Bald Pate. 

Bald Pate 2. 

Bald Peak. 

Baldwin. 

BaJlard. 

BaJI Peak or Mount Riga (Connecticut). 

Banana. 

Bank, 

Baptistville, First Baptist church. 

Bare Field. 

Bare Top. 

Barker. 

Barker's house. 

Barker's (G. 1-L) house. 

363 

Page. 

568 

534 
492 

55 2 

422 

426 

438 
442 

450 

442 
588 

474 
550 

43° 
432 

432 

434 

428 

430 

454 

494 

524 

524 II 

586 
588 -

592 I 
416 I 

I 
5741 
576 
550 
564 

472 

430 

394 

572 
572 
396 

504 

528 
614 

514 

424 
6o4 

446 
438 

492 
560 
410 
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Index of geop1·apltic positions, State of Massach11setts-Continucd. 

-----------------·- --·· -·-· . i -------- ·--·-------------. 
Name of station. 

Ilarn, clock. 

Darn, cupola (Cape Cod Bay). 

Barn, cupola (Massachusetts and Rhode Island 

boundary). 

Barn, cupola (Boston Bay). 

Barnstable. 

Barnstable, corner I. 

Barn;table, corner 2. 

Barnstable, corner 3. 

Barnstable, corner 4. 

Barnstable, corner 5. 

Barnstable, corner 6. 

Barnstable, corner 7. 

Barnstable, corner 8. 

Barnstable, corner 9. 

Barnstable, corner 10. 
Barnstable, corner 8, peg. 

Barn$tablc, court-house. 

Barnstable, light-house. 

Barm;table, \Vest church. 

Barnst::!ble, Unitarian church. 

Barrel Beacon. 

Bartlett. 

Bartlett chapel. 

Basin. 

Bassett's chimney. 

Bass Hole. 

Bass River. 

Bass River light-house. 

Battery wharf. 

Batt Hill. 

Battlccock. 

Baxter's wharf. 

Bay peg. 

Bay State Iron \Vorks. 

Bay State Steam Engine Works. 

Beach (Cape Cod Bay and Peninsula). 

Beach (coast north of Cape Ann). 

Beacon. 

Beacon Hill I. 

Beacon Hill 2. 

Beacon Hill, magnetic station. 

Beaconpole, 1834 (R.I.). 

Beaconpole, 1844-1889 (R. I.). 

Bear Hill (coast north of Cape Ann). 

Bear Hill (Rhode Island). 

Bear Hill (Massachusetts and New Hampshire 

boundary). 

Page. 

462 :I 
I. 

432 ;1 

55 2 'i 
462 i~ 
482 I 
478 

478 

482 

482, 

480 

482 

478 

478 Ji 

476 

478 jl 
468 I' 

::: [I 
I 462 1. 

546 :1 

574 !. 
592 I 

464 

474 

462 

462 

464 

534 

574 
610 

476 

468 

Name of station. 

Bear Hill, dead tree. 

Bear Hill, wood. 

Bear :llount. 

Beaumont, water tank. 

Beaver Brook. 

Deaver Brook, base peg. 

Beaver Brook, peg. 

Becket. 

Belchertown, Baptist church tower. 

Belchertown, First Congregational church tower. 

Belchertown, High School tower. 

Belchertown, Methodist church tower. 

Bell~ Isle. 

Belmont, corner 2. 

Belmont, corner 3. 

Belmont, corner 4. 

Belmont, corner 6. 

Berkley-Freetown, roacl stone. 

Berkley, white church. 

Berlin l\lountain (New York). 

Reveled barn. 

Beverly Point, flag in tree. 

Beverly, powder house. 

Beverly Rocks. 

Beverly, tall spire with turrets. 

Big pine. 

Billingsgate Light-House, 1835-1847. 

Billingsgate Light-House, 1868-1887. 

Birch (Cape Cod Bay and Peninsula). 

Birch (Taunton River). 

Birch, cast base. 

Birch, stake. 

Birch, west base. 

Bird Island. 

540 :! Bird Island beacon. 

540 [i Bird Island light-house. 

468 i Bishop and Clerks. 
1, 

• 572 ;[ Bishop and Clerks light-house. 

442 ii Black. 

570 Black Ball Hill. 

570 ! Black base I. 

570 Black base 2. 

428 Blackbeard. 

394 Blackfish Creek. 

582 Black Rock. 

428 Blanchard. 

Hlanchard 2. 

586 Blind Asylum. 

Page. 

592 

592 
6oo 

426 

560 

56o 
560 

612 

606 

6o6 
606 

606 

534 
560 

56o 
562 
560 

45° 
448 

612 I 

438 

564 
564 

564 

564 

494 

460 

454 
478 

440 

492 
492 

492 

534 
534 
414 

466 

466 

472 

476 

472 

472 

430 
458 
550 
496 

496 
524 ., 
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Index of geographic positions, State of Maswacliusetts-Continued. 

Name of station. Page. Name of station. Page. 

Blue Hill, 1834-35. 526 Boundary stone, Fairhaven 2. 420 

Blue Ilill, 1845-1885. 394 Boundary stone, Fairhaven 3. 422 
Blue Rock. 500 Boundary stone, Fall River 1. 446 
Bluff (Nantucket and vicinity). 400 Boundary stone, Freetown I. 422 
Bluff (Taunton River). 436 Boundary stone, Freetown 2. 422 
Bluff Head, flag. 534 Boundary stone, Freetown 3. 448 
Board. 496 Boundary stone, Marion 1. 424 
Board, base encl. 496 Boundary stone, Marion 2. 422 
Board 2. 496 Boundary stone, Marion 3. 422 

Boat Meadow. 470 Boundary stone, Marion 4. 422 

Bolles. 564 Boundary stone, 'Marion 5. 422 

Bonney. 488 Boundary stone, Marion 6. 422 

Boot Pond. 488 Boundary stone, Marion 7. 422 

i Borden. 416 Boundary stone, Marion 8. 424 
Border street. 556 Boundary stone, Marion 9. 424 
Boston Bay. 524-562 Boundary stone, Mattapoisett J, 418 
Boston, Berkley street, yellow church. 542 Boundary stone, Mattapoisett 2. 418 
Boston, Catholic cathedral, 542 Boundary stone, Mattapoisett 2t. 418 
Boston, corner 1. 558 Boundary stone, Mattapoisett 3. 418 
Boston, Fanueil Hall. 534 Boundary stone, Mattapoisett 4. 420 

I Boston, Hanover street brick church. 542 Boundary stone, Mattapoisett 5. 420 
I Boston, Hollis street church. 542 Boundary stone, Mattapoisett 6. 420 

Boston jail. 542 Boundary stone, New Bedford 1. 418 
Boston Neck, dark church. 542· Boundary stone, New Bedford 2. 420 
Roston light-house. 542 Boundary stone, New Bedford 3. 420 
Boston, St. Mary's church. 542 Boundary stone, New Bedford+ 420 
Boston, State House. 524 Boundary stone, Rochester 2. 422 
Boston, State prison. 542 Boundary stone, Rochester 3. 422 
Boulder, west of Salem turnpike. 566 Boundary stone, Rochester 3t· 422 
Boundary rock. 6oo Boundary stone, Rochester 3J. 422 
Boundary sane, Acushnet 2. 420 Boundary stone, Rochester 4. 422 

' Boundary stone, Acushnet 3. 420 Boundary stone, Somerset 1. 446 

Boundary stone, Acushnet Ji· 420 Boundary stone, Somerset 2. 446 
Boundary stone, Acushnet 3;. 420 Boundary stone, Somerset 3. 448 
Boundary stone, Acushnet 31· 422 Boundary stone, Somerset 4. . 448 
Boundary stone, Acushnet 4. 420 Boundary stone, Wareham 1. 426 
Boundary stone, Acushnet 5. 420 Boundary stone, \Vareham 2. 426 
Boundary stone, Acushnet 6. 420 Boundary stone, Wareham 3. 426 
Boundary stone, Acushnet 7. 420 Boundary stone, Wareham 4. 426 
Boundary stone, Acushnet 8. 420 Boundary stone, \Vareham 4t• 424 
Boundary stone, Acushnet 9. 420 Boundary stone, \Vareham 5. 424 
Boundary stone, Acushnet 9+· 422 Boundary stone, Wareham St· 424 
Boundary stone, Acushnet 91. 422 Boundary stone, \Vareham 6. 424 
Boundary stone, Acushnet 10. 422 Bound Brook Island. 468 
Boundary stone, Carver 3. 426 Bourne, corner 1. 426 
Boundary stone, Dartmouth J. 446 Bourne, corner 2. 426 
Boundary stone, Dartmouth 2. 446 Bourne, corner 3. 426 
Boundary stone, Fairhaven 1. 420 Bourne, corner 4. 426 
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Index of 9eo9raphic positio11s, Sta.te of Massachusctt8-Continued. 

_

1 

_______ N_a_m_e_o_f_s-ta-t-io-n-.---------I-'a_g_e-.--!I ______ --N-'a-:~-~f station. Page. 1 · 

I 
---------------~!-----------~~-~~----[ 

, I Bourne, corner 6. 482 Brewster, corner IO. 472 

1 Bocirne, corner 7, 482 Brewster, corner I I. 482 

i Bourne, corner I2. 482 Brewster, corner I2. 476 
I 
1 Bourne II ill. 454 Brewster, corner I 3. 476 

Bourne peg. 

Bourne and Plymouth comer. 

Bowditch Ledge beacon. 

Bowker. 

Bowman Point. 

Box Hill (Conn.). 

Hoyden's (Col.) barn cupola. 

Boylston school. 

Brace !\lountain monument (N. Y.). 

Braclforcl. 

Bradford church. 

Brain~ree, corner I. 

Braintree, corner 2. 

Braintree, corner 3. 

Braintree, corn~r 4. 

Braintree, corner 5. 

Braintree, corner 6. 

Braintree, corner 7. 

Braintree, corner 8. 

Braintree, corner 9. 

Braintree, corner IO. 

Braintree Orthodox church. 

Brake Hill. 

Braley's (T. E.) barn. 

Brandybrow. 

Brandybrow, monument. 

Brandy Hill. 

Brant. 

Brant Point light-house, I835. 

Brant Point li5ht-house, I867-1875. 

Brea!<water, east end, spindle. 

Brech in I Ia!!. 

Breed Island. 

Brewster. 

·Brewster Baptist church. 

Brewster, corner 1. 

Brewster, corner 2. 

Brewster, corner 3. 

Brewster, corner 4. 

Brewster, corner 5. 

Brewster, corner 6. 

Brewster, comer 7. 

Brewster, corner 8. 

Brewster, corner 9. 

482 Brewster, corner I4. 474 

482 Brewster, corner I 5. 47 4 

564 Brewster, corner 16. 474 

504 Brewster, corner 2, peg. 476 

406 Brewster, corner I Z, peg. 476 

394 Brewster, corner I3, peg. 476 

6I2 Brewster station. 456 

540 Brewster Unitarian church. 460 

6I 2 Brick factory. 538 

440 Brick factory (Mystic River). 530 

592 Brickyard. 444 

496 Brickyard chimney. 

496 Bridgewater Congregational church. 

500 Bridgewater, corner 1. 

554 Bridgewater, corner 2. 

556 Bridgewater, comer 3. 

554 Bridgewater, corner 4. 

558 Bridgewater, corner 5. 

5561 Bridgewater, corner 6. 

558 Bridgewater, corner 7. 

56o ' Bridgewater, comer 8. 

5541 Bridgewater, corner 9. 

572 I Bridgewater, corner IO. 

414 II Bridgewater, corner 11. 

586 
11 

Bridgewater, comer I2. 

586 
1
i Bridgewater, corner I3. 

424 Ii Bridgewater, corner 14. 

484 11 Bridgewater, corner 15. 

4

4

00
00 

l.;l llridgewater Unitarian church. 
Bridgewater water-works. 

466 :' Brier. 

592 Briggs. 

5361· Briggs' ( W. S) house. 

460 : Brighton, east church. 

46;) 11 Brighton, west church. 

474 j Brockton City farm, barn. 

476 · Brockton, comer 7. 

472 Brockton, corner 8. 

472 Brockton, corner I 5. 

472 Brockton, corner 16. 

482 Brockton First Congregational church. 

472 Brockton Heights Methodist church. 

472 Brookhousc's house. 

482 Brookline (Dr. Pierce's) church. 

4I0 I 

5I2 

506 

506 

506-

508 

508 

510 

508 

508 

508 

5rn 
5w 
510 
508 

508 
508 
48:1 

484 

586 ! 
488 

440 

544 

544 

524 

524 

524 

524 

524 

486 
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Index of geographic positio11s, State of Massach usctts-Continued. 

,------------------·· ·--·----- ---··. ·------i-:·---. ·-----· --· ... ----···--·-------------

:\ ame of station. 

Brown.· 

Brown Hill (Taunton River). 

Brown Hill (vicinity of Salem). 

Brown Knoll · 

Brown Knoll, north base. 

Brown Knoll, south base. 

Brown Knoll, Traverse I. 

Brown, peg I. 

Brown, peg 2. 

Brush. 

Bryant Hill. 

Bryantville Baptist church. 

llryantville :Methodist church. 

Bumkin Island, flag. 

Bunker Hill Catholic church. 

Bunker Hill monument. 

Burnham Brown, flag. 

Burnham Essex, flag in tree. 

llurns. 

Burnt stump. 

Burnt Swamp. 

Burt. 

Butler Hill. 

Butler's toothpick. 

Buzzards Bay. 
Byfield Congregational church, square tower. 

Cahoon. 

Calva1y. 

Cambria. 

Cambridge Baptist church. 

Cambridge Congregational church. 

Cambridge gas works. 

Cambridge Observatory. 

Cambridge Observatory, meridian mark. 

Cambridge Observatory, west transit. 

Cambridge Unitarian -:hurch. 

Cambridgeport, flagstaff. 

Cambridgeport Observatory. 

Cambridgeport redoubt, flagstaff, 1861. 
Cambridgeport Universalist church, 

Cambridge waterworks. 

Camp. 

Campello, peg 1. 

Campello, peg 2. 

Campello, peg 3. 

Campello South Congregational church. 

Canadian Catholic church. 

Canaumet. 

Page I Name of station. Page 

. ,-------------------------·-! 

522 Ii Canonicus. 446 .• 1· 

438 :: Cape Ann and vicinity. 568-570 
5641· Cape Ann, north light-house, 1834-1849. 570 I 

560 Cape Ann, south light-house, 1878. 

560 ,I Cape Ann, north light-house, 18j8. 570 
1

1 

560 :1 Cape Ann, south light-house, 1834-1849. 570 
I 

562 Cape Cod Bay and Peninsula. 

522 Cape Cod Bay to Boston Bay. 

524 Cape Cod light-house, 1835-18.u. 

598 Cape Cod light house, 1377-1887. 

446 Cape Higgon. 

502 Cape Poge. 

506 Cape Poge light-house, 1835. 

550 Cape Poge light house, 1845-1875. 

534 Captain Johns Hill. 

534 Captains Pond, monument. 

568 Carolina Hill. 

568 Carolina Hill 2. 

436 Carpenter's (J.) barn. 

452 Carpet-cleaning factory. 

430 Car shed, ventilator. 

438 Carver Center Baptist church. 

568 Carver, comer 5. 

582 Carver, corner 6. 

412-426 Carver, corner 7. 

57 2 Carver, corner 8. 

474 Carver, corner 9. 

436 Carver, corner 10. 

458 Carver, corner 11. 

532 Carver, corner 12. 

562 Carver, comer 13. 

532 Carver, corner 14. 

396 Carver, corner 15. 

526 Carver, corner 16. 

526 I Carver, corner 17. 

532 auver, comer 19. 

532 Carver, comer 20. 

532 Carver, comer 23. 

532 Carver, corner 24, 1889. 

532 Carver, corner 24, 1890. 
562 Carver, peg 1. 

464 Carver, peg 2. 

510 Carver, peg 3. 

510 Carver, peg 4, 

510 Carver, peg 5. 

502 Carver, peg 6. 

434 Carver, peg 7. 

480 Carver, peg 7t. 

570 ' 
454-484 
484-524 

460 I 

454 
410 
402 
406 

398 
526 

590 

484 
490 
438 
542 

538 
490 
522 
522 

52z, 
522-' 

I 
520. I 

522 
522 
518 

518 f 

520 I 
522 I 
522 i 

51g I 
506 
522 

510 
510 
522 
518 
518 , 

518 
518 
518 
518 
518 

520 



:368 U~ITED STATES COAST AND GEODETIC SURVEY. 

Index of geographic poBitionB, State of MasBachusetts-Oontinned. 

Name of station, Page. Name of station. Page. 

Carver, peg 8. 518 Chase's barn, cupola, peg. 448 

Carver, peg 9. 516 Chatham. 454 

Carver, peg 10. 518 Chatham church. 466 

Carver, peg II, 516 Chatham Congregational church, 1868-1887. 456 

Carver, peg 11+. 520 Chatham Congregational church, belfry. 466 

Carver, peg 12. 516 Chatham, corner 1. 474 

Carver, peg 13. 518 Chatham, corner 2. 474 

Carver, peg 14. 518 Chatham, corner 3. 474 

Carver, peg 15. 518 Chatham, corner 4. 472 

Carv~r, peg 16. 518 Chatham, corner 5. 474 

Carver, peg 17. 518 Chatham, comer 6. 474 

Carver, peg 18. 518 Chatham, corner 7. 472 

Carver, peg 18i. 520 Chatham, corner 8. 456 

Carver, peg 19. 518 Chatham, comer 3, peg. 474 

Carver, peg 20, 520 Chatham, flagstaff. 466 

Carver, peg 21. 518 Chatham, north light-house, 188o-1886. 456 

Carver, peg 22. 518 Chatham, south light-house, 1846. 466 

Carver, peg 2 3. 518 Chatham, south light-house, 188o. 466 

Carver, peg 24, 518 Chelsea Bridge. 530 

Carver, peg 25. 518 Chelsea, brown tower. 532 

Carver, peg 26. 520 Chelsea church. 530 

Castle Hill. 526 Chelsea, dark church. 530 

Castle Island. 528 Chelsea, tall dark church. 532 

Cataumet, peg. 426 Chelsea, white church. 532 

Cat Hill. 526 Chelsea, white church. 532 

Cat Island, east rock. 566 Chelsea, white church. 532 

Cat Island, flagstaff. 566 Cherry (Rhode Island). 434 

Cedar. 502 Cherry, east base (Rhode Island). 434 

Cedar Tree N eek. 408 Cherry, north peg (Rhode Island). 434 

Cedar Tree Neck, sigm>.I service flagstaff. 408 Cherry, west base (Rhode Island). 434 

Centennial Hill. 582 Chestnut Hill. 610 

Center. 536 Chicopee Catholic church. 6o2 

Centerville church, 1846-1887. 466 Chicopee Falls Catholic church. 6o2 

Centerville church, 1889. 512 Chicopee Falls Congregational church. 6o2 

Central Falls Baptist church (Rhode Island). 432 Chicopee Falls Methodist church. 6o2 

Central Falls High School (Rhode Island). 432 Chicopee Falls, new Baptist church. 6o2 

Central wharf, cupola. 54° Chicopee, French Catholic church. 6o2 

Chair (New Hampshire). 586 Chicopee skating rink. 6o2 

Chandler Hill. 596 Chicopee town hall. 6o2 

Chapel church. 592 Chimney. 434 

Chapman, 506 Chimney comer. 508 

Chappaquanselt. 408 Choate. 568 

Charles Neck. 418 Churchill. 506 

Charles River tripod. 542 Churchill, peg 1. 506 

Charlestown, brick church. 544 Churchill, peg 2. 5o6 
Chase (Rhode Island). 436 Church spire summer-house. 568 

Chase's (C. E.) barn. 420 City. 436 

Chase's barn, cupola. 448 Clarke Island. 490 
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Indc."C of geog1•aphio positions, State of Massachusetts-Continued. 

Name of station. 

Clarke Island, base 1. 

Clarke Island, base 2. 

Clark's (C. E.) barn. 

Clark Cove. 

Clark Hill (New Hampshire). 

Clark Mountain, flag in tree. 

Clark Point. 

Clark Point light-house, 1835-1844. 

Clark Point light-house, 1887. 

Clarksburg. 

Clay Pits. 

Clearing. 

Cleveland Pond. 

Cliff. 

Clift street. 

Cloverdcn, 

Cloverden Observatory. 

Coal shed flagstaff. 

Coast north of Cape Ann. 
Coatue Point. 

Coatuc Point 2. 

Cochato. 

Cochato 2. 

Cochesett Methodist church. 

Codd on. 

Cohasset church. 

Cohasset, corner 1. 

Cohasset, corner 2, 

Cohasset, comer 3. 

Cohasset, corner 4, 

Coleman, 

Coleman Hill. 

Coleman's house. 

College Hill (Rhode Island). 

College Pond. 

Collier Ledge. 

Colonel Mountain. 

Commercial Point, wharf. 

Commissioner. 

Commissioner, peg. 

Commons. 

Coney Island, flag. 

Connect. 

Connecticut line. 

Connecticut line signal. 

Connecticut River Lumber Company's chimney. 

Connecticut River Valley. 

Conway Township, southeast corner. 

S. Ex. 8, pt. 2--24 

Page. Name of station. 

490 Copecut. 

490 Cord. 

438 Cordage works, chimney. 

398 Corey. 

588 Corey Hill, electric light. 

570 Corliss. 

416 Corliss, base end. 

418 Corliss 2. 

418 Corn. 

612 Corner Stone (New York). 

408 Corn, peg. 

474 Cotuit Neck. 

504 Cotuit Port church. 

482 
11 

Cove (Cape Cod Bay and Peninsula). 

498 : Cove (Buzzards Bay). 

542 Cove (Cape Cod Bay to Boston Bay). 

542 Cove School. 

536 Crafts. 
; 

572-584 Crane Neck. 

4

4
00

00 .1! Crane Neck 2. 

Crocker. 

4961'. Cromeset Neck. 

496 l Crooked Oak. 

486 Croquet. 

564 Crossing, signal pole. 

526 Crowell Hill. 

498 Crowell Hill, base. 

558 Crow Lookout. 

558 Crow Point. 

558 Crusoe House, flagstaff. 

488 Cumberland (Rhode Island). 

498 Cumming's (D.) flagstaff. 

402 Cunard wharf, flagstaff, 1846. 

398 Cunard wharf, flagstaff, 1877. 

490 Cunard wharf, pole, 1860. 

466 Cupola (Buzzards Bay). 

598 Cupola (Massachusetts and Rhode Island Bound-

548 ary). 

584 Cupola (Marthas Vineyard). 

584 Cupola with flag (Massachusetts and New Hamp-

470 shire Boundary). 

566 Curran. 

452 Curran 2. 

612 Curson. 

6oo Curtis. 

608 Curve. 

598-612 Cushing's (J.P.) house. 

610 Cushman's house. 

3(59 

Page. 

434 
412 
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Name of station. Page. Name of station. Page. 

Cut. 468 Dickinson. 600 

Cutting Plain. 430 Dickinson's (Chas. R.) barn, cupola. 610 

Cutty hunk. 396 Dighton, comer 1. 452 

Cuttyhunk light-house. 418 Dighton, comer 2. 448 

Dan. 596 Dighton, corner 3. 452 

Danvers Insane Asylum. 564 Dighton, comer 4. 434 

Danvers new mills, tall spire. 564 Dighton Unitarian church. 448 

Danvers Plain, tall spire. 564 I Dillingham. 450 

Dark-colored dome. 
I 

582 J Dillingham, peg 1. 450 

Dartmouth. 412 Dillingham, peg 2. 450 

Davis' (R.) barn. 446 Dillingham, peg 3. 45° 

Davis Hill. 402 Dillingham, peg 4. 450 

Davis Neck. 406 Dillon. 448 

Deacon Elihu's barn, tower. 610 Dodge's Hotel, cupola. 566 

Dead Hill. 582 Dodge's stable. 442 

Dead pine. 484 Dogtown Methodist church. 568 

Dean. 440 Dome Peak. 396 

Deane, peg. 514 Dorchester, church spire with clock. 548 

Dedham court-house. 554 Dorchester (Dr. Deem's) church. 526 

Dedham waterworks. 554 Dorchester Heights. 524 

Deer Hom. 412 Dorchester, summer-house. 548 

Deer Island. 524 Dracut, old yellow church spire. 596 

Deer Island beacon. 540 Drake. 522 

Deer Island, flag. 540 Drake jr. 522 

Deer Island, hospital. 540 Draw, northwest comer of. 538 

Denham. 510 Dread Ledge beacon. 528 

Denham's barn. 510 Dread Ledge beacon, 1894. 562 

Denham, peg 1. 510 Dug Hill. 598 

Denham, peg 2. 510 Dummer Academy, 1850. 576 

Dennis, comer 1. 476 Dummer Academy, 1889. 58o 

Dennis, corner 1, base I. 476 Dumpling. 6oo 

Dennis, corner l, base 2. 476 Dumpling Rock light-house. 418 

Dennis, corner 2. 478 Durfee's cupola. 442 

Dennis, comer 3. 478 Duxbury astronomical longitude station. 488 

Dennis, corner 3, flag. 478 Duxbury, comer r. 494 

Dennis, comer 3, peg. 478 Duxbury, comer 2. 494 

Dennis, corner 4. 478 Duxbury, corner 3. 494 

Dennis, comer 4, flag. 478 Duxbury, comer + 494 

Dennis, comer 5. 478 Duxbury, comer 5. 494. 

Dennis, comer 5, peg. 478 Duxbury, comer 7. 494; 

Dennis, comer 6. 476 Duxbury, corner 8. 4941 
Dennis, corner 7. 478 Duxbury, comer 13. 490 

Dennis Port School. 474 Duxbury, comer 14. 490 

Depot. 436 Duxbury pier light-house. 488 

Derby Wharf light-house. 566 Dwarf. 480 

Desert Hill. 402 Dyke. 470 

Desmond. 502 Eagle Island, flag. 566 

Dexter Point. 564 East bench mark. 604 
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Index of geographic positiom, State of Massachusetts-Continued. 

Name of station. 

East Boston. 

East Boston, brick church. 

East Boston dry dock. 

East Boston Elevator. 

East Boston, granite church. 

East Boston Iron \Vorks. 

East Boston Point, flag. 

East Boston Reservoir. 

East Boston Reservoir 2. 

East Boston shipyard, east wharf, post. 

·East Bridgewater Unitarian church. 

East Brighton, dark church. 

East Cambridge church. 

East Cambridge court-house. 

East Chop. 

East Chop 2. 

East Chop light-house. 

East Chop telegraph. 

East Dennis, cupola. 

East Dennis Methodist church. 

East Duxbury church. 

East end meetinghouse. 

Eastern Avenue wharf, post. 

Eastern Point light-house. 

East Falmouth church. 

Eastham. 

Eastham Congregational church. 

Eastham, corner I. 

·Eastham, corner 2. 

Eastham, comer 3. 

Eastham, corner 4. 

Eastham, comer 5. 

Eastham, comer 5, base 1. 

Eastham, corner 5, base 2. 

Eastham, comer 6. 

Eastham, comer 7. 

Eastham, corner 8 .. 

Eastham Methodist church. 

Easthampton, First Congregational church. 

Easthampton Methodist church, tower. 

Easthampton, Payson Congregational church. 

Easthampton town hall, tower. 

Easthampton, Williston, Knight & Co.'s chimney. 

Easthampton, Williston Mill, tower. 

Easthampto_n, Williston Seminary, gymnasium 

tower. 

East Haverhill, flagstaff. 

East Long Meadow Congregational church. 

Page. 1\ame of station. 

-----·-----

53° 
53° 
53° 
530 
530 
530 

53° 
530 
530 
530 
486 ; 

544 
534 
534 
404 
402 

404 
404 
476 
476 
488 
412 

540 
570 
412 

460 

46o 

472 
472 

472 
470 
470 
470 
470 
470 
472 

472 
46o 
6o6 

606 

6o6 

6o6 

6o6 

6o6 

6o6 

590 

600 

Easton Congregational church. 

Easton, corner I. 

Easton, corner 3. 

Easton, flagstaff. 

East Plymouth. 

East Rock (Rhode Island). 

East Scargo. 

East Stoµghton Catholic church. 

East tidal bench mark. 

East Weymouth church. 

Eaton. 

Eaton:.!. 

Eaton Hill, flagstaff. 

Eddy's (L.) barn. 

Edgartown. 

Edgartown church. 

Edgartown light-house. 

Edgeworth Mills. 

Edward. 

Edwards. 

Eel River church. 

Egg Rock. , 

Egg Rock light-house. 

Eldridge (Cape Cod). 

Eldridge (Buzzards Bay). 

; Elisha. 

Elm (Taunton River). 

Elm (Boston Bay). 

Elm2. 

Elm 3. 

Elm4. 

Elmwood church. 

Elmwood engine house. 

Emery. 

Emery's barn, cupola. 

Essex powder house. 

Essex, red-top church. 

Evans (coast north of Cape Ann). 

Evans (Boston Bay). 

Evans 2. 

Evans, monument. 

Exchange. 

Extra flag. 

Extra peg. 

Facing Rock. 

Fair ground, pole. 

Fairhaven, black church spire. 

Fall River. 

371 

Page. 

502 

444 

444 

558 
558 
558 
558 
502 
502 

578 

592 

57° 
570 
578 
554 
554 

574 
490 
480 
480 

598 : 
I 

448: 

4161 
440 

I 

- --·----------------------
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Name of station. 

Fall River 2. 

Fall River church. 

Fall River, corner 2. 

Fall River, corner 3. 

Fall River, corner 4. 

Fall River, corner 5. 

Fall River, derrick. 

Fall River High School. 

Fall River, tower. 

Fall River, water tower. 

Falmouth. 

Falmouth church. 

Falmouth Congregational church. 

FalmoutJ1 Heights Observatory. 

Faneuil Hall (Boston). 

Farmhouse, white chimney. 

Farm school-house. 

Farnsworth, monument. 

Faunce. 

Fawn beacon. 

Fay Mountain. 

Feeding Hills. 

Feeding Hills Congregational church. 

Feeding Hills Methodist church. 

Fence. 

Fence, east base. 

Fence, west base. 

Fenno Peak. 

Ferry wharf. 

Fields. 

First twin tree. 

Fish Commission building. 

Fisher, flagstaff. 

Fish house, flagstaff, 

Fish house, north gable. 

Fish Rock. 

Fitchburg depot. 

Fitchburg roundhouse. 

Flag in tree near boundary stone, Acushnet 6. 

Flag, pine tree near boundary stone, Acushnet 7. 

Flag, pine tree near boundary stone, Acushnet 8. 

Flag, pine tree near boundary stone, Acushnet 9. 

Flag, maple tree near boundary stone, Dartmouth 1. 

Flag, pine tree near boundary stone, Dartmouth 2. 

Flag, pine tree near boundary stone, Fairhaven 2. 

Flag, pine tree near boundary stone, Fairhaven 3. 

Flag, pine tree near boundary stone, Freetown r. 

Flag, pine tree near boundary stone, Freetown 2. 

!'age. 

440 

442 

434 

434 

434 
436 
442 

438 
442 

436 
412 
416 

426 

406 

534 

4421 
546 I 

590 I 
414 

540 r 
596 ; 

598 

11 600 

6oo 
1: 

56o 
!. 

560 I 

560 

552 

442 

556 
582 

408 

402 

474 
464 
600 

536 

538 
420 

420 

1: 
420 

420 
·1 446 
II 446 

420 
/1 422 
I 

422 
,, 

422 
1: 

Name of station. Page. 

Flag, pine tree near boundary stone, Marion 2. 422 

Flag, pine tree near boundary stone, Marion 3. 422 

Flag, pine tree near boundary stone, Marion 4. 422 

Flag, pine tree near boundary stone, Marion 5. 422 

Flag, pine tree near boundary stone, Marion 6. 422 

Flag, pine tree near boundary stone, Marion 7. 422 

Flag, pine tree near boundary stone, Marion 8. 422 

Flag, pine tree near boundary stone, Marion 9. 424 

Flag, oak tree near boundary stone, Mattapoisett 2. 418 

Flag in tree near boundary stone, Mattapoisett 2t. 418 

Flag, pine tree near boundary stone, Mattapoisett 3. 418 

Flag, maple tree near boundary stone, Mattapoi-

sett 4. 418 

Flag in tree near boundary stone, Mattapoisett 5. 420 

Flag, pine tree near boundary stone, Rochester 2. 422 

Flag, pine tree near boundary stone, Rochester 4. 422 

Flag, oak tree near boundary stone, Somerset 3. 448 

Flag, pine tree near boundary stone, Wareham 1. 426 

Flag, pine tree near boundary stone, \Vareham 2. 424 

Flag&taff, corner Dorchester street and turnpike. 548 

Flat Rock. 480 

Float Hill. 492 

Florence. 438 

Florence Catholic church. 6o8 

Florence Congregational church. 608 

Florence, Cosmian Hall, clock tower. 608 

Florence engine house, tower. 608 

Florence Manufacturing Company's mill, tower. 608 

Florence Methodist church. 608 

Florence school-house, tower. 608 

Folger (Nantucket and vicinity). 400 

Folger (Cape Cod Bay and Peninsula). 478 

Folger astronomical station, 400 

Folly Hill. 564 

Foote, monument. 59° 
Forbes (Marthas Vineyard and Vineyard Sound). 404 

Forbes (Boston Bay). 548 

Forbes' house, cupola, chimney. 4o8 

Forest Hill Cemetery. 552 

Forked Pond. 398 

Fort Hill. 
5941 

Fort lI ill wharf, post. 54° 
Fort Independence, flagstaff. 544 ! 
Fort Lee. 564 

Fort Pickering light-house. 566 

Fort \\'arren, west gable of house. 546 
Foster. 504 
Foster, peg 1. 5041 
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Name of station. Page. Name of station. Page. 

Foster, peg 2. 504 Georgetown, corner 13. 584 

Foster, peg 3. 504 Georgetown, corner 14. 584 

Foster, peg 4. 504 Georgetown, corner 15. 584 

Foster's wharf, post. 540 Georgetown, corner 16. 584 

Foxboro Baptist church. 430 Georgetown, corner 17. 584 

Foxboro Congregational church. 428 I 
I 

Georgetown, comer 18. 584 

Frederick. 440 ! Georgetown, comer 19. 584 

Freelove. 446 Georgetown, corner 20. 584 

Freeman. 470 Georgetown, corner 21. 584 

Freetown, corner 4. 450 Georgetown, corner 22. 584 

Freetown, corner 5. 45° Georgetown, First Congregational church. 58~ 

Freetown, corner 6. 45° Georgetown-Groveland, corner 1. 580 

French. 590 Georgetown-Groveland-Newbury comer. 580 

French Hill. 396 Georgetown-Newbury-Rowley comer. 58o 

French's (Capt. A.) house. 440 Georgetown-Newbury-West Newbury corner. 580 

Fuller. 526 Georgetown-Rowley, comer 1 580 

Fulton. 502 i German Hill, 1835. 468 

Fulton, peg 1. 508 German Hill, 1846. 454 

Fulton, peg 2. 508 German Hill 2. 476 

Fulton Wire Works. 544 German Hill 3. 476 

Furnace. 490 Gerrish. 578 

Further Creek. 400 Gibbs' (Mrs. R.) house. 402 

Gage Hill. 582 Gibbs Pond. 398 

Gallop Island, flag. 546 Glass works. 538 

Gallop Island 2. 546 Glidden's guano works. 408 

Gambrel roof. 538 Glidclen's water tower. 408 

Garden River. 476 Globe Village. 434 

Gardner's (Francis) house. 402 Globe Village, chimney. 442 

Gardner Neck. 436 Gloucester Catholic church. 570 

Gas works, chimney. 562 Gloucester city hall. 570 

Gas works near Malden Bridge. 540 Gloucester, cast church. 570 

Gas works, north end of Boston. 540 Gloucester Universalist church. 570 

Gas works, ventilator. 544 Golden Hill. 592 

Gay Head. 404 Gooseberry Neck. 412 

Gay Head 2. 402 Gotham Hill. 492 

Gay Head Baptist church. 410 Gould Transitory. 542 

Gay Head Hotel, flagstaff. 410 Governor Island. 524 

Gay Head light-house, 1835-36. 404 Governor Island 2. 528 

Gay Head light-house, 1843-1845. 404 Governor Island 3. 528 

Gay Head light-house, 1875-1887. 404 Grain mill. 530 

George. 446 Granby Congregational church. 6o6 

George Island. 546 Grand Junction, wharf shears. 540 

Georgetown, comer 4. 584 Grape. 572 

Georgetown, corner 6. 584 Grape Island, flag. 550 

Georgetown, corner 7. 584 Grave. 444 
Georgetown, corner 8. 584 Gravel bank. 552 

Georgetown, corner 10. 584 Gravel bank 2. 554 
Georgetown, corner 12. 584 Graves. 534 
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Gravcyarcl. 

Gray's wharf. 

Name of station. 

Great Aquavit:r, stone beacon. 

Great Boar's Head (New Hampshire). 

Great Brewster. 

Great Brewster 2. 

Great Haste. 

Great Hill. 

Great l\Ieadow. 

Great Misery. 

Great Point (Nantucket) light-house, 1835-1875. 

Great Quincy. 

Great Rock. 

Great Rock, spindle. 

Green Island, flag. 

Green Island 2. 

Greylock (or Saddle Mountain). 

Griffin Island. 

Grose. 

Page. Name of station. 

438 Halifax, comer 18. 

538 , Halifax, corner •9· 

566 I Halifax, comer 20. 

572 Halifax, corner 20, peg. 

534 Halifax, corner 21. 

534 Halifax, comer 21, peg. 

564 Halfway Rock beacon. 

412 Hallett Pond. 

394 Hall's (R.) house. 

564 Hamblin. 

396 Hamblin Hill. 

526 Hamblin Mound. 

428 Hamblin, peg. 

466 Hamilton Mills, tower. 

534 Hampden. 

534 Hampton (New Hampshire). 

394 Hampton Falls (New Hampshire). 

454 Hancock. 

500 Hangman Ledge beacon. · 

-·- ---

Grove. 420 Hanover Center Congregational church. 

Groveland, comer 5. 

Groveland, comer 6. 

Groveland, comer 7. 

Groveland-West Newbury, corner I. 

Groveland-West Newbury, comer 1, peg. 

Grovelan<l-\Vest Newbury, corner 2. 

Groveland-West Newbury, corner 3. 

Grover Cliff. 

<;rover's cupola. 

Guano. 

Guide post. 

Gull Pond. 

Gumpus. 

Gurnet. 

Gurnct (Plymouth) light-house, 1835. 

Gumet (Plymouth) light-house, 1848-1870. 

Gurnet (Plymouth) north light-house, 1888. 

Hadley, First Congregational church. 

Hadley, Second Congregational church. 

Haines (New York). 

Halifax Congregational church. 

Halifax, corner r. 

Halifax, corner 7. 

Halifax, corner 8. 

Halifax, corner r5. 

Halifax, corner 15, peg. 

Halifax, comer 16. 

Halifax, comer 17 . 

. - ----------------------

584 Hanover, comer 4. 

584 Hanson Congregational church. 

584 Hanson, corner 1. 

582 Hanson, corner 2. 

58o Hanson, corner 3. 

580 Hanson, corner 4. 

580 Hanson, corner 5. 

528 i, Hanson, corner 6. 

506 Hanson, corner 7. 

414 Hanson, corner 8. 

534 Hanson, corner 9. 

468 Hanson, corner 10. 

586 Hanson, corner 1 I. 

484 Hanson, corner 12. 

488 Hanson, corner r3. 

488 Hanson, corner r4. 

490 Hanson, corner 15. 

608 Hanson, comer 16. 

6o8 Hanson, corner 17. 

612 Hanson, corner 18. 

486 Hanson, corner r9. 

506 Hanson, comer 20. 

512 Hanson, comer 2r. 

512 Hanson, comer 22. 

510 Hanson, corner 23. 

510 Hanson, corner 24. 

508 Hanson, corner 24, peg I. 

508 Hanson, corner 24, peg 2. 

·--- -··------

-· --- -------

Page. 

508 

508 

510 

510 

510 

510 

566 

476 

440 

410 

454 

458 

410 

594 

446 

574 

398 

408 

548 

486 

500 

502 

508 

508 

524 

512 

512 

512 

512 

512 

512 

510 

508 

512 

506 

506 

506 

510 

504 

504 

504 

504 

504 

504 

508 

506 

506 

506 



REPORT FOR 1894-P ART II. 375 

[?Id.ex of geographic positions, State of Massachusetts-Continued. 

I Name of station. 

1-- -.. 
Hanson, corner 25. 

i Hanson, corner 25, peg I. 

Hanson, comer 25, peg 2. 

Hanson, corner 26. 

' Hanson, comer 27. 

Hanson, corner 28. 
Hanson, corner 28, peg. 

Hanson, comer 29. 
Harding. 

Hardy Rock beacon. 

Harlow. 

Harlow, base 1. 

Harlow, base 2. 

Harris (Boston Bay). 

Harris (Cape Cod to Boston Bay). 

Harris Hill (N. H. ). 

Harris, monument. 

Harris south. 

Harwich church, belfry. 

Harwich Congregational church. 

Harwich Exchange. 

Harwich Port. 

Harwich Port Congregational church. 

Hasnebumskit. 

Hatch (Buzzards Bay). 

Hatch (Cape Cod Bay to Boston Bay). 

I-latch's (E.) house. 

I-latch's house, cupola. 

Hatchet. 

Hatfield Congregational church. 

Hatfield, north base. 

Hatfield, Smith Academy, tower. 

Hatfield, south base. 

Hathaway. 

Haverhill-Merrimac, corner 1. 

Haverhill, new Baptist churcl·. 

Haverhill, north church. 

Haverhill, north parish church. 

Haverhill, powder house. 

Haverhill, water tank. 

Haverhill, west parish church. 

Haverhill, St. James church. 

Hawk. 

Hawes Hill. 

Hayden. 

Hayden's hotel (Ocean House). 

Hayclensville Catholic church. 

Haydensville Congregational church. 

Page. 

·--1 
506 I 

506 
506 
506 
506 
506 
506 
508 
502 

564 
478 

478 
480 

556 

5041· 
588 j 

590 I 
512 I 

464 I 
I 

4641 
456 
462 

472 

596 
426 

488 
440 

590 
596 
608 

598 
608 

598 
448 

590 

592 

592 
592 
590 

592 

Name of station. 

Helderhurg (New York). 

Henry. 

Tlerbert. 

Herring pond. 

Herring pond, I 888- 1 

Hersey. 

Hersey, base end. 

Heywood. 

Heywood, base end. 

Heywood Observatory. 

High. 

llighland. 

Highland House. 

Highland school-house. 

High peg. 

High pine. 

High Pole Hill, flagstaff. 

High Ridge. 

High Rock. 

High School. 

High Service. 

Iligh street. 

Highway. 

Hill 1. 

Hill 2. 

Hill 3. 
Hiller. 

Hilliard Knob. 

Hilman's barn. 

Hill Pine. 

Hillside (Buzzards Bay). 

Hillside (Massachusetts and New Hampshire 

Boundary). 

Hillside church. 

Hmckley. 

Hingham Catholic church. 

Hingham, church with clock. 

Hingham, comer I. 

Hingham, corner 2. 

Hingham Great Plains church. 

592 Hingham, old church. 

592 Hingham, Old Colony House. 

452 Hingham Plains church. 

596 •

1 

H. K. No. I. 

500 II. K. No. 2. 

526 ·1 II. K. No. 3. 
608 I Hitchcock. 

I, 
608 Ji Hog Back. 

'I 

Page. 

59-l 

474 

526 

55° 
500 

558 

55° 
55° 
55° 
556 

594 

596 

596 
598 

448 

--- ------·--------------------! 
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Hog Island Harbor. 

Hog Island tripocl. 

Holbrook. 

Holbrook church. 

Holbrook, corner I. 

Holbrook, corner 4. 

Holbrook, corner 5. 

Holbrook, corner 6. 

Holbrook water-works. 

Hole in rock. 

Hole in rock 2. 

Hole in rock, base end. 

Holland's (H.) house, chimney. 

Hollis. 

Hollis 2. 

Hollis 3. 

Holmes. 

Holmes, 1848. 

l-folmes' factory. 

Holmes Hole church. 

I fol mes Hole, windmill. 

Holmes Knoll. 

Holmes Knoll, peg. 

Holt. 

Holyoke city hall, tower. 

Holyoke engine house, tower. 

Holyoke, First Congregational church, belfry. 

Holyoke, French Catholic church. 

Holyoke, St. Jerome Catholic church. 

Holyoke, Second Baptist church. 

Holyoke, Second Congregational church. 

Holyoke, Windsor Hotel, tower. 

Hope Spring. 

Hope Spring, peg. 

Hopkins. 

Hopkins, flagstaff. 

Hoppin Hill. 

Hospital Point light-house. 

House chimney. 

Hovey. 

Howard Institute. 

Hoxie. 

Hoyt, monument. 

Hubbard's (W. L.) ham. 

Hughes. 

Hull, Oregon House. 

Hull, Steamboat Hotel. 

Humane Society. 

-:i--
Page. ! 

416 :· 
I 

540 I 

456 

494 I 
496 I 
500 
500 I 

:~ 11 

55 2 

556 ! 
556 
600 

496 ' 
496 I 
496 II 
478 :! 
454 j: 

!~! I 
406 
502 
508 

396 
6o4 

604 

604 

604 
602 
602 

602 

::: 11 

426 i 

464 Ii 
470 I 
428 ,; 

5661
1

1 

48o I 
424 . 

502 J 

582 i 
59° 
414 

590 

548 

54b 
468 

Name of station. 

Humble. 

Hummock. 

Hunt's (J.) house. 

Hyannis. 

Hyannis Baptist church. 

Hyannis light-house. 

Hyannis Universalist church. 

Hyde Park Catholic church. 

Hyde Park, comer I. 

Hyde Park, corner 2. 

Hyde Park, corner 3. 

Hyde Park, corner 4. 

Hyde Park, corner 5. 

Hyde Park, corner 6. 

Indian, astronomical station. 

Indian Brook. 

Indian, flagstaff. 

Indian Hill. 

Indian Hill, boulder. 

Indian Hill, flagstaff. 

Indian Neck. 

Indian Orchard church. 

Indian Orchard Congregational church. 

Indian Orchard, French Catholic church. 

India wharf, cupola. 

India wharf, post. 

Ipswich beacon. 

Ipswich light-house. 

Ipswich-Rowley, comer I. 

Ipswich-Rowley, corner 2. 

Ipswich-Rowley, comer 3. 

Ipswich-Rowley, corner 4. 

Ipswich-Rowley, comer 5. 

Ipswich, tall dark spire. 

Ipswich town farm. 

Iron bolt. 

Iron smokestack. 

Isles of Shoals (Maine). 

Isley. 

Ivy (Conn.). 

Jackson Hill. 

James & Pope's timber dock. 

Janes, monument. 

Jeannette. 

Jenksville church 1. 

J enksville church 2. 

Jeremy Hill (New Hampshire). 

Jerusalem. 

Page. 

536 
396 
572 

394 
612 

55° 
588 

482 

6o4 

604 

588 

55 2 
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' 

Jesse. 446 Lakeville, comer 5. 520 

I 
Jewett. 578 Lakeville, comer 6. 520 

Jewish Cemetery. 552 Lakeville, corner 7. 520 

Jewish Cemetery 2. 552 Lakeville, comer 8. 520 

Jilson. 598 Lakeville, comer 9. 520 I 
Joe Sandford. 430 Lakeville, comer 10. 520 ! 

Joes Rock. 428 Lakeville, corner 11. 520 

Johnson. 440 Lakeville, corner 12. 516 

Jones. 500 Lakeville, corner 13. 520 

Jones 2. 500 Lakeville, corner 14. 514 

Jones 3. 500 i Lakeville, corner 15. 516 

Jones 4 500 Lakeville, comer 16. 516 

Jones, base end. 500 Lakeville, corner 17. 514 

Jumbo, chimney. 594 Lakeville, corner 18. 520 

Juniper. 446 Lakeville, comer 19. 520 

Katama House. 404 Lakeville, corner 20. 520 

Kelly. 474 Lakeville, corner 21. 520 

Kettle Island. 564 Lakeville, corner 22. 520 

Kimball (Massachusetts and New Hampshire Lakeville, comer 23. 520 

Boundary). 586 Lakeville, corner 24. 520 

Kimball (Taunton River). 444 Lakeville, corner 24t• 520 

Kimbal's house. 544 Lakeville, comer 25. 520 

King. 440 Lakeville, comer 26. 514 

King Hill. 472 Lakeville, corner 27. 516 

King Knoll. 448 Lakeville, corner 28. 520 

King Oak Hill. 550 Lakeville, corner 29. 520 

King Rock. 428 Lakeville, corner 30. 516 

Kingston. 488 Lane. 418 

Kingston church. 488 I .anes Cove, white spire. 568 

Kingston, corner 2. 490 Large chimney, rail on top. 442 

Kingston, corner 3. 494 I.a wrence Hill. 586 

Kingston, corner 5. 494 Lawrence Mills, chimney. 594 

Kingston, corner 6. 494 I .ttwrence Mills, new chimney. 594 

Kingston, corner 7. 494 Lawrence Reservoir. 592 

Kingston, corner 8. 494 I .awrence Reservoir, north base. 592 

Kingston, comer 9. 494 I Lawrence Reservoir, west sub-base. 592 

Kingston, corner 15. 492 

I 

Lawrence School. 544 

Kingston, corner 16. 492 Leaf. 424 

Kingston Unitarian church. 486 Lean. ·492 

Knoll (Boston Bay). 552 Le Baron. 514 

Knoll (Buzzards Bay). 424 Legg Hill. 564 

Ladder. 496 Leon. 452 

Ladder 2. 496 Leonard. 516 

Ladder 3· 496 Leonard, peg I. 516 

Lakeville, corner I. 450 Leonard, peg 2. 516 

Lakeville, corner 2. 450 Leslie, monument. 58S 

Lakeville, corner 3. 450 I Leverett Congregational church. 610 

Lakeville, corner 4. 450 Lewis. 488 
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Lewis' wharf. 534 Lovell. 478 

Lexington, comer 1. 560 Love! Island, pole. 546 

Leyden & Guilford. 6oo Lovers Lane, monument. 590 

Light-house Hill. 552 Low. 424 

Lightning rod. 412 Lowell church. 586 

Lincoln. 470 Lowell court-house. 594 
Lincoln House, cupola. 562 Lowell depot, flagstaff. 536 

Lincoln's wharf. 540 Lowell draw, flagstaff. 536 

Line stone. 434 Lowell roundhouse. 536 

Little Aquavitre, pole. 566 Lowell, St. Patrick church. 594 
Little Compton 2 (Rhode Island). 4·z8 Low peg. 450 

Little Haste beacon. 564 Ludlow Congregational church. 6o4 

Little Nahant. 528 Ludlow Methodist church. 6o6 

Little Nahant 2. 562 Lufkin Hill, flag. 568 

Little Old Town. 572 Lunt's house. 582 

Little Rock. 448 Lynn, east church. 528 

Little Rock, north base. 452 Lynn, high rock. 528 

Little Rock, south base. 452 Lynn, west church. 528 

Lobsterville, flagstaff. 410 McCarthy. 598 

Lombard Head. 458 McGaughey. 500 

Londoner beacon. 570 Machine shop, tall chimney. 544 
Lone fir tree. 430 Mack. 438 

Lone pole. 472 McLean's Asylum. 5341 
Lone tree. 590 McSparran (Rhode Island). 396 

Lone Tree Hill. 586 Malden Bridge. 532 

Lone Tree I-lilr' 2. 586 Malden Bridge, yellow house. 532 

Long Island Head light-house. 524 Malden church, tall spire. 532 

Long Island Hotel. 546 Malden, yellow church. 532 

Long Island, south end. 546 Manchester church, dark spire. 564 

Long Island, south end 2. 546 Mannersen. 464 

Long Meadow Congregational church. 600 Manning Hill. 576 

Long Neck. 416 Mann, peg. 514 

Long peg. 480 Manomet. 394 
Long Point. 516 lllansfield Congregational church. 428 

Long Point light-house, 1847. 458 Mansfield Unitarian church. 428 

Long Point light-house, 1877-1887. 454 i Maplewood. 444 

Long Point, peg. 516 :\!arblehead, black-top church. 566 

Long Point school-house. 458 Marblehead light-house, 1848-1877. 566 

Long Pond. 474 Marblehead Neck, flag. 566 

Long Rock. 446 Marblehead Rock, beacon. 566 

Long wharf. 53° Marine hospital. 538 

Long wharf building. 538 Marion Congregational church. 414 

Long wharf 2, post. 53° Marsh (Boston Bay). 562 

Lookout, flagstaff. 410 I Marsh (Cape Cod). 464 
Loring, flagstaff. 492 I Marsh (Massachusetts and Rhode Island 13ound-

I 
Loring Flats. 492 ary). 434 
Lonng's machine-shop wharf. 540 Marsh (Taunton River). 438 
Loveland's flagstaff. 468 Marsh & Jones, 1834 (New Hampshire). 588 
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Name of station. 

Marsh & Jones, 1886 (New Hampshire). 

Marshfield, comer 1. 

Marshfield, corner 2. 

Marshfield, corner 3. 

Marshfield, corner 5. 

Marshfield, comer 6. 

Marshfield, corner 7. 

Marshfield, comer 8. 

Marshfield, corner 9. 

Marshfield, comer IO, 

Marshfield, corner II, 

Marshfield, comer 12. 

Marshfield, corner 13. 
Marshfield, First Baptist church. 

Marston Mill. 

Marthas Vineyard and Vineyard Sound. 

Martin's (M. G.) barn. 

Marvin's cottage. 

Mashpee, corner 1. 

Mashpee, comer 2. 

Mashpee, corner 3. 

Mashpee, corner 4. 

'.\!ashpee, corner 5. 

Mashpee, peg. 

Page. 

586 

492 

494 

494 

494 
494 
494 

494 
494 

494 

,, 

::: 1111 

492 

492' 
466 I 

402-412 
440 

466 

410 
410 

412 
412 
426 
480 

Name of station. 

Menauhant Landing, flagstaff. 

Mendal. 

Meridian, middle stone (Nantucket). 

Meridian, middle stone (Cape Cod). 

Meridian, north stone (Nantucket). 

Meridian, north stone (Cape Cod). 

Meridian, south stone (Nantucket). 

Meridian, south stone (Cape Cod). 

Merrimac church, tall white spire. 

Merrimac Manufacturing Company's bell tower. 

Merrimacport church. 

Methuen, flagstaff. 

Methuen, stone church. 

Midclleboro Baptist church. 

M iddleboro Green church. 

Middleboro town hall. 

Middleboro water-works. 

Middletown church. 

Midlake. 

Milk Island, flag. 

:VCilldam, regatta house. 

Millclam, yellow house. 

Millers River, head of, church spire. 

Mill 11 ill. 

Mason. 440 Mill with conical cupola. 

Massachusetts and New Hampshire Milton, comer 1. 

Boundary. 586-596 Milton, corner 3. 

Massachusetts, New York, and Connect

icut Boundary. 

Massachusetts and Rhode Island Bound-

ary. 

Massachusetts North Base. 

Massachusetts South Base. 

Massachusetts South Base, reference mark. 

Mattapoisett. 

Mattapoisett, gray church. 

Mattapoisett N eek. 

Mayhew's (B.) house. 

Mayo. 

Mayo Beach light-house. 

Mayo's house. 

Meadow (Marthas Vineyard and Vineyard Sound). 

Meadow (Taunton River). 

Meadow Dam. 

Meadow, peg. 

Medford, tall square chimney. 

Medford Unitarian church. 

Menauhant Hotel. 

612-614 

428-436 

394 
394 
428 

442 

418 
418 
410 

464 
46o 

464 
410 

438 
448 

494 
532 

532 
406 

Milton, corner 4. 

Milton, comer 5. 

Milton, corner 6. 

Milton Mills church, tall spire. 

Milton Orthodox church. 

l'v!inot Ledge light-house. 

Misery. 

Mishaum Point. 

Mitchell. 

Mitchell, base end. 

Mitchell's house (astronomical station). 

Molasha Hill. 

Molasha Hill 2. 

Monadnock (New Hampshire). 

'.\fonaunt Hill. 

Monk Hill. 

Monomoy. 

Monomoy light-house, 1835-1846. 
Monomoy light-house, 1867-1887. 
Monomoy life-saving station. 

Monponsett, peg 1. 
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406 

412 

402 

476 
402 

476 
400 

476 
590 

594 

59° 
592 

592 

500 
502 

484 
516 
408 
586 

570 
542 
542 

542 

454 
442 

556 
558 

558 

558 
558 

55° 
526 

550 
450 
412 

554 
56o 
400 

404 

408 

394 
406 

484 

454 
462 
462 

468 

508 
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Index of geographic position•, State of Ma6BacltuBettB-Continuod. 

Name of station. 

!\lonponsett, peg 2. 

!\lonponsett, peg 3. 

Monponsett, peg 4. 

Monument (Cape Cod Bay to Boston Bay). 

Monument ptassachusetts and Rhode Island 

Boundary). 

Monument church. 

!\loon Head I. 

Moon Head 2. 

More Hill. 

Morrill. 

Morrill, monument. 

Morrill Observatory. 

Morris Island. 

Morris Island 2. 

Mosquito. 

Moulton. 

:'lloulton's Castle, octagonal toweo". 

Moultonville school-house tower. 

Mound (Rhode Island). 

Mount Ararat. 

Mount Auburn, tower. 

Mount Daniel. 

Mount Equinox (Vennont). 

Mount Esther. 

Mount Everett. 

Mount Gilboa. 

Mount Crace. 

Mount Holyoke Hotel, flagstaff. 

Mount !!opt:. 

!\lou11t I-lope (Rhode Island). 

:'llount Hope Bay, east boundary. 

Mount Hupe Bay, west boundary (R.I.). 

l\lount Ilopc 2. 

:Mount Hope 2 (Rhode Island). 

Mount Ilope 3. 

Mount Lincoln. 

:\fount Rafinesque (New York). 

Mount Riga. 

Mount Schaum. 

Mount Toby. 

Mount Tom. 

Mount Tom, astronomical azimuth station. 

Mount Tom, astronomical latitude station. 

Mount Warner. 

Mount Washington. 

Mouth of Merrimac, house chimney. 

Mowry. 

Page. 

508 

508 

508 

500 

ii 436 
416 

544 
544 
598 

574 
574 
576 
462 

466 

464 

590 
580 

576 
436 

456 
526 

430 

394 
598 
396 
468 

598 
608 

486 

396 

434 

434 
498 
436 

498 

598 . 
I 

394 !i 
614 :i 

454 
610 

600 

394 

394 
600 

396 

574 
430 

Name of station. 

Mugge!. 

!\I uskeget Island. 

:\luskeget Island 2. 
:'lluskeget life-saving station. 

Nahant, 1834. 
Nahant, 1847. 
Nahant 2. 

N.ahant, church cupola. 

Nahant, church steeple. 

Nahant Hotel. 

Namequ01t. 

J\'antasket. 

Nantucket. 

Nantucket and vicinity. 

Nantucket Baptist church. 

J\'antuckct Cliff. 

:-;antucket Cliff range beacon, front. 

Nantucket Cliff range beacon, rear. 

Nantucket (Great Point) light-house. 

Nantucket High School. 

Nantucket, north towered church. 

Nantucket range beacon. 

Nantucket, south towered church. 

Nashaquitsa Cliff. 

Nashawena. 

Nason. 

Nason, peg I. 

Nason, peg 2. 

Nason, peg 3. 
Nason, peg 4. 
~ ational dock building. 

Nauset Beach. 

Nauset Beach, center beacon. 

i\ au set Harbor. 

Naushon, 1836, 

l'aushon, 1844-45. 
Naushon northeast. 

i\ aushon southwest. 

Naushon southwest, 2. 
Naval hospital. 

Navy-yard, battery. 

Navy-yard, chimney (Boston Bay). 

Navy-yanl, chimney (Massachusetts 

I lampshire Boundary). 

Nealy's house. 

Neary Mount. 

Neck. 

Ned Deane. 

l'age. 

596 
400 

402 
402 

528 

524 
528 

562 
562 

530 
464 

396 
400 

398-402 
400 

396 
400 

400 

3~6 

400 

400 
400 

398 
404 

414 

584 
584 

584 
584 

584 

538 
460 
460 

460 

418 I 

412 

416 

416 

414 

5.>0 

53-1 

534 
and New 594 

536 
496 

470 

514 



REPORT FOR 1894-P ART II. 

Intkx of geographic positions, State of Massachusetts-Continued. 

Name of station. 

Neel Point light-house. 

Neponset church. 

Neptune House, flagstaff. 

New. 

New Bedford Baptist church 

New Bedford Beacon. 

New Bedford court-house. 

New Bedford fort. 

New Bedford High School. 

New Braintree Congregational church. 

Newbury Congregational church. 

Newbury-Newburyport, corner 1. 

Newbury-Newburyport, corner 2. 

Newbury-Newburyport, corner 3. 

Newbury-Newburyport, corner 4. 

Newbury-Newburyport, corner 5. 

Newbury-Newburyport, corner 6. 

Newbury-Newburyport-West Newbury corner. 

Newburyport Academy. 

Newburyport Baptist church. 

Newburyport, beacon on north pier. 

Newburyport, Belleville church, 1849-50. 

Newburyport, Belleville church, 1886-1889. 

Newburyport Bridge, center of draw. 

Newburyport Bridge, signal. 

Newburyport Catholic church. 

Newburyport, cast light-house. 

Newburyport, Federal street church, 1850-51. 

Newburyport, Federal street church, 1886-1889. 

Newburyport, flagstaff. 

Newburyport, Harris street church, 1850. 

Newburyport, Harris street church, 1886-1889. 

Newburyport liberty pole. 

Newburyport light-house, 1834. 

Newburyport light-house, 1878-1889. 

Newburyport, north church. 

Newburyport, Pleasant street Unitarian church. 

Newburyport, west light-house. 

Newburyport-\Vest Newbury, corner I. 

Newburyport-West 1' cw lmry, corner 2. 

Ncwbury-l{owley, corner I. 

Newbury-Rowley, corner 2. 

::\cwbury-Rowley, corner 3. 

Newbury-Rowley, corner 4. 

Newbury-Rowley, corner 5. 

Newbury-Rowley, corner 6. 

Newbury-Rowley, corner 7. 

Newbury Upper Green, tall church. 

Page. Name of station. 

418 Newbury-West Newbury, corner 1. 

548 Newbury-\Vest Newbury, corner 2. 

530 Newbury-West Newbury, comer 3. 

438 Newbury-West Newbury, corner 4. 

416 Newbury-West Newbury, corner 5. 

416 Newcomb. 

412 New England Glass Company's chimney. 

416 New Falmouth. 

414 Niagara engine house. 

6o8 Niagara fire-engine house. 

576 Nichols. 

578 Nichols' Castle. 

578 Nickerson. 

578 Nicks Rock. 

578 Nicks Rock 2. 

578 Nippenicket. 

578 Nippenickel, peg. 

580 Nix M~te. 
574 Nobska Point liL;ht-house, 1835-1875. 

582 Nobska Point light-house, 1887. 

574 Nobscussetl, flagstaff. 

574 Nohscussett, waler tank. 

580 No Man's Land. 

582 No Man's Land 2. 

582' No Man's Land, P.ast. 

582 No Man's Land, flagstaff. 

574 No Man's Land, house chimney. 

574 No Man's Land, west. 

576 Nonamesset. 

582 Nonotuck Hotel, tower. 

574 Nootas, 1836. 

576 Nootas, 1843-1844. 

582 North. 

572 North Amherst Congregational church. 

572 Northampton Catholic church. 

580 Northampton Episcopal church. 

572 Northampton, First Congregational church. 

576 Northampton Lunatic Asylum 

580 Northampton Methodist church. 

580 Northampton, Round Hill, flagstaff. 

578 Northampton, Second Congregational church. 

North Attleboro, corner 1. 

North Attleboro, comer 2. 

J North Attleboro, corner 3. 

J North Attleboro, comer 4. 

?\orth Attleboro, corner 5. 
ii 
Ill North Attleboro, corner 6. 

North Attleboro, corner 6, base. 

----···-··-------------
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580 

580 

580 

58o 
580 

430 

538 

418 

45~ 

446 

438 

592 

474 

492 
510 

502 

508 

546 

406 

408 

476 

476 
406 

410 

410 

410 

410 

410 

408 

6o8 

428 

396 

400 

610 

6o6 

606 

6o6 

6o6 

6o6 

6o6 

606 

432 

432 

432 

43 2 

432 

432 

432 
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Index of geographio positio11s, State of Massachusetts-Continued. 
-----------------------------·-:_; _______________________ ____, 

Name of station. 

North Attleboro waterworks. 

North base. 

North Carver, white church. 

North comer of Stoughton. 

North Dennis. 

North Dennis 2. 

North Dennis, gray church. 

North Dennis, white church. 

'North Dighton. 

North Dock, monument. 

Northeast comer of Connecticut. 

North Easton High Schoc:. 

North Easton waterworks. 

North Falmouth Congregational church. 

North Gooseberry Island, flag. 

North Hadley Congregational church. 

North Marshfield, Unitarian church. 

North Pettick Island, flag. 

North Pettick Island 2. 

North Plymouth Rope Works. 

North Pocasset church. 

North Pond. 

"North Raynham church. 

North River, 1885. 

North River, 1888. 

North Shore church. 

North Tewksbury church. 

North Tewksbury, flag. 

North Warner. 

North Wellfleet Congregational church, 1847. 

North Wellfleet Congregational church, 1887. 

North Wellfleet Methodist church. 

Northwest comer of Massachusetts. 

Northwest comer of Rhode Island. 

North Weymouth church. 

North Weymouth church, tall spire. 

Norton Congregational church. 

Norton, comer 2. 

Norton, comer 3. 

Norton, corner 4. 

Norton, comer 5. 

Norton, comer 6. 

Norton, comer 7. 

Norton, corner 8. 

Norton Point. 

Norton Point (hydrographic). 

Notice. 

Noves. 

Page. Name of station. 

428 Noyes, monument. 

450 Oak Brush. 

490 Oak Hill. 

496 Oak tree. 

460 O'Brien. 

462 Observatory with red roof. 

462 Ocean House (Hayden's Hotel). 

462 Ocean House, cupola. 

438 Octagonal building. 

574 Old board. 

430 Old cross. 

486 Old Harbor .. 

512 Old house. 

416 Old Town. 

566 One-story red builciing. 

608 I Orange. 
488 , Orchard. 

548 I Organ factory. 

548 Orleans. 

488 Orleans 2. 

414 Orleans life-saving station. 

398 Orleans Orthodox church. 

502 Orne. 

498 O'Shaughnessy's house. 

492 Osterville. 

408 Osterville church. 

594 Osterville Point. 

594 Otter street. 

600 Outer Brewster. 

46o Outer Brewster 2. 

456 Ox Pasture Hill. 

46o Pacific Mills, chimney, swell top. 

612 Pacific Mills, chimney, straight top. 

430 Packard. 

550 Padanaram. 

554 i Padanaram, gray spire. 

428 [ Padelford. 

432 Paine Hill Observatory. 

432 Palmer's (Mrs. R.) house, chimney. 

432 Palmer Island light-house. 

512 Palmer Universalist church. 

432 Pamanset River. 

432 Pam et. 

434 Paradise Rock (Rhode Island). 

408 Parker. 

408 Parker Hill. 

482 Parsonage Hill. 

578 Pasque. 

Page. 
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In~ of goograplifo pollitions, State of Massackusett8-Continued. 

Name of station. 

Pasture. 

Patuccawa (New Hampshire). 

Pawtucket church, spire. 

Pawtucket water-works (Rhode Island). 

Peaked Cliff. 

Peaked Hill. 

Peaked Mount. 

Peaked Rock. 

Peak Rock. 

Peck's chimney. 

Peg. 

Peg 2. 

Peg 3 .. 

Peirce. 

Pelham church. 

Pembroke Unitarian church. 

Penikcse, 1835. 
Penikese, 1844. 
l'enniman's flagstaff. 

Pepperell. 

Perley, monument. 

Perry Hill, Christian Baptist church. 

Perry's house, chimney. 

Perry Peak. 

Peterson. 

Peters Pond. 

Petty Rock. 

Pickle. 

Pierce. 

Pierce 2. 

Pierce 3. 

Pigeon Hill. 

Pigeon, peg I. 

Pigeon, peg 2. 

Pig Rock beacon. 

Pike, monument. 

Pincin Hill. 

Pincin Hill 2. 

Pine (Cape Cod). 

Pine (Taunton River). 

Pineapple. 

Pine Hill (Buzzards Bay). 

Pine Hill (Cape Cod). 

Pinc Hill 2. 

Pine Knoll. 

Pinc tree, 1885. 

Pine tree, 1888. 
Pine tree boundary stone, monument. 

Page. 

484 

398 

594 
428 

454 
410 

598 
436 
422 I 

;:: !I 

554 Ill 
554 
450 
610 

504 
416 
416 

470 
596 
588 

414 

402 

394 
490 
48o 

552 

4.34 

556 
556 
556 
486 

516 
516 

550 
574 
496 
496 
456 
444 

514 

412 

496 

Pine street. 

Pitch pine. 

Name of station. 

Pittsfield, First Congregational church. 

Plains. 

Plains 2. 
Plains 3. 

Plains 4. 

Plains 5. 
Planing mill, chimney. 

Planting Hill. 

Pleasant Bay. 

Pleasant Lake. 

Pleasant View. 

Pleasant View, base 1. 

Pleasant View, base 2. 

Plum Island I. 

Plum Island 2. 

Plum Island Hotel. 

Plum Island magnetic station. 

Plymouth. 

Plymouth Cliff. 

Plymouth, comer 1. 

Plymouth, corner 2. 

Plymouth, corner 3. 

Plymouth, corner 4. 

Plymouth court-house. 

Plymouth (Gurnet) light-house, 1835. 
Plymouth (Gurnet) light-house, 1848-1870. 
Plymouth (Gurnet), north light-house, 1888. 
Plymouth, National monument. 

Plymouth, pier head. 

Plympton Congregational church. 

Plympton, corner 1. 

Plympton, corner 2. 

Plympton, corner IO. 

Plympton, cupola. 

Pocasset (Rhode Island). 

Pochet. 

Point. 

Point Allerton beacon. 

Point Allerton, flag. 

Point Curve. 

Point Gammon. 

496 Point Gammon 2. 

478 Point Gammon light-house. 

500 Point Pines House chimney. 

49411 Point Shirley, foundry chimney. 

588 Pond. 
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500 
494 
614 

556 
556 
556 
556 
556 
542 
576 
46o 

474 
432 

.432 
432 
576 
576 
580 i 

576 
486 
468 

484 

484 
484 
484 
486 
488 

488 

490 
486 
486 
486 

512 
512 
512 

490 
396 
464 
468 

548 
548 

536 
454 
464 
462 
562 
534 
424 
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Inde.& of gwgraphio positiona, State of Massaohusetu-Continued. 

Name of station. Page. I Name of station. Page. 

1-
Pool Hill. 568 Provincetown Academy. 458 

Poor, monument. 590 Provincetown Baptist church. 458 

Poplar Hill. 586 Provincetown Methodist church. 458 

Poplar Hill, 1886. 594 Provincetown, Methodist Centenary church. 460 

Poplar II ill (Spofford). 594 Provincetown, Methodist center church. 458 
Poplar Hill, stone monument. 588 Provincetown, new Universalist church. 458 

Poverty, peg. 478 Provincetown, old Universalist church. 458 

Poverty Rock. 578 Provincetown Orthodox church. 458 

l'owderhorn. 396 Provincetown school-house. 458 

Powderhorn 2. 524 Provincetown town hall. 46o 

Powder Point. 488 Quail. 480 

Powers & Mellville's Elevator. 536 Quaker (Rhode Island). 396 

Powow, 1849-50. 398 Quequechan engine house. 448 

Powow (Borden), 1834-1889. 586 Quicksand, 1836. 430 

Precinct Congregational church. 514 Quicksand, 1843. 428 

Precinct, peg 1. 514 Quicksand 2. 428 

Precinct, peg 2. 514 Quicksand 2, base 1. 436 

Precinct, peg 3· 514 Quicksand 2, base 2. 436 

Precinct, peg 4. 516 Quicksand 2, base 3. 436 

Precinct, peg 5. 516 Quincy, Bents Point church. 55° 
Precinct, peg 6. 514 Quincy, black·top church. 550 

Precinct, peg a. 520 Quincy, corner 1. 558 

Precinct, peg b. 516 Quincy, corner 2. 560 

Precinct, peg c. 516 Quincy, corner 3. 556 

Precinct, peg d. 516 Quincy, comer 4. 558 

Precinct, peg e. 516 Quincy, corner 5. 558 

Precinct, peg f. 516 Quincy, corner 6. 558 

Precipice. 560 Quincy, corner 7. 558 

Precipice, north base. 560 Quincy, corner 8. 554 

Precipice, south base. 560 Quincy, corner 9. 558 

Prentice's coal wharf. 540 Quincy, stone church. 55° 
Primary stations. 394 Quivett Creek. 476 

Prince street, draw-tender's house. 538 Race. 458 

Proctor's barn. 576 Race Point light-house, 1835-1847. 458 

Proctor, monument. 590 Race Point light.house, 1877. 454 

Prospect (New York). 394 Railcut. 568 

Prospect Chilmark. 402 Railroad, peg. 474 
I'rospect Cliff (hydrographic). 410 Railroad tripod. 544 
Prospect Hill (Connecticut). 612 R~insford Island, flag, 1860. 548 

Prospect Hingham. 484 Rainsford Island, flagstaff, 1846. 548 

Prospect House. 404 Randall, monument. 588 

Prospect Rowley. 398 Randolph Baptist church. 494 

Prospect Rowley 2. 57 2 Randolph, corner J. 496 

Prospect Somerville. 536 Randolph Orthodox church. 494 

Prospect Taunton. 440 Rattle, flag in tree. 600 

Prospect Waltham. 396 Rattlesnake. 600 

Proven Mount. 598 Rattlesnake Hill. 512 

Provincetown. 454 Raynham Center church. 448 
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fade:r; of geographic positions, State of Massachusetts-Continued. 

· Name of station. 

Re<l Brush. 

Reel Shanks II ill. 

Refuge. 

Rehoboth, corner I. 

Rehoboth, corner 2. 

Rehoboth, corner IO. 

Remington. 

Remington 2. 

Remington 3. 

l{emington, base end. 

Reservoir. 

Reservoir Hill. 

Reynolds. 

Rhodes. 

Rhode Island corner. 

Rich. 

Richards (Rhode Island). 

Richmond. 

Richmond Hill. 

Richmond, peg. 

Rickard Pone.I. 

Ridge (Boston Bay). 

Ridge (Cape Cod Bay to Boston Bay). 

}{idge (Taunton River). 

Ri<lge, base. 

Ridge Hill. 

Ridge Hill, peg 1. 

Ridge Ilill, peg 2. 

Ri<lge Hill, peg J. 

Rink, chimney. 

River. 

Riverside Press, chimney. 

River street. 

River street 2. 

Ri l'er street 3. 

River street 4. 

River street 5. 

Rdach. 

Road. 

Road, peg. 

Roadside. 

Robbins. 

Rochester Congregational church. 

Rock (Buzzards Bay). 

Rock (Cape Cod Bay to Boston Bay). 

Rock (Cape Cod I.fay and Peninsula). 

Rock, base 1. 

Rock, base 2. 

S. Ex. 8, pt. 2--25 

Pag: ____ I ______ _ 
Name of station. 

. !i---
Rock Harbor. 

Rock heap. 
428; 1' 
582 
456 Rockland Catholic chmch. 

434 Rockland Congregational church. 

434 Rockland, corner 4. 

452 Rockland, corner 4, peg. 

500 Rockland, corner IO. 

500 1i Rocklanu, corner 11. 

500 i! Rockland, corner I4. 
; 

500 · Rockland House. 

552 Rockland water-works. 

586 Rock Point. 

422 : Rockport, reel-top church. 

430 Ji Rock Rimmon. 

434 
468 

432 

506 

436 
i 

506 I 

490 I 
562 ,: 

:~~!I 
562 . 

450 I 
450 1· 

450 

45°11 
470 

438 
I 

542 I 
552 

55 2 

55 2 

55 2 

554 
444 
424 
452 

402 

594 
414 

424 

494 
478 

478 

Rocky ~fountain. 

Rocky Woods. 

Rogers. 

Rogers School. 

Rooster. 

Round building, iron rod. 

R,ound building, ventilator. 

Round Hill. 

Round Rock. 

Round•Top. 

Round Top Observatory. 

Rowley Congregational church. 

Rowley ~farsh. 

Roxbury (Dr. Putnam's) church. 

Roxbury, Jamaica Plains, tall church. 

Roxbury, laboratory chimney. 

Roxbury, new lJnitarian church. 

Roxbury Oil Works. 

Russell (13uzzarcls Bay). 

Russell (Cape Cod Bay to Boston Bay). 

Russell Ilill. 

Ryant bush. 

Ryder. 

Ryder, peg 1. 

Rye Hill. 

Saddle ]\fount (Borden). 

Saddle Mount (Greylock), I874-I882. 
Sagamore church. 

Sagamore Head. 

Sailors' Home, cupola. 

St. John's Seminary. 

Salem and vioinity. 

Salem, Howard street church. 

478 1 Salem, south church. 
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Page . 

470 

444 
496 

486 ! 

498 i 
498 
506 

506 

504 

55° 
486 

454 
568 

598 

45° 
4I4 

588 I 
414 I 

436 

538 

538 
416 
482 
526 
486 

572 i 
576 I 
546 I 
5461 
546 I 
5461 

::1 
582 
6I2 

484 
484 
504 
6I2 

394 
482 

548 

540 

562 

564-568 
566 

566 
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Iml«e of yeograplric 110sitio11s, State of Massach11setts-Contin11ed. 

---------- ---------· ·-· 

Name of station. !'age' II Name of station. Page. ____ · ·-.~. ----
574 ii Salisbury lleach. 

Salisbury Congregational church. 

Salisbury .Marsh. 

Salisbury Marsh, monument

Salisbury Point church. 

Salt Island, flag. 

Salvage. 

Sampson, 1835. 

Sampson, 1845-1875. 

Sampson (Cape Cod). 

Sampson's (Mrs. Aaron) house. 

Sanclford (Connecticut). 

Sand Peak. 

Sandwich Congregational church. 

Sandwich, comer 3. 

Sandwich, corner 4. 

Sandwich, corner 5. 
Sandwich, corner 9. 

Sandwich, corner 10. 

Sandwich, comer I I. 

Sandwich, comer 12. 

Sandwich, corner 13. 

Sandwich, corner q. 

Sandwich, corner 15. 

Sandwich, corner 16. 

Sandwich, corner 17. 

Sandwich, corner 18. 

Sandwich, corner 19 .. 

Sandwich, corner 20. 

Sandwich, corner 21. 

Sandwich, corner 22. 

Sandwich, peg. 

Sandy Neck light-house. 

Sanitarium, pole. 

Sankaty Head. 

Sankaty Head 2. 

Sankaty Head light-house. 

Santuit. 

Sargent. 

Sargent Observatory. 

Sassacus. 

Savery. 

Scargo. 

Scargo Observatory. 

School-house, east gable. 

School-house Hill. 

Scituate. 

Scituate, corner 1. 

Scituate, corner 2. 

Scituate, corner 3. 
574 11 
5 7 4 

1 

Scituate, corner 4. 

572 Scituate, corner 5. 

596 Scituate, corner 6. 

570 Scituate light-house. 

570 Scituate Orthodox church. 

406 Scituate Point. 

396 Scituate Unitarian church, 1848-49. 

464 Scituate Unitarian church, 1885. 

490 Sconticut Neck. 

394 Scorton Hill. 

456 Scorton Neck. 

468 Scotland Congregational church. 

482 Scraggy Neck. 

482 Scrub (Buzzards Bay). 

480 Scrub (Cape Cod). 

482 Seabrook (l\ew Hampshire). 

482 Sears. 

480 Sears' barn, cupola. 

4$0 Seaside. 

482 Scaview House. 

4 So Secondary signal. 

482 Second twin tree. 

482 Seekonk and Rehobeth corner and Attleboro line 

480 stone. 

482 Seymour. 

482 Seymore Hill. 

480 Shaw. 

482 Shawaukemo. 

480 Shed. 

480 Shells. 

456 S. I I. Hill. 

56o Shingle Hill. 

398 Shootflying. 

400 Shutesbury Baptist church. 

398 Shutesbury Congregational church. 

478 Shutesbury, house, chimney. 

596 Siasconset, Atlantic Hotel. 

546 Signal A. 

446 Silver llill, poplar tree. 

522 Siker Hill, tower. 

454 Silver Lake. 

456 Simmons 2 (Rhode Island). 

440 Sippican Neck. 

438 Sippican (Marion) Congregational church. 

526 Sipson Island. 

498 Skunk Hill. 

432 

474 
612 

516 

398 

536 

464 

524 

598 

396 
610 

610 

610 

402 

594 

592 i 

586 I 
494 
428 

416 

414 

464 

448 
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Index of geographic positionH, State of Massachusetts-Continued. 

' Name of station. 

-------- ------ ------------
Slade. 

Small. 

Smalls Hill. 

SIVall red house on marsh. 

Smith. 

Smith, monument. 

Smith Point. 

Smith's (Edwin) barn, cupola. 

Snow's I31ock, flagstaff. 

Somerset. 

Somerset 2. 

Somerset church. 

Somerset meetinghouse. 

Somerset Methodist Episcopal church. 

Somerville, church near Malden Bridge. 

Somerville, church on hill. 

Somerville, red church. 

South Abington water works. 

South Amherst church. 

South Amherst, Manson's bun, cupola. 

South base. 

South Bay tripod. 

South Boston, <lark church. 

South Boston Flats, A. 

South Boston Flats, B. 

South Boston Flats, C. 

South Boston Flats, D. 

South Boston Flats, E. 

South Boston Point. 

South Boston Reservoir, flagstaff. 

South Boston, s~a wall. 

South Braintree church. 

South Braintree High School. 

South Carver, Union chapel. 

South Cuttyhunk. 

South Danvers, tall spire. 

South Deerfield Congregational church. 

South Dennis. 

South Dennis Congregational church. 

South Dennis, south church. 

South Dock, monument. 

South Duxbury Unitarian church. 

South Groveland Episcopal church. 

South Hadley Congregational church. 

South Hadley Falls Catholic church. 

South Hadley Falls Congregational church. 

South Hadley Falls Methodist church. 

South Hadley Female Seminary. 

Page. 

-·----

442 

424 

454 

542 

430 

588 

402 

608 

470 

442 

436 

442 

442 

442 

532 

532 

532 

484 
608 

6o8 

450 

540 

544 

542 

542 

544 

544 

544 

528 

544 

536 

554 

554 

490 

426 

564 
612 

462 

462 

462 

572 
48g 

584 

604 

604 

604 

6o4 

604 

Name of station. 

South Halifax Baptist church. 

South Harwich, flagstaff. 

South Naushon. 

South Orleans, Progressive Lyceum Association 

Hall. 

South Pasque. 

South Pettick lsland. 

South Pocasset church. 

South Point. 

South Raynham Baptist church. 

South Scituate, corner I. 

South Scituate, corner 1, peg. 

South Scituate, comer 2. 

South Scituate, corner 2 1• 

South Scituate, comer 3. 

South Scituate, corner 4. 

South Truro Methodist church. 

South Wellfleet Congregational church. 

South Wellfleet Methodist meetinghouse. 

Southwest comer of Massachusetts. 

South Weymouth Unitarian church. 

South Yarmouth Methodist church. 

Spectacle Island, flng. 

Spicket (N. H.). 

Spencer (Rhode lsland). 

Split Rock. 

Sprague. 

Springfield Arsenal, clock tower. 

Springfield court-house, tower. 

Springfield, First Baptist church. 

Springfield, Florence street Methodist church. 

Springfield, Hope Congregational church. 

Springfield, North Congregational church. 

Springfield, St. Joseph's Catholic church. 

Springfield, St. Michael's church. 

Springfield, South Congregational church. 

Springfield, State street Methodist church. 

Springfield, water shops, tower. 

Spring Hill Academy. 

Spruce. 

Spruce Hill. 

Spruce, north base. 

Spruce, south base. 

Squam Head. 

Squam llencl 2. 

Squantum. 

Squawbetty. 

Squawbetty, nail factory. 

···---·---·--------- ··--

387 

Page. 

506 

472 
426 

456 

426 

548 

416 

456 

512 

500 

500 

498 

498 

498 

498 

456 

460 

460 

612 

486 

474 

546 

586 

396 

514 

484 
602 

602 

6o2 

602 

6o2 

602 

602 

602 

6o2 

602 

6oo 

468 

514 

612 

514 

514 

398 

400 

546 

444 

446 
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Index of geographic positions, State of Massachusett8-Continued. 

Name of station. Page. Name of station. 

----11-------· 
Squawbetty, white church. 446 [I Surfside Hotel. 

-----···----

Squibnocket. 408 I Sursuit Creek. 

Stage Harbor light-house. 466 j Sutton's Castle. 

Standard Sugar Refinery. 536 ,. Swampscott church. 

Standish. 486 Swansea Christian church. 

Standish monument. 

Starbuck's (Alfred) house. 

. State farm water-works. 

State street block. 

Station south of Nauset Lights. 

Sit ep Brook. 

Steep Brook, brown church. 

Stetson Observatory. 

Stevens. 

Stevens 2. 

484 

402 
Jr 

502 
Ji 536 

46o 11 

436 11 

442 ,, 
526 

580 Ii 
576 /! 
410 )I 

498 !/ 
596 •. 

596 Ii 

Swansea, corner 3. 

Swift Hill. 

Swift's (R.) barn . 

Swine. 

Switch. 

Switch, hase 1. 

Switch, base 2. 

Switch, base 3. 

Switch, middle base. 

Sycamore. 

Table Land. 

Tall chimney. 

Tall chimney north side of 

Tank (Boston Bay). 

Mystic River. 

Stewart's house. 

Stoddard's barn. 

Stone monument. 

Stone monument, + 
Stone powder house. 530 1! Tank (Cape Cod Bay to Boston Bay). 

Stonewall. 

Stone wharf. 

Stork. 

Storm, peg. 

Stoughton Congregational church. 

Stout. 

Straitsmouth light-house, 1849. 

Straiismouth light-house, 1851. 

Strn. w berry. 

Strawberry Hill, barn. 

Strong. 

Strongwater, monument. 

Studley (Buzzards Bay). 

Studley (Cape Cod to Boston Bay). 

Stump. 

Subordinate Primary and Secondary 

stations. 

Succonesset, 1835. 

Succouessct, 1845. 

Suffolk chimney. 

Suffolk, cordage factory. 

Sugarloaf Hotel, north chimney. 

Sugarloaf Hotel, south chimney. 

Sullivan's barn, cupola. 

Summer-house on high rock. 

Sumner. 

Sunderland Congreg:itional church. 

Sunderland school-house, tower. 

444 !: Tarkiln Hill. 

554 I, Tarpaulin Cove. 
1· 

448 11 
Tarpaulin Cove light-house. 

452 11 
Tashmoo. 

s22 ir Taughanuc Mount. 

458 . Taunton Baptist church. 

568 [i Taunton, corner 2. 

568 11 Taunton, corner 3. 

432 ii Taunton, corner 4. 

548 Taunton, comer 5. 

456 Taunton, corner 6. 

588 Taunton, corner 7. 

418 Taunton, corner 12. 

488 Taunton, corner 13. 

424 Taunton, comer 14. 

Taunton, corner 15. 

396-398 Taunton, corner 16. 

406 Taunton, corner 17. 

406 Taunton, corner 18. 

596 Taunton, corner 19. 

548 Taunton, comer 20. 

612 Taunton, comer 21. 

612 Taunton, corner 22. 

560 Taunton, comer 23. 

568 Taunton, comer 24. 

552 Taunton, corner 25. 

610 Taunton, corner 26. 

6ro Taunton, corner 27. 

. ----- ---

Page. 
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Index of geographio positions, State of Maasaohusetts-Continued. 

·-·----···-------- -· 

:'fame of station. 

Taunton, corner 28. 

Taunton, corner 29. 

Taunton, corner 30. 

Taunton, comer JI. 

Taunton, comer 32, 

Taunton, corner 33. 

Taunton, corner 34. 

Taunton, corner 35. 

Taunton, corner 36. 

Taunton, corner 37. 

Taunton, corner 38. 

Taunton, corner 39. 

Taunton, corner 40. 

Taunton, corner 4r. 

Taunton, corner 42. 

Taunton, comer 43. 

Taunton, corner 44. 

Taunton, corner 45. 

Taunton, comer 46. 

Taunton Insane Asylum. 

Taunton Iron~\Vorks. 

Taunton River. 
Taunton Unitarian church. 

Taunton water-works. 

Telegraph. 

Telegraph, 1886. 

Telegraph Hill. 

Tempes Knob. 

Temporary signal. 

Ten Hill farm, flag. 

Ten Hill farm 2. 

Ten Pound Island light-house. 

Terry. 

Tewksbury. 

Thatcher Island. 

Thayer Hill, yellow house. 

Third Cliff. 

Thompson. 

Thompson Island, flag. 

Thompson Island, pole. 

Thompson Island 2. 

Thompson, monument. 

Thompson's Hotel. 

Thrasher. 

Three Rivers, French Catholic church. 

Tilton (coast north of Cape Ann). 

Tilton (Martha.~ Vineyard). 

Tinker Island, pole on house. 

Page. ii 
11 

Name of station. Page. 

1-----------· ------·- ·--·-

! 452 Titcomb (New Hampshire). 

45 2 1 Titicut church. 

452 i Tobey. 

520 I 
514 

Tomasso. 

Tom Nevers Head. 

520 Totman Mount. 

520 Totman Mount 2. 

520 

520 

520 

520 

520 

520 

520 . 

52~ 11 
520 

520 

520 

514 

440 

442 

436-452 

440 

440 

438 I 
49° . 

484 I! 
414 i 

588 ! 
528 11 

528 

57° 

436 

588 

57° 

55° 
488 

394 

546 

546 
. 546 

588 

576 

444 
606 

57 2 

408 

568 [1 

Town Cove. 

Tree base. 

Trout. 

Trout, peg l. 

Truro Congregational church. 

Truro, corner l. 

Truro, corner 2. 

Truro, comer 3. 

Truro, corner 4. 

Truro, comer 5. 
Tmro, corner 6. 

Truro, comer 7. 

Truro, comer 8. 

Truro, comer 8, base l. 

Truro, corner 8, base 2. 

Truro town hall. 

Tuckanuck. 

TuC'kanuck Island, north house, 1835. 

Tuckanuck Island, north house, 1887. 

Tuckanuck, telegraph. 

Tudor, cupola. 

Tuft Ilill. 

Tuft's College. 

Tune. 

Turkey Hill. 

Turkey Hill 2. 

Turkey Hill 3. 

Turkey Hill 4. 

Turkey Hill, base end. 

Turner's barn, cupola. 

Turner's barn, gable. 

Turner, flagstaff. 

Turn er, flagstaff, east base. 

Turner, flagstaff, west base . 

Turner Observatory. 

T;mer Observatory, peg I. 

Turner Observatory, peg 2. 

Turpentine. 

Tussock Brook. 

Two-dollar tree. 

Twopenny Loaf, flag. 

522 

522 

522 

522 

522 

522 

522 

522 

426 

492 

502 

568 
;: 

-·-· - ·-----·-----------------------' 



390 UNITED STATES COAST AND GEODETIC SURVEY. 

Index of geographic positions, State of .Massach11setts-Co11tin11o<l. 

I

I ~-\-VO_·_St-or_y_ boo ... ~:::;.:~:'"~ =-~ ""•;; :irl. __ \_\'_d~•~·-"=°'"~:' of """""~ ------ !'.g:~.1 
Union. 502 Webster's (Hun. D.) house. 488 

Union chapel. '404 11 Week's barn. 544 

Unkonoonuc (Xew Hampshire). 394 !1 Week's house. 544 

576 !i \\' cequobska. 410 Upper Harbor, inner beacon. 

Upper Harbor, outer beacon. 

Varnish factory, chimney. 

Verification north base. 

Veri:ication south base (R. I.). 

VI' achusett. 

Wachusett, astronomical latitude station. 

Waite 1. 

Waite2. 

Wakeby. 

Walker. 

Walker's flag. 

Wall. 

Walnut Hill (Boston Bay). 

Walnut Hill (Connecticut River Valley). 

Waltham Baptist church. 

Waltham, corner 2. 

Waquoit Congregational church. 

Waquoit, flag in tree. 

Ward Hill. 

Wareham Catholic church. 

\Vareham Congregational church. 

Ware Hill. 

Warren Methodist church (Rhode Island). 

Warwick. 

Wash (Cape Cod), 1886-1887. 

Wash (hydrographic) (Vineyard Sound). 

W~shburn (Cape Cod to Boston Bay). 

Washburn (Taunton River). 

Washington, spire. 

Watatick. 

Watatick, State Line. 

Watcha Pone!. 

Water tank (Nantucket Island). 

Water tank (Vineyard Haven). 

\Vatertown, corner 5. 

Watertown, corner 14. 

\Vatertown, corner 15 

Watertown, corner 16. 

Watertown, United States Arsenal. 

Waverly House. 

\Vebster. 

\Vebster 2. 

\Vebster's flagstaff. 

576 I! \Vectamoe. 446 

542 If Weewecder. 400 

430 1
1 \\'eeweeder life-saving station. 402 

430 ii Weewceder Pond. 398 

394 .
1 

Wellington llill, flagstaff. 550 

394 !l Wenaumet Neck. 414 

528 ; West. 522 

528 1 West bench mark. 6o4 

480 ii West Boston Bridge. 544 

4441 West Brewster. 456 

492 \Vest Bridgewater, corner 2. 512 

446 West Bridgewater, corner 3.. 512 

526 

600 

560 

560 

404 

410 

588 

418 

414 'i 
566 ; 

434 II 
600 !! 

456 11 
1, 

410 ., 

502 I; 
4441· 
612 I 

596 II 
596 I: 
404 

398 

408 

560 

562 

\\'est Bridgewater, corner 4. 

\\'est Bridgewater, corner 4, eccentric. 

West Bridgewater, corner 5. 
\Vest Bridgewater, corner 6. 

\\'est llriUgewater, corner 7. 
\Vest Bridgewater, corner 7, peg. 

\Vest Bridgewater, corner 8. 

West Cambridge, tall spire with clock. 

West Chatham. 

\\'est Chop. 

West Chop 2. 

West Chop 3. 

\\'est Chop, (hydrographic). 

West Chop light-house, 1835-1845. 

West Chop light.house, 1875-1888. 

West Crook, liberty pole. 

\\'est Dedham church. 

\Vest Dennis Methodist church. 

West Duxbury Methodist church. 

West Falmouth Observatory. 

West Hampton Congregational church. 

West Harwich Baptist church. 

West Islancl. 

\Vest Island 2. 

562 \\'est Newbury, barn, cupola: 

'562 West Newbury Catholic church. 

536 , West Newbury, First Congregational church. 

536 West Newbury, Second Congregational church. 

554 West Salisbury church. 

558 West Salisbury, powder house. 

488 West Scituate church. 

-· ·-- .. ·---·------------------'-' ,,_ ------ ·------------
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Index of geographic pollitious, Slate of Jlassaclmsetts-Continued. 

·------·------------------------
Name of station. 

West Springfield, Firs.I Congregational church. 

West Springfield, Park street Congregational church. 

West Tisbury church. 

West Yarmouth church. 

Weymouth, corner I. 

\Veymouth, corner 2. 

\Vcymouth Great Hill, flag. 

Weymouth-Hingham, line stone A. 

Weymouth-Hingham, line stone B. 

Weymouth-Hingham, line stone C. 

Weymouth Landing church. 

Whately Congregational church. 

Whippoorwill Mountain. 

White. 

White, flag in tree. 

White barn, square window. 

White Birch. 

White church spire. 

White house, chimney. 

\Vhite house, chimney, west shore. 

White house, south gable. 

White Island Pond. 

Whites Hill. 

Whiting. 

Whiting street. 

Whiting street 2. 

Whiting street 3. 

Whilman Catholic church. 

Whitman Congregational church. 

Whitman, corner 1. 

Whitman, corner 1, peg. 

\Vhitman, corner 2. 

\Vhitman, corner 3. 

Whitman, corner 4, 

Whitman, corner 5. 

Whitman, corner 9. 

\Vhitman, corner 10. 

Whitmore. 

\\'igwam. 

Wilbraham Congregational church. 

Wilbraham, Rich HalJ, tower. 

Wilbur. 

Wilbur's ( E.) house. 

Name of station. Pnge. 
I! __ .. 

602 \Yil<l Harbor. 

602 Willard street. 
I 

4081 Williams (Cape Cod Bay to Boston Bay). 

462 . Williams (Taunton River). 

500: 

558 

55° 
500 
558 
558 

554 
610 

450 
484 
6oo 

442 

492 
442 
406 
446: 

406 i 
484. 

526 
406 

558 
558 
558 
512 

502 

504 
504 

524 
524 

510 
512 

504 
504 
438 
600 

604 

604 
420 

44° I 

Williams' barn, cupola. 

Williams Hill. 

Williams' (J. R.) house. 

Williamstown Congregational church. 

Wilson, monument. 

Wilson's (Foster) house. 

Winchell Mount. 

Winchester, peg. 

Windmill. 

Windmill Range. 

Wing (R. I.). 
Wings Neck light-house. 

Winnisimmct church. 

Winslow's factory. 

Winthrop Head. 

Winthrop Head 2. 

Wood. 

Wood End light-house. 

Woodland. 

\Voodman. 

Woods. 

'Woods Hole. 

Woods I lolc Episcopal church. 

Wood's Hotel. 

·wood street. 

Woodward. 

\Voodward Hill, flag. 

Worcester and Middlesex counties. 
Wreck. 

Wright Hill. 

Wyer. 

x I. 

x 2. 

Yarn1outh Congregational church. 

Yarmouth Port church. 

Yellow house, east chimney. 

Yellow Pinc. 

Yellow Pine (New York.) 

Young. 

Page. 

416 

554 
514 
440 

592 
588 

444 
612 

59° 
6o4 

598 
562 
400 

398 
428 
418 

532 
538 
528 
528 

436 
456 
56o 
590 

444 
412 
406 

576 
556 
430 
570 
596 
468 

558 
456 
434 

434 
456 
462 
562 

554 
394 
470 
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394 UNITED STATES COAST AND GEODETIC SUH.VEY. 

PRIMARY STATIONS. 

Station. I Latitude. 

---------· ---------------.--1--0--,---,-,--
Agamenticu•, Me., astronomic azimuth anti latitude station of 43 13 24·630 

1847 (1847-'85). 
Thompson, astronomic azimuth and latitude station of 1846. 

(1846-'50.) 
lJnkonoonuc, N". H., astronomic azimuth and latitude station 

of 1848 (1848-'86). 

Blue Hill, astronomic azimuth station of 1845. 
1845-'85. 

'vVachusctt, astronomic azimuth station of 1860 (C. & G. S. 
& Bdn.), 1833-'6o. 

\\'achusett, astronomic latitude station of 186o. 

Muna<lnock, N. I-I. 
186o-'85. 

Mount Tom, astronomic azimuth station of 1862. 
1860-'85. 

Mount Tom, astronomic latitude station of 1862. 

Bald Hill (Tolland County), Conn. 
1860-'64. 

Box Hill, Conn. 
1861-'75. 

San<lfonl, Conn., astronomic azimuth station of 1862 (1861-
'65). 

Ivy, Conn. 
1861-'65. 

Beaconpole, R. I., astronomic azimuth station of 
( 1844-'89). 

Great Meadow. 
(C. & G. S. & Bdn.), 1836-'90. 

Copccut, astronomic azimuth station of 1844. 
(C. & G. S. & lldn. ), 1837-'90. 

Massachusetts North Base. 
1844 ( 1844-'89). 

:\lassachusetts South Base. 
1844 (1844-'45). 

M:rnomet, astronomic latitude station of 1867. 
(C. & G. S. & Bdn.), 1835-'90. 

Grcylock or Saddle Mountain. 
1874-'82. 

Mount Equinox, Vt.. 
1874-'83. 

l\lount l~afinesque, N. Y. 
1874-'82. 

Perry Peak. 
(C. & G. S. & Bdn.), 1837-'74. 

Yellow Pine, N. Y. 
1862-'76. ' 

Heldrrberg, N. Y~ 
1875-'82. 

Pwspect, N. Y. 
1875-'82. 

42 12 43 ·941 

42 29 20·784 
I 

I 

I 
42 29 19·836 

42 51 41·174 

42 14 30·798 

42 14 29·892 

41 58 25·890 

41 47 59·794 

41 27 42·8o1 

41 52 18·500 

41 59 42•468 

41 52 45 ·138 

41 43 17·245 

42 03 06·592 

41 54 49·921 

41 SS 38·699 

42 38 14·088 

43 09 57 ·980 

42 47 21·155 

42 25 15·648 

42 29 28·727 

42 37 39·072 

43 25 17·949 

I 

I 
I 

i 

Seconds in 
metres. 

1355 "7 

641·4 

612·1 

1270·6 

950·2 

1320·4 

570·7 

1310·2 

1392·7 

532·1 

203·4 

1194·0 

434·6 

1789·2 

652·9 

482·8 

886·4 

1205·7 

554·0 

I 

Longitude. 

o I II 
70 41 32·907 

71 53 12·232 

72 06 30·776 

72 38 55·614 

72 II 55 ·027 

72 27 21·404 

72 56 59·304 

71 27 01 ·257 

71 13 02·292 

71 03 36·644 

71 12 24·871 

71 18 16·114 

70 35 28·128 

73 09 59·130 

73 07 02·708 

73 36 58·818 

73 22 48781 

73 40 2r902. 

74 00 38·487 

73 46 04·570 

i Seconds in 
metres. 

~---------

742·6 
; 

1120·6 

439·0 

1207·3 

319·4 

279·3 
698·6 

1262·3 

1275·1 

1266•9 

494·1 

1376·3 

644·0 

28·9 

52·9 

847·1 

572·0 

371 ·3 

648·1 

1347·2 

61 ·2 

1336·8 

1115·3 

637·3 

877·0 

102·8 



··-

Azimuth. Hack azimuth 

0 I II 0 I II 

----------- -----~-----

182 35 25·476 2 36 58·261 

249 36 12·618 70 12 57·351 

300 09 32·872 120 44 32·424 

155 43 45 ·770 33~ 24 3n·537 
215 21 29·380 35 37 02·480 

203 54 04·099 24 06 13·358 

295 31 38·891 116 02 52·610 

336 14 24·474 156 23 24·577 

252 07 57·590 72 29 12·028 

246 05 57·988 66 36 45·098 

212 37 17·232 32 59 12·085 

128 48 17·330 308 30 l I •049 

204 05 01 ·004 24 17 34·496 

162 03 16·319 I 341 55 31·984 I 
227 47 14·069 47 57 32·578 

227 27 39· 2Jl 47 47 20·351 

196 00 II ·934 16 12 15·370 

333 14 or820 153 25 05 ·059 

276 52 14·769 97 23 00·053 

146 50 05 ·792 326 32 28·490 

228 55 19·774 49, 08 50· 124 

123 44 56·597 303 35 35·905 

192 54 36·214 12 58 43·781 

133 18 14·851 313 02 37"562 

175 17 06·299 355 14 55·237 

2 34 36·135 182 34 11 ·112 

72 44 05·443 252 34 18759 
207 47 I I ·966 27 51 06·916 

126 46 54 ·940 306 41 03·861 

59 44 30·308 239 25 44·316 

126 18 34 ·859 305 57 32·162 

253 35 57·679 74 19 02·804 

I l ·8 3 5 4 37 3 5 I 6 02 3 ·2 8 35 9 
292 01 23·100 ll2 42 40·752 

3 54 40·434 183 52 50·335 
224 01 02·231 44 21 26·671 

294 27 18781 l 14 45 37•465 

154 43 48·875 334 34 13·448 
216 06 22·198 36 15 02·456 

188 10 18·052 8 12 39·685 

287 47 03 ·641 107 58 58·575 

240 47 42·718 61 03 45·635 

268 49 12·873 

I 
89 23 31 ·424 

298 02 50·279 118 29 36·200 

349 59 10·459 170 05 23·401 
----· 
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PRIMARY STATIONS. 
--- --·-

To station. 

----

I Aga menticus __________ . _____ ---- _________ _ 

'Aga 
nienticus _____________________________ _ 

I Tho 
Unk 

f Tho 

I Unk 
Blue 

mpson. 
onoonuc _____________________________ _ 

mpson. 
onoonuc ____________________________ _ 

Hill. 

Wac 
husett _______________________________ _ 

Unk onoonuc. 

Wac 

I ~fon husctt ·-----------------------------~ 
aclnock. 

Mou nt Tom __ ··----------------·----------. 
Wac husett. 

Mou nt Tom _____ • ____ . ________ . __________ . 

Bald I !ill. 

Box Ilill _ ------·------------------------. 
Mou nt Tom. 

San< ]ford _______ -------- ________ ---- -----· 

llux Hill. 

Wac 
husett _______________________________ _ 

lllue Hill. 

Beac onpolc _____________________ . ---------

Blue Hill. 

Beac 
onpole ______________________________ _ 

Blue Hill. 

Grea t Meadow---··------------------···--· 
Bcac onpole .. 

:Mass achusetts North Base ·----- ----------
lleac onpole. 

Cope cut·---·-----------------------------

Distance. 

.Afttres. 

77 686·65 

81 461·91 

94 078·56 

54 491 ·94 
6o 093·82 

70 700·04 

45 164·53 

44 548·68 

68 470·37 
81 877·61 

47 662·88 

62 740·03 

51 616·87 

28 797·56 

55 707"02 
90 171·62 

50 949·29 

64 330·97 

65 656·70 

36 777"41 

23 223·72 

37 951 ·70 

44 425·23 

54 694·51 

19 193·1I 
21 123·09 

17 326·376 

15 091 ·32 

45 185 ·59 
lllue Hill. 53 642·95 
Mon adnock_______________________________ 90 121·17 

Mou nt Tom. 61 186·5 l 

Monadnock_ ---- ____ -----··-- --------- ----- 88 939·22 
Grey lock. 58 88679 

Mount Equinox _ -------··-------- ·--------- 58 390·01 
Greylock. 40 539·34 

Mount Rafinesque. ------------------------ 45 258·32 
Grey lock. 29 757 ·38 

Mount Rafinesqu~ • ------------ ------ ------ 33 43 2·1° 
Perry Peak. 25 429·20 

Mount Rafinesque --------------------· ---- 36 965·44 

~r:~~:~~uinox -·----·--------------------/ 

69 261 ·34 

59941·35 
Mount Rafines:1ue. 

1 
71 335·75 

395 

Logarithm . 

4·890 346 4 

4·910 954 6 

4·973 490 7 

4 ·736 332 3 
• 4·778 829 8 

4·849 419 7 

4·654 797 5 

4·648 834 8 

4 ·835 502 7 

4 ·913 165 2 

4·678 180 3 

4·797 544 7 

4·712 791 7 

4·459 355 7 

4·745 909 9 

4·955 069 9 
4·707 138 2 

4·808 420 I 

4·817 279 0 

4 •565 581 l 

4 ·365 931 8 

4·579 231 2 

4 ·647 629 7 

4·7379437 
4·283 145 4 

4·324 757 5 
4 ·238 707 7 

4·1787273 

4·655 000 0 

4·7295127 

4·954 826 8 

fl86 655 7 

4•949 093 3 

4770 017 9 

4766 338 6 

4·6o7 876 6 

4·655 698 5 

4·4735946 

4·524 171 4 

4·405 332 7 

4·567 795 9 

4·840 490 9 

4·777 726 5 

4·853 307 3 
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SUBORDINATE PRIMARIES AND SECONDARIES. 

I Seconds in i Is d · 
Station. Latitude. Longitude. : . econ ~ 1n 

metres. I metres. 
: i 

---- --·· ------1--··· -----·. --

0 II 0 II I 
Indian, astronomical azimuth station of 1845. 41 25 46·744 1442·0 70 40 40·699 945·0 

(C. & G. S. & Bdn.), 1835-'87. 

Shootllying, astronomical azimuth station of 1845. 41 41 07'334 226·2 70 20 49·738 1150·3 

1845-'87. 

Nantucket Cliff. 41 17 35 ·813 1104·8 70 06 53·793 1251·6 

1845-'75. 

W:olt. 42 38 28·026 864·8 71 06 24·872 566·7 
(C. &. G. S. & Bdn.), 1833-'go. 

Nantaskct. 42 18 15·690 484·1 70 54 20·203 462·8 

1846-'77. 

Prospect Waltham. 42 23 18·831 581·0 71 15 15·333 350·7 
(C. & G. S. & Bdn.), 1833-'go. 

Orne. 42 30 10·264 316·7 70 57 54·451 1243·1 

1848-'77. 

Powder horn. 42 24 04·683 144·5 71 01 52·006 1189·3 -1846-'61. 

Corey. 42 20 33·376 1029·9 71 08 02·199 50·3 
1847-'61. 

Cambridge Observatory, center of dome. Telegraphic longi- 42 22 53·4go 1650·6 71 07 43·885 1003·9 
tude station, 1851-'72. 

Sampson. 41 22 41·830 1290·4 70 29 02·471 57·4 
1845-'75. 

Hyannis. 41 37 53'339 1645·5 70 18 26·666 61r3 
(C. & G. S:& Bdn.), 1835-'87. 

l'{antucket &Great Point) light-house. 41 23 24·345 751 ·1 70 02 46·056 1070·0 
(C. & . S. & Bdn.), 1835-'87. 

Spencer, R. I., astronomical azimuth station of 1844. 41 40 43·256 1334"4 71 29 40·685 941·0 

Quaker, R. I. 41 34 57'376 1770·1 71 15 18·337 424·7 
(C. & G. S. & Bdn.), 1836-'74. 

McSparran, R. I. 41 29 46·953 1448·5 71 27 24·737 573·7 
183g-'44. 

Poca"et, R. I. 41 39 09·420 290·6 71 II 32·364 748·9 
(C. & G. S. & Bdn.), 1837-'87. 

Cuttyhunk. 41 25 14·887 459·3 70 56 02·646 61·4 
(C. & G. S. & Bdn.), 1835-'87. 

East Ro, k, R. I. 41 27 04·650 143·4 71 II 38·340 889·9 

1843-'70. 

Nootas. 41 32 13·020 401·6 71 07 25 ·832 598·8 

1843-'44. 

Mount Hope, R. I. 41 40 26·130 8o6·1 71 14 26·209 6o6·2 

1843-'61. 

Bald Peak or Mount Washington or Mount Everett or Taugh-
anuc Mount or Dome Peak (C. & G. S. & Bdn.), 1837-'74. 

·42 o6 07·301 225·3 73 25 59·109 1358·2 

Frt"nch Hill. 42 25 38·470 1187·0 73 02 16·447 375·9 
(C. & G. S. & Bdn.), 1836-'74. 

Isles of Shoals, Mc., astronomical latitude station of 1847. 42 59 14·862 458·6 70 36 50·285 II39'2 

1846-'50. 



Azimuth. 

II 

187 25 18·24 

135 36 04·33 

44 17 20·61 

143 03 20·31 

156 04 20·29 

I08 00 24·87 

0 45 57·22 

275 SS 18·82 

59 22 52·32 

156 II 49·30 

329 30 20·54 

20 24 11 ·44 

142 53 16·06 

237 50 41·09 

85 40 19·75 
. 18 10 41·64 

232 22 39·62 

117 17 35·42 

94 22 19·77 

356 25 24·69 

286 52 09·96 

109 26 33·38 

151 OJ 58·99 

27 43 48·12 

28 12 03·52 

142 38 50·92 

185 57 36·34 

262 22 17'91 

226 24 37'79 

u8 12 27"73 

171 10 21·59· 

240 18 12·34 

150 41 04·12 

235 09 32·46 

123 56 41·52 

162 33 26·03 

r6o 44 27"59 

278 46 25·33 

309 cr4 33·44 
156 03 33·63 

6 47 22·05 

300 27 25·96 

155 21 59·47 

187 00 04·08 

155 40 41 '39 

88 41 00·95 

12 53 01·04 

166 19 5,0·29 

REPORT FOR 1894-P ART II. 

SUBORDINATE PRIMARIES AND SECONDARIES. 

Back azimuth. 

o II 

7 28 46·08 

315 20 51·24 

224 04 10·56 

322 53 34 ·76 

335 55 06·49 

287 38 05·47 

180 45 38·49 

96 IO 36·93 

239 14 26·33 

336 03 39·97 

149 35 58·86 

200 16 17·33 

322 47 30·75 

58 00 12·78 

265 31 18·12 

198 07 19·29 

52 26 49'1I 

297 12 43·55 

274 17 15·44 

176 25 59· 18 

I07 06 47·50 

289 18 51·59 

331 02 23·89 

207 36 46·78 

208 09 19·88 

322 26 52·32 

5 59 22·68 

82 39 38·36 

46 32 24·14 

298 02 54·85 

351 08 51·35 
60 26 14'04 

330 30 44·69 

55 14 48·84 

303 43 55·71 
342 28 24·78 

340 42 01 ·77 

98 56 44·56 

129 12 05 ·94 

336 00 49·97 

186 46 47·42 

I20 29 21 ·52 

335 12 14·80 

7 02 12:09 
335 35 28·62 

268 27 09·60 

192 48 I6•44 

346 I6 37'16 

To station. 

Manomet _______ ------ ------ ------ -----L--
Copecut. 

Indian ___________ ---------- -- --- ------- --

Manomet. 
Shoot flying ___ ---- ____________ --- _ ----- - __ 

Indian. 

Blue Hill_----------------------·---------
Thompson. 

Blue Hill. ____ ----------------------------
Holt. 

Blue Hill_ ______ ---------------·----------
Beaconpole. 

Holt ---------------------------- -- ---·· 
Thompson. 

Prospect Waltham _____________ ------------

Blue Hill. 

Powder horn ------ ··----- ------- _____ -----. 
Prospect \Valtham. 
i'rospect V\'altham ______________ • _________ . 

Blue Hill. 

i Nantucket Cliff. ___ -- ------------ ---· -··----

/ Indian. 

! Shootflying --··---------------------------
! Sampson. 
' Nantucket Cliff ___________________________ _ 

Shoot flying. 

Beaconpoic ···--------- ·--··----------------
Copecut. 

Copecut ______ ---------·· --------- ___ ----- _ 

Spencer. 

Spencer ---- ---- __ ---- -- ---- ·- ---- ____ --- -I 

~:::~~;mle __ ----- -----------------------_! 
Copccut. 

Quakcr·----------------------------------
Copccut. 1 

Quaker ____ ------ ----------- -------- -----! 
Cutty hunk. 

i 
Cutty hunk--- .. --------------------------·--
Pocasset. 

Quaker·----------------------------------
Pocusset. 

Yellow Pine -------------------------- ----
Perry Peak. 

Grey lock ___________ ---- --- -------- ---- ----

Perry Peak. 

Thompson __ --------··--------- -- ----------
Agamenticus. 

Distance. 

Metres. 
55755·26 

45 458·21 

39 60I '75 

33 673·18 

47 668·76 

49 486·52 

47 647'90 
3I 066·38 

20 055·70 

40 906·81 

22 723 ·08 

46 6o6·15 

19 272·40 

22 757·45 

18 427"94 

22 I04 ·06 

IO 688·86 

II I48·73 

IO 356·65 

18 844 ·17 

32 305·24 

17 192·59 

6 839·50 

31 752·19 

12 197·72 

4I 309·46 

35 339·35 

36 475·19 

22 393·41 

22 634·29 

20 491 ·06 

I9 370·85 

43 666·53 

I3 397·89 

32 270·72 

35 OQ[)"26. 

15 450·37 

2I 986·15 

'20 436·54 

14 058·13 

IO 2I3·98 

4 666·63 

47 600·92 

35 699·39 

25 595·u 

28 181 ·49 

42 819·83 

26 990·73 

397 

Logarithm ... ·1 

·-1 
4·746 285 8 I 
4·657 612 3 

4·597 7I4 4 

4·527 284 I 

4·678 233 8 

4·694 486 9 

4·678 043 8 

4•492 290 6 

4·302 237 8 

4·6u 795 6 

4·356 467 3 

4·668 .443 2 

4·284 935 7 

4·357 I23 5 
4 ·265 476 7 

4·344 472 I 

4·028 93I 2 

4·047 225 5 

4·015 219 I 

4·275 177 0 

4·509 273 0 

4·235 341 4 

3·835 024 7 

4·50I 773 7 
4·086 278 8 

4·6I6 049 5 

4·548 258 6 

4 ·561 997 6 

4·350 120 2 

4·354 766 8 

4·31I 564 4 

4·287 I48 7 

4·640 I48 7 

4 ·I27 036 5 
4·508 808 6 

4·544 182 9 

4·188 938 8 

4·342 I49 I 

4"3IO 407 3 

4·I47 927 5 

4·oog 195 0 

3·669 003 3 

4·677 615 4 

4•552 660 8 

4·408 156 9 

4·449 963 9 

4·63I 645 0 

4•43I 2I4 6 
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Powow. 
1849-'50. 

Prospect Rowley. 

Station. 

(C. & G. S. & Bein.), 1834-'50. 

Cape Poge light.house. 
1845-'75. 

I'atuccawa, N. H. 
184g-'86. 

Hampton Falls, N. H. 
1850-'51. 

College Hill, R. I. · 
(C. & l;, S. & Bdn.), 1835-'45. 

Tuckanuck Telegraph. 
1845. 

Clark Cove. 

Windmill Range. 
1845. 

'Veeweeder Pond. 
1845. 

Gibbs Pond. 
1845-1887. 

Squam Head. 
1845. 

Latitude. 

0 I II 

42 51 57·006 

42 42 19·154 

41 25 16·028 

43 07 13·689 

42 54 44·372 

41 50 18·850 

NANTUCKET AND VICINITY. 

41 18 14·507 

41 15 20·474 

41 16 40·219 

41 14 35·284 

41 16 53·650 

41 19 33·485 

Nantucket south-towered Unitarian church. 41 16 56·717 
(C. & G. S. & Bdn.) 1835-1887. 

Shawaukemo. 41 17 01·808 
1875-1887. 

Sankaty Head light-house. 
1867-1887. 

41 17 01·217 

'Vater tank. 41 17 19·186 

Surfside Hotel. 41 14 39·573 

Hummock. 41 15 10·761 

Tuckanuck. 41 18 15-481 
1887. 

North Pond. 41 17 38·41 

Sankaty Head. 41 16 59·91 
1845. 

Forked Pond. 41 14 15·94 

--·-----·-

I Seconds in I 1 .t le , metres. .ongi uc · 
I , __________ 

I 
I 

0 I II 

I 
1758·9 70 56 18·812 

591 ·o 70 53 33·128 

494'5 70 27 05·704 

422·5 71 II 51 ·318 

1369·2 70 53 51·877 

581·6 71 24 00·627 

447·5 70 15 08·473 

631 ·7 70 10 43·165 

1240·8 70 06 49·575 

1088·4 70 05 37·923 

1655·1 70 01 31 ·457 

1032·9 69 59 56·052 

1749·7 70 05 58·0S6 

55'8 70 03 04·813 

37'5 69 57 56·535 

591·9 70 07 59·438 

1220·8 70 04 58·170 

332·0 70 10 01 ·207 

477·6 70 15 08·234 

1184·9 70 10 32·15. 

1848·1 69 57 53·41 

491·7 70 01, 03·65 

Seconds in 
metres. 

427'0 

754·0 

132·4 

1160·1 

lli6·7 

14·5 

197·1 

1004·9 

11537 

883·1 

732·0 

1303·5 

135 I' 5 

112'0 

1315·7 

1383·1 

1354·5 

28·1 

191·6 

748·1 

1242·9 

85·0 



0 I II 

328 48 0]'28 

28 57 40·16 

307 59 0176 

14 5I 34·25 

92 56 29·40 
. 207 I2 12·72 

254 I5 I5'37 

64 34 34·63 

205 44 26·82 

133 30 41 '93 

253 23 08·32 

7 06 04·06 

275 52 33·5 

I72 48 38·0 

23I 57 02·5 

131 OI 56·7 

65 40 37·8 

I 76 43 3I"O 

I56 36 16·3 

101 07 33·2 

171 49 0I'3 

86 49 33·5 

69 33 15·4 

24 I4 32·5 

132 56 28'I 

200 27 28·0 

IOI 09 32•6 

182 06 53·2 

150 21 43·0 

94 55 43'4 
2I2 52 00·9 

211 57 03·7 

139 25 22'2 

229 I8 00·3 

2I5 34 06•4 

277 44 14·4 

279 50 07'6 

3o8 32 39·3 

270 53 05 

3 26 50 

I48 57 26 

95 04 58 

118 57 34 

95 2I 42 

I 
I 
I 
I 

I 
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SUBORDIDATE PRIMARIES AND SECONDARIES-Continued. 

0 I II 

148 56 36·04 

208 50 48·74 

128 05 37·47 

194 48 37'35 

272 47 30·16 

27 I7 56·82 

74 35 59·52 

244 I~ 33'40 

25 52 51·44 

313 I8 25·53 

73 30 27·63 

187 03 48·37 

95 58 00'0 

352 46 26·8 

51 59 33·8 

310 59 01·6 

245 38 03·7 

356 43 28·2 

336 35 29'I 

28I 04 I2'0 

351 48 I2'0 

266 46 03·6 

249 28 39'7 

204 13 29·5 

312 55 5I'3 

20 29 34·8 

281 07 01 ·5 

2 07 05·6 

330 18 31·8 

274 49 48·9 

32 55 27·9 

95 OI 197 

319 23 22·6 

49 20 I6·6 

35 35 26·7 

97 47 34·2 

99 54 50·6 

128 36 OI "9 

90 55 29 

I83 26 43 

328 56 05 

274 59 02 

298 53 46 

275 18 41 

To station. 

-----· 

Thompson ____ -------- ________ ---- --·-- ----

Holt. 

Thompson·----·------------- ·- .. -P•--------
Orne. 

Indian_----------- -----·----------------
Hyannis. 

Agamenticus_ ·- ·----------- --------------· 
Unkonoonuc. 
Agamenticus. ___________ ---- _____ . --------

Patuccawa. 

Great Meadow __ ·- -----------------------
McSparran. 

NANTUCKET AND VICINITY. 

Nantucket Cliff·····---------·-------- .. ·----
Hyannis. 

Nantucket Cliff---------··-----· ---- ______ . 

Tuckanuck Telegraph. 

Clark Cove.------------------------------
Nantucket Cliff. 

Windmill Range. ___ .. _. _ ----- - ------ - - __ - . 

Clark Cove. 
Nantucket (Great Point) light-house _________ _ 

Windmill Range .. 
Nantucket Cliff ____________________ .------~ 

Gibbs Pond. 
Nantucket Cliff ____________ -----. _________ _ 

Nantucket (Great Point) light-house. 

Nantucket Clift ____ ---------- __ ---·--------

Nantucket (Great Point) light-house. 

Nantucket (Great Point) light-house ______ ---· 

Nantucket Cliff. 
Nantucket (Great Point) light-house _________ _ 

Gibbs Pond. 
· \\'ater tank ______________________________ _ 

Gibbs Pond. 

\Vater tank _____ -------------·------------

Surfside Hotel. 

\Vater tank_-----------------------·--··---

Hummock. 
Nantucket Cliff ________________________ ----

Clark Cove. 

Squnm Head ______ ·--- -- ---------- ---- ----

Nantucket Cliff. 

Windmill Range .• ______ - ------ -------- ---· 

/ Weeweeder Pond. 

Distance. 

life/res. 
32 986·27 

28 515·06 

I6 887·32 

23 266·58 

18 948•38 

26 280·49 

42 638·85 

35 323·24 

38 40I 'I2 

33 647'75 
I5 841·36 

38 298·07 

I I 570·8 

36 657·0 
6 777·2 

8 I82'I 

5 967'9 

I 7I7'8 

4 I99'6 

7 242·4 

I2 I77'0 

7 415·0 

IO 373'3 

5 407'3 

I 7i0'6 

I2 764·6 

5 430·5 

II 809·2 

I3 6o2'I 

I2 547'I 

I3 416·2 

9 062·8 

6 484·5 

6 345·3 

4 87I ·2 

7 I2f'O 

IO I26•6 

9 139'4 

5 o8I·4 

4 263·0 

5 530·2 

I2 622·9 

9 20I 'I 

6 4I4·6 

I 

399 

Logarithm. 

4·518 333 2 

4·445 074 3 

4·227 56o 7 

4 ·366 732 6 

4'277 572 1 

4'4I9 633 5 

4·629 805 5 
4·548 o6o 5 

4·584 343 9 

4·526 956 0 

4·199 792 6 

4·5S3 176 9 

4·063 364 

4•564 157 

3·83I 053 

3"9I2 864 

3·775 823 

3·234 985 

3·623 209 

3·859 885 

4·085 540 

3•870 I IO 

4'0I5 9I8 

3·732 982 

3·248 117 

4·106 008 

3'734 837 

4•072 219 

4'I33 605 

4·098 542 

4"I27 629 

3'957 263 

3·811 874 

3·8o2 452 

3·687 637 

. 3·852 542 

4·005 464 

3·96o 9I9 

3·705 98 

3·629 72 

3'742 74 
4'IOI I6 

3'963 84 

3·807 I7 

----"-----'-----~~~ -------------"---
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NANTUCKET AND VICINITY-Continued. 

Further Cr eek. 

Muskeget I 
1845. 

sland. 

Station. 

·-

Mitchell's h 
1845-

ouse, astronomical station. 

Bluff. 

Coatue Poi 
1875. 

Coatue Poi 
1845. 

Folger. 

1849. 

nt 2. 

nt. 

Folger, ast 

Nantucket 

ronomical latitude station of 1866. 

Iligh School, cupola. 

Nantucket 
1867. 

Baptist church. 

Nantucket 
1867. 

n01th.towercd church. 

Brant Poin 
1867-

t light-house. 
1875. 

Nantucket 
1875. 

Range Beacon (discontinued Aug. 1, 1880). 

Nantucket 
1875. 

Cliff l~ange Beacon (front). 

Nantucket 
1875. 

Cliff l{ange Beacon (rear). 

Nantucket (Borden). 

Tuckanuck 
1835. 

Brant Point 
1835. 

Windmill. 
. 1887. 

\Vecweeder 
1887. 

Island, north house (Borden). 

light-house (Borden). 

Meridian so uth stone. 

North. 

Squam Hea 
1887. 

Sankaty He 
1887. 

d 2. 

ad 2. 

-----· 

I 

Latitude. \Seconds in 
metres. 

l 
0 I II 

41 16 39'72 1225·2 

41 20 14·14 436·2 

41 16 59·45 1833·9 

41 17 31 ·40 968·7 

41 18 05·40 166·6 

41 19 06·62 204·3 

41 17 17·01 524·7 

41 17 16·94 522·6 

41 17 05·98 184•4 
I 

41 16 52·66 1624 ·4 

41 17 09·94 306·6 

41 17 23·20 715·7 

41 16 23·92 737·9 

41 17 37·97 1171 ·3 

41 17 35·56 I 109ro 

41 17 39•86 1229·6 

41 I 8 38·81 1197·2 

41 17 24·48 755·1 

41 16 39·48 1218·0 

41 14 37'28 u50·0 

41 14 57·16 1763•3 

41 17 02·47 76·2 

41 19 33·39 1030·1 

41 16 57·23 1765·5 

Longitude. 

0 I II 

70 14 06·85 

70 17 58·58 

70 06 00·50 

70 06 26·77 

I 
70 04 39·86 

70 02 57·07 

70 06 16·56 

70 06 16·56 

- 70 06 12·76 

70 06 07·00 

70 06 08·22 

70 05 34·60 

i 70 04 42·85 

70 06 24·12 

70 06 25·09 

70 06 39·85 

70 15 55·41 

70 05 35·81 

70 06 05·91 

70 05 54·09 

70 05 06·38 

70 09 02·64' 

69 59 56·10 

69 57 52·45 

I 

Seconds in 
metres. 

I 
159·4 

1362·1 

II 0 6 

622·9 

I 927·4 

1327"3 

385·3 

38n 

296·9 

162·9 

191 ·2 

805·1 

997·3 

561 ·2 

583·8 

927"2 

1288·9 

833·3 

137·5 

1259·5 

148·5 

61·4 

1304·7 

1220·6 
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NANTUCKET AND VICINITY-Continued. 

Azimuth. Back azimuth. To station. Distance. Logarithm. 

·----·- ----·----------------!-------:-------' 
o I II 

297 15 37 

250 03 39 
287 28 II 

294 47 16 
132 08 17 

62 32 40 

205 12 51 

280 58 31 

311 33 43 

67 09 05 

298 55 46 

334 05 39 
123 48 13 

325 31 22 
180 00 

165 24 52 

309 56 45 

140 43 44 

238 54 03 

329 59 12 

138 20 34 

IOI 46 36 

224 22 16 

130 43 49 
242 52 05 

250 45 17 

283 30 13 

249 23 01 

16 59 57 

207 04 02 

323 51 45 

277 57 27 
282 42 48 

107 40 01 

31 11 25 

336 54 20 

114 53 01 

266 53 39 

175 49 38 

137 25 24 

156 18 24 

250 39 59 

21 35 27 

24 14 36 

43 12 35 

88 46 47 

91 08 33 

I II 

117 17 51 
70 06 01 

107 35 30 

114 52 II 

312 07 42 

242 32 08 

25 15 17 
IOI 00 44 

131 34 46 

247 07 54 

118 59 07 

154 06 36 

303 47 48 

145 31 34 
0 00 

345 24 49 

129 56 55 

320 43 12 

58 54 09 

149 59 19 
318 20 29 

281 46 02 

44 22 52 

310 42 40 

62 53 10. 

70 46 26 

103 32 25 

69 24 10 

196 59 56 

27 06 37 

143 52 13 

98 03 34 
102 49 22 

287 39 19 
211 II 10 

156 55 05 

294 51 46 

86 54 16 

355 49 30 

317 23 30 

336 17 45 

70 40 41 

201 34 48 

204 13 33 
223 10 30 

268 44 23 

271 05 07 

S. Rx. 8, pt. !!--!W 

Clark Cove ______ _ 

North Pond. 
Nantucket Cliff _________________ .----------

North Pond. 

i Nantucket Cliff __ --------------- __ ·-·-----· 
; Windmill Range. 

Nantucket (Great Point) light-house ____ ------

Shawaukemo. 

Shawaukemo ____ ··- __ -----· ------ _________ _ 

Bluff. 

Sankaty Head_------------·--- ________ --- _ 

Gibbs Pond. 

Nantucket Cliff. _____________ ---------- ___ _ 

Nantucket south-towered Unitarian church. 

Folger _ ------ ________ -------·-- _______ ---· 

Folger _____ ·-----------------------------
Nantucket south-towered Unitarian church. 
Nantucket Cliff ____ ---- _________________ ----

Nantucket south-towered Unitarian church. 

Nantucket soutli-towered Unitarian church ___ _ 

Folger. 
Bluff ____________________________________ _ 

Coatue Point 2. 

Bluff_------ __ --------------------------·--
Shawaukemo. 

Coatue Point 2 ---------------------------

Shawaukemo. 

Coatue Point 2 -----------~---------------
Bluff. 

Nantucket (Great Point) light-house ____ -----. 

Nantucket south-towered Unitarian church. 

:\°anlucket (Borden) __ ---- - - - ----- ·--- - ____ _ 

Nantucket south-towered {;nitarian chufch. 

Nantucket (Borden)-------·---- ----------
;\'antucket south-towered Unitarian church. 

Surfside Hotel---------------------------

Water tank. 

Surfaicle Hotel---···-·--------------------
Windmill. 

\Vater tank------------------------- __ ----

Winclmill. 
i Wakr tank _______________________________ _ 

Hummock. 

Gibbs Pond ______ ·-···---------------------

Shawaukemo. 
G1bbsPond ___________________________ ·---

Sbawaukemo. 

Metr<s. 
5 334·4 
5 314·0 

16 216·2 

II 441 ·4 

I 671 ·9 

I 286•9 

12 03ro 

4 787·2 
2 956·3 

2 699·3 

8 073·6 

4 560·2 

I 042·4 

759·7 
2·234 

351·6 

445·4 
I 719·8 

242·4 

470·9 
291 ·8 

I 240·0 

I 821 ·o 

3 190·8 

2 563·6 

2 568·9 

4 769·9 
2 615·6 

133·9 

II 936·3 

I 647·9 

13 051·8 

14 249·8 

I 563 ·8 
I 001"2 

4 021 ·o 

2 912· 1 

I 304·0 

3 779·6 

5 951·7 

3 447·6 

I 558·4 

3 706·0 

5 404·1 

6 414·0 

5 097"8 
7 270·4 

3·727 09 

3·725 42 

4 ·209 95 

4·058 48 

3·223 22 

3·109 53 
4·080 52 

3·680 08 

3·470 75 

3·431 25 

3·907 07 

3·658 98 
3·018 02 

2·880 62 

0"349 II 
2·546 02 

2·648 77 

3·235 48 

2·384 6o 

2·672 92 

2·465 04 

3·093 43 
3·26o 30 

3·503 90 

3·408 84 

3·409 74 
3·678 51 

3·417 57 
2·126 73 

4·076 87 

3·216 93 

4·115 67 

4·153 81 

3·194 17 

3·000 51 

3·6o4 33 

3·464 20 

3·115 27 

3·577 45 

3·774 64 

3·537 52 
3·192 68. 

3·568 90 

3·732 72 

3·8o7 13 

3·707 38 

3·861 56 



402 UNITED STATES OOAST AND GEODETIO SURVEY. 

NANTUCKET AND VICINITY-Continued. 

Station. Latitude. Seconds in Longitude. ! Seconds in 
metres. ! metres. 

I 

1---~:70·3 
---- I 

I 
0 I II 0 I II I Siasconset, Atlantic Hotel flagstaff. 41 15 44·42 69 58 04·18 I 97·3 

1887. 

Tom Nevers Head. 41 15 or28 224·6 69 59 51·57 1200·7 

Gibbs' (Mrs. Richard) house, square cupola. 41 15 35 ·46 1093·9 70 03 15·16 352·9 

Weeweeder Life-Saving Station. 41 14 39·08 I 
1205·6 70 05 55·39 1289•8 

Starbuck's (Alfred) house, cast chimney. 41 15 28·79 I 888·1 70 07 35·08 816·7 

Coleman's house. 41 16 04 ·37 134·~ 70 08 58·60 1364·0 

I 

Roadside. 41 17 05·58 172· 1 70 08 24·91 579·6 
I 

Fisher flagstaff. 
1887. 

41 17 01·64 50·6 70 IO 39•60 921·5 

Perry's house, chimney. 41 16 19·46 6oo·3 70 12 08·19 190·6 

Smith Point. 41 16 55 ·01 169ro 70 14 15·44 359·3 

Muskeget Life-Saving Station. 41 20 20·41 629·6 70 18 49·22 1144•4 

Muskeget Island 2. 41 20 14·58 449·8 70. 17 58·88 1369· I 
1887. 

Meri<li~n middle stone. 41 14 59·32 1830·0 70 05 o6·36 148·1 

'Meridian north stone. 41 15 01 ·46 45·0 70 05 06·33 

i 
147·4 

Gardner's (Francis) house, chimney. 41 16 37·64 1161 ·1 70 06 01·65 38•4 
I 

Tuckanuck Island, north house. 41 18 38·94 1201·3 70 15 56·32 I 1310·1 
1887. I 

I 

MARTHAS VINEY ARD AND VINEYARD SOUND. 

·-------- ------

Prospect Chilmark. 41 21 56·838 1753·5 70 44 51 ·049 I 186·3 
(C__. & G. S. & Bdn.) 1835-1887. 

Davis Hill. 41 31 24·305 749·9 70 39 39·245 910·0 
1875-1887. 

Desert Hill. 41 29 28·731 886•4 70 44 21·354 495·3 
1875-1887. 

East Chop 2. 41 28 04·635 . 143·0 70 33 50·903 u81·2 
1875. 

Cape Poge. 41 25 11·499 354·8 70 27 03·747 Bro 

Gay Head 2. 41 20 50·381 1554·3 70 50 14·026 326·1 
1887. 
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NANTUCKET AND VICINITY-Continued . 

-- -· --···----··---· ·- ------- ... ··--··---·--··-

! Azimuth. Hack azimuth. To station. Distance. Logarithm. ! 
! 

-·· -·--· --- -- - ----· ---- ---· 

0 I II 0 1 II I Metres. 
78 18 43 258 14 10 I Surfside Hotel-~-------------------------- 9 844·0 3·993 17 

108 51 59 288 48 41 · 1 Shawaukemo. 7 393·0 3·868 82 

128 JO 04 308 07 57 Shawaukemo _________ ----------- ---- ______ 5 719·8 3·757 38 
144 41 30 324 40 24 Gibbs Pond. 4 021·7 3·604 41 

185 o9 44 5 09 51 Shawaukemo ____ -----· ----------~--- ------ 2 674·7 3·427 28 

225 00 24 45 01 32 Gibbs Pond. 3 412·5 3·533 07 
176 13 47 356 13 40 \Vindmill _____ . ---- _____ ---- __ ------ ---- -- 3 722·2 3·570 Bo 

269 20 44 89 21 22 Surfside Hotel. I 332'4 3·124 64 

223 34 42 43 35 39 Windmill ____ ---------------------------- 3 010·6 3·478 66 

292 33 16 112 '34 59 Surfside Hotel. 3 956·1 3·597 27 

41 23 58 221 23 17 Hummock.------------------------------- 2 204·3 3'343 28 

176 59 56 356 59 53 North. I 794 '9 3·254 04 

313 05 15 133 07 31 Surfside Hotel ---- ---------- ·------------- 6 591·4 3·818 98 

32 20 07 212 19 03 Hummock. 4 191 ·8 3·622 40 

269 20 10 89 21 14 North ____ ---------------------------- ---- 2 256·6 3·353 45 

345 21 16 165 21 41 Hummock. 3 535'I 3·548 40 

252 54 13 72 56 15 North------------------------------------ 4 5I7'5 3·654 90 

305 37 4I 125 39 05 Hummock. 3 637·I 3·56o 75 

I53 40 40 333 40 05 Tuckanuck ---------·----------------·---- 2 769·6 3·442 42 
268 09 4I 88 13 07 North. 7 283·0 3·862 3I 

290 I4 22 110 :Z.I 3I \Vater tank_-----------·-----··------------ 16 II5'4 4·207 24 

306 50 35 I26 53 OI Tuckanuck. 6 423·6 3·807 78 

29I 09 17 II I 15 S3 Water tank_--------------------·---------- I4 956·8 4·174 84 

312 46 34 132 48 27 Tuckanuck. s 4o8·3 3'733 06 

342 37 13 I62 37 18 Surfside Hotel ____ ------ -------- ---- ·----· 638·0 2·804 84 

0 27 58 18o 27 58 Meridian south stone. 66·8 1 ·824 75 

344 16 20 164 16 25 Surfside Hotel---------------------------· 70I 'I 2·845 78 

0 27 58 180 27 58 Meridian south stone. 132·7 :2·123 03 

119 48 00 299 47 S7 Windmill ________ 
----~-------------------

114·3 2·058 os 
259 42 47 79 44 44 Shawaukemo. 4 I82·4 3·621 43 

287 08 42 107 I3 IS North ___ ,, __ •. ·-··------------------------- IO 074·2 4·003 2I 

302 54 28 122 SS oo Tuckanuck. I 332'3 3·124 6o 

MARTHAS VINEY ARD AND VINEY ARD SOUND. 

-· 

219 I9 40·2 39 22 25·8 Indian ____________ • __________ ----- _ ------ 9 I72·2 3·962 471 
266 18 36·5 86 29 03·5 Sampson. 22 088·2 4'344 I61 

302 56 44'7 123 os 03·7 Cape Page light-house.----·--------------·-- 20 852·1 4·319 151 

7 48 07'7 187 47 27'0 Indian. 10511·0 4·021 646 

2 50 03·3 I82 49 43·7 Prospect Chilmark_-----·------------------ I3 958·0 4'I44 824 

323 II 30·1 I43 13 56·2 Indian. 8 5Sl'3 3·932 032 

127 2I 09'5 307 I7 I8°7 Davis Hill ___________ --------------------· 10 I60·2 4·006 904 

65 56 35·1 245 52 03·8 . Indian. IO 420'2 4·017 8;5 

119 30 3I ·7 299 26 02'2 East Chop 2 ·--------------------- .. --· ---- IO 856·5 4·035 69I 

93 21 19·8 273 12 I9.3 Indian. 19 OOI'4 4·278 786 

163 II 26·0 343 IO 11·5 Nashawena _. ------- ---- ___ .. _____________ 9 042·s 3·956 289 

2S4 41 46'I 74 4S 19·s Prospect Chilmark. 7 782·s 3·89I 1'20 

-- . -· 



404 UNITED STATES COAST AND GEODETIC SCHV)<}Y. 

MARTHAS VINEY ARD AND VINEY ARD SOUND-Co11tin11e<l. 

Station. Latitude. I Seconds in Longitude. ; Seconds in 
metres. I metres. 

. ! ----- -· ----·------

II 0 II 

Fur bes. 41 29 32·700 1008·8 70 42 41·065 952·7 

West Chop 3. 41 28 53·968 1664·9 70 36 18·208 422·4 
1887. 

Waquoit Congregational church. 41 35 07·176 221 ·4 70 31 29·067 673·3 
1888. 

West Chop 2. 41 28 52·61 1622·9 70 35 58·26 1351 ·6 
1875. 

W atcha Pond. 41 20 52·19 16o9·9 70 36 38·35 891 ·5 

Nashaquit;;a Cliff. 41 20 00·34 10·5 70 44 27"30 634·7 

Herring Pond. 41 20 47"35 146o·6 70 31 34·16 794·1 

Edgartown. 41 23 51·77 1596·9 70 32 55"96 1299·9 

Edgartown church spire. 41 23 18·64 575·1 70 30 55·88 1298·2 
1844-45. 

Edgartown light-house. 41 23 27"29 841·9 70 30 12·76 296·4 
1875. 

Molasha i-Iill. 41 20 29•02 895·2 70 48 38·4~ 894·7 
1844-45. 

Gay Head. 41 20 50·30 1551·7 70 50 13·96 324·5 
1844-45. 

Gay Head light-house. 41 20 54 ·54 1682·4 70 50 09·36 217"6 
(Borden) 1835-36. 

Gay Head light-house. 41 20 54·10 1668·9 70 50 08·54 198·6 
1843-~845. 

Gay Head light-house. 41 20 54:57 1683·5 70 50 07·59 176·4 
1875-1887. 

East Chop. 41 28 04·8o 148·1 70 33 50·91 1181 ·3 
1844-45. 

East Chop Telegraph. 41 28 04·72 145·6 70 33 49·00 1137·0 

East Chop light-house. 41 28 13·43 414·3 70 34 04·94 114·6 
1875. 

Tarpaulin Cove light-hous-:. 41 28 07·90 243·7 70 45 28·74 666·8 
(C. & G. S. & Bdn.) 1835-1887. 

Katama House, north tower. 41 21 30·10 928·5 70 30 19·67 457·2 

Observatory with red roof, flagstaff. 41 26 12·76 393·6 70 36 18·67 433·5 

Prospect House, cupola, flagstaff. 41 26 41·34 1275·2 70 34 45·39 1053·6 

Union chapel. 41 27 16·82 518·9 70 33 31·05 720·6 

Highland House, north tower. 41 27 50·26 1550·4 70 33 36·17 _839·4 

------- -·· -- --·--·----·-



.---------- ·---

Azimuth. 

II 

338 09 03·8 

12 07 28·2 

46 33 06·0 

97 41 50·6 

JOO 20 24"3 

165 50 02·6 

132 25 13 

296 35 19 

99 55 2 1 

148 14 21 

171 16 !I 

256 52 02 

96 40 26 

126 04 56 

78 01 14 

108 14 05 

82 40 02 

108 38 42 

149 23 47 

310 38 40 

242 50 44 

130 33 20 

135 14 46 

235 28 19 

134 24 32 

235 38 30 

134 23 19 

235 33 50 

216 50 46 

255 20 33 

326 03 48 

65 54 57 
99 28 08 

128 57 22 

127 14 39 

114 41 44 

303 03 01 

355 37 26 

118 48 51 

219 01 41 

82 30 29 

278 17 44 

206 II 43 

284 27 19 

162 39 15 

323 39 05 

326 13 56 

68 53 54 

REl'OHT FOR 1894-PART II. 405 

MARTHAS VINEYARD AND VINEYARD BOUND-Co11ti1111,.1\. 

·-· ·--- -----,--·------ ------'-------------· ·-- -- -----------
I . 

lla-~k azi:~I---- To station. Vistance. ~ Logarithm. I 
--1--:I ____ 

1

. 

o / 11 I life/res. 

158 10 23·5 I Indian - ·---------- ·---------------------- 7 509·7 3·87S 620 
192 06 02'2 

226 30 12'2 

. 277 37 37·0 

280 16 41·0 

345 48 23·2 

312 22 47 

I 11) 36 43 

279 49 5S 

328 II 41 

3S I J 5 55 

77 02 13 

276 31 39 

30s 58 5S 

257 S3 21 

288 08 s8 

262 30 50 

288 32 IS 

329 21 22 

130 39 26 

62 53 14 

310 28 26 

31s 10 S6 

55 34 38 

314 20 38 

SS 44 46 

314 19 25 

55 40 05 

36 57 42 

75 24 02 

146 06 S9 

245 50 26 

279 21 01 

308 53 28 

307 10 S8 

294 40 29 

123 06 12 

17s 37 51 

298 42 00 

39 02 32 

262 27 36 

98 23 51 

26 12 19 . 

104 32 24 

342 39 02 

143 42 04 

146 16 57 

248 49 13 

i Prospect Chilmark. 14 383·6 4·157 869 

Indian . ___________ .• ___ ---· -----· ---- ---- 8 39S ·1 3·9;z4 026 

Forbes . 

Falmouth _____ . _. ----- -----· ------- ______ _ 

Pint; Ilill. 
Davis Hill _______________________________ . 

East Chop 2. 

Prospect 'Chilmark _ ---- ·---- _________ -----. 

Indian. 

Prospect Chilmark_.-----------· _______ . __ _ 

Sampson. 

Prospect Chilmark. ---- ---- ---- ------ __ 

Indian. 

Prospect Chilmark. ___ .--··----_.:.------_. __ _ 

Indian. 

Prospect Chilmark_-----------------------

Indian. 

East Chop 2 ·------------;-----··------·---

Sampson. 
Prospect Chilmark ___________________ ·-----

Cuttyhunk. 

-Cutty hunk _______ . _____ .----- __ ---- ------

1 ndian. 

Cuttyhunk ·--------------------- ---· __ -· __ 
Indian. 

Cuttylnmk ---- ---- ______ ---- -------------. 

Indian. 

Davis Hill ___ · _____ ------·----------------

Prospect C11ilmark. 

Sampson _______ -------------------· -- .• -· 

Indian. 

Na us hon . ______ -· ·------- ·-· - ------ --··--· 

Woods Hole. I 

I ~~:~s~~~~-~~--- --· ----------------------1 
I ~~::;:: -~~!~;~:;~.--------------------- ----i 
I ~:~;~O~~ ---.. -·---· ------ ------ ···- •. ---. -1 

Indian ----~ ---··-- ---- ----------- _ ----J- __ 
Cape Poge. 

East Chop 2 -----------------------·-----· 

Cape Poge. 

East Chop 2 -------------·---------------

Sampson. 

Sampson·------------·-------------- -----i 
I 

Indian. 
I 

8 961 ·8 3·9s2 394 

7 919·5 )"898 699 

14 126·9 4·150 046 

6 940·6 3·841 40 

3 304·9 3·519 16 

II 624•9 4·06S 39 

IO 690·1 4•028 98 

3 635·8 3·s60 60 

22 067·3 4·343 7S 

18 646·6 4 ·270 60 

15 701·8 4·195 9S 

16 989·9 4·230 19 

11361·4 4·05s43 

19 570·4 4·291 60 

14 331·1 4·156 28 

9 942·8 3·997 51 

2 152·9 3·333 03 

5 940·7 3·773 84 

13 S75'9 4·132 77 

II 500·6 4·060 72 

16 156·6 4 ·:oS 35 

II 484·+ 4·060 II 

15 994"S 4·203 97 

II 507·5 4·060 98 

15 986·0 4·203 74 

24 295·2 4·385 52 

7 6o4·3 3·881 06 

12 005·8 4·079 39 

IO 422'0 4 ·017 95 

15 154·1 4·180 S3 

JO 511 ·6 4·021 67 

9 7J6'4 3·988 40 

2 893·s 3·461 43 

7 979·4 3 ·901 97 

II 480·7 4·059 97 

16 4S7'4 4•216 36 

2 848·4 3·454 60 

6 136·3 3·787 91 

13022·7 4·11470 

2 864·2 3·4s7 00 

II 070•8 4 ·044 I 8 

I 54S'3 3·189 01 

IO 529·6 4'022 41 

I I 442·7 4·058 53 

10 S65 '7 4 '023 90 
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MARTHAS VINEY ARD AND VINEY ARD SOUND-Con tinned. 

Station. Latitude. 
--i~~~:~ds ;:--

Longitude. Seconds in 
metres. metres. 

I 
-----

0 I II 0 II 

Seaview House, north tower. 41 27 28·54 880·4 7° 33 23·06 535·2 

No Man's Land. 41 15 11 ·70 36o·9 70 48 49·20 1145·4 
(C. & G. S. & Bcln.) 1835-1845. 

Bowman Point. 41 32 36·46 1124·8 70 36 05·84 135·4 

' Falmouth Heights (formerly Bowman Hill) observatory. 4r 32 38·10 1175·4 70 36 04·31 99·9 
18;5-1888. 

Nobska Point light·house. 
(C. & G. S. & Bein.) 1835-1875. 

41 30 '57'24 1765·9 70 39 20·20 468·4 

White house, south gable. 41 32 46·42 1432·1 70 35 43·10 998·9 

White house, chimney. 41 32 09·08 280·1 70 39 10·00 231·8 

Menauhant Hotel, west chimney. 41 33 01·00 30·8 70 33 09·76 226·2 

Menauhant Landing, flagstaff. 41 32 59·68 1841 ·2 70 33 08·92 206·7 
1875-1888. 

Woods Hole, Episcopal church spire. 41 31 19·86 612·7 70 39 48·10 1115·3 
1875. 

Davis Neck. 41 32 54·42 1~78·9 70 33 48·63 1127' I 

Monaunt Hill. 41 33 05·51 169·9 70 32 32•48 752·7 

Sampson. 41 22 41·51 128o·5 70 29 02•66 61·8 
(Borden) 1835. 

Succonnesset. 41 33 31·43 969·6 70 28 36·29 840·9 
1845. 

Succonnesset. 41 33 34·76 1072·4 70 28 31 ·66 733·6 
(Borden) 1835. 

West Chop. 41 28 54·29 1674·8 70 36 18·04 418·6 
1844-45. 

Cape Poge light·house. 41 25 18·54 571·9 70 27 03·40 79·0 
(Borden) 1835. 

Holmes Hole, church spi~e. 41 27 15·15 467'3 70 36 20·18 468•4 
1844-45. 

Holmes Hole, windmill. 41 27 14·81 456·8 I 70 36 20·71 48o·7 
(Borden.) 

West Chop light.house. 41 28 57'66 1778·7 70 36 10·78 250·1 
(C. & G. S. & B<ln.) 1835-1845. 

West Chop light.house. 41 28 51·c6 1575·2 70 36 00·98 22·7 
1!'175-18 8. 

Cotuit Neck. 41 35 31·16 961·3 70 26 44·25 1024·9 

Tarpaulin Cove. 41 27 41 ·24 1272· 3 70 45 43·96 1020'2 

Whiting. 41 24 18·30 564·6 70 42 08·68 201·6 

I 
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MARTHAS VINEY ARD AND ViNEY ARD SOUND-Continued. 

I 
I 

Azimuth. Back azimuth. To station. Distance. I Logarithm. 

I 
--· I 

0 I " 0 I II Metres. 
295 36 42 us 40 S3 Cape Poge ________ -------------- ---- ----· . 9 768·3 3·989 82 

72 SI 4S 2s2 46 SS Indian. IO 633·6 4·026 68 

ISI 3S S7 331 31 II Cutty hunk ___ • ______ -------- ____ --------_. 21 I62·2 4•32s 56 

203 s2 S7 23 SS 34 Prospect Chilmark. I3 67I·3 4'IJS 8I 

3JI 47 IS ISI SI SS Sampson -~--- __ ---- ___ --.- ---- -------- ____ 20 8I0"4 4"JI8 28 

26 47 J9 206 44 J7 Indian. I4 I57"J 4·Iso g8 

3S8 50 36 I78 50 40 \Vest Chop 2------------------------------- 6 957"9 J"842 48 

65 27 52 245 25 30 Davis Hill. 5 477"7 3"7J8 60 

II 02 JJ I9I OI 40 Indian _ -,- __ -----. ____ ------ ---- ---- ------ 9 759·3 J"989 42 

68 40 29 248 J7 og Desert Hill. 7 499"J 3•875 02 

J43 I9 4I 16J 20 SS East Chop 2 ------------------------------ 9 074·0 3"9S7 8o 

28 os 44 

I' 
208 02 27 Indian. I4 672·7 4·166 SI 

3IS JO 2s IJS JJ s6 
East Chop 2 _____ • _____ . _____ . ___________ . IO 566•0 4"02J 9I 

IO 07 22 I90 06 22 Indian. II 98I·5 4·078 SI 

J29 JS 08 I I49 J9 II 
Cape Poge ________________________________ 

I6 790·0 4·22s os 

J8 01 JI I 2I7 56 J2 Indian. 16 997"3 4·230 J8 

J29 J4 24 I49 J8 26 Cape Poge __________________ ·-------------- 16 745·2 4"22J 89 

J8 09 42 2I8 04 43 Indian. I6 977"4 4·229 87 

JOS S8 SI I26 02 48 East Chop 2 -------- ---------------------- IO 243•I 4"0IO 43 

6 46 37 

I 

I86 46 02 Indian. IO J4S·8 4'0I4 89 

340 36 44 16o 39 53 Sampson ------ ---- ----------- ------ ------ 20 03I ·3 4·301 71 

35 57 42 

I 
21s S3 og Indian. I6 292·6 4·211 99 

34S 46 00 I6S 48 I9 San1pson --------------------------------- I9 848°I 4·297 72 

J9 57 48 219 52 25 Indian. 17 649·4 4·246 7J 

86 30 32 I 266 20 05 . Prospect Chilmark _________________ -------- 22 o82·6 4•344 os 

109 28 44 289 2I 03 Indian. 17 I9I ·4 4"2JS JI 

I 44 I8 181 44 OI Sampson ____ ----------------------------_ 20 049·3 4•302 IO 

49 JS so 229 27 so Indian. 22 088·2 4"J44 I6 

240 17 24 60 24 06 Hyannis ________ . ----- ------ -------------- I6 I23"2 4·207 4S 

109 46 24 289 40 4J Falmouth. r2 64s·3 4"IOI 93 

46 3I I4 226 28 20 Indian. ______ .---- -- - - - - ---- ---- ______ ---- 8 404·8 J"924 S3 

94 4S 47 I 
274 40 I9 Naushon. II SJO"S 4·06I 8s 

29 46 2I 209 4S 02 Sampson (Borden)-------------··----------- 5 58o·J J"746 66 

92 42 02 272 33 01 Indian. I8 997"7 4·278 70 

309 J8 06 I29 42 56 Sampson __________ ---- ----- ---- ---- ------ IJ 207·2 4·120 81 

65 44 56 24S 42 04 Indian. 6 634·4 3·82I so 

222 49 07 

I 
42 S4 18 Succonnesset(Borden)---------------------- IS 99I·6 4·203 89 

2JI 32 49 SI 44 4I Hyannis. 3I 745 ·9 4"SOI 69 

46 47 36 226 44 J7 Indian ____ ---- ____ ---- --- - - ---- ---- -- - - - - 8 s98·4 J"934 42 

94 II 22 274 os 48 Naushon. II 690·4 4·067 83 

9S 4S 47 27s 40 I6 Desert Hill __________ - ---- ---- -- ------- --- II 665·9 4·066 92 

I3J 03 48 J13 OI 24 Davis Hill. 6 926·9 J"840 S4 

249 06 J8 I 69 I2 08 Hyannis-------------------------·-------- I2 J27"9 4·090 89 

7 42 2_6 

I 
I87 40 54. Sampson. 23 949·7 4"J79 30 

296 J7 08 116 40 29 Indian ____________ ---- _ ------ _ --- . --- ---- 7 876·I 3·896 JI 

3S3 23 S7 i I7J 24 32 Prospect Chilmark. IO 69S"S 4·029 20 
I 

60 2s OJ 

I 
240 I9 42 Gay Head 2 ---------------------- -------- I2 974·8 4"IIJ IO 

99 I3 25 279 06 so Nashawena. I4 o6ro 4·I48 20 



408 UNITED STATES QOAST A:ND GEODETIC SURVEY. 

MARTHAS VINEY ARD AND VINEY ARD SOUND-Continued. 

Station. Latitude. I Seconds in 
metres. Longitude. Seconds in 

metres. 

0 / II 0 / // 

Cedar Tree Neck. 41 26 01 ·32 40·7 70 42 03·97 92·2 

! 
Molasha Hill 2. 41 20 34·33 J059· 1 70 48 02·13 49·5 

1887. i 

Squibnocket. 41 18 29·80 919·3 70 46 28·16 655·1 

Tilton. 41 21 53·47 I 1649·5 70 42 23·10 536·9 

Glidclen's water tower, flagstaff. 41 31 10"22 315·3 70 39 40·54 940·0 

Nobska Point light-house. 41 30 57'02 1759·1 70 39 20·16 467"5 
1887. 

Fish Commission building, red tower. 41 31 31 ·01 956·7 70 40 27"37 634·6 

Nonamesset, hydrographic. 41 30 44·46 1371·6 70_ 40 36·10 837"1 

Glidden's guano works, tall chimney, 41 31 43·58 1344·5 70 40 50·71 1175·7 

Forbes's house, cupola, tall chimney on west end. 41 30 24·39 752·4 70 42 j8·10 883·6 

West Chop, hydrographic. 41 28 57·39 1770·5 70 36 13"04 302·5 

Chappaquansett. 41 28 07·68 236·9 70 37 51 ·99 1206·5 

Water tank (Vineyard Haven). 41 27 12·30 379·5 70 36 38·54 894"5 

Tash moo. 41 27 l 1°76 362·8 70 38 18·90 438·7 

Al free!. 41 27 15·38 474·5 70 38 54·10 12557 

Xorton Point. 41 27 13·88 428·2 70 39 53·59 1243•8 

~orton Point, hydrographic. 41 27 24·83 766·0 70 39 52·1 l 1209·5 

North Shore church, square spire. 41 26 17"44 538·0 70 40 02·92 67'8 

1887. 

Indian Hill, boulder. 41 25 21·76 671·3 70 41 16·37 38o·1 

Cedar Tr~e Neck, Signal-Service flagstaff. 41 26 02·92 90·1 70 41 51·92 1205·5 

1887. 

Middletown, church spire. 41 24 17·20 530·6 70 40 32·96 765·6 

1887. i 
West Tisbury, church spire. 41 22 52·68 1625·2 I 70 40 31 •46 731 ·o 

1887. 

I Hancock. 41 20 56·59 1745·8 70 39 35·10 816·0 

I 
Clay Pits. I 41 23 10"34 319·0 

I 

70 41 38·20 887"6 

I --·· 
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MARTHAS VINEY ARD AND VINEY ARD BOUND-Continued, 

I 
I 

Azimuth. 

I 
Back azimuth. To station. Distance. Logarithm. 

0 I II 0 I II Metres. 
27 14 48 207 12 57 Prospect Chilmark------------------------- 8 482·2 3·928 51 
86 13 30 266 06 51 Nashawena. 14 024 ·9 4·146 90 

99 II 08 279 09 41 Gay Head 2 --------- ·-------------------- 3 106·4 3·492 26 

148 II 16 328 08 34 Nashawena. IO 771 ·3 4·032 27 

129 33 58 309 31 29 Gay Head 2 ----------------------L------- 6 811 ·8 3·833 26 

199 27 36 19 28 40 Prospect Chilmark. 6 774'5 3·830 88 

42 13 45 222 II 03 Squibnocket ______ -----· ------------ -----· 8 482·0 3·928 50 

91 45 04 271 43 26 Prospect Chilmark. 3 440·3 3·536 6o 

7 58 IO 187 57 30 
Indian ___________________________________ 

IO 076·5 4·003 31 

311 50 04 131 52 18 West Chop 3. 6 300·1 3·799 35 
11 03 15 191 02 22 -Indian ______________ --- ------------ --··--· 9 752·8 3·989 13 

311 57 22 131 59 23 West Chop 3. 5 676·6 3·754 09 
I 40 10 181 40 01 Indian.---------------------------------- IO 625·8 4·026 36 

12 26 09 192 25 05 Cedar Tree Neck. 10415·7 4·017 69 

299 39 01 119 41 52 West Chop 3------------------------------ 6 884·6 3·837 88 

0 40 03 180 40 00 Indian. 9 185·4 3·963 IO 

358 47 25 178 47 32 Indian ·----··--- --------------------. ---··- II Oil '3 4 ·041 84 

9 09 05 189 08 16 Cedar Tree Neck. IO 695·2 4·029 19 

342 20 42 162 22 00 Indian·---------------------------------- 8 989·2 3·953 72 
356 32 21 176 32 40 Whiting. II 314·4 4·053 63 

46 35 24 226 32 27 Indian---------- ------------------------ 8 554·6 3·932 20 

96 56 10 276 51 53 Forbes. 9 066·9 3'957 46 
111 23 14 

I 
291 20 03 Forbes_--··------------------------------- 7 201 ·5 

I 
3·857 42 

236 42 51 56 43 53 West Chop 3. 2 602·8 3·415 44 

39 09 52 

I 

219 06 04 Tilton _____ ------------ -----------· ------ , 12 68o·6 4·103 14 

64 52 33 244 49 53 Indian. 6 2!0'4 3·793 12 

51 :?8 07 231 26 33 Indian ___ • ____ ---- ------ ______ ---·-- ----- _ 4 :?09·0 3·624 18 

125 34 46 

.I 
3°5 31 52 Forbes. 7 477·2 3·873 74 

42 09 13 222 08 03 I l ndian _______________ ------ ----- _ ----- ___ 3 688·1 3·566 So 
128 50 00 

I 
308 47 30 Forbes. 6 758·5 i 3·829 85 

22 08 26 202 07 55 Indian·---------------------------------- 2 902·2 3·462 72 

137 47 46 I 317 45 55 Forbes. 5 782·8 3·762 14 

135 II 39 315 09 47 Forbes-------------------- ·- ··-----·----·- 5 561 ·1 3'745 16 
20 26 51 200 26 19 Indian. 3 229·3 3'509 II 

97 43 59 277 39 10 Naushon, southwest 2 ---- ------ ------ ------ 10 238·8 4·010 25 

148 39 50 328 38 05 Forbes. 7 053'7 3·848 42 
110 07 29 290 03 28 Naushon, southwest 2 ---------------------- 8 989·6 3'953 74 
165 45 43 345 44 47 Forbes. 7 987'1 3·902 39 
103 27 26 283 23 49 Naushon, southwest 2 ---- -----------------·- 7 830·5 3·893 79 
170 00 40 350 00 08 Forbes. 6 571 ·4 3·817 66 

90 52 16 270 51 13 \\'hiting ___________ --- -- -- ---- ----- -- - - - - - 2 224·0 3·347 13 
176 16 35 356 16 30 Indian. 2 768·2 3·442 20 
139 28 30 319 27 26 Whiting ______ ---------------------------- 3 475·6 3·541 03 
177 42 49 357 42 43 Indian. 5 374'5 3·730 34 
114 12 05 294 IO 14 

Tilton -----------------------------------
4 281·0 3·631 55 

170 20 30 350 19 47 Indian. 9 080·7 3·958 12 
23 45 00 203 44 30 Tilton __ ---- ---- _ ----- -------------- ---- _ 2 591·2 3·413 50 
63 IO 49 243 08 41 

I 
Prospect Chilmark. 5 022·5 3·700 92 

I ----- -·-·-· 



410 UNITED STATES COAST.AND GEODETIC SURVEY. 

MARTHAS VINEY ARD AND VINEY ARD SOUND-Continued. 

-------------------------------~---,---------,-----·· 

Seconds in\' 
metres. Station. 

Cape Higgon. 

Brickyard, chimney. 

Peaked Hill. 

Prospect Cliff, hydrographic. 

Stewart's house, south chimney. 

Lookout, flagstaff. 
1887. 

Weequobska. 

Mayhew's (B.), east chimney. 

Lobsterville, flagstaff. 
1887. 

Gay Head Baptist church, square tower. 
1887. 

Gay Head Hotel, flagstaff. 
1887. 

Barker's (G. H.) house, main chimney. 

I Wash, hydrographic. 

I No Man's Land 2. 

I 

1887. 

No Man's Land,, east. 

J No Man's Land, flagstaff. 

I 

1887. 

No Man's Land, house chimney. 

I 
1 No Man's Land, west. 

I 'Vaquoit, flag in tree. 

Meadow. 

Mashpee, comer 1. 

I 

i Mashpee, comer 2. 

Hamblin. 

I Iambi in, peg. 

Latitude. 

O I II 

41 23 53·62 

41 22 36·96 

41 21 19·42 

41 22 12·88 

41 21 35·52 

41 21 18·25 

41 20 02'22 

41 21 03·16 

41 20 28·17 

41 20 50·34 

41 20 43·00 

41 21 14·17 

41 15 11 ·72 

41 15 20·8o 

41 15 25·20 

41 33 59·54 

41 34 06·57 

41 34 08·07 ~ 

41 34 07·07 

41 35 56·85 

41 35 59·6o 

Seconds in 
metres. 

I 140·2 

599·1 

397'3 

! 

1095·8 I 
563·0 I 

I 

68·5 I 

892·2 i i 

97'5 

869•0 

1553'0 

437'1 

s·o 

777·4 

202·7 

. 249·0 

1753'9 

Longitude. 

o I II 

70 43 51·63 

70 44 41·12 

70 44 07'55 

70 45 10·21 

70 47 43·86 

70 48 50·12 

70 50 14·19 

70 49 16'21 

70 50 02·8o 

70 48 20·56 

70 49 53·78 

70 30 47'47 

70 30 55·29 

70 30 56·73 

70 30 53'57 

70 31 33·52 

1199·4 

955·5 

175·5 

437·8 

237·3 

32·1 

689·5 

56o·5 

1019·6 

329·9 

I 147'3 

692·0 

753'9 

1252·0 

1099·9 

1281·0 

1314 '4 
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MARTHAS VINEY ARD AND VINEY ARD BOUND-Continued. 

Azimuth. Back azimuth. To station. Distance. Logarithm. 

________ , ________ ,_ ----------------- _______ , _______ , 
o I II 

140 12 56 

·188 53 35 

117 27 17 

155 42 42 

246 35 54 

I38 47 24 

122 51 40 

162 29 21 

I63 20 19 

176 01 44 
81 41 46 

132 36 22 

IOI 21 27 

171 59 20 

174 41 35 
205 21 ·24 

143 33 31 

247 34 25 

189 46 13 

243 46 22 

I63 I3 03 

254 41 30 

155 59 24 

I92 59 34 
160 03·07 

259 40 33 

169 r9 12 

203 53 26 

165 27 19 

204 09 05 

167 23 24 

201 30 54 

167 39 30 

204 04 53 

177 18 51 

210 12 34 

Ill 5c 40 

155 12 46 

320 06 47 

320 50 06 

324 24 45 

328 38 32 

68 SS 17 

7 05 42 

100 56 21 

286 08 57 
356 2I 13 

O I ~I 

320 IO 38 

8 54 22 

297 22 22 

335 40 57 

66 37 03 

318 46 55 
J02 47 IO 

342 28 01 

343 I8 53 

356 01 22 

261 38 59 

312 32 21 

281 19 07 

351 59 06 

354 40 58 

25 22 25 

323 30 38 

67 36 19 

9 47 I3 

63 49 00 

343 II 49 

74 45 04 

335 57 31 
13 00 51 

340 OI 45 

79 43 59 
349 18 16 

23 56 03 

345 26 04 

24 IO 19 

347 22 15 

21 33 18 

347 38 23 

24 06 15 

357 18 38 

30 I5 54 
291 46 29 

335 12 18 

140 o6 52 

140 50 l2 

144 24 46 

148 38 36 

248 55 16 

187 05 37 

28o 54 3o 
106 09 05 

176 21 16 

Naushon,southwest 2 ---------------------

Forbes. 

Nashawena ---- __ ·------ ----------- ______ _ 

Naushon, southwest 2. 

Tilton---------------------------··-·--- .. 
Prospect Chilmark. 

Nashawena •. _ •. ----- ---------- ·----· ---- _ 
Naushon, southwest 2. 

Naushon, southwest 2 ---------------------

Tarpaulin Cove. 

Gay Head 2. ·-------------· --------------

Nashawena. 
Molasha Hill 2 ___________________________ _ 

l'r Jspect Chilmark. 

Kaushon, "outhwest 2 __ • _ ---- __ --· ___ ·-- __ _ 

· Prospect Chilmark. 

Nashawcna ---··---· -------- ____ ·----- ____ • 

Prospect Chilmark. 

Naushon, southwest 2 ·--------------------

Prospect Chfimark. 

Nashawcna ------ _____ . __ ---- ------ -------

Prospect Chilmark. 

Nashawena. _________ --------------------

Naushon, southwest 2. 

Nashawena --·-- ____ • _____ •••• ---- ---· __ - __ 

Prospect Chilmark, 

Gay Head 2 ... ___________ ----------------

Prospect Chilmark. 

Gay Head 2 ..... ----------------------· ___ _ 

Squibnocket. 

Gay Head 2 ·----- ---- _ ·-----·------------

Prospect Chilmark. 

'Gay Head 2 ·------------------· ------ ----

Squibnocket. 

Gay Head 2 ------------ -----------------

Prospect Chilmark. 

Falmouth __________ ------------- .. ------ -- -

Waquoit Congregational church. 

Waquoit, flag in tree •. --- ·----------------

\Vaquoit, flag in tree.·------------------- • 

Meadow. 

Waquoit, flag in tree----------·--- .. __ --··-

Meadow. 
Waquoit Congregational church .. ____________ _ 

East end meetinghouse. 

Hamblin·----- ·-------------------------
Waquoit Congregational church. 

Metres. 
7 559·1 

IO 588•4 

I I 658·2 

8 966·9 

2 645 '2 

l 534·8 

II 273·3 

9 349·1 

IO 509·5 

II 309·9 

5 935·9 
II 523·6 

5 038·6 

3 571 ·o 

14 033·3 

5 049·9 
IO 273·1 

4 344·9 

12 324 ·5 
6 I93'8 

9 042·7 

7 786·5 

9 725·9 

II 995'5 
8 428·3 

7 365·1 

IO 63I·9 

13 670·7 

IO 504·6 

6 390•4 

II 108·9 

13 857'7 

II 056·3 

7 081·4 

IO 042·5 

13 984·0 

9 431·5 

2 298·6 

282·6 

339·6 

57'1 

271·9 

42·6 

I 544'1 

3 932·4 

305·8 

I 620·6 

3·878 47 

4·024 83 

,4·066 63 

r952 64 
3·422 46 

3·186 04 

4·052 05 

3·970 77 
4·021 58 

4·053 46 

3.'773 49 
4·061 59 

3·702 31 

3·552 79 

4:147 16 

3·703 28 

4'0Il 70 

3·637 98 

4•090 77 

3'79I 96 

3·956 30 

3·891 34 

3·987 93 

4·079 02 

3·925 74 

3·867 18 

4·026 61 

4·135 79 

4·021 38 

3·8o5 53 

4·045 67 

4•141 69 

4•043 61 

3·850 12 

4·001 84 

4·145 63 

3·974 58 

3·.361 46 

2·451 20 

2·530 94 

l '756 64 

2·434 40 

1·629 41 

3•188 67 

3·594 66 

2·485 42 

31209 67 



412 UNITED STATES COAST AND GEODETIC SUI~VEY. 

MARTHAS VINEYARD AND VINEYARD SOUND-Continued. 

---·-···-- --------------

Station. 

1-------------
Mashpee, corner 4. 

East Falmouth, church spire. 
1888. 

Lightoin:; rod. 

Cupola. 

Mashpee, corner 3. 

Cotuit Port, church spire. 
1887. 

Latitude. 

-----------

0 I II 

41 35 59·82 

41 34 41·65 

41 35 18·04 

41 35 15·04 

41 35 38·26 

41 36 54·73 

! Seconds in I 
: metres. ! 
I .. ····---·-·-

184y5 i 

1284·9 

556·6 

464·0 

1180·4 

1688·5 

BUZZARDS BAY. 

----
Falmouth. 41 35 53·114 1638·6 

(C. & G. S. & Bdn.) 1835-1888. 

Naushon. 41 29 25·030 772·2 
-1844-45. 

Mishaum Point. 41 30 56·112 1731 ·1 

Swift Hill. 41 34 02·457 75"7 

West Island. 41 34 56·619 1746·6 
1844. 

Angelica Point. 41 38 28·974 894·0 

Pine Hill. 41 42 31·126 960·2 
(C. & G. S. & Bdn.) 1835-1890. 

Woods Hole. 41 31 38·796 1196·9 

I Great Hill. , 41 42 33·278 1026;6 
I (C. & G. S. & Bdn.) 1835-1887. 

!11cndal. 41 42 03·029 93·4 
(C. & G. S. & lldn.) 1835-1887. 

New Bedford court-house. 41 38 03·723 u4·9 
(C. & G. S. & Bdn.) 1835-1887. 

Dartmouth. 41 34 11·594 357"7 
(C. & G. S. & Bdn.) 1835-1844. 

Eldridge. 41 31 46·rn9 1422·4 

Gooseberry N eek. 41 29 20·083 619·6 

Almy. 41 30 42·286 1304 ·5 

Deer Horn. 41 39 37"355 1152·4 

East end meeting-house. 41 36 20·997 64r8 
1888. 

·--·---------·-

Longitude. I Seconds in 
metres. 

0 II 

70 31 33·21 769·0 

70 33 26·59 616·0 

70 31 05·31 123·0 

70 30 52·11 1207·0 

70 29 53·88 1247"9 

70 26 11·24 26o·2 

70 37 05·477 126·9 

70 44 33·380 774·4 

70 57 16·438 381·1 

70 38 30·704 711 ·3 

70 49 29·791 481·5 

70 45 55·351 1280·9 

70 33 58·6o8 1354·9 

70 39 41·578 964·0 

70 43 20·441 472·8 

70 53 00·021 0·5 

70 55 52·961 1225 ·9 

71 01 47·538 1101·4 

71 05 08·269 191·7 

71 02 19·612 455·0 

71 01 49·855 1156·0 

70 35 22·052 510·2 

70 34 or570 175·3 

--- ------ ----



H.EPOHT I~OH. 1894-P AH.T II. 

MARTHAS VINEY ARD AND VINEY ARD SOUND-Continued. 

Azimuth. Back azimuth. 

<----·--·-- J...___ -

o I II 

287 46 28 

47 00 58 

162 47 56 

253 51 02 

58 39 46 

o II 

107 46 36 

227 00 58 

342 47 29 

73 52 20 

238 39 30 

43 42 01 
So 30 01 

To station. llistancc. 

Mdres. 
Hamblin-----·--------------------------- 300·8 
Hamblin, peg. 9·937 

East end meetinghouse----------·.--------- 3 208·8 
Waquoit Congregational church. 2 834 · i 

Waquoit Congregational church______________ 644·4 

Shootnying ----------.--------------------- 10 774·3 
Hyannis Io 905·4 

·------------·--·--------------- - ---------
BUZZARDS BA;y. 

--------··---···----·---·-------------------

183 30 32·8 3 31 37·5 

246 40 36·4 66 51 24·7 

64 18 42·8 244 II 06·5 

220 53 15 ·1 40 58 12·1 

278 57 o6·3 99 05 31·9 

350 45 14·3 170 46 03·2 

77 4° 44·5 257 28 17'9 

44 31 29·2 224 27 28·7 

276 1,6 15·3 96 23 26·7 

264 05 20·4 84 13 28·5 

3o8 34 05·4 rz8 39 00·6 

291 21 18·3 111 27 10"2. 

277 59 36·0 98 08 20·8 

175 08 52·8 355 07 53·1 

87 00 55·3 266 49 16·1 

114 30 11·1 294 23 47·0 

28 56 16·9 208 47 51 ·3 

324 51 59·0 144 56 08·2 

7 45 54·3 187 43 53·1 

297 I4 08·2 I 17 24 42·6 

0 32 35·8 I8o 32 29·4 

278 40 I5 ·8 98 52 44·6 

334 IO 48•7 154 14 37·2 

264 39 02·7 84 55 26·4 

104 36 20·2 284 34 49•0 

46 I3 00·8 226 08 42·4 

247 07 3I 'I 67 IO 52·0 

3IO 48 37·4 I30 52 47·0 

63 52 05·2 243 45 35·4 

321 23 I5 ·I I4I 27 05·0 

199 47 25 ·2 I9 48 20·7 

19 05 53·3 I99 04 44·6 

78 I3 22·5 258 II 24·4 

I8I 02 22·3 I 02 28·3 

-----

l\ianomet _________________________________ ; 

~:~~:~~:g~-------------------------------1 Falmouth. 

Naushon ---------------------------------
Cuttyhunk. 

Mishaum Point--------_ 

Naushon. 

Swift Hill . _ -------- ---------- ----
Falmouth. 

Swift Hill ---- ·----- -----
Falmouth 
Shootflying _ _ ___ , 

Manomet. 

Mishaum Point. _______ . ___ ·--._------- ___ _ 

West Island. 

Cuttyhunk ------··----- -----· ----·-- --------
Falmouth. 
Cuttyhunk ______________________________ .. 

Falmouth. 

Cuttyhnnk __________ ----------------------! 
Falmouth. r 

Cutty hunk __ ----___________ ---- _________ . ! 
Falmouth. I 
Nootas ________________________ -------·-·I 

~::;1~1~1:k~oint__ ___ . __________ ·--- ________ / 

Cutty hunk. 

East Rock·-------------------------------
Cuttyhunk. 
Pine Hill _________________ .----- .••••. ----

Falmouth. 
Falmouth ________________________________ _ 

Pine Hill. 

-·------·--· 

36 646·7 

24 574 ·7 

I776I·7 

I5 846·9 

17 919·2 

IO 665·3 

26 719·4 

I I 997'9 

15 I53"1 
I7 I20"I 

I3 176·7 

13 176·0 

18 423·8 

24 386·1 

24 493·7 

14 745 ·2 

36 580·9 

15 089·5 

31 388·6 

24 862·7 

23 720·2 

26 413·3 

18 389·0 

34 473·0 

32 95·3 

12 540·9 

7 630·2 

II 566·0 

15 2I4·7 

12 920·4 

5 697·9 
7 320·6 

4 208·7 

II 420·9 

41i3 

Logarithm. 

2·478 29 

0·997 26 

3·506 34 

3·452 41 

2·809 15 

4·032 39 

4·037 64 

··------

4·564 035 

4·390 489 

4·249 485 

4·199 944 

4·253 320 

4·027 97I 

4·426 827 

4·079 I06 

4·180503 

4·233 507 

4·119 807 

4 ·119 784 

4·265 378 

4·387 143 

4·389 055 
4·168 651 

4·563 254 

4 ·178 675 

4·496 772 

4·395 548 

4·375 118 

4·421 821 

4·264 559 

4·537 479' 

3"5I7 897 

4·098 329 

3•882 535 

4 ·063 182 

4·182 265 

4·1 II 276 

3·755 714 

3·864 548 

3·624 152 

4·057 699 
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BUZZARDS BAY-Continued. 

Station. Latitude. Seconds in Longitude. I Seconds in 
metres. metres. 

----- -- ----
0 I II 0 I II 

Pasque. 41 26 57·833 1784·2 70 50 04·431 102·9 

Sconticut Neck. 41 35 02·650 81·8 70 51 20·401 472·6 
1844-1887. 

Wenaumet !\eek. 41 40 58·142 1793·7 70 39 41·002 948·3 

Tempes Knob. 41 42 58·451 1803·3 70 °39 48·835 1128·9 

Indian Neck. 41 43 33·278 1026·7 70 41 2ro38 624·9 

Cromeset Neck. 41 43 41 ·757 1288·3 70 43 20·565 475·3 
1844-1887. 

Nashawena. 41 25 30·956 955·0 70 52 o6•641 154·2 
1844-1887. 

North Pocasset, church spire. 41 41 41 ·479 1z79·7 70.36 18·101 418·6 
1844-1887. 

Marion (formerly Sippican) Congregational church spire. 41 42 09·924 306·2 70 45 47·914 II0]°·9 
1844-1887. 

Bird Island light-house. 
(C. & G. S. & Bdn.) 1835-1888. 

41 40 09·661 298·6 70 43 04·146 95·9 

West Falmouth, observatory. 41 35 56·659 1748·0 70 37 47·597 l 102'2 
1888. 

New Bedford High School, rod of vane. 41 38 I 7"357 
1887. 

535·5 1.0 55 58·643 1357·3 

Rogers School, north cupola. 41 38 10·1<::7 311 ·8 70 53 58·186 1346·7 
1887. 

i Guano, iron chimney on north end of southern building of 41 35 45·161 1393·2 70 55 46·001 I 1065·4 
Clark Cove Guano Company. ' 

Wareham Congregational church, ro<l of vane. 41 45 57·339 1769·0 70 43 36·136 834·7 
1887. i 

I 
Rochester Congregational church, 5teeple. 41 43 54·003 I 1666·0 70 49 22' 195 512·9 

1887. 

Naushon, southwest 2. 41 27 01·863 57'5 I 70 47 20·020 464·7 
1887. I 

Faunce. 41 40 31 ·354 967·3 70 59 18·605 430·4 

Perry Hill Christian Baptist church, cupola. 41 42 32·751 1010·4 70 53 05·347 123·6 
1887. 

Braley's (T. E.) barn, cupola flai;staff. 41 45 21·415 660·7 

I 

70 54 14·768 341·2 
1887. 

Hubbard's (W. L.) barn, ridgepole. 41 44 53·149 1639·7 70 51 05·797 133·9 
1887. 

' 
O'Shaughnessy's (J. F.) house, turret. 

1887. 
41 43 16·164 498·7 70 40 06·295 145·5 

Swift's (R.) barn. 41 43 55 ·767 1720·5 70 45 06·338 146·5 

Rocky Woods. 41 46 52·747 162r3 70 57 37"180 858·6 
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BUZZARDS BAY-Continued. 

Azimuth. 

I 
Back azimuth. 

I 

To station. Distance. Logarithm. J 

' 

! 
--·----··-

I 
0 I II 0 I II I Metres. ' 
69 07 57·6' 

I 
249 04 00·5 ! Cuttyhunk __________ ·--------------------- 8 902·5 3'949 510 i 

126 17 51·0 306 IJ 04·8 .Mishaum Point. 12 429·s 4'094 452 

317 47 28·4 137 51 58·3 i Xaushon --------------------------------- 14 053·8 4·147 79S 

19 s2 34·1 199 49 27' I Cutty hunk. 19 278·2 4·28s 067 

352 4S 41 ·9 172 46 28·6 Swift Hill ______ ----------- .. -------------- 12 927·2 4•f11 sos 
62 03 02·3 241 58 53·5 Angelica Point. 9 807·7 3·991 568 

357 12 20·8 177 12 26·0 \\'enaumet Neck ---- -------~-- ------------ 3 716·1 3·570 093 

80 59 5~·1 260 57 34'3 Great Hill. 4 9S3'2 3·694 883 

295 19 17'3 IIS 20 22·7 Tempes Knob_---------------------------- 2 SII ·4 3·399 919 

S4 46 58·4 234 4S 42·9 Great Hill. 3 209·1 3·506 390 

27s 40 57'3 9S 42 12·9 Indian Neck--------------··-----·-------- 2 636·9 3·421 097 

359 55 20·6 179 SS 20·7 Great Hill. 2 Il2"7 3·324 839 

192 24 53'S 12 26 43'4 \Vest Island-------------------------·---- 17 869·9 4·252 122 

235 29 26·2 55 34 26·3 Naushon. 12 759·8 4 'IOS 843 

110 50 34·3 290 45 53·2 Cromeset Neck·--· __ ,, ___________ ---------- 10 447'9 '4'019 027 

115· 48 20'2 295 44 54·6 Indian Neck. 7 931·5 3·899 356 

284 35 38·9 104 39 42·9 Wenaumet Neck -------------------------- 8 769·1 J'942 956 

J26 01 24·4 146 06 14·9 Swift Hill. 18 126·7 4·258 318 

330 46 39·2 150 49 40·8 Swift Hill _____ :-------------------------- 12 977'S 4•113' 192 

42 06 J7'J 222 02 27·1 West Island. IJOll'2 4·114 318 

203 30 23·8 2J 32 56·0 Pine Hill ___ "----------------------------- 13 273·3 4·122 978 

276 2J 38·4 ' 96 24 06·4 Falmouth. 981·6 2·991 920 

131 IO 31·3 i 311 05 26·7 ·Copecut -------- ------------ ---- ------· •.. 14 064·9 4•148 136 
i 

210 4q 22·3 I JO 42 21'1 Mendal. 8 096·2 J 0908 281 

190 J6 01·6 
; 

IO 36 40'J Mendal ---- ------ ---- -------- ··------- --- 7 310·9 3·863 970 
: 

327 42 12·7 147 43 57'5 Sconticut Neck. 6 840·6 3·835 094 

176 26 03·6 
i 

3s6 2s ss·2 New Bedford High School------------------ 4 704·5 3·672 s18 

282 00 36·6 

I 
102 03 J2'9 Scor.ticut N eek. 6 290·1 3·798 65s 

61 02 03·8 240 SS 48·4 Meudal ---- _______ .. ____ -------------- ·--· 14 902·4 4'17J 256 

356 42 04·6 176 42 1s·o Great Hill. 6 306·1 3·799 762 

S5 48 26·4 235 46 01·5 Mendal ____ .. _____ - ---- -- - - ----- -- - - - - -- -- 6 o89·1 J'784 554 

286 33 07·2 Io6 37 07'9 Great Hill. 8 72s·o 3·940 767 

283 59 53'9 104 04 18·2 Indian-------·------- ------------------- 9 555"7 3·980 261 

339 47 51·9 1s9 49 30·4 Prospect Chilmark. 10 026·1· 4·001 130 

252 03 45·5 72 07 S7'3 Mendal __ ---------· ---- ------------------ 9 200·9 3·963 831 

311 4S 45·1 131 47 s8·o New Bedford High School. 6 204·s J'792 708 

352 21 05·4 172 21 08·9 Mendal ____________________ ---- ---- ------ 92s·2 2·966 233 

66 34 42·6 246 JO 34'3 Faunce. 9 409·2 3·973 554 

344 13 SI'S 164 14 41·2 Mendal ---------------------------· ------ 6 359'7 3•803 438 

38 09 19·9 218 os 57'7 Faunce. 11 376·1 4·055 994 

26 42 51·2 206 41 35·2 Mendal --------------------------------·- s 875·1 3·769 018 

IOI 18 47'3 281 16 41 ·5 Braley's barn cupola. 4 452·2 3·648 S76 

73 35 31 ·5 253 33 22·3 Great 'I-lill ______________ .. -___ .. ---- -----· 4 679·1 3·670 1s8 

IJS 44 29·2 31s 42 09'S Wareham Congregational church. 6 945 ·3 3·841 690 

89 29 46•6 269 26 s6·3 Rochester Congregational church _____________ . 5 91J'4 3'771, 834 

209 03 02·6 29 04 02·7 Wareham Congregational church. 4 290·9 3·632 544 

321 S4 44'4 141 57 4S'4 Perry Hill Christian Baptist church cupola ____ IO 188•0 4·oo8 087 

3SI so 15·4 171 51 21'0 New Deel ford High School. 16 063·0 4·205 826 
-·-- ----------
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BUZZARDS BAY-Continued. 

I 

' I 
~tation. Latitude. Seconds in Longitude. I Seconds m. 

metres. __ metr::_1 
--- --- . 

I Boni··· 

0 I II 0 I II j 

41 45 49·331 1521·9 70 54 31·792 

I 

734·4 

I 
Round Hill. 41 32 24·78 764'5 70 55 50·62 I 173·4 

Clark Point. 41 35 34·16 1053·9 70 54 03·71 85·9 

New Bedford Fort. 41 37 27·07 835·1 70 54 10·40 240·8 

Wild Harbor. 41 38 22·19 684·6 70 39 09·04 209·2 

Sippican Neck. 41 40 35·93 1108·5 70 42 58·06 1343·9 

Long Neck. 41 44 20·22 623·8 70 38 45·42 1049·6 

Back River Harbor. 41 43 18·5S 573·2 70 36 50·49 1167·0 

Hog Island Harbor. 41 36 15·83 488·4 70 .38 57•00 1319·9 

Naushon, southwest. 41 27 01·82 56·1 70 47 19·98 463·7 
1844. 

Naushon, northeast. 41 30 35'72 I 101 ·7 70 42 48·91 1134·2 

Penikese. 41 26 58·16 1794•3 70 55 26·90 624·4 
1844. 

Penikese. 41 26 58 .. 19 1795·3 70 55 27·10 629·1 
(Borden) 1835. 

l'adanaram. 41 35 39·28 1211·8 70 56 35·76 828·2 

Padanaram, gray church spire. 41 35 20·13 621·0 70 56 28·10 650·9 
1844. 

New Bedford Baptist church spire. 41 38 12·36 381·3 70 55 37·00 856·4 
1844-1887. 

New Bedford Beacon. 41 36 33·62 1037°2 70 53 28·75 665·7 
1844. 

Fairhaven, black church spire. 41 38 09·82 303·9 70 54 18·87 436·7 
1844. 

Pamanset River. 41 31 41·30 1274·1 70 59 31·01 718·9 

Monument church spire. 41 44 32·45 1001·1 70 35 49·73 1149·1 
1844. 

. South Pocasset church spire. 
• 1844. 

41 40 36·26 1118·7 70 36 22·84 528·3 

Scraggy Neck. 41 39 59·28 1828·9 70 39 15·57 36o·2 

North Falmouth Congregational church spire. 41 38 33·31 1027·6 70 37 07·29 168·7 
1844-1888. 

I 
Falmouth church spire. 41 33 14·95 i 461 ·2 70 37 12·52 I 290·1 

1844. i 
I 

. --· ---- -------··------- ··------------
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BUZZARDS BAY-Continued. 

·--------.--------,--------- ···-·- -----------------------------

! 
Logarithm. Distance. Back azimuth. To station. Azimuth. 

-----------
0 I II 0 I II Metres. 

341 45 37'9 161 46 35 ·5 Perry Hill Christian Baptist church cupola ____ 6 385·4 3·8o5 189 

114 34 27 ·5 294 32 24 ·o Rocky Woods. 4 707·6 3·672 804 

289 23 14 109 30 43 Naushon ----· -----·---------------------- 16 654·4 4·221 53 

232 05 51 52 08 50 Sconticut Neck. 7 932·5 3·899 41 

284 23 38 104 25 27 Sconticut Neck ____ ---------------- ___ ,,---- 3 905'5 3·591 68 

22 59 07 202 57 56 Round Hill. 6 345·6 3·8o2 47 

318 31 17 138 33 IO Sconticu t ?\eek ____________________________ 5 945·2 3·774 17 

357 27 20 1;7 27 24 Clark Point. 3 486·8 3·542 43 

65 56 08 245 49 22 West Island _____________ ------ ____________ 15 519·6 4·190 88 

353 40 19 173 40 44 Swift Hill. 8 061·9 3·906 44 

46 20 26 226 18 28 Angelica Point---------------------- _____ . 5 671 ·8 3·753 72 

171 51 55 35 1 51 40 Great Hill. 3 657·1 3·563 14 

296 53 16 116 56 27 Pinc Ilill_ ·--- ________ --·------------------ 7 434·8 3·871 27 

62 35 50 242 32 47 Great Hill. 7 162·3 3·855 05 

290 12 39 110 14 33 Pine Hi!L ____ -------------- -------- ------ 4 234·9 3·626 84 

81 13 19 261 09 00 Great Hill. 9 122·4 3·960 II 

35 1 34 jg 171 34 55 Swift Hill __ ------------ ------ ---- ·------- 4 159·5 3·619 04 

80 27 24 26o 20 30 \Vest I slancl. 14 652·4 4•165 91 

117 38 04 297 31 29 Mishaum Point_ _______ --------- _____ -----. 15 612·1 4·193 46 

169 II 03 349 09 43 West Islarnl. 14 913·2 4·173 57 

131 34 55 311 30 35 West Island------------------------------ 12 135·8 4·084 07 

223 09 26 43 12 18 Swift Hill. 8 746·4 3·941 83 

2'70 03 00 90 06 33 Pasque----------------------------------- 7 485·1 3·874 20 

14 35 59 194 35 35 Cutty hunk. 3 292·5 3·517 53 

276 01 56 96 II 43 Indian _____ ·-·-----------------------·--- 20 6957 4 ·315 88 

14 31 36 194 31 12 Cuttyhunk. 3 292·2 3·517 48 

272 33 16 92 34 57 Clark Point_ ___________ --------·· ------·· __ 3 525 ·o 3·547 16 

350 06 23 170 06 53 Round Hill. 6 090·6 3·784 66 

262 36 45 82 38 21 
Clark Point _______________________________ 

3 372·2 3·527 91 

350 52 25 170 52 50 Round Hill. 5 478·7 3·738 68 

316 33 II 136 40 31 Naushon _____________ ---·--- -- --- _____ ---- 22 385·2 4 ·349 96 

9 43 18 189 42 12 Mishaum Point. 13 654·6 4·135 28 

313 20 37 133 22 02 Sconticut Neck ____ --------------··--------- 4 088·1 3·611 52 

23 48 56 203 48 33 Clark Point. 2 005·4 3·302 20 

324 23 38 144 25 37 Sconticut Neck ____ ----_ --- ------ ---------· 7 100·5 3·851 29 

355 49 04 175 49 14 Clark Point. 4 815·4 3·682 63 

255 15 58 75 18 24 Round Iii!!__.---- ___ ----- --- ----- -------- 5 282·4 3·722 83 

294 03 38 114 05 07 Mishaum Point. 3 417·4 3·533 69 

31 38 53 211 38 13 
Back River lla1bor ________________________ 2 676·8 3·427 61 

84 42 15 264 40 18 Long Neck. 4 077·4 3·610 38 

89 58 18 269 53 55 Sippican Neck ------ ------ ·----- ---- ----- - 9 142·0 3·961 04 

132 39 34 312 37 17 Tempes Knob. 6 475·9 3·811 30 

357 07 04 177 07 08 \\'ikl I I arbor ______ -------- -- - - --- - -- -- - - - • 2 999·2 3·477 00 

102 24 47 282 22 19 Sippican Neck. 5 269·3 y721 75 . 
115 01 26 294 57 33 Sippican Neck------------------------- .. -- 8 953'6 3·952 00 

89 25 16 269 19 25 Angelica Point. 12 221 ·9 4·087 14 

49 21 48 229 20 09 Woods Hole--------------------- ___ .. ---· 4 552·6 3·658 26 

55 16 57 235 12 05 Naushon. 12 442·6 4·094 91 
·---------- ·---

S. Ex. 8, pt. 2--27 
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BUZZARDS BAY-Continued. 

Station. 

Mattapoisett Neck 

Mattapoisett gray 
1844. 

church spire. 

Wareham Catholi 
1844-1887. 

c (formerly Baptist) church spire. 

Charles Neck. 

West Island 2. 
1844. 

New Falmouth. 

Ned Point light-h 
1844. 

ouse. 

ight-house. Dumpling Rock I 
(C. & G. S. & Bdn.), 1835-1844. 

house. Clark Point light· 
(C. & G. S. & Bdn.), 1835-1844. 

Cuttyhunk light-h 
(C.&. G. S. 

ouse. 
& Bein.), 183s-1844. 

Naushon. 
(Borden) 183 6. 

Wings N eek light 
I 87 5 (change 

-house. 
<l after August 1, 1889). 

Palmer Island ligh 
1875. 

t-house. 

Clark Point light-
1887. 

house. 

Lane. 

Studley. 

Boundary stone, N ew Bedford 1. 

fattapoisett 1. Boundary stone, ~ 

Flag in oak tree n ear boundary stone, Mattapoisett 2. 

attapoisett 2. Boundary stone, M 

. Flag in tree near b oundary stone, Mattapoisett 2~ . 

attapoisett 2+. Boundary stone, M 

Flag in pine tree n ear boundary stone, Mattapoisett 3. 

Boundary stone, M 

Flag in maple tree 

attapoisett 3. 

near boundary stone, Mattapoisett 4. 

I Latitude. 
I 

0 I II 

41 37 46·57 

41 39 43·93 

41 45 27"20 

41 40 21·6o 

41 35 25·09 

41 33 42·42 

41 39 03·34 

41 32 17·88 

41 3S 34·27 

41 24 52·35 

41 29 24·97 

41 40 49·38 

41 37 37·27 

41 3S 35·62 

41 36 43·43 

41 37 14·39 

41 36 47·62 

41 37 42·76 

41 38 40·99 

41 38 40·98 

41 40 21 ·76 

41 40 21 ·38 

41 42 00·87 

41 42 00·77 

41 42 o6·2~ 

Seconds in! 
metres. Longitude. 

! 

i 
0 I /I 

1436·7 70 48 11·30 

1355·2 70 49 12·28 

839·2 70 43 03·62 

666·4 70 44 45·04 

774·1 70 49 04·85 

1308·7 
I 

70 37 52·42 

103·0 70 47 46·11 

551·6 70 55 19·08 
-

1057"3 70 54 03·92 

1615·0 70 S7 0£>"18 

770·4 70 44 33·34 

1s23·4 70 39 41 ·75 
I 

1149·7 70 54 34'72 

1098·9 70 54 o6·6o 

1339·8 70 55 00·14 

443'9 70 SI s1·00 

1469·1 70 SS s2·21 

1319·2 70 so 37"20 

1264·6 70 50 44·32 

1264·3 70 so 44·64 

671·3 70 51 20·68 

6s9·6 70 51 20·62 

26·8 70 51 56·52 

23·8 70 51 55·77 

191 ·3 70 50 37·21 

' ! 

I 
I 

I 

Se condsin 
metres. 

261·6 

1041 ·9 

I 12·3 

442·3 

4·2 

773·4 

3·2 

118o·7 

1208·8 

861·1 

1025·7 

477·0 

13o6·9 



Azimuth. 

O I II 

297 09 34 

341 54 18 

305 17 09 
I 16 23 

294 40 32 

330 32 54 

295 19 33 

25 05 27 

217 42 03 
298 05 II 

33 34 24 

49 32 05 

305 46 IO 

345 55 50 
4 26 OI 

47 IO 4I 
280 01 00 

27 29 I4 

I33 IO 46 

I78 04 34 

I35 31 30 
IIO 20 25 

2 48 50 

· 17 IO 04 

334 55 53 
316 37 24 

97 18 09 
182 20 25 

30 34 26 

154 57 25 

77 42. 57 
120 17 24 

355 43 59 
276 06 45 

62 53 Ol 

100 17 58 

30 00 52 

84 18 2I 

91 34 35 

59 II 57 

92 36 35 
192 25 57 

88 I9 00 

I72 41 30 

Back azimuth. 

0 I II 

II7 15 59 
161 56 43 
125 24 15 
181 16 17 

114 44 40 

150 35 09 

115 23 16 

205 04 40 

37 44 og 
I18 II 25 

213 33 12 

229 27 39 
125 52 19 

165 57 58 

184 25 32 

227 og 23 

100 04 08 

207 27 06 

313 03 52 

358 04 23 

3I5 23 59 
290 08 59 
182 48 II 

197 06 58 

155 02 20 

136 44 II 

277 I7 03 

2 20 31 

2!0 33 56 

334 56 46 

257 40 51 

300 16 00 

175 44 03 

96 07 20 

242 52 12 

280 15 44 
210 00 08 

264 14 52 

271 29 17 

239 08 52 

272 35 53 
12 2? 3I 

268 17 25 

352 41 II 

·-. -
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BUZZARDS BAY-Continued. 

I 

·-· 

I To station. Distance. Logarithm. 

I 

Swift Hill ____ .---------------------------' 

Metres. 
15 119·6 4·17954 

Naushon. 16 276· 1 4·211 55 

Swift Hill ---- -----------· ---- -------- ---· 18 210·8 4·z6o 33 

West Island. 8 866·3 3·947 74 

Back River Harbor---------------------- .. - 9 492·1 3'977 36 ' 

Wenaumet Neck. 9 531·0 3·979 14 

\Vild Harbor------------------------------ 8 603·2 3·934 66 

Angelica Point. 3 836·7 3·583 96 

Angelica Point-----------------------·---· 7 171 ·5 3·855 61 

Woods Hole. 14 8o2·3 4·170 33 

Woods Hole----------------------------·· 4 576·6 3·66o 54 

Naushon. 12 225·6 4·087 27 

Swift Hill-------------------------------- I5 86o·2 4·200 31 

Naushon. 18 391 ·6 4·264 62 

Cutty hunk . _______________ ---- ---- ---- ____ I3 088·5 4·I16 S9 

Mishaum Point. 3 710·3 3·569 4I 

\Vest Island------------------------------ 6 660·2 3·823 49 

I 
Mishaum Point. 9 672·1 3·985 52 

N ootas _____________ ---- ---- ----- _ ---- ---- I9 888·9 4·298 6I 

Mishaum l'oint. II 228·5 4·050 32 

New Bedford court-house------------------- 22 452·8 4·351 27 

Dartmouth .. 25 555·2 4·407 48 

Indian_---· __________ -------------------- 27 881 ·8 4 ·445 32 

Desert Hill. 21 973·5 4·341 go 
Prospect Chilmark _____________________ ---· 32 016·2 4·505 37 

Desert Hill. 20 716·7 4·316 32 
Guano_.,, _________ . --------------------- 2 320·9 3'365 66 

Rogers School. 4 770·2 3·678 54 

: Guano----------------------------------- 2 087·9 3·319 72 

/ New Bedford high school. 3 198·5 3·504 95 
Lane -----------------------------------· 4 482·3 3·651 50 

Rogers School. 3 4£>9'3 3·532 66 

Guano----------------------------------- I 932'3 3·286 08 

Lane. I 212'4 3·083 65 
Studley __ .. ______ ---- ______ ----- _ •• __ •. ---- I 919·2 3•283 13 

Rogers School. 4 728·1 3·674 6g 

Studley ---· ____ --------· ----------------- 3 085·2 3·489 28 

I New Bedford high school. 7 JII'I 3·863 98 

Faunce----------------------·----------- I I 059·6 4·043 74 

New Bedford high school. 7 488·9 3·874 42 

I 
1iendal __________________________________ 

I 469·7 3·I67 24 
Hubbard's barn. 5 443·0 3·735 84 

i 
:viendal 3 303·6 3'518 99 

I 
---------------------------------

Hubbard's barn. 5 193·0 3·715 42 
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BUZZARDS BAY-Continued. 

------

Station. Latitude. Seconds in Longitude. ·Seconds in 
metres. metres . 

--

I 
. , 

0 I II i 
0 I II 

Boundary stone, Mattapoisett 4. 41 42 06·03 186·0 70 50 36·98 855·1 

Flag in pine tree near boundary ~tone, Mattapoisett 5. 41 42 19·45 6oo·1 70 50 35·20 813·8 

Boundary stone, Mattapoisett 5. 41 42 19·46 I 6oo·4 70 50 37·66 870·7 

Boundary stone, Mattapoisett 6. 41 42 36·58 1128·5 70 47 58·44 I 1351 'I 

Grove, flag in tree. 41 40 47·15 1454·6 70 49 50·12 

I 
l 159'3 

Russell. 41 39 19'22 593·0 70 57 49·68 1149·5 

Wilbur. 41 41 51·16 1578·4 70 58 57 ·82 1337'0 

Acushnet Congregational church, southeastern pinnacle of 41 40 58·61 18o8·2 70 55 23·07 533·6 
square steeple, 1887. 

Acushnet Methodist church spire. 41 40 58·23 1796·5 70 54 53·42 1235·5 
1887. -

Boundary stone, Fairhaven I. 41 39 51·72 1595 ·6 70 54 55·14 

I 
1275 ·7 

Flag in pine tree ne .. r boundary stone, Fairhaven 2. 41 40 o6·77 208·9 548·3 70 53 23·70 ! 

Boundary stone, Fairhaven 2. 41 40 0_6·79 209·5 I 70 53 24·48 566·3 I 

Boundary stone, Acushnet 4. 41 41 09·08 280·1 

! 

70 55 23·04 532·9 

Boundary stone, Acushnet 5. 41 41 08·87 273·6 i 70 55 26·6o 615·2 
I 

Boundary stone, New Bedford 2. 41 38 55·22 1703·6 70 58 12·52 289·7 

Flag in apple tree near boundary stone, Acushnet 6. 41 42 11·63 358·8 70 55 47·58 1100·1 

Boundary stone, Acushnet 6. 41 42 12·03 371·1 70 55 47 ·31 rn93·9 

Flag in pine tree near boundary stone, Acushnet 7. 41 44 41·16 1269·9 70 56 36·30 838·8 

Boundary stone, Acushnet 7. 41 44 40•97 1264·0 70 56 36·50 843·4 

Chase's (C. E.) hrn. 41 45 52·54 1620·9 70 58 02·55 58·9 

Flag in pine tree near boundary stonP, Acushnet 8. 41 45 17·18 530·0 70 55 22·24 513·8 

Boundary stone, Acushnet 8. 41 45 17·61 543·3 70 55 21·76 502·7 

Flag in pine tree near boundary stone, Acushnet 9. 41 45 32•29 996·2 70 55 35·73 825·4 

Boundary stone, Acushnet 9. 41 45 32·21 993·7 70 55 35·85 828·2 

Boundary stone, New Bedford 3. 41 40 43•40 

I 

1338·9 70 58 40·79 943·5 

Boundary stone, New Bedford 4. 41 44 02·47 76·2 7° 57 54·12 1250·7 

Boundary stone, Acushnet 2. 41 40 55·19 1702·7. 70 55 10°76 248·9 

Boundary stone, Acushnet 3. 41 40 54·92 1694·4 70 55 12'22 282·6 

Boundary stone, Acushnet 3t· 41 41 00·16 4'9 
! 70 55 12·85 297·2 

Boundary stone, Acushnet 3t· 41 41 01·36 42·0 I 70 55 13'24 306·2 
I 
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Azimuth. Back azimuth. J To station. Distance. I Logarithm. 

, ________________ /_ ----------------- ----·-·· ------i 

o I II 

140 58 54 

238 25 44 

118 04 45 

61 34 40 

306 35 25 

232 56 53 

327 50 14 

267 25 59 

9 23 46 

238 59 14 

16 54 59 

53 II OI 

26 47 08 

162 37'23 

95 18 39 

188 40 39 

00 08 19 

296 02 20 

345 31 45 

293 09 35 

215 30 03 

169 04 45 

345 51 54 
260 08 09 

271 08 34 

197 30 20 

328 02 20 

265 12 09 

66 59 00 

176 43 02 

146 27 25 

150 12 35 

139 25 35 
136 25 25 

o I II 

261 22 53 

351 30 58 

320 57 58 

58 27 39 
298 02 39 

241 30 35 

126 36 39 

53 00 06 

147 52 13 

87 29 57 

189 23 :?2 

59 00 49 

196 54 16 

233 09 04 

206 46 26 

342 37 04 

275 14 43 

8 40 55 

180 08 19 

II6 02 40 

165 JI 47 

113 09 57 

35 30 18 

349 04 15 

165 52 IO 

80 09 57 

205 56 27 

129 06 4J 

91 10 54 

17 30 37 

148 OJ 51 

85 12 54 

147 54 30 

100 IO 34 

246 58 35 

356 42 56 

326 27 17 

330 12 38 

319 25 28 

316 25 18 

Mcndal ________ -----------------

Hubbard's ham. 

Rochestt!r Congregational church 

Swift's barn. 

Mendal -·---- ___ ------------------------
New Bedford high school. 
New Bedford high school __________________ _ 

Men<lal. 
New Bedford high school ____________ ------. 

Mendal. 
New Bedford high school __________________ _ 

Mcndal. 

New Bedford high school ____________ -------

Russell. 

New Bedford high school_ ________ .. ___ ------

Acushnet Congregational church, square steeple. 

Faunce ----------------------------------
Mendal. 

Acushnet Congregational church, square steeple. 

Acushnet Methodist church spire. 

Acushnet Congregational church, square steeple_ 

Acushnet Methodist church spire. 

Russell ________ ~--- ------ ---- ____ .. - -----· 

Wilbur. 

Acn>hnct 1 .'ongregational church, square steeple_ 

Perry Hill Christian Baptist church. 

Faunce . -----------··------- --------------
Perry Hill Christian Baptist church. 

Borel en ---- ·- __ ------------------ --------
Rocky Woods. 

Perry Hill Christian Baptist church __________ _ 

Braley's harn cupola. 

I'erry Hill Christian Baptist church __________ _ 

Braley's barn cupola. 

Faunce-----------------------------------

Chase's (C. E) barn----··------------------

Bountlary stone, Acushnet 4----------------

Boundary stone, Acushnet 4-----------------

Boundary stone, Acushnet 4- ---- ---- ____ ----

Boundary stone, Acushnet 4 ·-----------·-----

Metres. 

3 386·5 

4 794·2 

3 074·6 

4 668·3 

4 9]6·7 

9 698·4 

3 201·1 

8 392·5 

7 790·4 

8 281·3 

5 042·7 

3 859·2 

5 187'5 

5 094·5 

3 261·0 

2 162·4 

8 244·4 

3 628·3 

322·9 

762·4 

326·9 

834·8 

909·6 

5 528·2 

2 322·7 

3 807·1 

8 571 ·8 
6 282·9 

4 869·5 

l 948•0 

5 978·7 

l 564·1 

6 5J9'1 

l 900·2 

950·3 

3 401·5 

514·1 

503·5 

362·4 

328·9 

3·529 75 

3·680 72 

3·487 79 

3·669 16 

3·696 94 

3·986 70 

3·505 30 

3·923 89 

3·891 56 

3·918 IO 

3·702 66 

3·586 50 

3·714 96 

3·707 IO 

3'5 13 35 

3·334 94 

3·916 16 

3·559 70 

2·509 I I 

2·882 18 

2·514 46 

2·921 56 

2·958 84 

3·742'58 

3·366 00 

3·s8o 59 

3·933 07 

3·798 16 

3·687 48 

3·289 58 

3·776 61 

3·194 26 

3·815 52 

3·278 80 

2·977 86 

3·531 67 

2'7ll 07 

2·702 00 

2·559 13 

2·517 06 



422 UNITED ST4TES COAST AND GEODETIC SURVEY. 

llQ'.?;Z~6 BA Y-Coutinued. 

Station. Latitude. Seconds in Longitude. Seconds in 
metres. metres. 

-----
0 I I/ 0 I II 

Boundary stone, Acushnet 31· 41 41 05·31 163·8 70 55 15·98 369·6 

Boundary stone, Acushnet 9*· 41 45 48·33 14;i1·1 70 54 30·24 698·6 

Boundary stone, Acushnet 9j. 41 45 48·30 1490· 1 70 54 30·24 698·6 

Boundary stone, Acushnet 10. 41 45 48·93 1509·6 70 54 27·62 638·0 

Boundary stone, Rochester 3. 41 45 28·98 894·1 70 54 17"74 409·8 

Boundary stone, Rochester 31· 41 45 35·53 1096·2 70 54 20·52 474·0 

Boundary stone, Rochester 3j. 41 45 39·18 1208·8 70 54 22·53 520·5 

Peak Rock. 41 45 44·88 1384·6 70 54 25·49 588·8 

Flag in pine tree near boundary stone, Rochester 2. 41 45 37·00 1141 ·5 70 53 12·91 298·2 

Boundary stone, Roc~ester 2. 41 45 37"02 1142· 1 70 SJ 12·95 299·1 

Flag in pine tree near bounda y stone, Rochester 4. 41 47 28·89 891·3 70 55 20·39 470·8 

Boundary stone, Rochester 4. 41 47 28·66 884·2 70 55 20·18 466•0 

Reynolds. 41 43 36·96 1140·3 70 58 54·42 1257·8 

Hillside. 41 43 29·21 901·2 71 00 46·84 I082·6 

Boundary stone, Fairhaven 3. 41 40 52·31 1613·8 70 51 31·31 724·2 

Flag in pine tree near boundary stone, Fairhaven 3. 41 40 52·46 1618·5 70 51 32·48 751 ·2 

Flag in oak tree near boundary stone, Freetown 2. 41 44 46·28 1427·8 71 00 35·84 828·J 

Boundary stone; Freetown 2. 41 44 46·49 1434·3 71 00 36·10 834·1 

Flag in pine tree near boundary stone, Freetown I. 41 42 42·58 1313·7 71 00 44·59 1030·9 

Boundary stone, Freetown I. 41 42 42·58 1313·7 11 00 44·55 1030·0 

Ashley's (E. R.) ham cupola. 41 44 17·04. 525·7 70 53 42·27 976·8 

Flag in pine tree near boundary stone, Marion 2. 41 40 28·14 868·2 70 47 11 ·29 261·1 

Boundary stone, Marion 2. 41 40 28·15 868·5 70 47 11·64 269·3 

Flag in pine tree near boundary stone, Marion 3. 41 41 13·64 420·8 70 48 11·87 274·5 

Boundary stone, Marion 3. 41 41 13·69 422·4 70 48 12·35 285·6 

Flag in pine tree near boundary stone, Marion 4. 41 43 42·34 1306·3 70 47 47·69 1102·2 

Bound:,iry stone, Marion 4. 41 43 42·28 '1304·4 70 47 48·o6 I 1110·8 

Flag in pine tree near boundary stone, ~arion 5. 41 44 35·6o I098·3 70 47 37·11 857"5 

Boundary stone, Marion 5. 41 44 35·64 1099·5 70 47 37·34 862·8 

Flag in pine tree near bouridary stone, Marion 6. 41 44 50·87 1569·4 70 47 11·52 266·2 

Boundary stone, Marion 6. 41 44 50·82 156r9 70 47 10·54 243·5 

Flag in pine tree near boundary stone, Marion 7. 41 44 59·42 1833·2 70 47 16·74 386·8 

Boundary stone, Marion 7. 41 44 59·51 1836·0 70 47 16·77 387'5 

Flag iii pine tree near boundary stone, Marion 8. 41 45 25·02 771·9 70 47 13·46 310·9 
' 

i 
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BUZZARDS BAY-Continued. 

Azimuth. 1. Back azimuth. To station. 

I 
Distance. I Logarithm. 

---- .. ---
0 I II 0 I II Metres. 

129 33 53 309 33 48 Boundary stone, Acushnet 4----------------- 211 ·7 2·325 66 

130 50 22 310 50 21 Borden ·--- ---- -- --------··- ---- ------ ---· 47"178 1·673 74 

131 35 56 311 35 55 Ilorden ---------------------------·------ 48·0 
I 

1 ·681 22 

97 17 53 277 17 50 Borden ---------------------------------- 97"038 1 ·986 94 

152 39 38 . 332 39 29 Borden---------------------------------- 7o6·7 2·849 21 

148 33 59 328 33 52 Borden----·----------------------------- 499·1 2·698 15 

145 39 41 325 39 35 Ilorden ---------------------------------- 379·3 2·579 02 

133 19 52 313 19 48 Borden ---------------------------------- 199·9 2·300 84 

300 46 45 120 49 19 Rochester Congregational church ----- ·-· ---· 6 206·1 3·792 82 

358 14 22 178 14 27 Perry Hill Christian Baptist church. s 686·7 3·754 86 

70 34 IO 250 32 39 Rocky Woods.--------------------··----··-- 3 349·8 3·525 02 

221 45 08 41 46 36 Pasture. 4 575·7 3·66o 46 

84 42 00 264 38 52 Copecut_·-·---------------------------·-· 6 551·5 3·816 34 

337 34 34 157 36 31 New Bedfor<l high school. 10 665·2 4·027 97 
320 II 13 140 12 25 

Wilbur ___________________________________ 
3 936·9 3·595 16 

264 43 51 84 45 06 Reynolds. 2 609·3 3·416 53 

136 46 26 316 45 27 Mendal ____ ------------------ ---- ---- ·--. 2 994·83 3"476 37 

56 41 44 236 39 44 Copecut ---·· -------------------- ------ ·--- s 000·6 3·699 02 

312 22 26 132 23 34 Reynolds. 3 173·3 3·501 51 

177 SS 59 357 55 57 Hillside --------------------------------- I 439·7 3·158 26 

236 36 41 56 37 54 Reynolds. 3 049·7 3·484 26 

346 42 14 166 42 42 Mendal ----- _______ ---- ------ ____________ 4 248·1 3·628 19 

15 52 42 195 51 II N cw Bedford high school. I I 536·1 4·062 06 

242 09 02 62 13 45 O'Shaughnessy's house --------------- _____ . II 109·9 4·045 71 

204 16 05 24 17 28 Swift's barn. 7 027·8 3·846 82 

102 54 14 282 51 03 Mendal • ___ • _ ------ -------- ••• --------- •• 6 835·3 3·834 76 

161 48 38 341 47 51 Rochester Congregational church. 5 208·1 3·716 68 

99 21 36 279 20 33 Rochester Congregational church _____ -------- 2 213·8 3·345 14 

234 21 07 54 23 54 Wareham Congregational church. 7 150·4 3·854 33 

289 24 57 109 26 37 Swift's barn ____ ---·----------------------- 3 694·4 3·567 54 

62 09 15 242 08 05 Rochester Congregational church. 2 746·8 3·438 82 

300 25 48 120 27 II Swift's barn. ____ •••• -- ---- --- _ -- -- -- -----. 3 355·2 3·525 72 

247 34 52 67 37 15 Wareham Congregational church. s 381·8 3·730 93 

' I 
303 04 52 123 o6 19 Swift's barn. ____ •••..•• ----------·-------- -- 3 596·7 3 ·555 91 

250 39 32 70 41 59 Wareham Congregational church. s 400·6 3·732 44 

313 08 14 • 133 09 39 Swift's barn. ---------·------------------- 4 02_6·2 3·604 90 

258 44 32 78 46 57 Wareham Congregational church. 5 118·2 3·709 12 

--····---- ------- - --··· -·· - -- ··---



424 UNITED STATES COAST AND GEODETIC SURVEY. 

BUZZARDS BA Y-Continned. 

Station. Latitude. 

0 I // 

Boundary stone, Marion 8. 41 45 24·89 

Flag in pine tree near boundary stone, Marion 9. 41 45 45·84 

Boundary stone, Marion 9. 41 45 46·24 

Brandy Hill. 41 45 18·71 

Hovey. 41 40 20·35 

Hiller. 41 40 08·10 

Cove. 41 39 27'84 

Boundary stone, Marion I. 41 40 38·58 

Academy. 41 42 09·20 

Hill Pine. 41 46 15·18 

Knoll. 41 47 38·70 

Low. 41 
0

47 55·56 

l'oncl. 41 48 03·07 

Bank. 41 48 12·84 

Scrub. 41 48 03·24 

Boundary stone, Wareham 6. 41 48 05·67 

Boundary stone, Wareham St· 41 48 04·26 

Road. 41 48 27'30 

Stump. 41 48 24·17 

Small. 41 48 09·18 

Rock. 41 48 22·72 

Leaf. 41 48 13·47 

Boundary stone, \Vareham 4t. 41 48 21·23 

Boundary stone, Wareham 5. 41 48 01·35 

Flag in pine tree near boundary stone, Wareham 2. 41 48 32·32 

------· -··------· 

Seconds in 
metres. 

-----

767·9 

1414·2 

1426·6 

577·2 

62r8 

249·9 

858·9 

1190·2 

283·8 

468·3 

1194·0 

1714 ·1 

94·7 

396·1 

100'0 

174·9 

131·4 

842·2 

745·7 

283·2 

701·0 

415·6 

6ffo 

41·7 

997'1 

I 

Longitude. 

0 I II 

70 47 13·64 

70 46 49·16 

70 46 49·96 

70 41 20·30 

70 44 44·48 

70 45 34·14 

70 45 29·69 

70 45 48·62 

7C: 46 02·95 

70 44 24·47 

70 43 28·86 

70 43 06·02 

70 43 33·81 

70 43 08·74 

70 43 09·01 

70 43 04·04 

70 43 31·66 

70 43 32·64 

70 43 54·12 

70 44 27·16 

70 44 39·62 

70 44 44·88 

70 44 51·72 

70 44 28·92 

70°46 20·17 

Se con ds in 
res. met 

31 

113 

115 

46 

5·1 

5·6 

4·i 
9·0 

102 

78 9·8 

68 7'0 

112 4·6 

6 

56 5·2 

66 6•3 

13 9·0 

78 o·6 

20 1·8 

20 8·o 

9 3·3 

73 0·9 

75 3·4 

124 9·3 

62 7'0 

91 4·6 

103 6·1 

119 3·9 

66 7'6 

465 •6 

---- ---·-----
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BUZZARDS BAY-Continued. 

I ' 
Azimuth. Back azimuth. To station. Distance. Logarithm. 

----
' 

0 I II 0 I II Metres. 

--------- --------- --------------------------·--------------- ---- - ------ -

325 00 50 I45 OI 58 Swift's barn ____ · ___ • ___ • _____ ---- ____ ---- __ 4 I44'6 3·6I7 48 

265 26 04 85 28 I3 Wareham Congregational church. 4 473·0 3·650 60 

110 48 40 290 47 IO Wareham Congregational church _____________ 3 356·8 3·525 93 

63 55 I8 243 52 48 Swift's barn. s 8I6·3 3·764 65 

278 04 20 98 05 27 Bird Island light-house--------------------- 2 344·5 3·370 05 

205 2I 00 25 2I 56 

~:e:::~~1~~--------------------------- ----1 
4 538·5 3·656 9I 

25I 46 55 7I 47 28 I 209'5 3·082 59 

269 II I2 89 12 52 Bird Island light-house. I 3 470·5 3·540 39 I 

I75 IS 59 355 15 56 Hiller ___ ----------------------- - - - - --- --1 I 246·4 3·095 64 

212 50 48 32 51 18 :;~·::·_ -------~---------- ---.. ---- --------1 
I 928·5 3·285 2I 

340 23 58 I60 24 08 998·2 2·999 22 

290 45 IO 110 45 53 Hovey. ~ I 586·6 3·200 47 

20I 42 o6 2I 42 44 Swift's barn_---- ____ --·------------- _____ '. 
1 

3 538·4 3·548 81 

311 42 43 I3I 44 42 Bird Island light-house. 5 54I '0 3'743 59 

292 I4 49 ll2 I6 52 Brandy Hill ____ ·------·----------- ·------- 4 597'3 3·662 50 

342 40 02 I62 40 45 Cromeset Neck. 4 958·0 3·695 3I 

3 04 39 I83 04 34 \Vareham Congregational church _________ ---- 3 I3I '7 3·495 78 

325 28 50 I45 30 I6 Branrly I !ill. 5 241·3 3719 44 

IO 47 54 I90 47 34 Wareham Congregational church_-----·------ 3 7I2'9 3·569 7I 

45 23 so 225 23 35 Knoll. 74o·s 2·869 SS 

289 5I 57 I09 52 I6 Low------------------·------------------ 682·1 2·833 85 

351 2I 20 171 21 23 Knoll. 760·5 2·881 08 

353 17 36 I73 I7 38 Low _____ ----- _______ -----------------· __ 537' 2 2·730 I2 

62 29 07 242 28 50 Pond. 652·6 2'8I4 64 
18I 12 IO I I2 IO Bank ------ ------ ·----------------------· 296·3 2·47I 79 

' 89 28 44 269 28 27 Pond. ; 572·6 2·757 84 

56 49 48 236 49 45 Scrub ·--------------- ·------------------· I37'0 2'I36 74 

I53 53 23 333 53 20 Bank. 246·5 2·39I 75 

294 24·23 114 24 40 I.ow------ ________ ----------------------· 650·0 2·8I2 92 

53 25 SS 233 25 54 Pone!. 61·7 I '790 62 

327 53 10 I47 53 28 Low _________ -------------------------- - - I I56·2 3·063 04 

2 03 3I I82 03 30 Pond. 748·0 2·873 go 

258 59 04 78 59 18 Road ------------------------------------ 505·1 2·703 34 

324 I4 04 144 I4 I8 Pond. 802·3 2·904 35 

278 40 42 98 4I I8 Pond-·---------- .. ----------------------· I 245 •8 3•095 46 

238 44 07 58 44 29 Stump. 892'I 2·950 4I 

325 25 5I 145 25 59 Small ____________ ------ ------ ----- ______ . 5°7'4 2·705 35 

267 32 09 87 32 39. Stump. I 05I '4 3·02I 77 

203 03 2I 23 03 25 Rock------------------------------------ 310·2 2·491 59 

287 55 27 I07 55 39 Small. 430·3 2·633 73 

260 40 20 8o 40 28 Rock------------------------------------ 283·0 2·45I 32 

326 37 II I46 37 16 Leaf. 286·8 2·457 64 

I35 25 00 315 24 49 Leaf. ........ ____ . ---· ---- ---------- ------ 525·I 2·720 22 

I89 35 I3 9 35 I4 Small. 245·0 2·389 I4 

32I 36 OI I4I 37 50 \Vareham Congregational church _____________ 6 099·9 3·785 32 

26 06 21 2o6 04 20 Rochester Congregational church. 9 560·7 3·980 49 

-------------- ·----------- ·--· -- ------- ···-· ·------- ----- ---·-



UNITED STATES COAST AND GEODETIC SURVEY. . . 
BUZZARDS BAY-Continued. 

·---·· 
I 
I Seconds in I I Seconds in Station. 
I 

Latitude. metres. Longitude. metres. 

0 I II 0 I II 

Boundary stone, Wareham 2. 41 48 32·29 996·2 70 46 20·24 467'2 

F1ag in pine tree near boundary stone, Wareham 1. 41 45 40·96 12637 70 46 45·58 I052·9 

Boundary stone, Wareham I. 41 45 40·70 1255·7 70 46 44·90 1037·2 

Boundary stone, Wareham 3. 41 48 35·44 1093·4 70 45 49·22 1136·1 

Boundary stone, Wareham 4. 41 49 32·99 1017·8 70 46 14·72 339·7 

Boundary stone, Ca~·er 3. 

I 
41 49 45·29 

I 
1397'3 70 46 18·43 425·3 

South Pasque. 41 26 37'55 1158·4 70 48 39·58 918·8 

Cupola. 41 25 16·72 515·8 70 55 48·50 1126·2 

South Cuttyhunk. 41 24 35·46 rn93·9 70 56 57·62 1338·3 

South Naushon. 41 26 48·60 1499·3 70 47 59·80 1388·1 

Hope Spring. 41 39 15·47 477·3 70 37 08·98 207'8 

Beaumont water tank. 41 39 57·20 1764·7 70 37 31 ·36 725·5 

Bourne, comer 4. 41 39 27·16. 837·9 70 37 15·38 355·9 

Hope Spring, peg. 41 39 30·80 950·2 _70 36 49·92 1155 ·o 

Bourne, corner 3. 41 39 30·54 942·2 70 36 49·47 JJ44·6 

Cataumet, peg. 41 39 32·12 991·0 70 36 43·85 1014·6 

Bourne, corner 2. 41 39 28·68 884·8 70 36 40·79 943·8 

Falmouth Congregational church spire. 41 33 15·86 489·3 70 37 rn·64 246·6 
1888. 

Ashunet. 

I 
41 38 17·12 528·2 70 32 26·40 611·0 

Hatch. 41 37 20·56 634·3 70 32 36·08 835·3 

I Mashpee, corner 5. 41 38 14·40 444'3 70 32 24·65 570·5 

Turpentine. 

I 
41 38 40·32 1243·9 70 33 53·20 1231 ·2 

Bourne, comer 1. 38 44·17 1362·7 70 34 06·24 

I 
41 144·4 

Hilman's barn cupola. 41 40 26·04 803·4 70 31 38·6o 892·8 
1887-88. 

I I 
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BUZZARDS BAY-Continued. 

·------ ·-------·· ····---·---

Azimuth. Back azimuth. To station. Distance. Logarithm. 

0 I II 0 I II life/res. 
279 29 38 99 30 37 Boundary stone, Wareham 4!---------------- 2 070·84 3·316 IS 

324 44 SS 144 46 01 Swift's barn-------- ____ ------------------ 3 973·7 3'S99 20 

2,63 23 33 83 2s 39 Wareham Congregational church. 4 404·9 3·643 94 

288 IS SS I08 16 33 Boundary stone, Wareham 4~ --------------- I 398·03 3·r4s s2 

3 S3 23 183 S3 19 Boundary stone, Wareham 2 ------ ------ ---- I 877·28 3·273 S3 

I 03 SS 181 03 S4 Boundary stone, Wareham 2 ---------------- 2 252·34 3·352 63 

66 52 39 246 so 22 Nashawena _______ " ______ -----· _____ ·-·-- - s 227·7 3·7J8 SI 

328 28 IS 148 30 46 l'rospect Chilmark. IO 1s6·9 4·006 76 

26s 06 29 8S 08 S6 Nashawena ______ ---------- ---- __ ---· _____ s 170·7 3·713 55 

308 4S 12 128 so 20 Molasha Hill 2. 13 903·4 4·143 12 

2ss 4S 17 7S 48 30 Nashawena ------ _ ·---- --·-------- ··-------- 6 971 ·4 3·843 32 

306 28 42 126 33 09 Gay Head 2. II 668•6 4·o67 02 

67 20 13 247 17 30 Nashawena ______________ ---· _____________ 6 21I '4 3·793 19 

246 06 19 66 06 4S Naushon southwest 2. I 009·8 3·004 23 

216 os 20 36 07 27 Pinc Hill __________________ ---------- --- __ 7 471·7 3·873 42 

2S4 43 16 74 44 27 Deer Horn. 2 s64·3 3 ·408 97 

281 33 04 IOI 34 3° Deer Hom_------------------------------ 3 °S3'7 3·484 82 

2 S3 S7 182 S3 46 West Falmouth Observatory. 7 430·4 3·871 01 

1s8 IS 48 338 IS 37 Beaumont water tank ---------------------- 997·8 2·999 06 

:W3 08 41 83 09 s6 Deer Horn. 2 641 'I 3·421 78 

42 s8 46 222 S8 33 Hope Spring ______ ------ __ ·--------------- 646·6 2·810 62 

79 II 28 2s9 II II Bourne, corner 4. S99'9 2·778 IO 

127 44 46 307 44 46 
Hope Spring peg __________________________ 13·163 1 ·119 3S 

4.8 33 04 228 32 47 Hope Spring ________ ------_------- __ ---- __ 775·6 2·889 61 

78 IO 12 2s8 09 SI· Bourne, comer 4. 74S'7 2·872 S4 

146 18 SI 326 18 49 Cataumet peg------ ------··--------------· 127 ·522 2·105 59 

170 12 48 350 12 23 West Falmouth Observatory _________________ 5 034·4 ' 3·701 9S 

246 30 31 66 34 18 Waquoit Congregational church. 8 627·0 3'93S 86 

121 21 38 301 19 41 Deer Horn---------- -------------------- 4 7S9'3 3·677 S4 

164 46 S8 344 4S S7 Pine Hill. 8 I 21 ·8 3·909 6s 

137 42 40 317 40 so Deer Hom-----·--------··---------------_ 5 7o6·8 3·756 39 

168 44 18 348 43 23 Pine Hill. 9 770·3 3·989 91 

130 33 57 3!0 32 58 Deer Horn------------------------------- 2 7o6·3 I 3·432 37 

178 59 36 3S8 S9 32 Pinc Hill. 7 122·0 I 3·8s2 60 

291 29 18 111 29 27 Turpentine---------------------·----·---- 324·44 2·s11 14 

140 00 SI 319 S9 18 Pinc Hill. __________ .. ---------··----------- 5 037·8 3·702 24 

207 08 23 27 IO 01 Bourne Hill. 7 446·5 3·871 95 



428 UNITED STATES COAST AND GEODETIC SURVEY. 

MASSACHUSETTS AND RHODE ISLAND BOUNDARY. 

Station. I Latitude. Seconds in Longitude. Seconds in 

I 
metres. metres. 

; 
--· 
I 

0 I II 0 I II 

Beaconpole, R. I. 42 00 03·257 100·5 71 26 43·159 993·2 
(Borden) 1834. 

Red Brush. 42 01 49·546 1528·7 71 22 23·459 539·6 
(C. & G. S. & Bdn.) 1834-1889. 

Oak Hill. 41 54 51·238 1580·8 71 16 43·230 996·3 
1884-1890. 

Mansfield Unitarian church spire. 42 01 23·432 722·9 71 13 04·034 92·8 
1884. -

North Attleboro waterworks. 41 59 46·529 1435·6 71 19 21 ·668 498·7 
1884-1889. 

Hoppin Hill. 
1884-1889. 

41 57 52·698 1625·9 71 20 52·274 1203·7 

Foxboro Congregational church spire. 42 03 54·643 1686·0 71 15 08·334 191·6 
1884-1889. 

K orion Congregational church spire. 41 58 10·491 323·7 71 10 55·376 1275·0 
1884-1889. 

Wing, R. I. 41 35 23·225 716·7 71 II 10·352 239·8 

Paradise Rock, R. I. 41 30 05·511 169·9 71 15 45·504 I055·3 

Simmons 2, R. I. 41 29 32·078 989·7 71 09 34·665 804·1 
1870. 

Little Compton 2, R. I. 41 31 12·440 383"7 71 II 01 •694 39·3 
1870. 

Quicksand 2. 41 29 56·4o6 1740·2 71 07 09·162 212·5 
1870-1891. 

Massachusetts South Base reference mark. 41 54 50·116 1546·2 71 18 16·464 379·4 
1844-1889. 

Quicksand. 41 30 01·683 51·9 . 71 07 12·194 282·8 
1843. 

Nootas. 41 32 13·094 404·0 71 07 25·874 599•8 
(Borden) 1836. 

Attleboro grammar school cupola. 41 56 46·158 1424·1 71 17 08·951 206·2 

Mansfield Congre1.:ational church spire. 
1889. 

42 01 28·858 890·4 71 13 04·848 111·5 

Bear Hill, R. I. 41 56 45·078 1390·8 71 23 23·185 534·1 

Pawtucket waterworks, pole on gate-house, R. I 41 53 11 ·098 342·4 71 25 22·327 5147 

Joes Rock. 
(Borden.) 

42 01 52·99 1634·9 71 24 17"24 .396·6 

Great Rock. 41 
(C. & G. S. & Bdn.) 1834-1844. 

51 32·36 998·4 71 17 15·47 356·8 

King Rock. 41 45 22·82 704·0 

I 
71 16 17"27 399·0 

(Borden.) 

.. 
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MASSACHUSETTS AND RHODE ISLAND BOUNDARY. 

Azimuth. Back azimuth. To station. 
i 

I Distance. Logarithm. 

-------· 
0 I II 0 ' " M~tns. 

229 16 01 ·8 49 29 20·0 Blue Hill (Borden) ________________ . _____ 36 036·0 4·556 737 

131 SS 21·2 311 37 08·9 Hasnebumskit. 50 107"9 4;699 900 
322 22 16·3 142 28 31·s Great Meadow ______________________ ---- 21 193·4 4·326 202 

S8 30 ors 238 27 01·6 Beaconpole. 7 498·8 3·874 993 

148 46 29·s 328 42 41 ·9 Red Brush __________ ·-- __________________ 15 097·5 4·178 904 

307 21 19·9 127 23 47·4 Great Meadow. 6 409·0 3·8o6 79I 

3S9 SI 21·8 179 SI 23·0 Great Meadow-------------------·------ 15 991 ·o 4·203 876 

22 39 42·8 202 37 16·2 Oak Hill. 13 110·8 4·117 630 

326 03 16·7 146 07 30·3 Great Meadow ____ ------·--------------- 15 665·7 4·194 949 

89 21 so·4 269 16 42·9 Beaconpole. IO 578·8 4·024 436 

238 SI 17"8 s8 s6 31·1 Mansfield Unitarian church spire_--------··- 12 586·8 4·099 9I5 

311 IQ 53·6 131 16 07·6 Great Meadow. 14 398·8 .4·158327 

7 25 ss·o 187 24 s1·5 Oak Hill----------------------------·- __ 16 907·5 4·228 079 

68 s6 S4"9 248 s2 03·5 Red Brush. 10 725 '3 4·030 41I 

16 15 14·9 196 13 50·1 Great Meadow---------------·---------- IO 455"4 4·019 340 

52 32 14·2 232 28 21·7 Oak Hill. 10 099·5 . 4·004 302 

IS4 08 19·3 334 06 09·2 Mount Hope------·----------------· ____ 

82 07 08·5 262 04 23·9 Quaker. I 
10 386·6 4·016 473 

5 799·2 3·763 371 

213 01 28·1 33 04 30·6 \Ving ____ -··-- ________ ------------------ II 693·8 4·067 957 

314 II 29·3 134 14 12·9 East Rock. 8 OOI ·3 3·903 16I 

96 52 18·7 276 48 13·0 Paradise Rock-··------------------------- 8 663·3 3·937 683 

32 15 42·2 212 14 20·3 East Rock. 5 377·9 3·730 613 

72 36 29·8 25 2 33 21·7 Paradise Rock---------------------· ____ 6 897·9 3·838 7I5 

326 53 33·1 146 S4 30·8 Simmons 2. 3 696·0 3·567 735 

ll3 31 47·7 293 29 _13·6 Little Compton 2 ____ . --------· ---------- 5 880·7 3769 427 

77 28 34 ·3 257 26 57"9 Simmons 2. 3 457·5 3·538 759 

207 49 10·0 27 53 05·2 Massachusetts North Base -------- ________ 17 324 ·8 4·238 668 

306 46 S4"7 126 46 S4"9 Massachusetts South Base. I0'06 1·002 530 

221 43 16·3 41 44 38·4 Eldridge _____________ ------ ---- ---- ---- 4 317·0 3·635 184 

175 32 19·6 355 32 w·6 Nootas. 4 064·2 3·6o8 975 

244 58 18·0 65 02 02·4 
l)artmouth ______________________________ 

8 651 ·3 3·937 081 

309 04 44·8 129 12 17"3 Cutty hunk. 20 438·7 4"3!0 454 

~22 34 51·2 142 37 36·0 Great Meadow-------------------------- 9 36o·o 3·971 277 

Ill 48 01 ·1 291 41 2s·o Beacon pole. 14 682·9 4"I66 811 

359 47 27·5 179 47 29·2 Great Meadow-------------------------- I6 158·5 4·208 400 

32 48 51·0 212 46 07"7 Attleboro grammar school. IO 375·6 4·016 013 

188 19 IS"5 8 19 55·5 Red Brqsh.-. --------------------------- 9 493·8 3·977 442 

290 49 38·5 JIO 54 05·8 Oak Hill. 9 861·6 3·993 948 

194 25 28·9 14 27 28·5 
Red Brush ______________________________ 

16 5I7"6 4·217 946 

255 28 26·1 75 34 12·8 Oak Hill. 12 357"9 4·091 946 

3I7 20 JI 137 27 42 Great Meadow------------------- ---- -- 22 963·8 4·361 04 

229 58 58 50 IO 40 Blue Hill (Borden). 31 285·6 4·495 34 

I9 20 33 199 13 48 McSparran -·-------------------- ------ 42 668·3 4·630 10 

354 56 55 174 58 I3 Quaker. 30 816·3 4•488 78 

130 32 00 310 26 51 College Hill ________ - - -- -- _ -- - -- --- _____ 14 066·5 4·148 19 

198 I3 55 I8 16 05 Great Meadow. 14 369·1 4·157 43 



430 UNITED STATES COAST AND GEODETIC. SURVEY. 

MASSACHUSETTS AND RHODE ISLAND BOUNDARY~Continued. 

- --··· -· --- ------· 

I Station. Latitude. I Seconds in ! Longitude. I Seconds in 
metres. I metres. 

I 
I 

I 
-----

! 
,~-

0. I /I 0 I II 

Burnt Swamp. 42 01 08·36 257·9 71 22 54·53 1254·6 
(Borden.) 

Bald Hill. 42 02 44·22 1364·3 71 42 35·59 818·4 
(Borden.) 

Alumpond. 42 01 14·51 447"7 71 45 45·24 1040·8 
(Borden.) 

Mount Daniel. 42 or 4r·54 1281 ·6 7r 48 10·30 236·9 
(Borden.) 

Northwest corner of Rhode Island. 42 00 29·15 899·4 7r 47 58·92 1355·8 
(Borden.) 

Northeast comer of Connecticut. 42 01 24·82 765·8 

I 

7r 48 04·20 96·6 
(Borden.) 

Foxboro Baptist church spire. 42 03 51 ·18 r579·r 71 rs 05·06 r16·3 
1884. 

I Lone fir tree. 41 54 57·45 1772·5 71 r3 43·32 998·3 
'· -

Attleboro Catholic church spire. 41 56 54·14 r670·4 7r 17 22·58 52o·r 
r884-1889. 

Verification south base, R. I. 41 50 r3·04 402·3 
(Borden) 18 36. 

71 21 28·68 661·8 

Verification north base. 4r 54 25·94 800·3 71 21 20·68 476·6 
(Borden) 1836. 

Black beard. 41 40 28·88 891·0 .71 IO 58·83 136o·8 
1843-1861. 

Joe Sanford. 41 35 37·56 1158·7 71 07 55"53 1286·1 
(Borden.) 

Quicksand. 
(Borden) r836. 

41 30 or·73 53·4 71 07 12·r8 282·5 

Newcomb. 42 00 11·54 356·0 71 09 12·30 283·1 

Tune. 42 00 53·63 1654·7 7r 09 28·61 658·3 

Cutting !'lain. 42 00 53·41 1647"9 7r r1 26·75 61!;-s 

Smith. 41 
1889-90. 

54 56·76 r151·2 ! 71 13 42·71 984·2 

Woodward. 41 SS. 58·07 1791·6 
I 

71 09 46·70 1075·9 

Rhodes. 56 36·67 
I 

r9 53·r8 41 113r ·4 71 1225·0 

Cumberland, R. I. 41 55 4o·or . 1234·4 71 23 35 ·50 818·0 

Mowry. 41 54 56·23 1734·8 71 22 48·55 1118·8 

Attleboro Methodist church spire. 
1889. 

41 56 43·93 1355·4 71 17 08·97 206·6 

-



REPORT FOR 1894-P ART II. 431 

MASSACHUSETTS AND RHODE ISLAND :BotnmARY-Continued. 

Azimuth. Back azimuth. To station. Distance. Logarithm. 

--------·- ---·---- -- 1- Metre~-1
1

-·--·--
I II 

12s 54 I8 

209 20 J9 

I5I 27 I4 

249 12 18 

I6o 22 24 

274 40 J4 

284 01 II 

89 56 J5 

9S 26 S6 

I7J 17 09 

164 SO JO 

27s 40 os 

7 44 06 

69 37 28 

J46 57 II 

87 22 16 

215 J5 J3 

32I S9 33 

I69 49 I9 

247 14 49 

313 2S 31 

I 21 22 

17 33 47 

89 00 23 

353 46 48 

83 08 SI 

17s 3I I3 

299 36 00 

86 S4 26 

J2 26 28 

2I 39 08 

8I 2s 41 

209 38 34 

JS6 SS I7 

J47 04 29 

87 40 2I 

37 09 24 

1s8 so 27 

265 3J 29 

306 36 I2 

278 S7 40 
28° 12 OI 

47 J3 I6 

I4LI8 36 

212 34 00 

322 I9 16 

o I II 

305 53 23 

29 2I 00 

331 I9 40 

69 36 IS 

340 16 58 

94 SJ I8 

104 02 48 

269 45 28 

275 15 41 

JSJ I7 OI 

344 50 26 

95 4I 38 

187 43 00 

249 32 34 

166 S7 38 

267 20 16 

35 J8 26 

I42 02 27 

J49 47 26 

67 I 7 38 

IJJ 28 I4 

I8I 2I I7 

197 33 25 

268 58 05 

173 47 08 

263 03 57 

J5S JI 04 

119 43 23 

266 47 38 

212 25 19 

20! 38 IO 

26I I9 04 

29 40 07 

176 S5 29 

167 04 s6 

267 38 20 

2I7 07 14 

338 49 41 

8s JS 19 

126 38 19 

99 02 I6 

208 IO 50 

227 JI JJ 

32f I8 os 

J2 36 43 

I42 22 00 

Joes Rock--------------------------------\ 2 348·4 3·370 77 

Red Brnsh. I I 4S8·o I 3'I63 7S 

Hasnebumskit --------------------------- -! 32 36S'I , 4'SIO 08 

~::sen~:~~~~r~~~)~-- ------ ----- ---- -- --- .! !; :~::~ ::~:: :~ 
Ileaconpole (Borden). I 26 372·0 4'42I 14_ 

~l:t~:e~~d- - ------ -------- --------- - ----- · 1 2! :;~:; !:!!: !! 
Hatchet_ _________ ·-----------------------' 23 288·s 4·367 I4 

Mount Daniel. j 2 248·8 3'JSI 96 
; 

Mount Daniel _________ ---- ______________ _ 

Alum pond. [ 

Oak Hill _____ ----------------------.------i 
Red Brush. ' 

Great Meadow,, ___ ------------------------: 
Oak Hill. ' 
Mansfield Unitarian cl urch spire _____________ I 

I 

Great Meadow. : 
Joes Rock ____________________ -------- ____ I 

Great Rock. 
Great Rock _______________________________ , 

Verification south base. I 
Pocasset-------------- ______________ ,, ____ ! 

I :::: 1;;~:~en) ------------------··-·----Ii 
I Quaker. 

I 
Nootas (Borden) ---------- ----------------1 
Cutty hunk. : 

I North Attleboro waterworks ___ ·--- _. __ --- - --i 

Norton Congregational church spire. 

Norton Congregational church spire---------

North Attleboro waterworks. 

Foxboro Congregational church spire_--------: 

~:~:~:::d:=~~:-s:~~~~~---- ---- --------· _[ 

~::a:~~adow ____ ---- ---------- __________ [ 
I 

Norton Congregational chhrch spire. I 
Attleboro grammar school_ _________________ _ 

Oak Hill. i 
I 

~::t::~~; :;:t~~~~~:.-~~~~~u~~~ ----------· 1 

Pawtucket .waterworks, gate house __ ---------i 
Cumberland. . 

Mansfield Congregational church spire--------, 

Great Meadow. . 

S34'4 

3 211 '9 

I6 811-3 

IO 7S7'7 

4 I90'3 

4 IS0'5 

IO 220'4 

9 747'2 

21 942·1 

6 333·1 

7 78n 

7 804·4 

2 57I '2 

4 797'7 

6 34S'6 

1033I'I 

4 o6s·I 

17 881 ·7 

14 04S'9 

4 424·8 

5 4I4'9 

I3 8o4·2 

6 434·2 

7 639·2 

4 I66·4 

4 I63·6 

7 466·9 

4 38I 'I 

3 794·2 

5 453·2 

9 6I8·3 

5 2I4'4 

4 804·7 

I 730'4. 

IO 433'2 

9 3°5'7 

2·727 86 

3·506 76 

4·225 6o 

4·03I 72 

3·622 24 

3'6I8 JO 

4·oog 47 

3•988 88 

4·34I 28 

J'8or 6I 

3·89I 4I 

3·892 34 

J'4IO I4 

3·68I 03 

3·802 47 

4'0I4 IS 

3·609 07 

4·2s2 4I 

4'I47 5S 
3·64s 89 

3'733 59 
4·I40 OI 

3·808 49 

3·883 os 

3·619 76 

J'6I9 47 

3·873 I4 

3·6.p s8 

3'?79 I 2 

J'736 65 

3·983 IO 

J'7I7 04 

3·68I 67 

3·238 I5 

4'0I8 43 

3·968 7S 



432 UNITED STATES COAST AND GEODETIC SlfRVEY. 

MASSACH'(!SETTS AND RHODE ISLAND BOUNDARY-Continued. 

Station. 

Central Falls high school cupola, H.. I. 

Central Falls Bapti st church spire, R. I. 
1889. 

Pleasant View. 

North Attleboro, c orner 3. 

Norton, corner 2. 

North Attleboro, c orner 5. 

Attleboro, corner 1 

Switch. 

Switch, middle bas 

Switch, base 1. 

Switc'1, base 2. 

Switch, base 3. 

Barn cupola. 

e. 

North Attleboro, c 

North Attleboro, c 

orner 6, base. 

H.ichards, H.. I. 

North Attleboro, c 

North Attleboro, c 

Easton, corner 3. 

orner 6. 

orner 2. 

orner 4. 

(7 ?). 1889. 

orner L 

Norton, corner 4. 

Norton, corner 3. 

Attleboro, corner 6 

Norton, corner 7. 

North Attleboro, c 

Seekonk and Reho 

Norton, corner 6. 

Pleasant View, bas 

Pleasant View, bas 

both corner and Attleboro line stone. 

e r. 

e 2. 

Strawberry. 

Orange. 

I 
Latitude. 

0 I II 

41 53 14·52 

41 53 09·62 

41 .53 43·78 

41 59 07·23 

41 58 27·32 

41 59 14·48 

41 53 36·95 

41 54 40·21 

41 54 50·13 

41 54 15·31 

41 54 16·70 

41 54 16·41 

41 54 10·78 

41 56 22·65 

41 56 27'01 

41 59 09·09 

41 59 06·47 

42 00 52·21 

42 03 40·38 

42 00 03·95 

42 00 45·61 

41 54 44•26 

41 56 16·98 

41 54 53·51 

41 54 13•36 

41 56 09·07 

41 53 39·09 

41 53 40·83 

4r 52 57'55 

41 52 45·12 

-~1~·· 

Secondsini 
metres. 

Longitude. 

0 / // 

448·0 71 23 16·67 

296·8 71 23 14·62 

1350·7 71 22 39·10 

223·1 71 21 53·37 

842·9 71 15 35·24 

446·8 71 16 09·22 

1139·9 71 22 54·98 

1240·6 71 18 22·77 

15.46·6 71 18 15·58 

472·4 71 18 15·69 

515·2 71 18 22·08 

506·3 71 18 15·62 

332·6 71 18 28·05 

698·8 71 20 05·42 

833·3 71 20 II'l6 

280·4 71 22 57·39 

199·6 71 22 54·99 

1610·9 71 17 19·56 

1245·9 71 1r 09·02 

121·9 71 09 24•98 

1407'2 71 09 33·07 

1365·5 71 13 22·71 

523·9 11 09 22·16 

1650·9 71 22 55·15 

412·2 'll 18 04•31 

279·8 71 09 33'44 
1206·0 71 22 4s·66 

1259·7 71 22 47'48 

1775 ·6 • 71 I2 03•19 

1392·r 71 II II '70 

-~---

Seconds in 
mt;tres. 

384·4 

337'1 

901·4 

1228·6 

811·4 

212'2 

1267·4 

524·8 

359·1 

361·6 

508·9 

36o·o 

646·5 

124·9 

257'1 

1321·1 

1265·8 

450·1 

207'4 

574·9 

760·9 

523·4 

510·5 

1270·9 

99'4 

770·4 

1052·6 

1094·5 

73·6 

269·8 



REPORT FOR 1894-P ART II. 433 

MASSACHUSET'.l:S AND RHODE ISLAND BOUNDARY-Continued. 

Azimuth. Back azimuth. To station. Distance. Logarithm. 

0 I II 0 I // Metres. 
178 40 33 358 40 29 Bear Hill 

~-----·----·-------------4------ 6 498·3 3·812 80 

251 44 54 71 49 17 Oak Hill. 9 547·5 3·979 89 

156 43 03 336 40 31 Beacc.npole _________ ---- -----. ---- ---- ---- 13 196·8 4·120 47 

250 47 57 70 52 18 Oak Hill. 9 55 1 '0 3·980 05 

43 49 22 223 48 57 Central Falls high school------------------- I 251•2 3·097 31 

75 00 57 254 59 08 Pawtucket waterworks, gate house. 3 895·8 3·590 60 

250 50 16 70 51 57 North Attleboro waterworks _________________ 3 696·4 3·567 78 

328 32 16 148 32 57 Hoppin Hill. 2 695·8 3·43o 69 

13 13 31 193 i2 46 Oak HilL. ------------------· ------------ 6 848·4 3·835 59 

115 08 26 295 05 55 North Attleboro waterworks. 5 757"0 3·760 20 

5 30 46 185 30 23 Oak Hill .• ---------- - ---- ---- --·-- ---· ---- 8 159·2 3'9il 65 

102 36 21 282 34 12 North Attleboro watenv_orks. 4 538·8 3·656 94 

205 26 44 25 26 48 Massachusetts South Base reference mark _____ 338·4 2·529 49 

261 33 16 81 34 23 Oak Hill. 2 319·2 3·365 34 

269 04 05 89 05 07 Oak Hill_-------------------------------- 2 128·5 3·328 08 

28 27 28 208 27 23 Switch. 348·0 2· 541 57 

168 00 09 348 00 04 Switch_---------------------------------- 785"3 2·895 06 

178 44 04 358 44 04 Switch_-----------· ____ ·------"- --------- 725·6 2·860 72 

286 II or 106 II 05 Switch, ba.>e I. 153·3 2·185 58 

2 55 32 182 55 32 Switch, base 1 _. --------- ------------- .. ---- 33·864 1·52974 

93 25 28 273 25 24 Switch, base ,2, 149·2 ' 2·17387 

187 37 34 7 37 38 Switch . ---- ---- -----· -------------- ------ 916·0 2·961 89 

217 01 50 37 01 54 Switch, base 2, 228·5 2·358 98 

213 05 50 33 05 58 Rhodes----------------------------·----· 516·2 2·712 82 

234 15 41 54 15 53 Rhodes ---------- ------ ------------------ 510·3 2·707 79 

315 27 08 135 27 12 North Attleboro, curner 6, base. 188·604 2·275 55 

7 37 02 187 36 45 Bear Hill_ ______ ---- -- ---- ---------- ------ 4 482·6 3·651 53 

roe 25 II 280 22 28 Beacon pole. 5 707·2 3·756 42 

145 36 19 325 36 17 Richards_------------------------------··- 97·784 1·990 27 

102 34 09 282 34 04 Cutting Plain ----- ------------··--·-------- 169·462 2·229 07 

44 55 07 224 53 09 Mansfield Congregational church spire __ ------ 5 728·9 3·758 07 

93 41 14 273 37 54 Foxboro Congregational church spire. 6 895·9 3·838 59 

231 14 52 51 15 00 Newcomb-------------·------------------ 374·30 2·573 22 

202 33 06 22 33 09 Tune------------------------------------ 267·85 2·427 89 

129 54 39 309 54 26 Smith ____ •• .,..---- __ --------- - __ -- ________ 600·93 2·778 82 

44 05 58 224 05 42 Woodward _ ... ______ :_ ___ -----------------·· 812·33 I 2·909 73 

241 06 14 '61 06 18 Mowry·----------------·----------------- . 173·70 2·239 79 

102 54 02 282 53 54 Switch, base 1_ ____ ·------- ------ -- ---- ---- 269·12 2·429 95 

41 59 52 221 59 43 \Voodward _ --··- -----------------· -------·· 456·64 2·659 57 

226 17 II 46 ,17 15 Pleasant View------------------- -- . _ ·----- 209·4 2·320 94 

244 47 53 64 47 59 Pleasant View _____ -------··-- - - - - --- - . -·---- 213·6 2·329 66 

322 OJ 03 142 01 04 Pleasant View, base I. 68·17 1·833 59 
IJ8 32 41 298 29 34 Oak Hill ___________________________ --- --- 7 346·8 3·866 10 

148 03 22 328 02 16 Smith. 4 334•8 3·636 97 
228 22 28 48 26 06 Pr115pect Taunton ____ ---------_---- ________ IO 044·3 4·001 92 

328 50 03 148 52 22 Richmond Hill. 9 294·8 3·968 24 
... 

f\. Ex. 8. pt. 2--28 



434 UNITED STATES COAST AND GEODETIC SURVEY. 

MASSACHUSETTS AND RHODE ISLAND BOUNDARY-Continued. 

I 

S"··"· ;.I Station. Latitude. 
' Seconds in : Longitude. metres. I metres. 

0 II 0 II I 
Pickle. 41 52 53·96 1664·8 71 II 10·30 237·5 

Dighton, comer 4. 41 52 54·82 1691·3 71 12 14·20 327·4 

Taunton, comer 7. 41 52 45·82 14137 71 II 14·17 326·8 

Norton, corner 8. 41 54 38·94 1201·4 71 II 39·78 916·8 

Attleboro, corner 6. 41 54 32·05 988•8 71 12 31·12 717·2 
1890. 

Canadian Catholic church spire. 41 40 31 ·30 965·7 71 IO 56·28 1301·8 
1890-91. 

:Mount Hope Bay, west boundary (R. I.). 41 42 45·03 1389·2 71 13 36·28 838·7 
-(Toweset Neck, Borden) 1836-189o. 

Mount Hope Bay, east boundary. 41 40 29·63 914·1 71 II 40·68 941·0 
1890. 

Warren Methodist church spire (R. I.). 41 43 48·78 1504·9 71 17 02·73 63·1 
1863-1890. 

Cherry (R. I.). 41 46 28·10 8i's6·9 71 19 03·27 75·5 

Cherry, west base (R. I.). 41 46 31 ·62 975·5 71 19 03·85 88·9 

Cherry, east base (R. I.). 41 46 32·17 992·5 71 19 .00·73 16·9 

Cherry, north peg (R. 1.). 41 46 33·89 1045·6 71 19 04·54 104·8 

Rehoboth, corner 2. 41 46 29·75 917'8 71 17 34·55 798·0 

Marsh. 41 46 29·32 904·6 71 17 02·66 61·4 

Rehoboth, corner 1. 41 46 29·47 909·2 71 17 02·63 6o·8 

Swansea, corner 3. 41 46 32·17 992·5 71 19 00·70 16'2 

Rhode Island corner (R. I.) 41 46 34·31 1058·5 71 19 05·56 128·4 

Line stone. 41 42 45·25 1396·0 71 13 36·58 8457 

Fall River, comer 4. 41 40 I6·17 498·9 71 IO 34·68 802·2 

Globe Village. 41 40 23·03 710·5 71 II 02•42 56·0 

Chimney. 41 40 13·72 423·3 71 IO 40·96 947·5 

Cupola. 41 40 I5'47 477·3 7I IO 42•48 9827 

XI. 41 40 11·76 362·8 71 IO 34·62 800·8 

x 2. 41 40 08·69 268·1 71 IO 34·80 8o5·0 

Fall River, corner 3. 41 40 05·86 18o·8 71 IO 35'74 826·8 

Fall River, corner 2. 41 39 37·52 1157'5 71 07 58·94 1363·7 



REPORT FOR 1894-P ART II. 435 

MASSACHUSETTS AND RHODE ISLAND BOUNDARY-Continued. 

I 
I 

Azimuth. Back azimuth. i To s:ation. Distance. Logarithm. 

I 

0 I II 0 I II Metrt!s. 
229 26 13 49 29 50 Prospect Taunton ______ -----.-------------- 9'840·6 3·993 02 

329 51 02 149 53 20 Richmond Hill. 9 513·1 3·978 32 

251 36 46 71 36 53 Strawberry ___________ ---- ____ ------ -----. 267·41 2·427 18 

290 44 41 IIO 44 43 Orange 
---------------------~------------

6o·906 I ·784 66 

28 27 15 208 26 20 Great Meadow __ ---- ------ ____ ------------ 3 993·0 3·601 30 

93 08 06 273 04 43 Oak Hill. 7 003·6 3·845 32 
12 17 39 192 17 18 Great :!Vleadow ---------------------------- 3 375·7 3'528 37 

95 50 36 275 47 48 I 
Oak Hill. 5 840·4 3'766 44 

88 16 42 268 14 22 I Mount Hope 2 -···------------------------- 4 855·6 3·686 24 

151 33 22 331 32 23 
I 

Gardner Neck. 4 296·7 3·633 13 

271 29 33 91 32 46 Fall River·----- ____ ------·------·-------- 6 723·7 3·827 61 

15 13 08 195 12 35 Mount Hope (Borden). 4 395·2 3·642 98 

88 34 23 268 32 33 Mount Hope 2 ___ .. ___ -------------------. 3 827'5 3·582 91 

165 04 55 345 04 26 Gardner Neck. 3 963·0 3·598 02 

329 51 33 149 53 17 Mount Hope 2 ---· ------------------------ 7 214·7 3·858 22 

244 50 06 64 52 27 Swansea belfry. 5 405·8 3·732 86 

288 48 12 108 51 53 Swansea belfry---------------------------- 8 II I '3 3·909 09 

330 26 58 150 28 18 Warren Methodist church spire. 5 650·0 3·752 05 

352 59 33 172 59 33 Cherry.·--------------------------·------ 109·4 2·038 90 

25 04 35 205 04 33 Cherry----·------------------------------- 138·7 2·142 12 

76 40 23 256 40 21 Cherry, west base. 74·1 1·869 99 

301 01 48 121 01 51 Cherry, east base-------------------------- 102·8 2'01I 80 

350 41 50 170 41 51 Cherry. 181·0 2·257 65 

295 21 14 II5 23 56 Swansea belfry ____________________________ 6 228·7 3·794 40 

351 34 03 171 34 ~4 'Varren Methodist church spire. 5 020·7 3·700 76 

0 00 52 180 00 52 Warren Methodist church spire-------------- 4 953·2 3·694 89 

91 01 55 271 01 34 Rehoboth, corner 2. 737'1 2·867 53 

7 41 55 187 41 55 Marsh------------··------------------_. ___ 4·670 0·669 32 

83 04 51 263 04 51 Cherry, east base __________________________ 0·770 9·886 49 

296 49 40 1I6 49 41 Cherry, north peg. _____ • _____ ---------- ____ 28·423 1 ·453 67 

314 05 24 134 05 24 Mount Hope Bay, west boundary ---- ____ ---- 9·6oo 0·982 27 

133 02 28 313 02 14 Canadian Catholic church_---- ____ ---· ______ 683·8 2·834 94 

207 41 38 27 42 35 Fall River high school. 4 297·2 3·633 19 

209 06 15 29 06 19 Canadian Catholic church_----------- _______ 291·8 2·465 09 

288 15 30 108 15 48 Fall River, corner 4. I 675'6 2·829 70 I 
I 146 50 06 326 49 56 Canadian Catholic church ___________________ · 647·7 2·81 I 39 

I 
242 34 13 62 34 17 Fall River, corner 4. 163·9 2'214 5 I 

146 48 39 326 48 30 Canadian Catholic church.-----------------. 583'4 2·765 93 

263 12 54 83 12 59 Fall River, corner 4. 181 ·7 2·259 45 

II2 22 IO 292 22 o6 Chimney _ ---- -------·----- ------ ·----- -- -- 158·7 2'200 54 

179 27 14 359 27 14 Fall River, corner 4. 135·9 2·133 27 

137 24 17 317 24 13 Chimney _ ------------. --------------- ---- 210·8 2·323 78 

182 28 39 2 28 39 x I. 94'9 1·977 06 

153 31 22 333 31 19 Chimney----_-------- .. ------------------- 270·9 2·432 78 

194 03 48 14 03 49 x 2. 90·0 I '954 28 

187 00 II 7 00 25 Fall River water tower-----------·--------- 4 033·9 3·6o5 73 

232 45 35 52 46 31 Highway. 2 426·8 3·385 03 



436 UNITED STATES COAST AND GEODETIC SURVEY. 

MASSACHUSETTS AND RHODE ISLAND BOUNDARY-Continued. 

Station. Latitude. Seconds in! Longitude. cconds in 
metres. metres. 

----
0 I II 0 I II 

Quicksand 2, base I. 41 29 56·07 1729·8 7r 07 10·46 242·6 

Rooster. 41 29 58·26 1797'4 71 07 1r·46 265·8 

Quicksand 2, base 2. 41 29 56·65 1747·7 71 07 13·28 308·0 

Quicksand 2, base 3. 41 29 58·65 1809·4 71 07 16·28 377·6 

Peaked Rock. 41 29 58·55 1806·3 71 07 16·25 376·9 

Monument. 4r 29 58·60 18o7·8 71 07 16·26 377·1 

Tree base. 41 40 22·81 703·7 71 II 05·04 u6·6 

Fall River, corner 5. 41 40 23·15 714·2 71 II 05·17 119·6 

TAUNTON RIVER. 

, 

Mount Hope 2 (R. I.). 
1874-1890. 

41 40 26·515 818·0 71 14 26·094 6o3·6 

Mound (R. I.). 41 38 14·042 433·2 71 13 u·906 275·4 

Chase (R.L ). 41 40 23·917 737'9 71 II 16·462 380·9 

Gardner N eek. 41 42 33·742 1040·9 71 12 24·807 573·5 
1874-1890. 

City. 41 41 43·770 1350·3 71 IO 19·091 441•4 

Somerset 2. 41 43 44·048 1358·9 71 IO 08·164 188·7 
1874. 

Calvary. 41 43 40·822 1259·4 71 08 05·039 116·4 

Steep Brook. 41 44 56·973 1757'7 71 07 23·161 535·1 

Wood. 41 45 03·100 95·6 71 08 27'345 631·8 

Bluff. 
1874-1887. 

41 45 54·520 1682·0 71 07 49•699 1148·0 

Burns. 
1874-1887. 

41 44 26·705 823·9 ;1 08 52·720 1218·2 

Ridge. 41 
1874-1887. 

45 33·468 1032·5 : 71 07 10·979 253·6 

Depot. 41 46 31·093 959·3 71 07 15·062 347·9 

Terry. 41 46 31·456 
1874-1887. 

970·5 71 06 43·067 994•6 

Fall River water tower. 
1887-1891. 

41 41 47·292 1459·0 71 07 37'667 871 ·o 

Richmond Hill. 41 48 27'288 841·9 71 07 43·331 1000·2 
1874-1890. 



REPORT FOR 18U4-P .A.RT II. 437 

MASSACHUSETTS AND RHODE ISLAND BOUNDARY-Continued. 

----

I 
I 

Azimu:h. Back azimuth. To station. Distance. Logarithm. 

0 I II 0 I II Metres. 
250 48 40 70 48 41 Quicksand 2 --------- --------------------- 31 ·873 1 ·503 42 

317 00 39 137 00 41 Quicksand 2 ------------------------------ 78·I I •892 83 

34I 05 10 I61 05 II Quicksand 2, base I. 71 ·5 I ·854 23 
220 26 29 40 26 30 Rooster __________ -------- ________________ 65'3 I ·8I5 13 

274 26 22 94 26 25 Quicksand 2. 95·9 1·982 02 

276 IO 39 96 IO 42 Rooster ------ ____________ ------ __________ II2'4 2·050 72 

3II 42 37 I3I 42 39 Quicksand 2, base 2. 92·9 I'968 05 

I68 34 IO 348 34 IO Quicksand 2, lase 3---------------- -------- 3·055 0·485 01 

I62 54 IS 342 54 IS Quicksand 2, base 3 ------------- .. --------- I '72I 0·235 78 

263 40 13 83 40 15 Globe Village ------. -------- __ ---- -------- 6I 'I 1 ·785 97 

273 I4 3I 93 14 33 Globe Village _________ ----- _____ ---- - - ___ -I 63·8 I'8o4 90 

343 51 42 163 SI 42 Tree base. I 10·768 I ·032 I4 

TAUNTON RIVER. 

6 47 47·5 I86 47 I2'8 Quaker ____ ------ ____ --------- ------------ IO 226·1 4·009 711 

IS7 I3 25·6 337 I2 36·3 Mount Hope 2 ---------------------··------ 4 432·8 3·646 68I 

25 46 07 ·3 205 44 43·3 Quaker. 6 736·7 3·828 449 

33 42 OI'7 2I3 40 45·0 Mound _______________ .------------------_ 4 8I5·6 3·682 651 

9I 03 50·6 27I OI 44·5 Mount Hope 2. 4 387'3 3·642 I95 

7 ·44 52·7 I87 44 21 ·4 Mound .. _______ ---------------- _____ -----_ 8 085·9 3 ·907 728 

338 27 33'I IS8 28 I8·6 Chase. 4 3o5·9 3·634 o6I 

I17 57 I0'9 297 55 47·3 Gardner Neck __________ ------ --- - --------. 3 290·3 3·5I7 239 

67 22 33·6 247 I9 49· 3 Mount I lore 2. 6 I89·9 3·79I 687 

44 24 16·2 224 21 24·6 Mount Hope 2 ---------------------- ------ 8 526·8 3·930 787 

3 53 43·5 I83 53 36·2 City. 3 7I9'3 3·57o 467 
92 00 50·6 27I 59 28·7 Somerset 2 ______________________ ---------- _ 2 847·4 3·454 456 

7I 00 27'8 250 57 34·9 Gardner :\eek. 6 35I ·4 3·802 868 

22 23 29·3 202 23 01·4 Cah·ary ------ ___ . ________ ------ ____ -----· 2 540•9 3·404 984 

59 28 20·6 239 26 30·8 Somerset 2. 4 427·3 3·646 I36 

277 JS 28·5 97 I6 11 ·2 Steep Brook ____ ----·-------------------- .. I 494'9 3·I74 625 

348 31 09·4 I68 3I 24·2 Calvary. 2 590·2 3'4I3 333 
28 44 07·1 208 43 42·0 \Vood _____ .. _____ . ____ ---- -------- ________ I 809·2 3·257 475 

340 56 48'I I6o 57 05 ·8 Steep Brook. I 878·3 3·273 766 

245 42 I4'4 65 43 I4'0 Steep Brook ________ .. ______ _________ .. ---- 2 270·3 3·356 092 

208 14 55·0 28 15 37·0 Bluff. 3 075 ·7 3·487 947 

I25 59 I9'4 305 58 53·6 Bluff---------------------------------··---- I 105·4 3·043 515 

48 47 OO'I 228 45 52·3 Burns. 3 I25'4 3'494 9II 

356 57 46·9 I76 57 49·6 Ridge ----------------------------------- I 780·3 3·250 505 

30 27 34·8 2IO 26 29·8 Burns. 4 451 ·6 3·648 520 

53 29 I9'2 233 28 34·8 Bluff ______ • ____ - --- .. ____ ------- ---- ------ _ I 9I5'0 3·282 I64 

89 08 04·9 269 07 43·6 Depot. 739·0 2·868 657 

159 45 .33·3 339 41 57·o Great Meadow ____ ---- ---- ---- ---- ---- ---- 2I 636·0 4·335 176 

243 30 IO'O 63 32 50·4 Copeeut. 6 225 'I 3·794 I47 

329 II 39·2 I49 I4 23·5 
Copeeut __________________________________ 

II 134 'I 4·046 655 

359 23 3I'O 179 23 34·8 Fall River water tower. I2 34I ·3 4·091 362 
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TAUNTON RIVER-Continm·ll. 

-··--

I Seconds in Station. Latitude. Longitude. Seconds in 
I metres. metres. 

0 I II 0 I II 

Fall River high school, tower. 41 42 19·485 6o1·1 71 09 08·300 191·9 
1887-1890. 

Mack. 41 47 30·970 955·5 71 07 02·316 53·5 

Marsh. 41 47 38·168 1177.·5 71 07 33·787 780·1 

Kichols. 41 48 25·961 800·9 71 06 59·333 1369·6 

New. 41 49 33·058 1019·9 71 06 58·379 1347·2 

Bare Top. 41 48 52·832 1629·9 71 06 00·411 9·5 

Assonet. 41 47 25·334 781·6 71 05 56·873 1313·2 
1874-1887. 

Graveyard. 41 49 34·478 1063·7 71 07 28·905 667·1 

Schoolhouse Hill. 41 50 01 ·405 43'3 71 o6 17'508 403·9 

Beveled Barn, ball on cupola. 41 50 12·733 392·8 71 07 09·093 209·8 

Telegraph. 41 50 59·36o 1831 '4 71 06 50·266 1159·6 

Florence. 41 50 45·035 1389·4 71 06 57·977 1337'5 

High. 41 50 57'519 1774·6 71 06 29·829 688·2 

Brown Hill. 41 47 25·276 779·8 71 06 2r654 638·5 
1874-1887. 

Highway. 41 40 25·109 774·6 71 06 35·416 819·2 
1887-1891. 

North Dighton. 41 51 14·524 448·1 71 06 39·325 907·0 

! . 
Meadow. 41 51 11·~16 346·0 71 06 11 ·892 274·3 

River. 41 51 36·079 1113·1 71 06 16·949 390·9 

Burt. 41 51 28·716 885·9 71 05 49·541 1142·7 

Herbert. 41 51 45·403 1400·8 71 05 46·910 1081 ·9 

Carpenter's (J.) barn, cupola. 41 51 36·073 I 112'9 71 05 33·562 774·.1 

Clark's (C. E.) barn, cupola. 41 51 52·684 1625·4 71 05 13·056 301 ·1 

Whitmore. 41 52 12·500 385'7 71 05 31·814 733'7 



Azimuth. 

O I II 

189 48 23·4 

256 53 06·1 

151 24 54·1 

346 23 22·9 

286 59 30·1 

171 43 44·1 

92 18 45'4 

28 20 51·5 

27 05 06·3 

0 36 35·2 

132 51 20·7 

71 39 25·9 

127 52 55·7 
178 16 03·0 

9 07 35·8 

302 09 56·2 

63 14 50·9 

34 18 26·7 

21 IO 33·6 

286 21 30·2 

16 48 08·2 

337 05 01 ·6 

14 25 52·6 

201 55 27·4 

96 52 21·2 

59 19 40·1 

34 05 38·4 

137 36 17·5 

217 52 50·4 

134 57 27·8 

28 20 54·0 

337 20 21 ·7 

99 09 48·9 

67 33 09·8 

37 48 59·1 

351 21 14·5 

43 40 50·2 

109 46 03·6 

6 43 18·9 

67 27 15·2 

58 22 24·3 

133 04 40·9 

42 42 22·1 

73 57 13·6 

324 42 57·0 
22 36 38·2 

Back azimuth. 

o I II 

9 49 20'0 

76 56 46·8 

JJI 24 26·8 

166 23 35·7 

106 59 51'1 

351 43. 37·7 
272 18 16·1 

208 20 28·5 

207 04 36·3 

180 36 34·6 

312 50 42·0 

251 38 17·3 

307 51 44·7 
358 16 00·6 

189 07 26·2 

122 IO 55 '2 

243 14 03·3 

214 17 29·5 

201 IO 20'4 

106 22 04·6 

196 47 55·6 

157 05 23·4 

194 25 45 '2 

21 55 J2'5 

276 52 07·6 

239 19 21 ·3 

214 04 43·7 

317 JS 2r1 

37 54 49·3 

JI4 55 46·1 

208 20 46·7 

157 20 28·0 

279 09 J0'6 

247 J2 44·2 

217 48 44·2 

171 21 17'9 

223 40 35'3 

289 45 45·3 
186 43 17·1 

247 26 55·2 

238 22 13·6 

313 04 32·0 

222 42 08·4 

253 56 51·0 

144 43 09'5 
202 36 28·1 

REPORT FOR 1894-P ART II. 

TAUNTON RIVER-Continued. 

To station. 

Richmond Hill_----- ______ ---------- _____ _ 
j Copecut. 

I Richmond Hill ____ ------- ____ ·---· -------
. Terry. 

!\lack _________________________ -------·--

Richmond Hill. 

[ Richmond Hill·---------------------··----
!\1arsh. 

Richmond Hill __________ -----.-----_ ·-----

Nichols. 
New _____ ----- ___ ------ ________________ ... 

Richmond Hill. 
I 

Richmond Hill_ ___ --------------------. __ _ 
Bare Top. 

Richmond Hill ____ ------------------ _____ . 

Bare Top. 

Graveyard-----_ --- __ ----------- --- - -- -- - -i 
Richi:iond Hill. 

Graveyard·-------------------------------
Schoolhouse Hill. 

Beveled Barn-------------------------·---
Schoolhouse Hill. 

Beveled Barn-----------------------------
Telegraph. 

Telegraph----------------·---------------
Florence. 
Bluff. ___________________________________ _ 

Richmond Hill. 

Copecut----------·-----------------------
Fall River high school, tower. 

Telegraph------------ -- -------- ---- ------
High. 

North Dighton ________ ·---- --------------

Telegraph. 

North Dighton---------------------------
Meadow. 

Meadow _ ----- __ ----- ------ -··------------
River. 

Burt _ ----- _______________ ------··--- ----- _ 

River. 

Burt·------------------------------------
Herbert. 

Carpenter's barn.------ __ ------------ _____ .. 

Herbert. 

Clark's barn -------- ----------------------
Herbert. 

Distance. 

Metres. 
II 516·0 

7 871 ·5 

I 978·8 

I 889·2 

759·8 

I 531·4 
I 016·5 

I 675·4 

2 279·0 

2 070·2 

I 824·9 

2 503·0 

3 u3·6 

2 700·8 

2 099·5 
2 412·9 

I 845 'I 

3 514·9 
I 265·7 

I 240·5 

I 502·7 

I 941·2 

I 029'1 

476·4 

474·9 

755·0 

3 38o·9 

2 590·9 

6 729·9 

4 995·2 
531·6 

568·5 

641·0 

957'8 

841·8 

775·9 
746·6 

671·8 

518·4 

750·2 

432·8 

421·5 

697'4 
812·5 

749·0 

905·6 

439 

Logarithm. 

4·o61 300 

3·896 056 

3·296 405 

3·276 273 

2·880 717 

3·185 088 

3·007 093 

3·224 114 

3·357 749 
3·316 016 

3·261 234 

3·398 458 

3'493 260 

3·431 486 

3·322 119 

3·382 543 
3·266 030 

3'545 918 
3·102 328 

3·093 599 

3·176 874 

3·288 074 

3·012 439 

2·678 005 

2·676 557 

2·877 944 

3·529 030 

3·413 454 
3·828 008 

3·698 555 
2·725 561 

2·754 744 

2·8o6 839 

2·981 280 

2·925 223 
2·889 812 

2·873 063 

2·827 213 

2·714 664 

2·875 168 

2·636 324 

2·624 767 

2·843 466 

2·909 810 

2·874 464 

2·956 943 
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TAUNTON RIVER-Continued . 
. ·----··-

Seconds inl 
Station. Latitude. Longitude. Seconds in 

metres. metres. 

0 I " 0 I " 
Birch. 41 52 08·499 262·2 71 05 04·56g I05"4 

Hunt's (J.) house, roof. 41 52 38·977 1202·5 71 05 30·130 694·8 

Williams. 41 52 43·051 1328·2 
I 

71 05 52·594 1212·7 

I 

Schoolhouse, eastern angle of roof. 41 53 14·109 435·3 71 05 38·715 892·6 

Hatch's (E. house, ridge of roof. 41 53 01·421 43·8 71 05 13·866 319·7 

Johnson. 41 53 20·7go 641·4 71 04 43·396 1000·5 

French's (Capt. A.) house, cupola. 41 53 35 ·588 1098·0 71 05 34·546 796·4 

Taunton Unitarian church, spire. 41 54 04·556 140·6 71 05 19·786 456·1 
1876. 

Frederick, (C. F. Johnson's barn, cupola.) 41 53 41·330 1275·1 71 04 26·991 622·2 

Mason. 41 54 29·208 go1·1 71 04 rn·992 253'3 

·Wilbur's (E.) house, roof. 41 54 40·283 1242·8 71 05 11·527 265·6 

Bradford (N. B. Dean's house, roof). 41 54 17·294 533·6 71 04 37·907 873'7 

Briggs' (W. S.) house, roof. 41 54 56·168 1732·9 71 03 49·319 1136·6 

Dean. 41 54 37·291 1150·5 71 04 15·212 350·6 

Hall's (R.) house, roof. 41 54 22·342 689·3 71 04 16·162 372·5 

King. 41 54 22·631 698·2 71 03 49·358 113r6 

Taunton waterworks, tall chimney, lightning rod. 41 54 11·169 344·6 71 03 50·492 1163·8 

Alex. 41 54 07·042 217'3 71 03 34·846 803·2 

l\Iartin's (M. G.) barn, ridge of roof. 41 54 23·391 721·7 71 03 28·356 653'5 

Prospect Taunton. 41 56 21 ·239 655·3 71 05 45 ·78o rn54·6 
188~90. 

Taunton Insane Asylum. 41 54 52·460 1618·5 71 o6 02'200 50·7 
1889-90. 

Fall River. 
(C. & G. S. & Bdn.) 1834-1843. 

41 42 39·25 1210·9 71 08 45·54 1052·8 

Fall River 2. .. 41 42 39·74 1226·0 71 08 45·38 1049·1 
1861. 
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TAUNTON RIVER-Continued. 

Azimuth. Back azimuth. 

I 
To station. Distance. 

I 
Logarithm. I 

! 
I 

0 I II 0 I II Mdns. 

I IOI 07 o6·I 28I 06 47·9 Whitmore ------ ·------------------------- 640·3 2·806 407 

2I 5I 3I'2 20I 5I 25·5 Clark's barn. 525·7 2·720 768 

2 43 22·7 I82 43 2I'6 Whitmore-----------·-------------------· 8I7'8 2'9I2 64I 

327 54 58·0 I47 55 15·1 Birch. I 109·8 3·045 240 

333 °3 01 ·7 I53 03 I5'6 Whitmore ____ ·----- ________ -------- -----· I 057,'4 3·024 232 . 
283 38 19·7 I03 38 34·7 Hunt's house. 5.\3'0 2·726 754 

349 38 58·5 I69 39 04·2 Hunt's house----------------------------- I IOI'8 3'042 I 19 

I8 28 08·2 I98 27 58·9 Williams. I 010'2 3·004 420 

124 20 44'7 304 20 28·1 Schoolhouse------------------------------ 693·9 2·841 278 

57 36 02·6 237 35 36·7 Williams. I 057·6 3·024 337 

So 49 28·5 26o 48'51·6 Schoolhouse -·--. ______________________ ---- I 291·9 3'II I 234 

49 37 02·4 229 36 42'I Batch's house. 922·3 2·964 86I 

8 15 II'4 188 I5 08·6 Schoolhouse-----------------------------· 669·6 2·825 S33 

291 09 40·5 II I IO 14•6 Johnson. I 264·5 3'IOI 9I7 

20 50 33·6 200 50 23·7 French's house ______ ··--·-----------------· 956·3 I 2·980 598 

328 08 46·8 I48 09 II'I Johnson. I 589·7 I 3·201 306 

120 29 42·6 300 29 07'3 Taunton Unitarian church spire ______________ I 4I2·3 3'I49 924 

30 49 46·4 210 49 35·4 Johnson. 738·0 2·868 055 

I4 OI 09·9 194 00 59·2 Frederick-------------------------·------ I 522·5 3·I82 553 

64 22 52·6 244 22 06·7 Taunton Unitarian church spire. I 758·6 3·245 I68 

330 33 22·5 I50 33 52·2 Frederick ---- -------- ------ ------------- _ 2 088·5 3'3I9 844 

9 47 55·1 I89 47 49·6 Taunton Unitarian church spire. I I I8'6 3·048 672 

I32 28 19·6 3I2 27 57·1 \Vil bur's house ____ • ____ .---- __________ --- I 050·5 3·02I 384 

67 5I 02·8 247 50 34 ·8. Taunton Unitarian church spire. I 042·2 3'0I7 965 

75 30 I4'9 255 29 20·0 Wilbur's house---------------------------- I 956·9 3·29I 573 

43 02 24·0 223 01 51·6 Bradford. I 640·9 

I 

3'2I5 072 

324 44 21 ·9 144 44 38·4 Taunton waterworks_-----·---------------- 987·0 2·994 3I3 

40 I7 38·9 220 I7 23·7 Bradford. 8o8·8 2·907 863 

I82 42 ss ·5 2 42 56;1 Dean------------------------------------ 46I·7 2·664 376 

72 44 2I'4 252 44 o6•9 Bradford. 524·8 2·720 033 

89 10 33 ·7 269 IO I5·8 Hall's house ______________________________ 617·9 2·790 886 

I27 I2 04·0 307 II 46·7 Dean. 748·I 2·873 960 

84 20 50·1 264 I9 50·5 Taunton Unitarian church spire ______________ 2 068·3 3'3IS 613 

us 41 32·5 295 40 38·4 Wilbur's house. 2 072·5 3·316490 

!09 26 5o·I 289 26 39·7 Taunton waterworks ----------------------- 382·5 I 2·582 586 

145 II 09·7 325 II oo·o King. 585·8 2·767 781 

87 I3 39·6' 267 13 25·6 l{ing ------------------------------------ 484·6 2·685 406 

I6 31 09'I 196 jI 04•8 Alex. 526·1 
' 

2·721 I07 

56 30 26·6 236 25 35·0 Great Meadow-----------·---------------- 12 069·3 4 ·o8I 681 

79 40 26·I 259 33 o6·8 Oak Hill. IS 400·8 4·I87 544 

89 54 47·8 269 47 39·6 Oak Hill ______ --------------------------- 14 772·9 4·169 466 

I32 09 44·9 3I2 06 29·0 Norton Congregational church spire. 9 rn7·1 3·959 38I 

62 29 50 242 26 03 Mount Hope ____________ ----------··------- 8 884·4 3'!148 63 

30 48 42 210 46 51 Po~asset. 7 536·0 3·877 I4 

37 24 38 217 23 09 
Blackbeard _______________________________ 

5 081 ·7 3·706 OI 

62 25 28 242 21 41 Mount Hope. 8 894·5 3·949 I2 



442 UNITED STATES COAST AND GEODETIC SURVEY. 

TAUNTON RIVER-Continued. 

I I Seconds in I \Seconds in 
Station. 

I 
Latitude. metres. 

Longitude. metres. 

I ,---1- I 

I 0 I II I 

I 
0 I II 

Mattapoisett. 4I 42 40·47 I I248·6 7I 12 5I·76 II96·6 
1843-1861. I : , 

Globe Village chimney. 4I 4I I7'27 532·8 7I 10 23·84 551 ·3 
186r. 

Slade. 4I 43 4I'20 I27I 'I 7I IO 09'I2 2I0·8 

Somerset. 4I 44 07·6o 234·5 7I IO 06·49 I50'0 
I86r. 

Fall River church spire. 4I 42 06·87 2II'9 71 09 15·00 346·8 
I86i. 

Fall River tower. 4I 42 00·87 26·7• 7I 09 25·42 587·7 
186I. 

I Fall River derrick. 4I 42 I9'32 596·0 7I 09 56·72 I3II '4 
1861. 

Dodge's stable, turret. 4I 40 56·33 I737'9 7I IO 40'24 930·7 

Durfee's cupola. 4I 42 36·36 II2I ·8 7I 09 04·82 III'4 

Swansea Christian church, belfry. 4I 45 03·2I 99·0 7I I3 30·90 7I3'9 
1843-1890. 

Somerset meetinghouse spire. 4I 44 u·54 356·0 7I IO 06·89 I59'2 
I843. 

Somerset Methodist Episcopal church spire. 4I 44 u·64 359'I 7I IO o6•86 158·5 
I86I-I887. 

Somerset, church spire. 4I 46 I7'88 55I ·7 7I 07 38·87 B9r8 
I874-I887. 

Beacon. 4I 42 I6'82 5I8'9 7I IO 29·7I 686·9 
1874. 

Large chimney with rail on top. 41 42 13·6o 4I9·5 7I 09 52·38 I2II '0 

White barn with square window, cupola. 4I 43 28·38 875·6 7I 09 43·70 1010·0 

Ferry wharf, chimney. 4I 42 34·30 1058·2 7I IO 46·90 1084·2 

Mill with conical cupola, chimney. 4I 43 06·66 205·5 71 09 22·27 5I4·8 

White church spire. 4I 45 08·93 275·5 7I 08 32·06 740·7 
I874. 

Steep Brook, brown church spire. 
I874-I887. 

4I 44 30·40 937·9 71 07 46·13 Io65·9 

Assonet, flat topped churck, west gable, chimney. 4I 47 30·22 932·3 7I 04 15·22 35I'4 
I874. 

Farm house, white chimney. 4I 48 30·38 937·3 71 04 53·02 '1223·9 

Assonet Academy spire. 4I 47 45·92 1416·7 71 04 or98 184·2 
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TAUNTON RIVER-Continued. 

Azimuth. 
i i 

Distance. Logarithm. Back azimuth. J To station. I 

--~1------1---------1 __ ---
0 / 11 11 · I Metres. 

327 14 22 

27 47 47 

74 I8 II 

126 53 58 

12 56 22 

44 40 17 

325 19 15 

41 20 IO 

66 40 21 

IOI 42 2I 

67 14 I7 

I04 2J OI 

6o 45 46 

176 07 59 

79 54 SI 
I88 03 03 

61 38 06 

I43 23 46 

337 25 52 

8 30 40 

326 32 IO 

40 47 20 

288 38 56 

40 49 04 

19 08 I6 

334 49 04 
Igo 29 02 

346 27 34 

33 52 04 

222 40 14 

I4 13 39 
260 26 02 

337 35 05 
241 14 14 

239 26 12 

27 II 38 

347 03 35 

214 49 40 

15 56 32 

I36 39 18 

136 23 36 

110 08 36 

114 00 53 

88 37 45 

75 50 IO 

I04 25 IO 

147 15 37 l3lackbeard _______________________________ 1 4 827·4 

207 46 44 ~fount Hope. ! 4 685·0 
254 15 30 Mount Hope ______________________________ ' S 823·7 

306 52 zo Mattapoisett. j 4 276·5 

:~: ~~ :~ ~:::c;-~:;~~-----------------------------1 : :;!:: 
145. 20 09 Fall River 2 ------- ----------------------· 3 295·8 

::~ ~~ ~~ ::::: ~~:::~-----· ---------- ____________ I ~ ~::: 
281 39 57 .Mattapoisett. I S I 17·4 
247 IO 57 Mount Hope ______________________________ , 7 545·7 

284 20 44 Mattapoisett. ! 4 925 ·o 
I 

240 42 47 Mount Hope---------------------·--------· 7 143·6 

356 07 53 Somerset. 3 348·0 
i 259 52 21 Mount Hope ______________ .. ___________ ._ ___ 
1 

S 309·1 

8 03 24 Slade. I 5 137·1 

241 34 32 Mount Ifope ____ , _______ ------------------: 8 448·5 

323 z3 03 Slade. 2 492·1 
157 27 33 Blackbeard_______________________________ 9 I65·2 

188 30 03 Mount Hope. 8 643·I 
I46 33 04 Fall River __________________________ ,,_____ 3 4I2'1 

220 44 27 Mount Hope. \ 9 183·I 

108 40 I7 Calvary----------------------------------, 2 97I·6 

220 46 I2 Mount Hope 2. I 9 173·8 
I99 08 09 Bluff_____________________________________ 763·0 

154 49 23 Ridge. I 514·3 

10 29 I6 Somerset 2 ------------------------------- 2 736·6 
166 27 41 City. I 048·9 

213 51 46 City------------------------------------- I 108·1 
42 41 25 Calvary, 3 660·5 

I94 I3 15 City------------------------------------- 3 329·4 
8o 27 08 Calvary. 2 312·6 

157 35 24 City ______________ ----------------------- I 686·2 

61 16 02 Calvary. 4 267'4 

59 27 03 

207 II 00 

167 03 53 

34 .so 08 

195 56 19 

316 38 51 

316 22 26 

290 06 17 

294 00 08 

268 35 51 

255 48 57 

284 22 46 

Calvary---------------------------------- 2 073·I 
City. 2 874·9 

Calvary---------------------------------- 2 789·I 
B!ufl. I 713·5 

Calvary ------------------------------ ---- I 590·8 
Wood. I 387·2 

Dare ToP---------------------------- ----- 3 520·4 
Richmond Hill. S Il7'I 

Bare Top. ____ ----------.----------------- I 702·8 
Richmond Hill. 3 932·4 

Assonct ---------------------------------- 2 593·;z 
Richmond Hill. S I32'9 

3·683 71 

3·670 71 

3·765 20 

3·63I 09 

3·934 66 

·3·927 32 

3·517 96 

3·958 86 

3·894 32 

3'709 05 

3·877 70 

3·692 4°I 

3·853 92 

3·524 79 

3·725.02 

3·71072 

3·926 78 

3·396 57 
3·962 I4 

3·936 67 

3·533 02 

3·962 99 

3·472 99 

3·962 55 
2·882 52 

3·180 20 

3·437 22 

3·020 74 

3·044 60 

3·563 55 
3·522 36 

3·364 IO 

3·226 90 

3·630 17 

3·316 63 

3·458 63 

3·445 46 

3·233 88 

3'20I 62 

3·I42 14 

3·546 59 

3·709 02 

3·23I I7 

3'594 66 

3"4I3 84 

3·710 36 
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TAUNTON RIVER-Continued. 

-------·- ·-·-----·--· 

Station. Latitude. [ Seconds in : Longitude. /Seconds in 
metres. ~ metres. 

0 I II I 0 I II 

Thrasher. 41 52 22·45 692·6 

I 
71 05 16°6J J8J'5 

Williams's (J. R.) house, cupola. 41 52 JI '54 97J'I 71 05 47'94 I 105'5 

Taunton Iron Works, southeast comer of chimney. 41 52 54·10 1669·1 71 05 J8·44 886°J 

' 
Brickyard. 41 54 JJ'06 1020'0 . 71 04 44·87 IOJ4'1 

Eddy's (L.) barn, roof. 41 54 24 ·So 765·1 7 I OJ 58·05 IJJ7'9 

Padelford. 41 34 07·98 246·2 71 OJ I2'I5 280·0 

Henry. 41 54 2J'08 712·1 71 OJ 12·70 292·7 

Pine. 41 54 12·51 J86·o 71 02 58·08 IJJ8·7 

Walker. 41 54 2J'I8 715·2 71 02 57'7J IJJ0'6 

Woods. 41 54 19·04 587·4 71 02 44·82 IOJJ'O 

Edward. 41 54 10·59 J26·7 71 02 46·41 1069·7 

Ro:\ch. 41 54 08·40 259·2 71 02 27·88 642·6 

I 
Grave. 41 54 04·67 144·1 71 02 J8·54 888°J 

! Elisha. 41 5J 58·54 1806·1 71 02 2J'14 533'4 
: 
! 

Cord. 41 5J 56·09 17J0'5 71 02 36·52 841 ·8 

Kimball. 41 5J 48'J5 1491 ·7 i n 02 27·04 62J'J 

Elm. 41 5J 51·68 I 1594'J 

I 
71 02 17'4J 401·8 

Sycamore. 41 SJ J7'87 I 168·4 71 02 20·84 480·4 

Rockheap. 41 53 44·12 IJ6I'2 71 02 12'6J ! 291·1 

I 
i 

l\laplewood. 41 5J 27"70 I 
i 

854·6 71 02 12·85 296·2 

I 

Stonewall. 41 5J J4°04 1050·2 71 02 04'1J 95·2 

Washburn. 41 5J 25'J7 782·7 71 01 56·44 1301·1 

Squawbetty. 41 5J 20'2J 624·1 71 02 05·64 130·0 
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TAUNTON RIVER-Continued. 

·------··----·--- ··-··· -· -··-------------~----------·--· ---
Azimuth. Back azimuth. To station. Distance. Logarithm. 

---·-· -- ----- -------
0 I I/ 0 I II Jlfetres. 

327 07 57 147 08 05 Birch----------------------·-··----------· 512·5 2·709 70 

48 45 31 228 45 21 'Vhitmore. 465·7 2·668 13 

240 48 41 60 48 53 Hunt's house-----------·------------··---- 470·6 2·672 68 

163 13 09 343 13 06 Williams. 371·0 2·569 39 • 
43 45 09 223 45 00 'Villi ams ______ ---· ______ ---- ________ -· _ ---- 471·7 2·673 64 

337 38 44 157 38 50 Hunt's house. 504·3 2·702 71 

!09 56 15 289 55 57 \Vilbur's house __ ------------------------ __ 653·6 ' 2·815 28 

341 44 40 161 44 45 Bradford. 512·2 2·709 46 

79 42 39 259 42 27 H11ll's house---- ____________ ---- ____ ------ 424·3 2·627 70 

I I34 15 09 314 14 58 Dean. 552·3 2·742 18 

I 
I41 50 IO 321 49 59 Martin's barn ___ ----------------------·--· 6o4'6 2·78I 50 

86 49 30 266 49 15 Alex. 524'I 2'7 I9 38 

9I 29 26 27I 29 16 :Martin's barn_·----- ___ ------------- ·----· 361·3 2·557 86 

358 28 I3 I78 28 I3 Padelford. 466·2 2·668 54 

I34 05 22 3I4 05 I2 I1enry ----------------------------------- 469·0 2·67I 21 

66 42 47 246 42 38 Padel ford. 353·2 2·548 07 

89 29 36, 269 29 26 Henry_----------·---·--------------· ___ ·I 345·0 2·537 76 

I 23 54 I81 23 54 Pine. ~ 329·5 2·517 85 

ll3 15 09 293 15 00 Walker ---- -------------- ... -------- ----- _ 323·8 2·510 28 

56 35 19 236 35 IO Pine. 366·0 2·563 54 

I46 06 26 326 06 IS Walker_--------------------------------- 467·9 2·670 19 

I87 59 04 7 59 °5 Woods. 263·I 2·420 20 

98 59 56 278 59 44 Edward ------------ ------------ ---- ------ 432·3 2·635 75 

IJO 03 18 3IO 03 07 Woods. 510·0 2·707 58 

I35 IO 26 315 IO 21 Edward ------------ ··-· _____ ---- _ ----- _ --- 257'4 2·410 61 

244 54 21 64 54 28 Roach. 271'I 2·433 09 

! II8 03 12 298 03 02 Grave -J--------------------------------- 402·3 2·604 53 

I6o II 46 340 II 43 Roach. 323'3 2·509 55 

256 13 02 76 I3 II Elisha ___ ··- __ ---- __ ------ ______ ---- ______ 3I7'8 2·502 I2 

207 39 45 27 39 51 Roach. 428·9 2·632 33 

I37 31 O<) 317 31 03 Cord.---------- ______ ------ __ ----·--·------ 323·7 2'5IO IO 

195 58 51 15 58 54 Elisha. 327·0 2'5I4 6o 

65 07 16 245 07 IO 
Kimball __________________________________ 

244·3 2·387 88 
i 
i 148 08 03 328 07 59 Elisha. 249·2 2·396 53 

190 27 49 10 27 51 Elm------------------------------------· 433·3 2·636 74 

156 O<) 00 336 08 56 Kimball. 353'5 2·548 34 

I II 26 I8 291 26 08 
Kimball __________________________________ 

356·9 2·552 6o 

44 28 34 224 28 29 Sycamore. 270·2 2·431 74 . : 
I8o 33 58 0 33 58 Rockheap ______ • _____ •. ·---- __________ ---- 506·7 2·704 73 

149 34 22 329 34 17 Sycamore. 363·9 2·561 04 

137 03 46 287 03 35 Sycamore_--------------------------··--- __ 403·0 2·605 32 

I 45 46 33 225 46 27 Maplewood. 280·4 2·447 So 

I 100 45 47 280 45 36 Maplewood---------------------·--· •. ---- 385·1 2·585 62 

146 26 50 326 26 45 Stonewall. 321·0 2·506 48 

233 I4 3I 53 I4 37 Washburn--------------------------·----· 264·9 2·423 08 

144 I2 35 324 12 30 Maplewood. 284·1 2·453 45 



446 UNITED STATES COAST AND GEODETIC SUH.VEY. 

TAUNTON RIVER-Continued. 

Station. Latitude. Seconds in I 
metres. Lon

0
gitude. Seconds in 

metres. 

0 / // 0 / // 

Jesse. 41 53 11 ·95 368·7 71 02 19·15 441·5 

Hampden. 41 53 20·11 620·4 71 02 23·80 548·7 

Weetamoe. 41. 53 08·91 274·9 71 02 30·12 694•4 

Sassacus. 41 53 19·84 612·1 71 02 35·80 825·3 

Canonicus. 41 53 10·23 
I 

315·6 71 02 47·23 1088·9 
I 

I 

I 

George. 41 53 17'54 541·1 71 02 48·04 1107·5 

Squawbetty nail factory chimney. 41 53 12·12 373·9 71 Ol 53·98 1244·5 

Squawbetty, white church spire. 41 52 57'34 1769·1 71 01 39·92 920·5 
1876. 

Bryant Hill. 41 49 39·80 1227'9 71 04 43·72 J008·9 

\Vhite house, chimney, on west shore. 41 47 08·38 258·5 71 07 28·63 ,661·2 

Davis' (R.) barn, vane of cupola. 41 40 40·79 1258·4 71 05 24·45 565·6 

Bare Field. 41 41 39'75 1226·3 71 05 30·50 705·3 

Freelove. 41 41 21 ·97 677·8 71 o6 24·88 575·4 

Wall. 41 41 35·16 1084·7 71 o6 19·52 451·4 

Boundary stone, Fall River 1, 41 41 34·28 105r6 71 06 22·24 514·3 

Niagara fire.engine house, smaller of two turrets. 41 41 20·62 636·2 ~?I 09 35·86 829·3 
1887-1890. ' 

Flag in maple tree near boundary stone, Dartmouth 1. 41 41 15·20 468·9 71 04 37'46 866·3 

Boundary stone, Dartmouth 1. 41 41 15·07 464·9 71 04 37'78 873'7 

Flag in pine tree near boundary stone, Dartmouth 2. 41 41 08·42 259·8 71 04 01·76 40·7 

Boundary stone, Dartmouth 2. 41 41 08·41 259·5 71 04 01·62 37'5 
Juniper. 41 44 41·76 1288·4 71 11 23·o6 532·8 

Long Rock. 41 44 23·30 718·8 71 08 53'99 124r6 

Boundary stone, Somerset 1. 41 44 42·08 1298·2 71 II 27·14 627·1 

Boundary stone, Somerset 2. 41 44 22·28 687·4 71 09 24•44 564·8 



Azimuth. 

o I I/ 

230 38 20 

196 38 SS 
227 07 s8 

336 S6 S4 

202 S3 09 

249 36 S9 

268 15 53 

338 48 08 

27s 52 48 

221 37 26 

255 S4 12 

355 IS 39 

172 06 24 

132 S6 IO 

IS6 IS 01 

139 S9 46 

61 39 33 

II6 28 S4 

317 15 50 

221 04 29 

123 40 IS 

73 34 56 

103 41 53 
221 10 47 

7 S4 29 

II4 S4 22 

16 57 41 

IOI 42 41 

246 38 27 

9 08 37 

292 17 43 

199 20 00 

45 40 3S 
103 22 43 

103 31 35 

69 24 41 

I 12 02 

102 38 26 

4 57 03 

77 56 s2 

276 02 22 

0 40 21 

3S4 22 21 

267 25 37 

Back azimuth. 

o I II 

so 38 29 

J6 38 S9 

47 08 os 

1s6 S6 S7 

22 53 13 

69 37 06 

88 16 OJ 

158 48 12 

95 s2 59 
41 37 34 

7S S4 20 

17s IS 40 

3S2 06 22 

312 S6 02 

336 14 50 
319 59 29 

241 37 33 

296 23 2J 

137 16 20 

41 04 47 

303 38 46 

253 34 09 

283 39 28 

41 J2 03 

187 S4 22 

294 S3 34 

J96 57 37 

281 41 49 

66 38 29 

J89 08 3S 

II2 19 43 

19 20 18 

225 40 04 

283 20 43 

283 29 II 

249 22 S9 

J81 JI s6 

282 37 OJ 

184 s6 S3 

2s7 S6 03 

96 02 2s 

180 40 18 

174 22 32 

87 2s 57 

REPOH,T FOR 1894-P .A.RT II. 

TAUNTON RIVER-Continued. 

To station. 

Squawbetty _____ ------------ ·-- ----------
Maplewood. l 

Maplewood_·---------------------· ___ ----

Jesse. 

Hampden ------ ______ ------ ------ --------

Jesse. 

Hampden ____________ ------ --··----- ------

\Vcetamoc. 

\Vectamoe -----. ------ ____ ------------· ---
Sassacus. 

Sassacus·-----·--------------·------------
Canonicus. 

\Vashbum ______ ------ -------------------· 
Squawbetty. 

\Vashbum __ ---- ------ ----- _ ·--- ------- __ c 
Squawbetty. 

Richmond Hill ________ ·------------------· 

Great Meadow. 

Terry----------------------·-------------
Mack. 

Fall River water tower--------------------

Highway. 

Fall River high school_ ____ .----------------

Copecut. 

Highway_------ ____ --------------------·-
Fall River water tower. 

Freelove _ ---- ·---------------------------
Fall River water tower. 

Wall ------------------------------------
Freelove. 

Highway_------ ____ ---------------_------
Fall River high school. 

Davis' barn _________ ··-··-----·-------------

Fall River water tower. 

Fall River water tower _____ ·--·------------

Highway. 

Pocasset _____ ·----------------------------
Swansea Christian church belfry. 
Fall River high school_ ______ _. __________ ·---

Somerset Methodist Episcopal church. 

Juniper---··---------·--·----------------
Pocasset. 

Fall River high school_ _________ ------------

Long Rock. 

Distance. 

llfetres. 
402·8 

S07"2 

344·4 

273·s 

37S"2 

269·9 

276·8 

361·8 

396·s 

396·9 

291 ·1 

226·s 

412·6 

367"J 

944·9 

922·4 

4 710·7 

12 844·0 

I S50"7 
924·8 

3 701 ·6 

I 7u·4 

5 J83·2 

3 996·8 

I 77J ·o 

I 8SS 0 7 

425·4 I 

J 84s·7 

68·6 

384·6 

45u·3 

I 924"S 

I S 19·2 

4 283·5 

s 13s·1 

3 796·8 

10 2ss·1 

3 027·3 

3 834·1 

I 721 "9 

94·8 

JO 263·6 

3 8o6·5 

704·s 

447 

Logarithm. 

2·605 13 

2·7os 16 

2"S37 01 

2•436 94 

2·574 26 

2·431 21 

2·442 23 

2·558 42 

2·s98 26 

2·s98 63 

2·464 04 

2"35S 14 

2·615 55 
2·565 05 

2·975 38 

2 ·964 90 

3·673 09 

4·108 70 

3·190 52 

2·966 03 

3·568 39 

3·233 35 
3·714 60 

3·601 71 

3·248 23 

3·268 51 

2·628 81 

3·266 IS 

I •836 37 

2·585 00 

3·654 30 

3·284 32 

3·181 62 

3·631 80 

3·710 SS 
3·579 42 

4·010 94 

3·481 o6 

3·583 66 

3·236 01 

1 ·976 71 

4"0ll 30 

3·s80 53 

2·847 89 
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TAUNTON RIVER-Continued. 

Station. LoHrnd<. i S<oond• in I · Longitude. I Seconds in 
metres. metres. 

I 
0 I /I 0 I /I 

Boundary stone, Somerset 4. 41 47 24·89 767"9 71 07 S3"74 1240·8 

Boundary stone, Freetown 3. 41 45 ss·49 1712·0 71 06 S7"92 1337"9 

Flag in oak tree near boundary stone, Somerset 3. 41 47 22·69 700·0 71 09 12·s2 I 289·1 I 
I I Boundary stone, Somerset 3. 41 47 22·s9 696·9 

I 

71 09 13·12 303·0 

Skunk Hill. 41 so 19"32 s96·1 71 02 44·82 i 1034·0 

Fair Ground pole. 41 S3 ss·s2 1712·9 71 07 04°46 102·8 

Sears' barn, cupola. 41 49 41 ·62 1284·1 71 09 41·48 9S7"2 

Raynham Center church spire. 41 SS 21 ·76 671·4 71 03 07·93 182·7 
1890. 

Taunton Baptist church spire. 41 S4 01·47 4S"4 . 71 os 44"S5 1026·9 
1890. 

Meadow Dam. 41 52 24·49 755"6 71 04 35·45 817·s 

Hathaway. 41 s2 20·18 622·6 71 05 41·52 9S7"S 

Stork. 41 52 13·01 401·4 71 04 24·89 574·0 

Kings Knoll. 41 54 19·31 595·8 71 03 43•48 1002·1 

Berkley white church spire. 41 50 32·02 987"9 71 05 OI 068 38·8 
1890. 

O'Brien. 41 52 13°62 420·2 71 08 05·23 120·6 

Dighton Unitarian church spire. 
1890. 

41 49 01·74 53"7 71 07 48·12 I I 10°6 

Quequechan engine house. 41 42 33·76 1041 ·6 7·1·08 56·06 1296·0 

Little Rock. 41 48 55·23 1704·0 71 11 22"40 517·0 

Chase's barn cupo 41 47 36·26 I II8·7 71 10 24·51 565·9 

Hog Back. 41 47 47"44 1463·6 71 II 06·14 141 ·8 

Dillon. 41 46 59·21 1826·7 7J. II 14·52 335·3 

Chase's barn cupola, peg. 41 47 24·34 750·9 71 IO 18°90 436·5 

' 
· Dighton, corner 2. 41 48 57·45 1772'.5 71 IO 36·15 834·3 

Taunton, corner 2. 41 51 00·34 10·5 71 02 01·84 42·4 
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TAUNTON RIVER-Continued. 

·----------··------------- ---------

Distance. Azimuth. Back azimuth. I To station. 

_______ ,! _________ ! ____________ _ 
o I II 

187 06 55 

269 38 34 

88 34 25 

197 10 27 

225 55 39 

268 47 07 

107 35 18 

159 31' 48 

201 57 12 

318 03 49 

203 45 56 
260 12 18 

64 00 10 

u6 47 24 

304 13 15 

14 53 41 

129 16 49 

167 29 32 

48 33 19 

179 14 38 

57 2s S3 
166 .19 31 

107 4S 17 

143 10•31 

76 29 00 

174 36 50 

202 48 13 

29s 28 31 

3S4 OJ S2 

IIS II 43 

I II 

7 07 02 

89 39 31 

268 33 50 

17 IO 37 

4S s6 38 

88 48 57 

287 :?8 26 

339 29 47 
21 58 os 

138 06 42 

23 48 33 
Bo 18 S6 

243 S7 32 

296 4s 39 

124 17 lS 

194 s2 22 

309 lS 09 

347 28 4S 

228 30 39 

359 14 3S 
237 22 22 

346 18 37 

287 43 44 

323 09 09 

2s6 2s S3 

JS4 36 21 

22 49 46 

us 32 os 
174 03 SS 
29s 10 27 

242 4S 02 

Richmond Hill __________ .----·------------

Brown Hill. I 
Bluff ________ ----------··--------- --- ----- - . 

Terry. 

Richmond Hill ____ ----_,, ____ ----------·---

Brown Hill. 

Great Meadow----------··----------------· 
Prospect Taunton. 

Prospect Taunton ____ ---------------· _____ _ 

Skunk Hill. 

Prospect Taunton ____ ----------------------
Pigeon Hill. 

Fair Ground pole ----·---------------------i 
Prospect Taunton. l 
Pigeon Hill_----------------- - ·------- --.- -i 
Richmond Hill. J 

Fair Ground pole ___ --------------------- _ _! 

Prospect Taunton. I 
Sears' barn, cupola ___________ -------------·' 

Prospect Taunton. 
Sears' barn, cupola _____________ ----------

Prospect Taunton. 

Taunton Insane Asylum-------------------
Prospect Taunton. 

Sears' barn cupola-------------------·----·, 
Prospect Taunton. i 
Prospect Taunton _. ____ . __________________ -: 

Skunk Hill. · I 
Richmond Hill. ___ ------_----- ·--. ---- ---· 
Sears' barn cupola. 
Mount Hope 2 __________ ---- ______ ---- ____ ' 

Metres. 
I 940·3 

I 987"8 

I 196•4 

I 161 ·5 

2 86s·8 

3 Bor6 

14 935·9 
ll 920·1 

4 847·6 

8 963·8 

13 474·1 

13 973'7 
6 066·2 

4 073-6 

IO 042·7 

IO 667·9 

4 437·3 

7 482·4 

7 387"4 

7 438·1 

8 669·4 

7 882·2 

3 356·8 

4 700·3 
6 640·8 

IO 822·3 

8 288·6 

8 189·2 

I 068•7 

2 891 ·2 

8 582·4 

Richmond Hill. 11 036·0 

Great Meadow ____ -------------------- 7 458•1 

Richmond Hill. 5 129·7 

Li<<I• Rock ••••••••• ----------·-·'·· •.... · 1 ' 778·7 

~~~: ~::~::~~-----··-· -----------------· ! ~:!:~ 
: ~:;~::~n_::~~~-·-----------·------------1 ;~~:! 
l ~:;~::::~~~~~---------------- ---- ----- : ::;:~ 
I ~::~·~:r:"::~1:1~~----------· -----··-------· I!!~:! 

449 

Logarithm. 

···-----

3·287 86 

3·298 37 

3•077 88 

3·06s 01 

3"4S7 24 

3·580 65 

4·174 23 

4·076 28 

3•685 53 

3·952 49 

4•129 50 

4·145 31 

3•78,i 92 

3·609 98 

4•001 85 

4·028 08 

3·647 12 

3·874 04 

3·868 49 

3·871 46 

3•937 99 

3·896 65 ·! 

3·525 92 

3·672 13 

3·822 22 

4·034 32 

3•918 48 

3•913 24 
3·028 87 

3·461 08. 

3·933 61 

4•042 81 

3·872 63 

3·710 09 

3·443 84 

3·6o1 31 

3·327 32 

3·6os 12 

3·176 35 

3·210 76 

3·115 01 

2·590 83 

3·268 82 

62 48 42 

188 4S 02 

162 00 45 

279 39 II 

1s1 1s 59 

194 23 49 

169 49 59 

209 00 44 

187 24 12 

22s 17 12 

123 10 36 

16o 34 02 

222 46 48 

283 o6. 49 

271 09 10 

38 04 54 

8 45 50 

341 59 38 

99 41 37 
331 15 20 

14 24 18 

349 49 48 

29 01 41 

7 24 18 

45 I~ 4S 

303 IO OS 

340 33 ss 

42 47 24 

103 08 44 

91 10 42 

218 04 2s 

I Richmond Hill. 4 096·4 

I ~~= ,~~:1...-------- -------- --~~J .J ~:~: - j 
3·612 40 

3·500 68 

3·2o6 12 

·--···----' 
S. Ex. 81 pt. 2--29 



450 UNITED STATES COAST AN,P GEODETIC SURVEY. 

Station. 

Whip-poor-will Mountain. 

Rocky Mountain. 

Ridge Hill. 

Peirce. 

Assonet Baptist church spire. 
1890. 

Dillingham. 

Dill:ngham, peg 1. 

Dillingham, peg 3. 

Dillingham, peg 2. 

Dillingham, peg 4. 

Misery. 

Ridge Hill,· peg 1. 

Ridge Hill, peg 3. 

Berkley-Freetown roadstone. 

Ridge Hill, peg 2. 

Freetown, comer 4. 

Freetown, comer 5. 

Freetown, corner 6. 

Lakeville, corner 3. 

Lakeville, corner 4. 

Lakeville, comer 2. 

Lakeville, comer 1. 

High peg. 

Low peg. 

North base. 

South base. 

TAUNTON RIVER-Continued. 

Latitude. 

0 I II 

41 47 58·18 

41 47 44·37 

41 49 07'27 

41 49 31·30 

41 47 29·98 

41 49 03·98 

41 48 46·54 

41 48 59·13 

41 48 49·08 

41 49 04·02 

41 46 42·22 

41 49 02·65 

41 48 59·43 

41 48 59·70 

41 49 01·09 

41 48 46·45 

41 49 04·22 

41 49 04·o6 

41 48 59·69 

41 50 18·76 

41 47 58·64 

41 46 44·19 

41 56 19·45 

41 56 22·48 

41 56 22·36 

41 56 20·92 

------- ----· ---

Se~onds in I 
metres. I Longitude. 

---·--1 
0 II 

1795·0 71 02' 08·23. 

1368·9 71 03 14·68 

224·3 71 02 20·63 

965·7 71 00 46·62 

924·9 71 04 14·58 

122·8 71 05 39·69 

1435·9 71 05 36·79 

1824·3 71 05 17·45. 

1514·2 71 05 28·83 

124·0 71 05 08·31 

1302·6 71 01 14·86 

81·8 71 02 15·79 

1833·6 71 02 14·32 

1841·9 71 02 14·13 

33·6 71 02 14·20 

1433·1 71 05 37·03 

130·2 71 05 20·21. 

125·3 71 05 03·96 

1841·6 71 02 13·41 

578·8 71 00 28·56 

1809·2 71 00 54·29 

1363·3 71 01 36·39 

6oo·1 71 05 40·23 

693·6 71 05 40·87 

689·9 71 05 37'45 

645·4 71 05 38·08 

i Seconds in I 
I . metres. 
i 
I 
i 

190·0 

339·0 

476·1 

1075·9 

336·6 

916·0 

849·2 

4027 

665·4 

191 ·8 

343•2 

I 
364·4 

I 330·5 

I 326·1 

·I 327·7 
! 

854·7 

466·4 

91·5 

309·5 

659·0 

1253·4 

840·4 

926·8 

941·5 

862·8 

877·3 
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TAUNTON RIVER-Continued. 

---

I I 

' 
Aiimuth. Back azimuth. To station. Distance. Logarithm. 

I 
I 

0 I II ! 0 I II Metres. 
96 39 15 276 35 32 Richmond Hill_ -------------------------- 7 787·9 3·891 42 

162 06 27 342 04 02 Prospect Taunton. 16 311 ·4 4·212 49 

167 41 .20 347 39 39 Prospect Taunton __ ------------·----------- 16 323·4 4·212 81 

219 00 41 39 03 01 Pigeon Hill. 7 700·0 3·886 49 

226 25 42 46 27 26 Pigeon I-Iii!_ ________________ -· __ ---- ______ 4 968·8 3·696.25 

352 20 40 172 20 48 Whip-poor-will Mountain. 2 150·8 3·332 60 

33 15 22 213 14 28 Whip-poor-will Mountain----- _____________ . 3 435·3 3·535 97 

71 08 42 251 07 39 Ridge Hill. 2 292·8 3·36o 36 

110 09 57 290 07 38 Richmond Hill. _______________ -------- ____ ~ 133·2 3·710 39 

224 .05 49 44 08 49 Pigeon Hill. 8 951 ·o 3·951 87 

325 52 37 145 53 34 Assonet Baptist church.-------------------- 3 503·0 3'544 44 

68 22 16 248 20 54 Richmond Hill. 3 070·0 3·487 14 -
172 54 55 352 54 53 Dillingham ---- ___ ------ -----· _ ----- ----- _ 542·1 2·734 07 

106 16 04 286 15 49 Dillingham ---- _ -----· ___ -··- ---- __________ 534·6 2·728 04 

66 56 18 246 56 13 Dillingham, peg I ------------ ·------ ------ 199·63 2·300 22 

151 24 50 331 24 43 Dillingham. 523·6 2·718 98 

54 24 41 234 24 35 Dillingham, peg 3----- ·--- --------------··- 259·44 2·414 04 

89 54 15 269 53 54 Dillingham. 724·2 2·859 85 

124 44 02 304 42 42 Rocky Mountain ________ -----------·-------- 3 366·6 3·527 19 

152 15 44 332 15 08 Whip-poor-will Mountain. 2 647·6 3·422 85 

141 55 02 321 54 59 Ridge Hill -----· -·-----------··----------- 181·28 2·258 34 

246 44 42 66 45 41 Peirce. 2 239·7 3·350 19 

161 08 44 341 08 43 Ridge Hill, peg 1_ _______ ·------------- ____ !05'0 2·021 03 

27 27 02 207 27 02 Ridge Hill, peg 3-------------------------- 9·35 0·970 73 

3 00 59 183 00 59 Ridge Hill, peg 3----- ----- -- - ----- -- ------ 51·29 1 ·710 02 

142 43 29 322 43 28 Ridge Hill, peg 1. 60·5 1 ·781 48 

243 51 15 63 51 15 
Dillingham, peg 1 __________________ .... ____ 6·20 0·792 58 

271 15 22 91 15 30 Dillingham, peg 4- _ - . - - --- --- ---- -- - - . - ---·- 274·7 2·438 86 

337 55 52 157 55 54 Dillingham, peg 3. 169·4 2·228 99 

63 58 44 243 58 35 Dillingham, peg 3---· - . - -- ----- ---- ---- --- . 346·4 2·539 62 

89 50 50 269 50 26 Dillingham. 824·5 2·916 20 

69 01 47 249 01 46 Ridge Hill, peg 3 ---··--------------------- 22·6 I 1 ·353 50 

148 55 29 328 55 27 Ridge Hill, peg 1. I06'S 

I 

2·027 s2 
27 s6 SI 207 SS 45 Whip-poor-will Mountain ------------·-··---- 4 909·3 3·691 02 

38 so SS 218 49 04 Rocky Mountain. 6 114·6 3"7_86 37 

89 31 ·27 269 30 38 Whip-poor-will Mountain _ ------ ---- ____ ---- I 707•0 3·232 23 

136 44 13 316 43 15 Ridge Hill. 2 907·8 3·463 S7 

129 17 38 309 16 33 Rocky Mountain_---- ____ -------------- -- -- 2 932·5 3.467 24 

276 58 25 96 58 39 Misery. 501 ·o 2·699 87 

10 40 58 
I 

190 40 43 Taunton Insane Asylum --------------- ---- 2 731 ·4 3·436 39 

113 24 51 ' 293 24 47 Prospect Taunton. I 
139·2 2·143 S7 

351 05 30 i 171 05 30 High peg _____________ --------------------! 94·s I '97S 55 

71 22 46 2s1 22 43 Prospect Taunton. 119·3 2·076 72 

35 36 45 21s 36 43 High peg ______ ··--------. - - - - - - - ---- - --- - - 110·3 2·042 56 

79 50 53 259 50 47 Prospect Taunton. 195·0 2·290 04 

~7 34 07 227 34 06 
High peg ______________________ , __________ 67·2 1 ·827 30 

13 05 ! Prospect Taunton. 
i 17r6 93 273 13 00 i 2·249 43 

I 



452 UNITED STA.TES CO.AST A.ND GEODETIO SURVEY. 

TAUNTON RIVER-Continued. 

,--· Station. Latitude. I Seconds in :
1 Longitude. 

Seconds in 

1--.------·· 
metres. 1 metres. 

I ----

0 I II 0 I II 

Burnt stump. 4I 56 30·90 953·3 71 05 54·60 I257"7 

Road peg. 4I 56 25·77 795"I 7I 05 32·25 742·9 

Oak Brush. . 41 56 29·10 897"8 7I 05 3I ·6o 728·0 

Connect. 4I 56 2I ·23 655·0 71 05 58·94 1357·8 

Storm l?eg. 41 56 36·36 1121 ·8 7I 05 21·93 505·2 

Hawk: 4I 56 43·9I 1354·7 7I 05 I2"50 28r9 

Leon. 4I 57 24·36 751·6 7I 05 06·98 I6o 0 8 

Taunton, corner 18. 4I 57 I6·79 518·0 7I 05 02•48 57"1 

Taunton, corner I7. 41 57 34•49 lo64°I 7I 04 5I·70 I I90"6 

Taunton, corner 3. 4I 52 I2"17 375·5 71 04 23·69 546·4 

Taunton, corner 4. 4I 52 22·88 705·9 7I 04 36·98 852·8 

Taunton, comer 5. 4I 52 21·44 66I 0 5 71 05 37"08 855·1 

Taunton, comer 6. 4I 52 I3"59 4I9·3 7I 07 54·82 1264·2 

Taunton, comer I9. 4I 56 59·57 I837·9 7I 05 10·27 236·5 

Taunton, corner 20. 41 56 51·I1 1576·9 71 05 ll "45 263·7 

Taunton, corner 21. 41 56 46·68 1440·2 71 05 I2"34 284·2 

Taunton, corner 22. 41 56 36·69 1I32·o 7I 05 21·58 497·1 

Taunton, corner 23. 41 56 31•40 968·8 71 05 24·91 573·8 

Taunton, corner 24. 41 56 29·74 9I7"6 71 05 26·49 610·2 

Taunton, corner 25. 41 56 28·48 878·7 71 05 28·35 653·0 

Taunton, corner 26. 41 56 27"92 86I ·4 71 05 30·35 699·1 

Taunton, corner 27. 41 56 25·80 796·0 71 05 32·50 748·7 

Taunton, corner 28. 41 56 23·79 734·0 7I 05 32·74 754·2 

Taunton, corner 29. 41 56 20·55 634"<;> __ 7I 05 35·47 81r1 

Taunton, corner 30. 4I 54 I2°70 391 ·8 71 03 50·47 I163·3 

Dighton, corner 1. 41 47 2I ·94 676·9 7I IO 17·51 404·3 

Little Rock, south base. 41 48 55·28 1705·5 71 II 37·65 869·0 

Little Rock, no1 th ba5e. 4I 48 59'85 I846·5 7I I I 38·58 890·4 

Dighton, corner 3. 4I 48 59·70 I841·9 7I II 38·28 883·5 

Rehoboth, corner IO. 41 46 59'56 I837·6 71 II 17·71 409·0 

Barn clock. 41 44 11·47 353·9 71 10 06·65 153·7 

Niagara engine house. 41 41 20·17 622·3 71 09 35 ·59 823·0 
I890. 
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TAUNTON RIVER-Continued. 

Azimuth. Back azimuth. To station. Distance. Logarithm. 

-- ··--·-·-----·-!----------1--------------------1-------1-------1 
o I II 

303 43 22 

325 43 44 
43 19 26 

65 SI IS 

53 23 s2 

95 59 00 

248 SS 07 

269 58 05 

49 39 5S 
77 23 01 

47 37 4S 
67 31 21 

276 13 08 

24 39 00 

1s6 03 33 

48 24 03 

133 05 14 

21s 2s 12 

69 II 35 

90 13 18 

6 04 00 

6 II 45 

2 24 36 

38 16 34 

44 12 IO 

47 16 5S 

47 03 20 

33 18 25 
280 08 IS 

190 3S 03 

100 38 3S 
218 18 IO 

156 36 32 

270 14 s8 

290 S3 S7 

3SI 19 41 
123 22 32 

278 16 40 

331 34 IS 

46 39 38 

34 41 43 

SI 04 24 

o I II 

123 43 33 

145 43 50 
223 19 21 

245 SI 06 

233 23 43 

275 S8 4S 

68 SS 25 

89 58 14 

229 39 39 

2s7 22 39 

227 37 23 

247 30 53 

96 13 43 

204 38 34 

336 03 30 

228 23 S3 

313 05 13 

35 25 13 

249 II 32 

270 13 II 

186 03 S9 

186 II 44 

182 24 36 

218 16 34 

224 12 os 

n7 16 51 

227 03 17 

213 18 24 

100 08 15 

10 35 03 

280 38 33 

38 18 15 

336 36 31 
90 IS 08 

11os408 

171 19 42 

303 22 32 

98 16 42 

ISi 3S 02 

226 38 06 

214 41 04 

231 03 30 

North b~se ------------------- -----------
Prospect Taunton. 
High peg ________________ ----_---- ____ ·---_ 

Prospect Taunton. 

Prospect Taunton __ _ 

Bumt5tump. 
Oak Brush ____ .. __ ,, ____ -·--- ----- __________ _ 

Prospect Taunton. 

Prospect Taunton __ ------ ________ ----------

Burnt stump. 

Prospect Taunton _____________ -----·_------

Burnt stump. 

North Raynham chu1ch ---------- ------ ___ _ 

Prospect Taunton. 

Leon-----------------------·-----------

Leon----------------·--"---------------

Stork------------------------------------
Meadow Dam ________________ ------------_ 

Hathaway ___ .. _____ ---------_··--------· __ 
0' Brien ________________ -------- _________ _ 

Hawk ______________________ ------- _____ _ 

Jlawk ------------------------·----------
, Hawk ---------· -------- -------------··--

Storm peg---------··----------------------

Road peg---------------- .. ---------··-----

Road peg ____ ·--------------------------

Road peg··-----------------------------

Road peg--·- ______ ·---------------------

Road peg ------ ·--- ____ .. ----------- ·----

R;iacl peg--··--·-------------------------

South b.asc ---··-------· ------------ -------
Kings Knoll ___ ,--·------------------· ___ _ 
Chase's barn cupola, peg ________________ ----

Little Rock __________ ----·----------------
1.ittlc Rock __________________________ ,, ___ _ 

Little Rock, south base. 

Little Rock, north base __ --- __________ .. -· -

Dillon----------------------- .. ------------

Quequechan engine house ___ ---·------------

Gardner Neck. 

Fall River, corner 4----- 00
-----------------

Canadian Catholic church. 

Jlfetres. 
475·0 2·676 69 

36o·7 2·ss1 16 
268·0 2·428 19 

341·5 2·533 42 

4o6·9 2·6o9 44 

532·6 2·726 40 

67s·o 2·829 30 

303·2 2·481 66 

720·7 2·8s7 78 

771·2 2·887 IS 

I 037°7 3·016 09 

I 049·4 3·020 94 

1 2oro 3·081 71 

2 142·8 3·330 98 

2ss·64 2·407 63 

47o·s4 2·672 60 

37·84 I "S77 96 

60·79 1·783 84 

109·62 2·039 88 

240·12 2·38o 42 

486·00 2·686 64 

223·s1 2·349 30 

8s.·39 1 ·931 40 

12·89 1·110 2s 

242·3s 2·384 4S 
180·51 2·2s6 49 

122·79 2·089 16 

79·s4 I ·900 60 

5 '7S 0·7s9 67 
62·03 1.0792 6o 

61 ·21 I ·786 82 

2s9·981 2·414 94 
80·62 1·906 46 

3s1·9 2·546 47 

399·8 2·6o1 79 

142·702 2·1s4 43 
8·240 0·91s 93 

74·49 1 ·872 12 

3 428·0 3·535 °4 

4 392·1 3·642 67 

2 401 ·4 3·380 46 

2 399·3 3·380 09 



454 UNITED STATES COAST AND GEODETIC SUUVEY. 

CAPE COD BAY AND PENINSULA. 

·-·---·-·-- ·- --

I ""··'· ... I Station. Latitude. Seconds in Longitude. 

i 
metres. metres. 

-- --
I 

I 
i 

0 I // 0 I II 

I Provincetown. 42 03 08·4s2 260·7 70 11 20·533 472·2 

! 
Scargo. 41 44 22·481 693·6 70 IO 49·824 11s1·3 

1846-1877. 

Chatham. 41 41 so·7os 1s64·3 69 S8 48·380 11187 
(C. & G. S. & Bdn. ), 183s-1887. 

Mill ! Iii!. 41 46 34·142 IDS3'4 70 00 o6·967 16o·7 
(C. & G. S. & Bdn.), 183s-1887. 

Bourne Hill. 41 44 00·818 2s·2 70 29 11·627 268·7 
(C. & G. S. & Bdn.), 183S-1888. 

Smalls Hill. 42 00 3s·2s6 ID87'8 70 02 w·298 237·0 
(Borden.) 

Griffin Island. 41 s6 14·374 443·4 79 04 06·046 139·3 

German Hill. 41 41 2r962 862·7 70 12 3s·978 832·0 
1846. 

Point Gammon. 41 37 04·96s' 1s3·2 70 IS 39•322 910·3 
1846. 

Monomoy. 41 3S 37·6o2 1160·0 69 59 03·3s8 77·8 

Hamblin Hill. 41 41 49·931 1540·4 70 24 13•644 31s·s 

Peaked Cliff. 41 48 31·383 968·1 70 32 25·06o s78·s 

Holmes. 41 SS 26·s64 819·s 70 32 39·017 899•0 
1848. 

Scorton Neck. 41 44 19·130 S90'I 70 24 41·190 9s1·8 

Mount Schaum. 41 45 25·096 774·2 70 30 49·984 1154·7 

Scorton Hill, 41 43 17·2s7 

53"•-i 
70 23 41 ·434 957·7 

Rock Point, 41 46 12·951 399'S 70 04 46·02s I063·1 

Race Point light·house. 42 03 44·s64 1374·9 
I 

70 14 36·989 850·4 
18n. 

I 
Orleans 2. 41 47 32·58s 1005·4 70 00 51·627 1191 ·9 

1868-1887. 

Atwood, 41 4S II '393 3s1·6 70 04 24·315 561·7 

Billingsgate light-house. 41 s2 18·221 s62·1 70 04 c9·871 227'6 
1868-1887. 

i Cape Cod light-house. 42 02 23·165 714·7 70 03 39·833 916·1 
1877-1887. ! 

I 

Long Point light-house. 42 01 59·467 1834·8 70 IO 09·008 
I 

207·2 
1877-1887. 

I 

I i 
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CAPE COD BAY AND PENINSULA. 

------....,--------,------·-----· 

Azimuth. 

o I II 

67 31 32·8 

17 54 15·3 

178 50 07·6 

66 35 20·7 

105 45 02·0 

75 04 18·8 

74 45 44·4 

153 13 227 

158 03 37"6 

263 08 42·4 

78 56 11·1 

353 44 10'1 

141 59 15·2 

342 5 I 22'2 

50 48 53·8 

267 49 25·5 

207 35 10·2 

249 15 22·7 

96 45 26·8 

181 43 24·1 

312 i4 51·6 

255 42 43·2 

162 15 35·5 

310 23 26·8 

95 30 15 ·8 

358 33 33·1 

144 36 32·7 

126 02 17"2 

283 23 55·2 

159 06 04·8 

ll 1 45 18·9 

128 45 07·0 

67 57 38·2 

264 10 55·2 

62 37 00·1 

11 38 05·1 

65 36 34·1 

330 13 40·1 

246 44 03·6 

80 25 13·7 

32 12 30•4 

332 08 25·9 

74 19 09·7 

31 12 18·1 

71 34 23·9 

20 59 38·6 

Back azimuth. 

o I II 

247 15 24·4 

197 47 55·4 

358 49 47· 1 

246 28 41 ·5 

285 37 01 ·9 

254 51 15·5 

254 38 36·3 

333 05 52·7 

337 59 26·5 

83 28 04·2 

258 33 55·2 

173 45 32·5 

321 54 24·5 

162 54 01 ·7 

230 45 00·7 

87 58 36·0 

27 37 12·1 

69 26 34·7 

276 34 25·5 

I 43 34·1 

132 18 42·3 

75 51 38·1. 

342 13 33·3 

130 31 09·8 

275 28 22·8 

178 33 42·4 

324 29 21·2 

305 57 08·2 

103 28 00·8 

339 05 01·4 

291 40 33·6 

308 39 18·2 

247 53 35'9 

84 14 01'1 

242 23 03·0 

191 33 56·3 

245 33 57"9 

150 14 09·9 

66 46 55·0 

260 20 57"0 

212 08 03·8 

152 II 07°9 

253 57 53·2 

211 00 50·8 

251 17 27"8 

200 52 31·0 

To station. 

Manomet_ ____________ -----

Shootflying. 

Provincetown--··----------
Shootflying. · 

Scargo -------------------. 
Hyannis. 

Scargo _ -------------------
Provincetown. 
Manomet _________________ _ 

Mill Hill. 
Manomet. __ ---- __________ _ 

Mill Hill. 

Provincetown-------------

Mill Hill. 
Hyannis ____________ ------_ 

Chatham, 

German Hill __ ··-----------_ 
Chatham. 

Point Gammon------------
Chatham. 

Hyannis _____ ------ ---- __ _ 

Scargo. 
Manomet _________________ _ 

Shootllying. 
Mnnomet_ ________________ _ 

Peaked Cliff. 

Manomet ___ ··--- -··- _______ _ 

Peaked Cliff. 

Scorton Neck---------·---
Peaked Cliff. 

Mount Schaum -------··----·
Peaked Cliff. 

Scargo. ·----- -------- ----. 
Mill Hill. 
Manomet _________________ _ 

Shootflying. 

Rock Point_--------------

Mill Hill. 

Mill Hill_·--------·------
Scargo. 

Scargo_··-·---------------
Mill Hill. -
Manomet. ___ • _. __________ _ 

Shootflying. 

1 
Manomet_ _________ -------. 

J Shootflying. 

··---

I ---------------1 
---------------

--------------- . 
; 

I 
' -----·· .. --------

I 
-----·-------· -! 

' I 
! 

--------------·· I 

---------------

---·-----------
i __ .,. ____________ 

----·----------

---------------

---------------

-_____ ... ·--- .. ---

---------------

- --------------

---------------
I 

I ----------·----\ 
-------..... ------

---------------

·--------------

----- ·---------

---------------

----·----------
I 

455 

Distance. Logarithm. 

Metres. 
36095·1 4·557 448 

42821·5 4·631 662 

34 746·5 4·540 911 

15 119·3 4·179 530 

17321·8 4·238 592 

28 226·4 4·450 655 

15 396·6 4·187 426 

34 38o·9 4·536 317 

23 218·0 4·365 825 

40 583·2 4·6o8 346 

46 903·2 4•671 202 

26 105·9 4·416 739 

16 224•2 4·210 163 

18 731·8 4·272 579 
10 472·5 4·020 052 

19 150·7 4·282 185 

9 156·0 3·961 704 

24 996·8 4"397. 885 

23 219·7 4•365 856 

II 515·9 4·061 299 

10 849·8 4•035 423 

19 167·8 4·282 573 

13 843·3 4•141 240 

21 n3·8 4·324 567 

3 914·5 3·592 678 

12 813·4 4·107 665 

25 737"7 4·410 510 
13 241·9 4·121 950 

8 76o·8 3·942 544 

6 152·4 3·789 046 

IO 659•6 4·027 742 

15 499•0 4·1go 304 

9 069·5 3"957 585 

6 478·3 3·811 459 

32 465·0 4·511 415 

42 747·2 4·630 907 

5 944•5 3·774 II6 

2 077·2 3·317 471 

6 469·6 3·810 878 

9 034•4 3·955 90_2 

17 340·0 4·239 oso 

12 004·8 4·079 357 

45 668·2 4·659 614 

45 974·5 4·662 517 

36 893•3 4·566 947 

41 361•8 4·616 599 

---



456 UNITED STATES OOAST AND GEODETIC SURVEY. 

CAPE COD BAY . ..,_ND PENINSULA-Continued. 

Station. 

-···---· 

Wood End light-house. 
1877-1887. 

Scargo Observatory flagstaff. 
1887. 

Chatham, corner 8. 

South Orleans Progressive Lyceum Association Hall, chimney. 

Strong. 
1868-1887_. 

Refuge. 

Chatham Congregational church spire. 
1868-1887. 

Chatham, north light-house. 
188o-1886. 

Pine. 
1868-1886. 

Yarmouth Congregational church spire. 
1887. 

Sandy Neck light-house. 
1887. 

Hanvich Exchange, center ball of cupola. 

Brewster Station. 
1887. 

\Vest Brewster. 

Wash. 
1886-87. 

South Point. 

Sand Peak. 

Wyer. 

North Wellfleet Congregational church spire. 
1887. 

South Truro Methodist church spire. 
1887. 

Holbrook. 

Mount Ararat. 

High Pole Hill, flagstaff. 
1887. 

I 
_I 

! 

I 
I 
I 

i 

Latitude. 

0 II 

42 01 16·6o8 

41 44 22·400 

41 43 21 ·106 

41 .44 34·255 

41 43 12·480 

41 42 29·782 

41 40 58·540 

41 40 18·28o 

41 40 08·555 

41 42 22·440 

41 43 21 ·750 

41 41 11 ·586 

41 45 12·536 

41 44 3:t·o13 

41 43 54·542 

41 40 46·138 

41 52 04·330 

41 52 49·989 

41 56 20·465 

41 58 41 ·914 

41 56 34•468 

42 03 58·644 

42 03 08·805 

! I Seconds in/ 1 't d ! Seconds in 
metres. I ..ong• u e. I metres. 

I ' I -----//_I __ , 
I 512·4 70 11 38·491 I 885·7 

I . 
I 

I 
I 1056·8 

385·0 69 57 29·616 

918·8 69 55 54·041 

1806·0 69 57 41 ·721 

564·0 69 57 01·272 

263·9 69 59 35·482 820·8 

692·3 70 14 21·711 501·9 

671·0 70 16 53·128 1228·0 

357'4 70 04 34·453 

386•8 70 04 24·850 574·1 

98r6 70 07 05·833 

1682·7 69 55 41·774 

1423·4 69 56 25·124 

133·61 70 00 18·402 

581·1 

1542·2 I 69 57 28·671 661·0 

631 ·4 70 01 43·715 1007·1 

1293·2 70 04 04·919 113·2 

1o63·4 70 03 55-912 

1809·4 70 09 o6·112 140·5 

271·7 70 11 19·766 454·7 

___ .. __ .... -------- .. ---------.. ------------------- -----~~---------'--------' 



RE PO HT FOR 1894-P ART IL 4:37 

CAPE COD BAY AND PENINSULA-Continued. 

·------------ - - ----------- --------·-- --· -----------------
Azimuth. Back azimuth. 

---·--J---
0 // : 
72 33 29·5 

18 52 17·5 

285 36 35·4 

66 35 56·8 

57 01 04·7 

134 18 02·4 

345 03 08·2 

29r 47 13·0 

35 49 40·5 

128 33 25·4 

73 21 54·2 

120 48 48·6 

221 29 07·1 

136 14 20·8 

200 57 43·2 

139 Ol 38·5 

199 03.53·4 

265 IO 41 ·o 

272 30 41 ·o 

232 54 28·0 

257 24 16·4 

297 35 04·1 

261 23 32·4 

124 II 23·2 

308 39 08·2 

I 42 39"9 

86 44 26·6 

330 28 43·1 

128 48 45·7 

48 29 137 
121 Ol 47·8 

192 39 57"1 

358 30 53·5 

94 36 42·4 

17 30 00·7' 

83 59 22·4 

352 57 30·0 

24 16 34·0 

184 49 52·8 

323 17 44"7 

176 58 52·9 

278 03 43·0 

291 24 20·7 

21 28 43·8 

277 32 24·8 

322 43 59·2 

I 
! 

0 // 

252 17 33·4 

198 46 09·7 

105 44 35·5 

246 29 17"6 

236 59 01 ·1 

314 15 06·4 

165 03 47"0 

Ill 49 55·4 

215 48 48·1 

308 31 54·2 

253 19 58·2 

300 47 45·0 

41 30 1E7 

316 13 36·5 

20 58 27·9 

319 00 27·3 

19 04 24·7 

85 12 23·5 

92 41 01·9 

52 56 49·0 

77 28 18·3 

I 17 36 44•9 

81 27 22·6 

304 07 13·4 

128 42 52·1 

181 42 33"5 

266 41 57"5 

150 30 23·8 

308 45 49·1 

228 27 09·5 

301 00 12"5 

12 40 1r8 

178 31 01·1 

274 34 07·9 

197 28 15·1 

263 54 54·6 

172 58 34·6 

204 14 56·4 

4 50 09·6 

143 19 19·1 

356 58 46·9 

98 05 11·4 

111 27 59·2 

201 28 01 ·7 

97 37 32•8 

142 44 46•6 

: Distance. i Logarithm. I 
I I i ··· 1 ----1-----------! _________ , 

' 
To station. 

· I Afrt1·es. 
ManomeL--------------------------------J 34 527·5 
Shootflying. ! 39 416·5 

Chatham----------·------·-··-------------[ 17 320·2 

Shootflying. J 

Chatham ______ . ______ . ____ . ___ .• ____ . ____ : 

Mill Hill. 

Chatham----·_ •. ------------ •. ------- __ _ 

Chatham, corner 8. 
Chatham _ ~ ______________ . _______________ _ 

South Orleans P. L. A. Hall chimney. 

Chatham----------·-- .. -----------·-------· 
Strong. 

Refuge.---------------------·------------
Chatham. , 

Refuge.·-··----··--- -- ----·-------------! 
Od~m. J 

Chatham ------ ------ ---·. ----- --- ---- ---- J 
Chatham north light-house. J 

Chatham _ ·-- ___________ ---- ---· ---· _____ _ 

Scargo Observatory. 

Scargo Observatory ____ ·----·--------------

Yarmouth Congregational church. 

Chatham--------------------·------------
Scargo Observatory. 

Chatham ______ . ___ .. - - _ - -- - .. - - - - - - - - - -- - -

Harwich Exchange. 

Scargo Observatory-----------------------

Harwich Exchallge. 

Mill Hill .•..•• -----·----------·--------- .. -i 
Chatham. I 
Chatham_------ ________ ------·---_ - - - - -- -

Refuge. 

Mill Hill ____ ------ __ ----- ____ .------·- ___ _ 

Billingsgate light-house, 1868-188j. 

Mill Hill ______ ·-----------------·-------· 
Billingsgate light-house, I 868-1887. 
Mill Hill ___________________ ··------------

Billingsgat~ light-house, I 868-1887. 
Cape Cod light-house, 1877-1887 ___________ _ 

North Wellfleet Congregational church, 1887. · 

South Truro Methodist church __ _, __ ---··----··

North Wellfleet Congregational church, 1887. 

Cape Cod light-house, 1877-1887 -----------

Long Point light-house, 1877-1887. 

Cape Cod light-house, 1877-1887 -----------

Long Point light-house, 1877-1887. 

-----------------------------

15 119·0 

5 121 ·o 

8 530·9 

5 222·4 

6 074·5 

3 II l '4 

4 048·8 

4 207"4 

2 572·3 

3 758·2 

2 228·6 

4 344·8 

3 777·2 

3 334-"5 

3 580·0 

21 602·5 

6 139·4 

• 8 6o3·2 

3 949·8 

8 093·5 

10 485·5 

9 962·7 

7 437'0 

5 183·6 

7 105·1 

7 86o·2 

5 762·5 

3 865·8 

3 277·4 

IO 190·5 

5 355·2 

12 157"5 

9 303·2 

18 226·7 

8 198·0 

6 850·7 

5 442·4 

3 937·6 

3 075·8 

8 060°6 

3 951 ·3 
10 670·9 

2 688·0 

4·238 554 

4·179 522 

3·709 354 

3·930 995 

3·717871 

3"783 507 

3·492 962 

3·607 327 

3•624 013 

3·410 330 

3·574 981 

3·348 023 

3·637 966 

3·577 171 

3·523 028 

3·553 879 

4·334 504 

3·788 124 

3·934 661 

3·596 575 
3•908 1.38 

4·020 588 

3·998 375 

3·871 399 

3·714 635 

3·851 570 

3·895 436 

3·760 610 

3·587 236 

3·515 526 

4·008 196 

3"728 775 

4·084 846 

3·968 631 

4·26o 707 

3·913 708 

3·835 734 

3·735 794 

3 ·595 229 

3·487 956 

3·9o6 366 

3"596 737 
4·028 202 

3·429 424 



458 UNITED STATES CO.AST AND GEODETIC SURVEY. 

CAPE COD BAY AND PENINBULA-Cont.inuecl. 

Is"""'' ,, Seconds in ' 
Station. Latitude. metres. 

Longitude. metres. 

1-.·-·-·-- ---------·· 

0 II 0 II 

Ames. 41 39 49·282 1s20·4 70 27 s6·3so 13o3·7 

Crocker. 41 38 41·174 1270·2 70 27 09·870 228·4 

' Indian Brook. 41 SI 30·36 936·7 70 00 2J"41 SJ9"9 

Blackfish Creek. 41 S4 28·86 890·4 70 01 04·So II0°6 

Hamblin Mound. 41 S6 14·18 437"5 70 02 47"46 109J"2 

Cambria. 41 S9 14·88 4S9"1 70 00 4S"IJ IOJ8·8 

Highland. 42 01 41"JJ 127s·2 70 02 47"49 1092•4 

Pamet, 42 00 14·91 46o·o 70 04 s2·68 1212'J 

Stout. 42 04 09·s2 293·8 70 07 J2°8J 754·7 

Lombard Head. 41 SS s1·66 IS9J'9 69 58 SI ·02 I 175·4 

Race. 42 04 50·41 15SS'J 70 12 26·6s 612·5 

Truro Congregational church spire. 41 59 54·o6 I667·9 70 OJ I8·44 424·4 
I847. 

Long Point schoolhouse. 42 01 2171 669•8 70 IO 55·1s 1268·8 

Long Point light-house. 42 01 59·12 1824·1 70 IO 08·87 204·0 
1847. 

Race Point light-house. 
(C. & G. S. & Bdn.), 1835-I847. 

42 OJ 44"J4 IJ68·1 70 14 J6·98 8S0'2 

Provincetown old Universalist church belfry. 42 02 5I '02 IS74'2 70 II 26·99 620·7 
(C. & G. S. & Bdn.), I8J5-1847. 

Provincetown Baptist church belfry. 42 03 27·45 847·0 70 IO 39"74 913·7 
I847. 

Provincetown Methodist church belfry. 42 OJ 06·52 201'2 70 II 17·ll2 409·8 
I847. 

Provincetown new Universalist church spire. 42 OJ 02'08 64•2 70 II 19·94 458·s 
1847. 

Provincetown Orthodox church spire. 42 03 04·0J I24"J 70 II 1r61 4os·o 
1847. 

Provincetown schoolhouse. 42 02 41'I7 I270'2 70 II 36·90 848·6 

Provincetown Academy. 42 03 09·78 301·8 70 II I4'50 333·4 

Provincetown Methodist center church. 42 o3 12·ss 38n 70 II 05·52 126·9 
1877-

·--------·· 



Ali1nt~th. 

o I II 

120 49 38·4 

167 2I 53"1 

I64 04 31·4 

242 49 08·2 

47 40 05 
149 39 44 

35 s2 I6 

127 s6 42 

26 SS 23 

I37 18 43 

3S7 so S5 
JI6 17 58 

I02 s2 48 

IO IO 23 

I2I 00 07 

227 II 3I 

304 so 27 

34I 59 52 
50 2I 46 

9S 32 23 

334 12 03 

280 33 II 

I06 3I 3I 

I92 08 24 

22I SS 45 
315 09 2I 

221 42 59 
I42 23 5I 

283 4S 20 

235 4S 30 

24S 4S 57 
320 17 I8 

253 IO 38 

325 49 I8 

249 23 08 

32I 57 04 

248 I5 14 

32I 30 48 

248 37 37 

321 47 43 

244 04 I8 

3I8 56 58 

250 °5 53 
322 23 05 

67 33 07 

18 17 33 

HEPORT FOR 1894-P ART II. 

CAPit COD BAY AND PENINSULA-Con tinned. 

Rack azimuth. 

o I II 

300 45 37·5 

347 21 03·0 

344 03 10·4 

62 53 20·9 

227 33 07 

329 37 I5 

21s 45 46 

307 S4 4I 
206 50 OI 

317 I3 00 

I77 51 20 

296 IO S3 

282 47 05 

190 09 3I 

300 SS 47 

47 I 2 S5 

I24 53 38 
162 02 10 

230 20 17 

275 28 53 
154 12 47 

IOO 36 28 

286 30 28 

I2 08 45 

4 I 58 01 

135 J 3 S4 

41 44 43 

322 23 03 

ro3 47 32 

SS 46 57 

65 48 34 

I40 22 13 

73 I:Z 43 

145 S3 41 

69 25 39 
I42 OI S3 

68 17 46 

I41 3S 38 
68 40 08 

I41 s2 32 

64 07 Ol 

139 02 00 

70 08 21 

142 27 52 

247 I6 49 

I98 II 03 

To station. 

I 
I 

; Pine Hill ------- ·--- ------· --------------' 
I Bourne Hill. I 

Bourne Hill--------------------··---------'· 
Shootflying. I 
~::~: ~:!~;,~~----· -------· -· ---------· ----1 

I 
Scargo ______ . _. ____ ··- __ ---· ------ ---- ____ ' 

Griffin Island. 
Scargo ___________ .. _____________________ _ 

Provincetown. 

Mill Hill ______ ·--------------------------
Provincetown. 

Provincetown _. ___ ---- •. _______ -·-- ----- __ _ 

~~:~~i:cI~~=:~· -------· --- --- --- ---- - - -- -- - -1 
Highland. 

Highland·-----------·--------------·----· 
Griffin Island. 

nlacklish Creek _______ ·- __ ----- ___ . -----· 

Griffin Island. 

Provincetown _____ ---- _ ---- ___ ---- ---- ___ _ 

Stout. 

Pamet _ ---- ------ -··-- ____ ---· ___________ _ 

Highland. 

Stout ____ ·--- __ ---· ____ ---· ---- ---- .. ___ . 

Griffin Island. 

Stout---------------------·--·-------------
Provincetown. 

Provincetown.-··-··--_·------------·· ______ _ 

Race. 

Stout-------------------------------·----
Griffin Island. 

Stout··-·---------------------------------
Griffin Island. 
Stout ____ • _____________ ---- ____ ---- _____ _ 

Griffin Island. 

Stout __ ---- ________ ---- ------ -------- --- _ 

Griffin Island. 

Stout ------ --- . - ------- ______ ---- ---- ·---

Griffin Island. 
Stout ______ ··--- --· ___________ ---- ---- ----

Griffin Island. 

Stout ---- ·--------------------· ----------
Griffin Islnnd. 

Mnnomet .• ----------·--------------------
Shootflying. 

-----------'------------'-· 

459 

-----·----

Distance. 

life/res. 
9 7S3"2 

7 9S3"I 

IO 255·7 

9 883·0 

19 s8o·6 

IO IS4"8 

23071·2 

s 295·2 

24 616·6 

17 40I ·7 

23 487'6 

16 299·1 

12 IOI 0 9 

10 248·5 

IO 405·1 

3 92s·1 

7 997"8 
I5 412·7 

4 003•6 

7 29I •6 

3 493·9 
6 87I ·o 

2 ::61·8 

3 385 '7 
6 961 ·3 

13364•8 

5 390·7 
2 700·2 

4 651·2 

3 623·8. 

5 904·0 

15 899·5 

4 489•3 

16 I44"3 

s s26·3 

I6 138·6 

s 62I ·7 

I6 061·2 

s S49'I 

I6 075·4 
6 239·0 

15 8I4'8 

5 420·1 

I6 171·3 

36 462·5 

43 049·2 

Logarithm. 

3·989 145 

3·900 538 

4·010 965 

3"994 889 
4·291 826 

4·006 671 

4·363 070 

3'723 886 

4·391 228 

4·240 591 

4·370 839 

4·212 164 

4·082 854 

4·010 659 

4"0I7 248 

3"593 847 

3·902 968 

4 ·187 879 

3·602 45 

3·862 82 

3·543 31 

3·837 02 

3"3S4 46 
3·529 "65 

3·842 69 

4·125 96 

3·731 64 

3·431 40 

3·667 56 

3"SS9 17 

3·771 14 

4·20I 38 

3·652 I7 

4·208 02 

3·742 44 

4·207 87 

3·749 87 

4·205 78 

3·744 22 

4·2o6 I6 

3·795 12. 

4'I99 06 

3·734 00 

4·208 74 

4·56I 85 

4•633 96 



460 UNITED STATES COAST AND GEODETIO SURVEY. 

CAPE COD BAY AND PENINSULA-Cont.inued. 

Is I . i 
Station. Latitude. i · econc s 10 

\ Longitude. 

!-------------------------------I metres. ·-----

Provincetown Methodist Centenary church. 
1877. 

Provincetown town hall. 

Mayo Beach light-house. 
18n. 

Cape Cod light-house. 
(C. & G. S. & Bdn.) 1835-1847. 

North Wellfleet Methodist church belfry. 
1847-1887. 

North Wellfleet Congregational church belfry. 
1847. 

South Wellfleet Congregational church belfry. 
1847. 

South Wellfleet Methodist meetinghouse. 
1847. 

Jlillingsgate light-house. 
(C. & G. S. & Bdn.) 1835-1847 

Nauset Beach, center beacon. 
1846-1887. 

Eastham Congregational church spire. 
1847. 

Eastham Methodist church spire. 
1887. 

Nauset Harbor. 

Station south of Nauset lights. 

Eastham. 

Orleans. 
1847. 

Brewster. 
1847. 

Nauset Beach. 

Brewster Unitarian church spire. 
1846-1887. 

Brewster Baptist church spire. 
1887. 

Orleans Orthodox church spire. 
1847-1887. 

North Dennis. 
1846. 

1 

I 
1617"9 

o I I/ 

42 02 52·44 
o I II 

41 55 49·82 1537·2 70 02 05·66 

42 02 23·19 

41 54 32·07 69 59 07·1a 

41 54 24·54 757"1 

69 57 05·42 

41 50 35·55 1096·8 69 59 01·11 

41 47 22·72 701 ·o 

336·3 69 57 00·54 

41 47 32•47 1002·2 

393·7 

41 44 34·89 

41 44 05·66 

41 45 43·24 1334·0 70 04 57·32 

41 45 33·81 1043·1 70 05 07'55 

41 47 04·86 149•9 69 58 30·20 

41 44 42•24 1303·2 

Secontls in 1· 

metres . 

.. - -- l 

399·0 

130·4 

379"7 

12·5 

344'3 

1188·2 

1073·1 

916·0 

793·1 

1324·1 

174·4 

689·0 



REPOH'l' FOH 1894-P A.UT II. 461 

CAPE COD BAY AND PENINSULA-Coutinued. 

----------------···--·--------··----------~-------,-------, 

Azimuth. Back azimuth. To station. Distance. Logarithm. 

~ -~ --------
0 I II 0 I // i Metres. 

68 IO 02 247 53 58 I .'.\1anomeL ------ -----·----- ·--- ____________ 35 775'7 4·553 59 

I7 55 23 I97 49 07 Shootflying. 42 307·4 4·626 42 

276 55 02 97 00 08 Cape Cod light-hous!!, 1877-1887 ------------ IO 599'9 4·025 30 

313 19 34 133 25 57 North Wellfleet Congregational church, 1887. 18 165·2 4·259 24 

350 54 53 170 56 12 Mill Hill. __ --- _ ------ _____ . ---- ---- ------ 17 361 ·1 4·239 58 

29 44 47 209 38 57 Scargo. 24 412·4 4·387 61 

97 33 06 277 27 57 Provincetown ------ ---- ____ ---- __________ IO 687'I 4•028 86 

3 02 or I83 or 43 Griffin Island. II 395·2 4:056 72 

343 25 IO 163 25 39 Blackfish Creek --------------------------- 3 566·5 3·552 24 

87 03 21 267 01 49 Griffin Island. 3 162·8 3·500 07 

355 03 18 175 03 26 Blackfish Creek --r--- --·---- _ ---- -- ---- ---. 3 120·7 3·494 25 

92 09 o!S 272 07 15 Griffin Island. 3 909·0 3·592 07 

87 55 18 267 53 59 Blackfish Creek--------------------------- 2 714·2 3·433 63 

114 38 28 294 35 08 Griffin Island. 7 577·3 3·879 51 

92 50 20 272 49 02 i Blackfish Creek ____________ _' __________ . ___ 2 70I '5 3·431 61 

II6 15 52 296 I2 33 1 Griffin Island. 7 664·0 3·884 46 

328 27 I8 148 30 05 Mill Hill __________________ --------------- 11 024·9 4·042 37 

34 01 25 213 57 03 Scargo. 16 233·9 4·210 42 

24 03 22 204 or 21 Mill Hill _______________________ ---------- 10 285·9 4•012 24 

54 48 58 234 39 48 Scargo. 23 3o9·3 4·367 53 

55 43 46 235 35 49 Scargo ____ ---- _________________ ---- ______ 20 007·6 4•301 19 

146 05 15 326 01 47 Griffin Island. I 12 870·9 4·Iog 61 

II 32 31 191 31 47 Mill Hill - - - - - - - - - - - - - • - - - - - - - - - - - - - - . - - - -I 7 6o1 ·5 3·88o 90 

I46 56 SS 326 56 03 Sand Peak. 3 268·3 3·514 32 

146 49 16 326 46 52 Indian Brook ---- ---· ____ ·--· _ --------- ____ 9 130·2 3·960 48 

72 03 28 252 01 15 Mill Hill. 4 858·7 3·686 52 

357 25 22 177 :?5 31 Nauset Harbor ________ ,_------------·----· 7 047'4 3•848 03 

26 45 49 206 43 45 Mill Hill. 9 561 ·2 3·980 51 

358 00 57 178 01 02 Mill Hill _________ ---------·-------------- 5 308·0 3·724 93 

57 29 10 237 22 07 Scargo. 17 399·o 4•240 52 

67 04 26 246 57 47 
Scargo _____________ . _______________ I5 012·7 4•176 46 

178 37 43 358 37 34 Blackfish Creek. 12 850·3 4•108 91 

226 24 12 46 27 13 Eastham---·--------------· -------------- 8 653·6 3'937 19 
264 08 22 84 II 28 Mill Hill. 6 488·7 3·812 1.6 

151 16 22 331 15 24 Mill Hill ________ ---------------·--------- 4 195·9 3·622 82 

206 42 18 26 43 33 Nauset Harbor. 5 796·6 3·763 17 
101 54 35 281 52 32 Pleasant Bay _____ .• -----·---------------· 4 376·6 3·641 14 

126 03 10 306 00 08 I Mill H1ll. 7 788·6 3·891 46 

223 27 28 43 30 36 Eastham .. _ •• _----
>• -------------- 9 475'9 3·976 62 

256 47 43 76 50 56 Mill Hill. 6 88r6 3•838 07 

303 37 48 123 38 16 Brewster 3tation __ ·-----------------------·· I 184·6 3·073 58 

74 27 49 254 24 01 Scargo Observatory. 8 2o8·4 3·914 26 

150 59 18 330 58 08 I Eastham _. _. _____ . ---- _. ___ .. _______ ...• _! 4 983·0 3·697 49 
67 01 51 247 00 47 ' Mill Hill. 2 427·3 3·385 13 

I 21 45 181 21 41 German Hill_._. ___ ---- __________ _: __ ---- .. 5 995'4 3·777 8:z 

284 46 13 104 47 :zo Scargo. 2 389·5 3·378 31 

-·· -·----·-----·· 
____ I __ 



462 UNITED STATES COAST AND GEODETIO SUHVEY. 

CAPE COD BAY AND PENINSULA.,..-Contiuned. 

Station. 

North Dennis, "'hite church spire. 
1846-1868. 

North Dennis, gray church spire. 
1846-1887. 

North Dennis 2. 
. 1868. 

Bass Hole. 

Monomoy light-house. 
(C. & G. S. & Bdn.) 1835-1846. 

Monomoy light-house. 
1867-1887. 

Point Gammon light-house. 
(C. & G. S. & Bdn.) 1835-1847. 

Barnstable. 

Barnstable L:nitarian church spire. 
1846. 

Barnstable light-house. 
1846. 

Barnstable, west church spire. 
1848. 

Barn cupola. 

Yarmouth Port church spire. 
1846. 

Sursuit Creek. 

Morris Island. 
1846. 

Harwich Port. 

West Chatham. 

South Dennis. 

South Dennis Congregational church spire. 
1846-1887. 

South Dennis, south church spire. 
1846. 

West Harwich Baptist church spire. 
1846-1887. 

Bass River. 

West Yarmouth chu1ch spire. 
1846. . 

'-----------··--------------

Latitude. 'Seconds in 
metres. 

0 II 

4I 44 13·77 

4I 44 14·85 

4I 43 29·20 

1542·0 

41 33 35·02 1080·4 

41 33 33·78 

41 36 35·00 

75"9 

4I 43 21·16 

41 42 I5"22 

999·7 

909·5 

4I 39 51·30 

41 39 06·59 203·3 

4I 40 13·01 

Longitude. 

0 II 

70 II 35·41 

70 I I 32·54 

70 14 15·54 

69 59 39·02 

70 16 53·34 

70 23 03·28 

70 14 37"13 

70 08. 37"40 

69 57 34·14 

70 04 06·57 

70 01 42·19 

70 08 I2"40 

70 12 I2"13 

~econds in 
metres. 

752·0 

108·6 

944·5 

4·4 

591 ·5 

1333·4 

I232·9 

74·9 

286·9 

6o•I 

280·7 

108I ·3 



REPORT FOR 1894-P ART II. 463 

CAPE COD BAY AND PENINSULA-Continued. 

I I I I I Azimuth. Back azimuth. To station. 

I 
Distance. Loga:ithm. 

I 
I 

--- ·-· ·1--- -·-·· ---·-------

I 
I 

0 I II 0 I II I 3/ctres. 
124 56 48 304 S6 12 North Dennis __________ .. __ ----- __ ---- ___ ·i I 533"5 3·185 69 

255 41 00 75 41 30 ~::i~
0

~ennis ___ . ______ --- __ ------ _____ .j I 087·2 I 3·036 31 

122 33 44 302 33 o6 I 570·1 3·195 94 

256 34 52 76 35 20 Scargo. I 014•8 3·006 36 

206 II 59 26 12 19 North Dennis, white church spire ____________ 1 ·532·4 3·18536 

226 27 41 46 28 3I Scargo. 2 38ro 3·377 86 

3I7 4I 47 I37 42 53 German Hill ·----- ________ ---- _ ----. ----- _ 3 421·0 3·534 15 

239 00 37 59 02 54 Scargo. 5 545·5 
I 

3 ·743 94 

I29 II 02 309 02 28 German Hill ____________ ---- ___ --··-------- 23 128·5 4·364 15 

I84 3I 43 4 32 I8 Chatham. 15 340·9 

I 
4·185 85 

115 33 16 295 '.9 I2 Shootflying ______________________________ 32 576·2 4·512 90 

I84 22 10 4 22 44 Chatham. 15 375·9 4·186 84 

207 35 IO 27 37 26 German Hill __ --- _ - . ---- ---- ---- ---- ------i IO 198·8 4·008 55 

I41 27 I3 

I 
321 24 OI Shootflying. I IO 746·7 4·031 28 

0 II 54 I80 II 53 Hyannis-----._._. ______ ------------ -- -- - . ' 7 264•8 3·861 23 

274 31 03 94 34 56 German Hill. 8 109·9 3·909 02 

278 o6 44 98 10 18 German Hill __ -------- _________ .---- _____ • 7 514·7 3·875 91 

236 55 34 56 59 12 North Dennis. ! 9 040·3 3·956 18 

300 23 10 I20 26 OI German Hill ___ .-------------------------·! 6 899·2 3·838 8o 

257 16 32 77 20 34 Scargo. 8 611 ·7 3·935 09 

84 37 59 264 37 12 Hamblin Hill _______________________ ------ I 634·2 3·213 3I 

160 51 43 340 51 18 Scorton Hill. 2 689·9 3·429 74 

83 49 25 263 45 58 Hamblin Hill .----------·------------------I 7 219·9 3·858 53 

49 37 32 229 36 21 Shootflying. 3 232·7 3·509 57 
·302 02 40 122 04 01 German Hill. _____ ---------· __ -------- ·-- 3 305·2 3·519 19 

235 20 18 55 22 49 Scargo. 6 386·0 3·8o5 23 

73 56 3° 253 53 55 North Dennis_-------------------- - ----·. 5 588·8 3·747 32 

54 49 36 234 48 08 Scargo. 3 744·2 3·573 36 
16 06 39 I96 05 40 M . 

onomoy -------------------------------- 7 446·3 3·87I 94 

158 29 38 I 338 28 49 Chatham. 4 683·6 3·670 58 

318 05 16 i 138 08 37 Monomoy -------------------------·------ 10 512·6 4·021 71 

72 18 56 252 II 16 Point Gammon. 16 833·7 4·226 18 

232 07 35 52 09 31 Chatham • ________ - - -· - • - - - - - - - - - - - - - - - - - - - 5 091 ·7 3·706 86 

336 18 53 156 20 39 Monomoy. 9 156·7 3·961 74 

296 50 45 116 56 50 Monomoy -----·------····---------------· 14251·9 4·153 87 

70 06 o6 250 01 IO Point Gammon. 11 003·9 4·041 55 

53 22 16 233 18 07 Point Gammon---------------------· - ··--- IO 813·3 4·033 96 

93 44 52 273 37 16 

~=~~::.~= --------- ----------- __ , _ --1 
15 882·2 4·200 91 

55 07 21 235 03 II I0602·1 4·025 39 

95 08 22 275 00 46 15 932·0 4·202 27 

I45 41 55 325 39 24 Scargo Observatory------------·----------- 9 316·0 3·969 23 

242 IO 45 62 12 24 Harwich Exchange. 3 874·0 3·588 16 

173 58 38 353 58 22 German Hill ________ -- - - --··- -------- -- -- - - 5 259·1 3·720 91 

59 00 07 238 57 50 Point Gammon. 5 595·9 3·747 88 

112 03 12 291 58 3I Shootflying ___ ------- ------- ---- ---- -----. IO 555·6 4·023 48 

72 38 29 252 35 23 Hyannis. 6 788•8 3·831 79 



464 UNITED STATES OOAST AND GEODETIO SURVEY. 

CAPE COD BAY AND PENINSULA-Continued. 

Station. Latitu<le. Seconds in Longitu<le. I Seconds in 
metres. metres. 

0 I II 0 I II 

1-----
Fish-house, north gable. 41 38 19·40 598·5 70 IO 38·15 883·0 

Point Gammon ?-· 41 37 04·96 153·0 70 15 39·32 910·3 
1875. 

Mannersen. 41 41 31·14 96o·7 70 12 16·86 389•9 

Bass River light-house. 41 39 o6·44 198·7 70 IO 10·84 250·8 
1875. 

Harwich church belfry. 41 41 12'39 382·3 70 04 35·97 831 ·8 
(C. & G. S. & Bdn.) 1835-1846. 

Harwich Congregational church spire. 41 41 12·28 378·9 70 04 35·88 829·8 
1887. 

Marsh. 41 43 51·92 16o1·8 69 55 39·96 923·5 

Eldridge. 41 44 34·87 1075·8 69 58 39·69 917·1 

Poch et. 41 46 39·97 1233·1 69 56 26·10 6o2·8 

Sampson. 41 45 21·74 670·7 69 57 00·44 10·2 

Old Harbqr. 41 42 19·93 614·9 69 56 01'12 25·9 

Camp. 41 43 59'58 1838·1 69 59 33·25 768·4 

Basin. 41 39 48·49 1496·0 69 56 41·66 963·8 

Shells. 41 37 52·79 1628·6 69 57 41 '45 959·5 

Mosquito. 
1868-1886. 

41 39 26·91 830·1 69 57 32·60 754·3 

Cove. 41 36 56·18 1733·1 69 58 35·16 814·1 

Crow Lookout. 41 43 06·96 214·7 69 58 25·47 588•8 

Sipson Island. 41 44 09·28 286·3 69 57 52·04 1202'6 

Namequoit. 41 45 26·54 818·8 69 57 42·48 981·3 

Mayo. 41 46 00·16 4•9 69 57 10·44 241 ·2 

Cumming"; (D.) flagstaff. 
1868. 

41 47 12·16 375·2 69 57 04·37 100·9 

Mayo's house, south chimney. 41 47 20·68 638·0 69 56 45·81 1057·8 

Hopkins. 41 46 02·05 63·2 70 02 51·54 1190·5 

----- ---·------·--·- ------ ··--



RE PO HT FOR 1894-P ART II. 465 

CAPE COD BAY AND PENINSULA-Continued. 

----------------
I 

Azimuth. Back azimuth. To station. Distance. I Logarithm. 

-··--- -----···----

I 
---------··-·····------- ----

I II 

105 06 46 

246 38 09 

111 05 16 

136 10 50 

29 43 22 

51 53 24 

63 47 16 

146 51 58 

63 37 12 

72 21 27 

181 58 17 

261 34 43 

49 22 12 

129 04 40 

287 40 45 

2 16 19 

348 22 42 

38 39 35 

326 07 39 

57 46 42 

76 53 23 

138 39 12 

272 29 20 

345 22 31 

142 09 07 

191 20 41 

168 05 38 

195 43 10 

114 19 53 

158 26 53 

166 46 16 

;97 17 27 

250 03 14 

293 28 57 

208 04 00 

279 56 24 

217 54 °9 

315 52 00 

38 05 30 

104 26 04 

318 19 53 

358 28 31 

340 04 16 

5 15 46 

224 44 29 

255 23 01 

I II 

285 05 44 

66 39 46 

291 03 25 

316 07 23 

209 41 07 

231 49 18 

243 43 38 

326 50 34 

243 29 50 

252 12 15 

. 1 58 24 

81 38 34 

229 20 07 

309 01 42 

107 42 45 

182 16 13 

168 23 13 

218 38 06 

146 08 33 

237 45 36 

256 51 32 

318 37 26 

92 31 55 
165 23 01 

322 07 43 

11 21 08 

348 04 54 

15 44 17 

294 18 31 

338 26 03 

346 45 36 

17 18 09 

70 05 04 

113 30 33 

28 04 34 

99 57 52 

37 55 00 

135 53 22 

218 04 31 

284 24 06 

138 20 19 

178 28 34 

16o 04 29 

185 15 36 

44 45 49 

75 24 51 

S. Ex. 8, pt. 2--30 

; 
I 

Bass River . ________ - - - --- ----------- ____ : 

South Dennis. 
II yannis ____ . _____ .. ___ . - - ___ .. ___ . ________ _ 

Shootflying. 

Point Gammon 2 ____ ---------------- ------

Hyannis. 

Point Gammon 2 --------------------· ----

Mannersen. 

Point Gammon---- ____ ----------------- __ _ 

Hyannis. 
Brewster Station _____ -------- ___ ,, _________ _ 

Chatham. 

Chatham_ .. ____ ---------------- ----- ___ _ 

Mill Ilill. 

Marsh _ ----·. ------ ------------------ ----
Chatham. 

l\farsh ___________ ---·- ------ ·- ---· --·-- ___ _ 

El<lridge. 

Marsh------------- .. --------------- _____ _! 

~:!~:~~;· ---------------- -- -- -------- ----1 
Eldridge. I 

~:71:1a~:.- --- . ---------- ---- ---- ---- ----· -1 

Chatham_--------------------------------\ 

Ol<l Ilarbor. I 
~~:t:f::b~: .. --------- ---- ---- --- ---- ------j 
Pine _________ . ___ . ___ ---- _. -- - - ---- ------

Chatham. 

l~ne_ -------------------------------
Mosquito. 

Marsh _________ ---- -------- ---- __________ 1 

~~:;!:;,b~:~------------------------------ 1 

~~:~::l~ ------- ------------------ ---- ------1 
Marsh. I 

El<lridge _____________ ----. ___ ----··--- ___ _ 

Mill Hill. 

Poch et _______ ---- ____ ---- ---- ----- _____ .. 

Sampson. 

Pochet_·---------------------------------
Sampson. 

Orleans 2 _______ .. _. ___ • ______ - - - - - _ - - - - - -

Mill Hill. 

Md res. 
2 253·2 3·352 80 

3 674·1 3·565 15 

4 151 ·6 3·618 21 

10 368·8 4·015 73 

9 454·6 3·975 64 

10 879·4 4·036 60 

8 476·6 3·928 22 

5 331 ·5 3·726 85 

17 143·5 4·234 10 

20 176·7 4·304 85 

7 416·7 3·870 21 

8 123·3 3·909 73 

5 740·9 3"758 98 

7 94.r6 3·900 02 

4 359·7 3·639 46 

5 06S·9 3·704 91 

5 293·1 3·723 71 

4 941·6 3·693 87 

3 337"2 3·523 38 

2 710·9 3·433 12 

3 971 ·2 3·598 92 

5 546·5 3·744 02 

5 396·7 3'732 13 

4 108·8 3·613 72 

4 7i5"5 3·079 02 

4 765 ·3 3·678 09 

7 501·4 3·8j5 14 

8 562·3 3·932 59 

3 119·8 3·494 12 

4 770·0 3·678 52 

6 097·3 3·785 14 

4 870·6 3·687 58 

4 069·2 3·609 5 I 

3 638·6 3·560 94 

2 533·5 3·403 72 

3 099·0 3·491 22 

2 871 ·5 3·458 II 

4 066·4 3·609 21 

3 343·0 3·524 13 

4 209·8 3·624 26 

1 329·4 3·12366 

3 407·9 3·532 49 

I 335·8 3·1 25 73 

3 684·9 3·566 43 

3 933·3 3·594 76 

3 928·0 3·59.i. 17 



466 UNITED STATES CO.AST .AND GEODETIC SURVEY. 

CAPE COD BAY AND PENINSULA-Continued. 

------ - ... ---------

Station. Latitude. i Seconds in Longitude. Seconds in 
metres. metres. 

0 II 0 II 

Sears. 41 44 38·30 u81·6 70 07 57'09 1319·1 

Morris Island 2. 41 39 29·24 902·1 69 57 34·16 790·4 
l88o. 

Chatham church spire. 41 41 02·79 86·1 69 57 39·96 924·2 
1846. 

Chatham Congregational church belfry. 41 41 15'97 492·7 69 58 18'40 425'5 
1846. 

Chatham flagstaff. 41 40 43'77 1350·3 69 57 23·51 543·8 
1868. 

Chatham, south light-house. 41 40 17'00 524·5 69 56 58·48 1352·8 
1846. 

Chatham, south light-house. 41 40 l7'3o 533·8 69 57 01 ·50 34'7 
1880. 

Stage Harbor light-house 
1880. 

41 39 31 ·54 973·0 69 59 03·16 73·1 

Hyannis Baptist church spire. 
1846-1887. 

41 39 05·77 178·0 70 17 15·23 352·4 

Hyannis Universalist church spire. 
1875-1887. 

41 39 14·37 443'3 70 16 56·08 1297·7 

Hyannis light-house. 41 38 10'79 332·9 70 17 20'20 467'5 
1875. 

Bishop and Clerks. 41 34 27'44 846·5 70 15 01·96 45·4 

Bishop and Clerks light-house. 41 34 27·52 849·0 70 15 02·03 47·0 
1875-1887. 

Breakwater, east end spindle. 41 37 27'31 842·5 70 17 34·06 788·5 
1875. 

Great Rock spindle. 41 37 03·52 108·6 70 17 10·38 240·3 
1875. 

Marvin's cottage cupola. 41 38 04·00 123·4 70 18 12·06 279·1 

Mar,;ton mill. 41 38 49·68 1532·7 70 24 56·98 1318·6 

Osterville. 41 37 52·16 1009'2 70 22 57·14 1322·6 

Osterville church spire. 41 37 42·08 1298·2 70 23 09·29 215 'I 
1846-1887. 

Osterville Point. 41 37 02·13 65'7 70 22 10'70 247·7 

Collier Ledge. 41 35 48·36 1492·0 70 21 06·69 154'9 

Centerville church spire. 
1846-1887. 

41 38 44'94 1386·4 70 20 49·27 u40·2 

Indian Hill. 41 52 58·13 1793'4 70 32 Ol '75 40·4 

---- ·-··-----



REPOHT FOR 1894-J' .A.RT II. 467 

CAPE COD BAY AND PBNINSULA.-Continued. 
.. ----··· 

Azimuth. I Back azimuth. I To station. I Distance. I Logarithm. 

-
0 I II 0 I // 11/etns. 

236 29 35 56 31 42 Rock Point _____ --------------------····---- 5 292·0 3·723 62 

251 44 27 71 49 40 Mill !Jill. II 434'1 4·058 20 

II3 22 50 293 21 29 Pine ___ .. _ .. ·---. -- --- . ----- - ---- ---- -- - - - - 3 057·5 3·485 37 

158 32 II 338 31 22 Chatham. 4 689·8 3·671 15 

133 04 16 313 03 30 Cl1atham ___ .. _ .. _ . _______ .. - - - - .. - - .. - - - - .. - - - - 2 165·1 3·335 49 

73 38 48 253 36 07 West Chatham. 5 840·2 3·766 43 

147 06 53 327 06 33 Chatham _ ------ __ ---- ----- - ........ - - -------- I 276•1 3·105 89 

66 28 52 246 26 36 West Chatham. 5 141·8 3·71 I II 

136 27 49 316 26 53 Chatham _____ ------------------------ --- · 2 848·9 3·454 68 

212 42 03 32 42 58 Old Harbor. 3 526·1 3'547 29 
29 22 06 209 21 42 Morris Island_----------------,, _____ ------ I 682·2 3·225 88 

138 41 16 318 40 03 Chatham. 3 849·1 3·585 36 

85 40 52 265 39 09 p· 1ne _____________________________________ 
3 572·2 3·552 94 

139 23 13 319 22 02 Chatham. 3 796·6 3·579 39 

184 33 07 4 33 17 Chatham--·------------------------------ 4 306·9 3·634 16 

271 57 59 91 58 58 Morris Island 2. 2 060·3 3·313 92 

36 30 27 216 29 39 Hyannis --·------------------------------ 2 779·8 3·444 01 

127 05 58 307 03 35 Shootflying. 6 220·3 3·793 81 

39 59 36 219 58 36 Hyannis ____ -------- __________ ------ _____ 3 2627 3·513 58 

336 00 25 156 01 16 Point Gammon 2. 4 370·0 3·640 48 

3JI 00 21 131 01 28 Point Gammon 2 -------------------------- 3 09.1·9 3'490 64 

70 43 07 250 42 23 Hyannis. I 629·9 3·212 J6 

146 54 23 326 50 32 Shootflying ------. --- - ----- -------- ------ - 14 731·2 4·16824 

194 35 06 14 36 43 Gemmn Hill. 13 406·6 4·127 32 

J43 J7 05 323 J4 49 Iiyannis --------------------------------- 7 923·6 3·898 92 

J96 J7 28 J6 19 J8 Mannersen. 13 617·0 4·134 08 

J23 24 36 303 24 OJ Hyannis ___ .. -------- ____ ---------- _______ J 458·8 3·1.64 OJ 

284 32 29 J04 33 45 Point Gammon 2. 2 744·2 3·438 42 

J46 00 32 325 58 o6 Shootfiying ------------------------------- 9 074·4 3·957 82 

268 47 12 88 48 12 Point Gammon 2. 2 Io8·8 3·324 03 

232 05 49 52 09 45 'l>iannersen ------------------------------- IO 410·6 4'0I7 48 

297 J4 29 117 I6 JO Point Gammon 2. 3 977·4 3·599 6o 

190 12 5 I IO J3 .20 Hamblin Hill _____ ,, __ - - ___ -------- - ------- 5 650·6 3·752 09 

233 23 02 53 25 46 Shootflying. 7 I24'1 3·852 73 

278 08 03 98 12 53 Point Gammon---------------------------- IO 239'3 4 ·010 27 

I66 26 30 346 25 39 Hamblin Hill. 7 546·2 3·877 73 

266 56 07 86 59 I5 Hyannis------------------·-------------- 6 55J'O 3·816 3I 

207 00 15 27 OI 48 Shootflying. 7 Io8·2 3·851 76 

253 02 21 73 04 50 Hyannis -----------· --------------------- 5 421 ·5 3·734 I2 

J93 54 09 J3 55 03 Shootfiying. 7 793'3 3·89I 72 

182 16 53 2 17 04 Shoot.flying ------------------------------- 9 848·5 3'993 37 

252 39 14 72 42 5I Point Gammon. 7 940·2 3·899 83 

295 44 23 IIS 45 58 Hyannis ·---------------· ---------------- 3 664·3 3·563 99 

179 51 28 359 5J 28 Shootfiyiug. 4 392·9 3·642 75 

3 44 24 

I 
183 44 08 Peaked Cliff---·-------------------------- 8 247·3 3 ·916 3I 

I36 II 00 3J6 08 42 Manomet. 6 867·9 3·836 83 



468 UNITED STATES COAST AND GEODETIC SUB.VEY. 

CAPE COD BAY AND PENINSULA-Cont.inueu. 

----- ·-·-····-·-

Station. 
l t"t 1 ; Seconds in I Longituue. j Seconds in I ..a i uc e. , I metres. I metres. , 

----------- ---- --1- --------·- ----
I 

0 I II I 
I 

0 I II 

East Plymouth. 41 52 58·09 1792·2 I 70 32 01 ·74 40·1 

Plymouth Cliff. 41 49 40·62 1253·2 I 70 32 37"24 859·4 
I 
I 

Sanuwich Congregational church spire. 41 45 28·35 874·6 70 30 00·44 10·2 

1848-1887. 

Spring llill Acauemy. 41 44 58·86 1815·9 70 27 36·58 845·2 

East Scargo. 41 44 00·87 26·8 70 IO 16·39 378·8 
(Borden.) 

German Hill. 41 41 27·90 86o·7 70 12 36·07 834·1 
(Borden) 1835. 

Barnstable court-house. 41 42 06·02 185·7 70 18 17·64 407·8 
(Borden) 1835. 

Beach. 41 39 41 ·35 1275·7 69 56 52·14 1206·3 

Cut. 41 38 04·12 127·1 69 57 42·42 981·9 

Point. ·P 36 28·57 881·4 69 59 20·10 465·4 

Wreck. 41 36 23·01 709·9 69 58 23·99 555·5 

Monomoy Life-Saving Station, northeast chimney. 41 35 27·52 849·0 69 59 12·34 285·S 

Loveland's flagstaff. 41 41 34·54 1065·6 69 57 16·71 386·4 
1886. 

Orleans Life-Saving Station, northeast chimney. 41 45 36·99 1141 ·2 69 55 52·94 1222·9 

Bay peg. 41 43 44·69 1378·7 69 59 32•70 755·8 

Bound Brook Island. 41 57 18·88 582·5 70 04 37·02 852·6 

Rich. 41 57 25·82 796·6 70 04 25·88 596·0 

Truro, corner 1. 41 57 28·89 891·3 70 04 37·03 852·8 

Gull Pond. 41 57 24·52 756·5 70 00 00·68 15·7 

Humane Society. 41 57 53·26 1643·2 70 00 07·62 175 ·5 

Truro, corner 8, base l. 41 58 01·43 44·1 69 59 58·88 1355 ·8 

Truro, corner 8, base 2. 41 57 57·87 1785·4 70 00 00·17 3·9 

Truro, corner 8. 41 58 oo·oo oo·o 69 59 56·69 1305·3 

Mount Gilboa. 42 03 54·26 1674·1 70 09 30·81 708·3 

I ··----------------· - ·----- - -· -------



o I II 

298 19 57 

324 39 06 

287 53 18 

314 01 42 

149 24 56 

286 07 01 

100 17 o6 

134 34 II 

90 06 05 

I21 49 17 

IOI 40 35 

129 46 43 

278 26 16 

136 36 20 

64 32 56 

I69 29 S6 

I4S 44 12 

I92 S7 12 

I76 S9 S8 

217 28 49 

97 3I 30 

I97 08 30 

I74 33 02 

213 10 44 

I03 14 S8 

228 16 II 

0 IS 00 

30 09 46 

266 43 11 

343 4S II 

196 os 40 

32s 20 S5 
336 27 18 

so 08 46 

290 I3 28 

3S9 S7 S3 
50 13 II 

113 01 38 

349 47 30 

37 42 59 

38 36 55 

so 17 31 

19s II SS 
so 34 S3 

131 01 21 

2s6 3S 48 

31 07 55 

REPORT FOR 1~94-P ART II. 

CAPE COD BAY AND PENINSULA-Continued. 

o I II 

118 34 05 

144 46 34 

108 07 49 

134 09 33 

329 23 20 

106 10 34 

280 14 57 

314 30 59 

269 53 29 

301 32 29 

281 29 34 

309 31 28 

98 30 03 

316 ?4 S3 

244 32 29 

349 29 50 

325 42 57 

12 57 39 

3s6 59 48 

37 29 54 

277 30 S3 

17 08 S8 

354 32 57 

33 JI 16 

283 13 S7. 
48 17 06 

180 14 59 

210 07 49 

86 4S 4S 

163 45 40 

16 06 01 

145 21 22 

156 27 38 

230 08 39 

110 13 35 

179 57 53 
230 12 02 

292 58 55 

169 47 35 

217 41 S5 
218 36 49 

230 17 26 

15 11 56 

230 34 5I 

311 01 20 

76 36 05 

211 06 29 

To station. 

Scargo----------------------------------· 
Shootflying. 

Scargo _____ • ---- •• ____ .... -- _______ .. __ --- - _ 

Shoot flying. 
Peaked Cliff _____________________________ _ 

Scorton Neck. 
!\fount Schaum _________________________ ·--1 
Peaked Cliff. I 
Bourne Hill ---------------------------- .. -· 
Manomet. [ 

Bourne Hill-----------------------------_! 

M~~ct. I 
German Hill (Borden) ---------------------; 
Mano met. I 

Mosquito __ • ___________ • ________ ---------· 

Chatham, north light-house. 

l~ne ____ ·----·---------------------------
Chatham, north light-house. 

Pine _______ ·----------- - -- - ---------- --- -l 
Cut. [ 

Point ____ ----------·-------------------- -[ 

:~::;------- -------------------------- --1 
Chatham------------------------·-· ______ j 

Refuge. I 
I ~1::;::1~~----------------------------- -·1 

. \Vash ____ ·----· --------------------------/ 
Chatham. 

South Truro :vlcthodist church. ____ • ____ • ___ -1 
Holbrook. 

=:~::;~:~~~-~s-1~~:1~------- -- -· -----------·\ 
Rich ______________________ ·--------------

Bound Brook Island 

North Wellfleet Congregational church, 1887. __ 

South Truro Methodist church. 
Gull Pond ____ . __ . _ . __ .• ____________ .. ___ .; 

North Wellfleet Congregational church, 1887. I 
Humane Society ______ .------------ --- -- - - .! 
Humane Society _____ ------

Truro corner 8, base 1. 

Truro corner 8, base 2 ___ ---· ____ ----------

Truro corner 8, base 1. 

Mount Ararat ___ ._. _________ ----.---------

Wood End light-house. 

Distance. 

lJfl!tns. 
33 391 ·9 
26 864·0 

31 746·8 

22 7s8·0 

6 560·2 

7 678·6 

4 s40·9 

9 347·6 

26 235 ·9 

40 993'4 

23 494'7 

41 134·9 

7 98s·4 

34 s59·6 

I 036·6 

I 158•7 

4 645·6 

4 247'1 

6 796·1 

3 7 IS ·6 

I 3I0'5 

3 264·8 

I 892 '2 

2 04S'7 

2 177·7 

2 560·9 

s 77 5 ·8 
8 073·4 

s 34S'6 

3 662·9 

2 666·5 

I 66S'4 

I 728·2 

334'2 

273·6 

308·8 

3 088·6 

6 109·8 

900'8 
3 618·9 

322·4 

222·9 

113·5 

103·6 

66·6 

583·8 

5 681·7 

469 

Logarithm. 

4'S23 64 

4·429 17 

4'SOI 70 

4·357 14 

3·816 92 

3·885 28 

3·657 14 

3·970 70 

4·418 90 

4·612 71 

4·370 97 

4·614 21 

3·902 29 

4·538 S7 
3·015 63 

3·063 96 

3·667 04 

3·628 og 

3·832 26 

3·s70 03 

3·117 43 

3·s13 86 

3·276 96 

3·310 84 

3·338 00 

3·408 40 

3·761 61 

3·907 06 

3·728 00 

3·s63 83 

3·425 94 

3·221 53 

3·237 6o 

2·s24 02 

2·437 IS 

2·489 64 

3•489 76 

3·786 03 

2·954 62 

3·558 58 

2·508 41 

2·348 03 

2·05s 02 

2·01s 40 

1 ·823 79 

2·766 28 

3'7S4 48 



470 UNITED STATES COAST AND GEODETIC SURVEY. 

CAPE COD BAY AND PENINSULA-Continnecl. 

---------·· 
i - T--

Station. Latitude. Seconds in! Longitude. \ Secornls in 

_ _J 
metres. metres. 

-- ·------- -------- ------

I 
0 I II 0 I II 

Truro, corner 7. 
I 

42 04 33·36 !029'3 70 09 14·49 333' 1 

I 

Dyke. I 42 03 49·71 1533·7 70 08 52·20 1200·1 

Truro, comer 2. I 42 03 49·17 1517·1 70 08 52·39 1204·5 

Truro, comer 3. 

I 
42 03 50·17 1547·9 I 70 08 52·36 1203·8 

Truro, comer 4. 42 03 52·67 1625·1 70 08 50·86 1169•4 

Truro, comer 5. 
I 
I 42 03 52·91 1632·5 70 08 50·74 II66·6 

I 
Truro, comer 6. I 42 04 01·57 48·4 70 08 53·67 1233·9 

I 

Truro town hall. 41 59 54·24 1673·4 70 03 24·53 564·6 

Rink chimney. 41 51 53·78 1659·2 69 59 01 ·62 37·4 

Lincoln. 41 52 48·04 1482·2 69 59 34 ·05 785·1 

Commons. 41 52 48•46 1495·1 69 58 51·48 II87•0 

Eastham, corner 4. 41 52 52·05 16o5·9 70 00 15·99 368·7 

Eastham, comer 5, base 1. 41 52 43•04 1327·9 69 58 48·92 u28·0 

Eastham, comer 5, base 2. 41 52 44·38 1369·2 69 58 43·33 999·1 

Eastham, corner 5. 41 52 38·36 1183·5 69 58 48·58 1120·2 

Eastham, corner 6. 41 52 47·74 1472·9 69 57 29·80 687'1 

Freeman. 41 48 22·11 682·1 69 57 35·70 824·1 

Hopkins' flagstaff. 41 47 24· 16 745·4 69 56 35·44 818·3 
1887. 

Penniman's flagstaff. 41 49 07·24 223•4 69 57 58·80 1357' I 
1887. 

Neck. 41 47 38·34 I182·8 70 00 04·50 103·9 

Snow's Block flagstaff. 41 47 18·56 572·6 69 59 36·04 832·2· 
1887. 

Young. 41 47 29·36 905·8 69 59 2170 501·1 

Boat Meado\\'. 41 48 09·17 282·9 6g 59 13'96 322•3 

; 

Rock Harbor. 41 47 58·24 l1¢·8 6g 59 39·57 913·6 

Town Cove. 41 47 44•27 1365·8 69 58 57"9 1320·4 

----------- --- -------------



Azimuth. 

O I I/ 

349 48 12 

17 16 44 

130 45 48 

39 00 34 

194 47 24 

345 02 09 

18 35 35 

II7 43 21 

18 45 43 

II6 34 43 

354 44 28 

72 27 41 

6 41 18 

22 37 08 

100 25 28 

155 35 31 

268 47 46 

37 10 52 

55 49 17 

89 14 56 

277 17 24 

2 09 54 

160 34 15 

123 46 40 

72 13 IO 

176 54 58 

213 07 05 

200 30 12 

71 00 31 

46 22 17 

7 55 2 6 

72 29 II 

142 06 58 

339 03 01 

32 04 46 

I 38 50 

80 43 25 

27 31 40 

132 53 19 

302 26 31 

31 32 32 

333 00 25 

8 16 13 

13 42 30 

43 09 31 

332 51 22 

50 53 35 
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CAPE COD BAY AND PENINSULA-Continued, 

--- -------- ----------------------

Hack azimuth. I To station. 

I 
O I --,-,--,-------

169 48 18 
1 

l\fount Ararat-----------------------------

197 16 33 

310 45 39 

218 58 43 

14 47 24 

165 02 09 

198 35 34 

297 43 II 

198 45 42 

296 34 33 

174 44 29 

252 27 33 

186 40 57 

202 36 41 

28o 24 37 

335 33 43 

88 49 09 

217 IO 22 

235 48 19 

269 14 28 

97 17 52 

182 09 52 

340 34 13 

303 46 35 

252 13 06 

356 54 58 

33 07 09 

20 30 13 

250 58 39 

226 20 36 

187 54 38 

252 26 so 
322 06 18 

159 03 16 

212 03 21 

181 38 48 

26o 42 54 

207 31 19 

312 53 00 

122 27 05 

2II 32 02 

153 00 54 

188 16 08 

193 42 12 

223 09 14 

152 51 40 

230 53 19 

Mount Gilboa. 

Mount Ararat-----------------------------
W 01,d End light-house. 

Dyke ---- ____ --- ____ -------- -- .. - ---- ------

Dyke . _ ---- ----- _______ ---------- -- - . ----

Dyke------------------------------------
Mount Ararat. 

Dyke __ ------- .- .. -----------·----------·! 
Mount Ararat. j 

Dyke .. ______ ---- ------ __ ------ ---- _____ -i 
Mount Ararat. : 

Holbrook ---------------- ________ . ______ _/ 

~::~hp::;~_ ~~t.h~-d~:~~~~:~~·- - - -- - - ---- -- __ , 

North Wellfleet Congregational church, 1887. 

\Vyer __ ·----~----------------------·-----
Sand Peak. 
Sand Peak _______________________________ _ 

I.incoln. 

Lincoln----------------. ·----------------i 
Sand Peak. I 

Commons-------------------------------

Commons --------------------------------
Eastham, corner 5, base I. 

Eastham, comer 5, base L--------------- .. -
Eastham, corner 5, base 2. 
\Vyer __ . ________________________________ _ 

Sand Peak. 

Mill IIill _____ --- ___ ··- ____ . ·- - ·-· ----------

Chatham. 

Mill Hill_. ____ . ________ --- -- ----- --------

Freeman. 

Freeman_·-------------------------------

Mill Hill. 
Mill Hill ________________________________ _ 

Orleans 2. 

Mill Hill ________________ ----------------

Neck. 
Orlenns Orthodox church __________________ _ 

Mill Hill. 

Orleans Orthodox church _ ------ ______ -- ___ _ 

Young. 

Mill Hill_-------- ____ ------ - - -- -· ---- -- - -
Neck. 

Orleans Orthodox church·------------------· 
Young. 

Distance. 

Metres. 
l 088·3 

l 263·4 

422·0 

6 077·9 

17·35 

14·64 

96·5 

395·9 

104•4 

395·0 

367'5 

299·9 

6 205·8 

2 417·4 

l 800·7 

9 036·5 

2 891 ·6 

l 692·6 

2 423·0 

981•7 

974'9 

l 473'4 

177·2 

226·1 

135 ·so 
144·7 

221 ·9 

74·12 

4 112·3 

4 826·6 

12 191'9 

5 122·7 

2 265·3 

1 490·9 

5 573·9 

1 981 ·4 

1 102·5 

l 545•4 

896•8 

I 409•0 

I 998·7 

2 226·5 

I 241 '0 

2 670·6 

841·6 

I 366•2 

729·0 

Logarithm. 

3·036 75 

3·101 55 
2·625 36 

3·783 75 

1 ·239 30 

1 ·165 54 

1'984 34 

2·597 54 

2·018 67 

2·596 57 

2·565 25 

2·477 01 

3·792 So 

3·383 35 

3·255 43 

3·956 00 

3•461 14 

3·228 55 

3·384 35 

2·991 96 

2·988 97 

3·168 33 

2·248 46 

2·354 38 

2·131 94 

2·160 43 

2·346 17 

1 ·869 94 

3·614 09 

3•683 64 

4·o86 07 

3·709 50 

3·355 13 

3·173 45 

3·746 16 

3·296 97 

3·042 39 

3·189 04 

2·952 67 

3·148 90 

3·300 75 

3·347 63 

3·093 76 

3·426 61 

2·925 13 

3·135 33 
2·862 75 



472 UNITED STATES COAST AND GEODETIC SURVEY. 

CAPE COD BAY AND PENINSULA-Continuti<l. 

·-----------------·-----·-------.-·----,.---

Latitude. I Seconds in 1 . d Seconds in I Station. metres. .ongitu e. metres. 

------------·-------- ----1-------I ________ , _________ --- .. ·- . _ .. _. 

Eastham, comer I. 

Eastham, corner 2. 

Eastham, comer 3. 

Eastham, corner 7. 

Eastham, comer 8. 

Lone pole. 

Edwards. 

Baker Pond. 

Scrub. 

Brewster, corner 3. 

Brewster, comer 4. 

Brewster, corner 5. 

Brewster, comer 7. 
Brewster, comer 8. 

Brewster, comer 10. 

Chatham, corner 7. 

Black. 

Black, base 1. 

Black, base 2. 

King Hill. 

South Harwich, flagstaff. 
1887. 

Harwich Port Congregational church spire. 
1887. 

Chatham, corner 4. 

Crowell Hill. 

Crowell Hill base. 

0 II 

41 47 44·26 

.41 47 55·29 

41 46 22·39 

41 45 59·15 

41 45 51·6o 

41 45 52·88 

41 44 36·53 

41 44 36·45 

41 43 44·41 

41 43 29·13 

41 43 43·75 

41 43 26·w 

41 43 24·98 

41 43 35·30 

41 40 03·43 

41 42 00·43 

0 II 

690·8 70 00 32·31 

l 824 '9 70 00 37 ·03 

1591·9 70 00 03·16 

I167·4 70 00 35·18 

245·6 70 00 21·20 

1631·4 70 00 21·24 

II 27'0 69 59 48·29 

II 24· 5 69 59 47' 38 

1370·1 69 59 31·63 

805·2 70 02 28·94 

770·5 I 70 02 30·99 

1838·8 70 01 40'12 

1318·8 

855·4 

73·o 

812·5 

II 15•9 

1094·8 

731·0 

97·8 

839·0 

1145·5 



I /I 

99 59 35 

50 59 27 

265 22 02 

2I 4I 30 

50 08 43 

I50 49 36 

IO 26 27 

75 30 5I 

340 49 II 

34 I4 15 

241 43 06 

282 03 44 

I68 2I 40 

238 I3 I2 

I73 I9 42 

2I2 44 I9 

I06 34 47 

176 IO 09 

279 55 29 

352 04 29 

320 28 34 

53 22 I7 

I94 30 38 

275 23 53 

331 29 37 

345 48 58 

I09 I4 42 

344 05 I8 

277 28 07 

48 48 08 

303 28 44 

30 12 06 

162 38 49 

I68 OI 25 

234 02 44 

307 35 43 

40 42 17 

177 IJ 26 

247 15 44 
I8I 20 IO 

247 37 35 
23 25 55 

273 56 09 

278 02 04 

72 58 26 

155 07 5I 

I --1 
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CAPE COD BAY AND PENINSULA-Continued. 

I II 

279 59 35 

230 59 II 

85 22 04 

20I 40 57 

230 08 25 

330 49 35 
I90 26 I5 

255 29 59 

160 49 36 

214 14 00 

61 44 22 

I02 04 59 

348 21 27 

58 I3 29 

353 19 32 

32 44 39 

286 34 24 

356 10 06 

99 55 48 

172 04 31 

I40 28 46 

233 22 06 

14 30 48 

95 24 05 

151 29 38 

I65 48 58 

289 I4 41 

I64 05 47 

97 29 01 

228 47 51 

123 31 16 

210 10 47 

342 38 44 

348 01 2I 

54 02 45 

127 37 43 

220 40 27 

357 II 18 
67 18 08 

I 20 II 

67 41 27 

203 25 25 

93 58 03 

98 03 24 

252 SS 56 

335 07 50 

·---·· - . ·-···--· ------.----:--- ---,-------

I Distance. Logarithm. To station. 

------1-----·-1---·--·--··--·-

Town Cove_-----·------- _____ ---- -- - - -- - -

Young. 

Boat Meadow_----------------·-----------
Mill Hill. 

Neck---------------- ·-----------------· 
Rock Harbor. 
Hopkins' flagstaff __________ ---- __ ---- _____ _ 

Freeman. 

Hopkins' flagstaff __ ------------------ ____ --

Freeman. 

Neck----··---------·--------------------
Mill Hill. 

Orleans 2. _________________ ·- _ -- -- ---- ----

Mill Hill. 

Orleans 2_ ------------ ·----- ---- ---- ------

Mill Hill. 

Baker Pond_-------------------------- ___ _ 
Mill Hill. 

Mill Hill_----------·-----.-----·--------· 
Edwards. 

Scruh __________________ ·----------·------

Bakcr Pond. 
Mill Hill _____________________________ ---

Scrub. 

South Orleans l'. L. A. hall,. chimney. _______ _ 

South Orleans P. L.A. hall, chimney_---- ___ _ 

Bay peg----------

Chatham. I 

Chatham, corner 8-------------------------: 
Strong. 

Chatham _____ . _______ ---- ---- ---- -----·---

Harwich Exchange. 

Black------------------------·---------·· 

mack -- -· - - -- - - -- - ------- -- -- ---- ·--- ----
Black, base I. 

Chatham.---------·----·---------------· 
Harwich Exchange. 

Black ... __ -· ____ --------------------------
Chatham. 

Harwich Exchange·----------------------
Chatham. 

South Harwich, flagstaff ________ ··--··-------
Chatham. 

Chatham---------------------------------
Harwich Exchange. 

Crowell IIill ____ ·-------------------------! 

Mdrt·s. 
1 ·65 

730·1 

6o·I3 

3 149·8 

816·1 

104·2 

2 292·7 

I 865 "7 

2 684·9 

905·0 

3 OIO"O 

2 653·1 

2 211 "I 

688·4 

2 902·4 

I '283·5 

816°I 

I 315·4 

661·5 

48I 0 2 

654·3 

455"7 

I 315·0 

419·3 

79·8 

69·6 

26·2 

3 647 ·8 

I 902·8 

779·9 

6 318·9 

5 431 ·4 

570·6 

59I"9 

58·52 

5 287·4 

5 847·5 
5 586·5 
5 417·8 

2 103·4 

8 707"0 

2 579·2 

3 98o·7 

2 811 ·5 

5 459·I 

103·05 

0·2I7 48 

2·863 40 

I '779 09 

3·498 28 

2·911 74 

2'0I7 77 

3·36o 34 

3·270 85 

3·428 93 

2·956 63 

3·478 57 

3·423 76 

3·344 6o 

2·837 86 

3·462 75 

3·Io8 41 

2·911 73 
3·119 05 

2·820 51 

2·682 31 

2·815 fo 

2·658 71 

3·118 9I 

2·622 51 

1·901 86 

I '842 52 

I
0 418 30 

3·562 03 

3·279 39 

2·892 02 

3·800 64 

3·734 91 

2·756 32 

2·772 22 

I 767 30 

3·723 24 

3'766 97 

3'747 14 

3·733 82 

3·322 92 

3·939 87 

3·411 49 

3·599 96 

3·448 94 

3·737 I2 

2·013 05 
~~~~~--__..!-------~--- I 
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CAPE COD BAY AND PENINSULA-Continued. 

Chatham, comer 5. 

Chatham, comer 6. 

Nickerson. 

Clearing. 

Fish house flagstaff. 
1887. 

Chatham, comer 2. 

Long Pond. 

Chatham, corner 3, peg. 

Chatham, corner 3. 

Chatham, comer I. 

Hinckley. 

Seymour. 

Pleasant Lake. 

Atkins, peg. 

Railroad, peg. 

Cahoon. 

Bassett's chimney. 

Brewster, corner I 5. 

Brewster, corner 14. 

Brewster, corner 16. 

Brewster, comer r. 

Station. 

Dennis Port school, globe on belfry. 

West Dennis :\1ethodist church spire. 
1887. 

South Yarmouth Methodist church spire. 
1887. 

Kelly. 

Latitude. 

o I II 

41 42 00·20 

41 40 29·93 

41 40 15·55 

41 39 57'38 

41 43 31·03 

41 40 44·58 

41 40 01·99 

41 43 00·95 

41 43 31 ·26 

41 42 52·21 

41 42 57'53 

41 43 09·73 

41 43 45·05 

41 43 11·15 

41 43 33•92 

41 42 57'83 

41 42 22·39 

41 39 57·8o 

41 39 59·05 

41 39 30·59 

·1,~~~~~cls i~l- -·-- JI Seconds in 
metres. ! Longitude. · metres. 

I 

1-- ·-~--2-1- 7: ~:-~-.5-8 ·-i-~·1-46-·4 
I 150·9 70 00 41 ·82 

923•4 

479·7 

195·0 

957'3 

1254·1 

1375•3 

61·4 

29•3 

1610·8 

300·2 

344·0 

1046·5 

1784·1 

690•8 

943·7 

70 02 13·72 

70 02 08·56 

70 02 02·38 

70 01 56·41 

70 02 16·34 

70 05 45·50 

70 05 29•93 

70 05 39·08 

70 05 07'74 

70 05 48·76 

70 08 03·68 

70 07 37·75 

70 IO 16•09 

70 II 10·55 

1032·7 

55·0 

1304·8 

378·0 

1051 ·8 

1374·8 

344'7 

222·4 

691 ·8 

903' 2 

1037'9 

873·3 

372·2 

244·0 

101·8 

L__ __ ···----- ------------------'----------··-·--·-. ···---· 
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CAPE COD BAY AND PENINSULA-Continued. 

Azimuth. Back azimuth. To station. Distance. Logarithm. 

--· 
0 I II 0 I II Metres. 

190 39 26 10 39 27 Crowell Hill ____ -------------------------- 102·5 2·010 74 

263 22 09 83 22 10 Crowell Hill base. 62-7 1 ·797 37 
40 23 09 220 23 06 Crowell Hill base __________ ---------- ----- 180·8 2·257 28 

74 3S 18 254 35 13 Crowell Hill. 166·.S 2'221 39 
Ill 33 32 291 31 58 Harwich Exchange----------------------·_ 3 499·7 3·544 03 
148 08 37 328 08 30 South Harwich, flagstaff. 470·8 2·672 81 

117 08 30 297 06 53 Harwich Exchnnge ---- ____ ---- ------ ------ 3 791·8 3·578 84 
156 26 46 336 26 3S South Harwich, flagstaff. 920·3 2·963 91 

21s 27 51 3S 28 12 Nickerson·--------------------·---------- I 233·0 3·090 96 
236 06 10 56 o6 34 Clearing. I OOS'3 3·002 29 

66 34 S4 246 34 36 Fish house flagstaff ____ ·-------------------- 693·3 2·840 9S 
186 12 24 6 12 26 Nickerson. 732·8 2·865 00 

2 os 17 182 os 12 Harwich Exchanbre ------------------------ 4 305·0 3·633 97 
100 12 31 28o 08 17 Scnrgo Observatory. 8 972·2 3·952 90 

38 24 18 218 24 10 Nickerson ____ . _____ ·--------------------- 422·2 2·625 so 
97 41 48 277 41 33 South Harwich, flagstaff. 51s·4 2·712 12 

48 4S 26 228 4S 22 Chatham, corner 3, peg __________________ .. __ 183·79s 2·264 33 

172 os 40 352 05 39 Chatham, comer 2------------------------- 134 ·95 2·130 17 

242 42 42 62 43 34 Long Pond ______ ··- ___ . __ ------ ------ ---- _ 2 024·3 3·306 28 

334 01 57 154 02 44 Harwich Exchange. 3 7s2·6 3'S74 34 
270 II 09 90 12 10 Long Pond·---------------·-------------- 2 122·1 3·32677 

340 56 15 16o 56 24 Hinckley. 989·3 2·995 33 

343 13 38 163 14 05 Har~ich Exchange-------------------·----- 3 242•3 3·510 85 

110 52 21 290 52 01 Hinckley. 756·9 • 2·879 01 

212 04 S3 32 04 55 Hinckley ____ •• ___ •.. ___ •••• __ .------------ . 124·5 2·o95 09 
281 58 53 IOI 59 IS Pleasant Lake. 790·6 2·897 93 

42 48 32 222 48 08 Hinckley ___ ---- _____ .--------. __ • ____ ---·· I 220·6 3·086 56 

91 s8 21 271 57 48 Seymour. I 153·1 3·061 86 

134 12 13 314 II 53 Seymour ---··-----· ----------------------- 952·7 2·978 97 

216 55 23 36 55 36 Railroad, peg. 781·4 2·892 86 

304 19 28 

I 
124 19 48 Railroad, peg---·------------------------- 824·5 2·916 20 

349 00 44 169 00 50 Cahoon. I 109·9 3·045 30 

187 20 01 7 20 05 Bassett's chimney ·------------------------ I 054·6 3·023 09 

234 31 55 54 32 18 Railroad, peg. I 001"4 3·ooc> 6o 

19 39 12 199 39 II Railroad, peg ___________________ ·--------- 128·96 2'110 46 

315 15 01 135 15 01 Atkins, peg-----------------------·------- 13·05 1 ·115 61 

198 29 08 18 29 46 West Brewster ____ ------------------------ 4 216·8 3·624 98 

294 16 41 114 19 00 Harwich Exchange. 5 308·6 3·724 98 

151 28 34 331 26 26 Scargo Observatory ---------- ------- --- -- -- 9 293·1 3·968 16 

241 44 58 61 47 00 Harwich Exchange. 4 812·6 3 ·682 38 

207 00 32 27 02 38 West Brewster---------·------------------ 9 682·1 3·985 97 

2s7 01 18 77 08 55 Chatham. 16 318·9 4·212 69 

213 52 35 33 SS 18 \Vest Brewster---------------------------- 10 146·1 4·oo6 30 

258 35 o6 78 43 20 Chatham. 17 507'7 4·243 23 

137 25 os 317 24 43 Dennis Port school ------------------------ I 140·1 3·os6 96 

228 03 09 48 04 49 
. 

Harwich Exchange . 4 662·8 3•668 6S 

'---· ·------------ --
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CAPE COD BAY AND PENINSULA-Continued. 

Station. Latituc.le. 
i 

-------
1-
·----·-·· 

I II 

Brewster, corner r 2, peg. 41 43 35 ·26 

econds in 
1s c1 • 

Longitude. ; • econ s m 
metres. 

I 
metres. 

-
0 I II 

J087"8 70 02 19·16 442·9 

s 

Brewster, comer r 2. 4I 43 36·45 1124·5 70 02 20·21 467·1 

Brewster, corner 13, peg. 41 43 30·87 952·4 70 02 34·26 791·9 

Brewster, comer 13. 41 43 30·34 936·0 70 02' 34·50 797"4 

Dennis, comer I, base I. 4I 39 36·01 1111 ·o 70 07 01·71 39·6 

Dennis, corner r, base 2. 41 39 36·89 rr38·r 70 07 04·25 98·3 

Dennis, comer r. 41 39 38·20 rr78·5 70 07 11 ·16 258·2 

East Dennis Methodist church spire. 41 44 53·68 I656·r 70 08 51 ·86 1198·2 
1887. 

East Dennis, cupola. 41 44 53·61 

Old huuse. 4I 44 30·31 

1654 ·o 70 09 04·90 

I 

rr3·2 

935·1 70 08 37·18 859·I 

I 
Quivett Creek. 4I 44 34·40 1061·3 70 08 51 ·86 n9S·3 

Brewster, corner 2, peg. 4I 44 37·76 rr65 ·o 70 08 45 ·30 I046·7 

Brewster, co1 per 2. 41 44 37"56 u58·8 70 08 45·08 1041·7 

Baxter's wharf. 41 38 55·50 1712·2 70 r6 24·40 564·6 

! 
Barnstable, corner IO. 4I 38 53·20 1641 ·3 70 16 28·71 664·4 

German Hill 2. 4I 41 19·04 
1887. 

587·4 70 I2 56·61 1309·2 

German Hill 3. 4I 41 28·04 865·1 70 12 35·60 823·3 
1887. 

Meridian, north stone. 41 42 30·99 956·1 70 17 41 ·89 968·5 

Meric.lian, middle stone. 41 42 28·71 885·8 70 17 41·92 969·2 
Meridian, south ~tone. 41 42 26·57 

I Iallett Pond. 41 42 0878 

. 819·7 70 17 41·95 

I 
969·9 

270·9 70 I5 38·77 896·4 

: 

Black Ball JI ill. 41 43 48·04 I482·r \ 70 II 27·14 627·2 
' 
i 

I Nohscussett llagstafT. 41 44 38·42 

I 1887. 

I N obscussett, water tank. 4I 44 41 ·68 

rr85 ·3 I 70 12 27·34 63I ·7 

I285·9 ! 70 12 26·91 621•8 

i 
Garden River. 41 43 24·79 764·8 

I 
70 II 59·19 I368·1 

Dennis, corner 6. 41 43 1r92 552·9 I 70 II SI ·14 n82'I 

-··-- I 
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CAPE COD BAY AND PENINSULA-Continued. 

-------,--------· ··-· --

Azimuth. Back azimuth. 

--0----:-~ ---- 1-·· 0 

123 28 32 303 28 21 
II 

38 38 45 218 38 39 

326 29 36 

121 12 00 

173 14 58 

248 46 56 

198 41 33 

174 16 IO 

20 23 57 

I 00 20 

294 34 17 

284 10 20 

326 18 38 

70 30 41 

285 15 04 

68 20 29 

283 36 21 

85 27 41 

154 49 01 

180 00 04 

290 23 49 

320 44 15 

55 38 31 

140 44 16 

55 53 12 

128 27 04 

234 30 27 

207 23 17 

267 04 18 

86 50 45 

120 31 42 

215 44 34 

273 14 32 

180 32 13 

180 32 13 

256 41 18 

142 38 35 

83 53 14 

56 48 59 

318 09 32 

32 13 38 

320 08 11 

31 42 50 

164 53 16 

225 55 o6 

138 43 36 

210 50 24 

146 29 37 

JOI II 49 

353 14 57 

68 47 06 

18 41 33 

354 16 09 

200 23 55 
181 00 20 

114 34 19 

104 10 25 

146 18 42 

250 29 22 

105 16 14 

248 19 19 

!OJ 37 4° 

265 26 13 

334 48 51 

0 00 04 

110 23 59 

140 44 20 

235 38 27 

320 44 16 

235 51 51 

308 26 43 

54 3° 30 

27 24 41 

87 13 42 

266 45 16 

300 28 51 

35 45 06 

93 16 45 

0 32 13 

0 32 13 

76 42 09 

322 37 46 

263 49 37 

236 47 03 

138 JO 12 

212 12 22 

140 08 51 

211 41 34 

344 52 58 

45 55 27 

318 43 31 

30 50 40 

· 1 

L 
To station. 

··-------- ··----· 
I 
I 

~::::~: ~~:-!-. -------------. ---------------\ 
Brewster, corner 12, peg ________ -·- ________ _ 

Black. 

Black ________ . ___ .•... ---------- __ --------

Brewster, corner 12, peg. 
Brewster, corner 13, peg ___________________ _ 

Black. 

Kelly.--------------------··-------.-----

Kelly ----------· ------------------------
Dennis, corner 1, base 1. 

Dennis, corner 1 1 base 2 ------··-------··---

Kelly. 
Scargo Observatory _________ . ________ . _____ _ 

\\'est Brewster. 

Scargo Obsen·atory ----------------------- _! 

West Brewster .. 

Scargo Observatory-------·---------------
East Dennis Methodist church. 
East Dennis Methodist church ______________ _ 

Old house. 

Old house ____ . __ .. __ . _____ ------ ------ ___ _ 

Quivett Creek. 

Brewster, corner 2, peg .. ___ ----------------
Hyannis __ . ______ .. ________ . _____ . - - . - - .. - - -

Hyannis Universalist church. 

Baxter's wharf ____ ---------·-------------· 

Scargo Observatory-----------------------
Chatham. 

Shoot!lying .. -----------------------
Sandy Neck light-house. 

Sandy Neck light-house .. ---------·-------
Yarmouth Congregational church. 

Meridian, north stone-----·--------------··

.Meridian, north stone _ _ --------- ·--- ----
Yarmouth Congregational church ___________ _ 

Sandy Neck light-house. 

Sandy Neck light-house ___ ---------. __ ----

Yarmouth Congregational church. 
Black Ball Hill ___________________________ _ 

Yarmouth Congregational church. 

Black Ball llill ----·. ___ -----------------. 
Yarmouth Congregational church. 

Nobscussett water tank 

Black Ball Hill. 

Garden River .. ____ .. ---------------------
Black Ball Hill. 

Distance. 

/lfetres. 
475·0 

361 ·9 

44' 135 

434·7 

400·3 

374·5 

17·235 

415·9 

178·6 

194·3 

64·695 

164·855 

282·0 

2 890·9 

2 539·4 
2 fo8·1 

2 830·7 

3 074·0 

796·8 

595·0 

361·8 

296·6 

183·4 

8·o 

3 418·6 

936·2 

122·475 

6 372·1 

19 639·0 

II 445 ·9 

6 911·0 

I 929·7 

4 635 ·5 

70·42 

136·37 

I 830·9 

2 832·4 

7 578· 1 

4 822·8 

2 085·9 

4 958·6 

2 155·6 

• 5 049·2 

2 457 ·2 

I OJI 'J 

281·9 

I 082·4 

477 

Logarithm. 

2·676 65 

2·558 57 

1 ·644 78 

2·638 16 

2·6o2 35 

2·573 46 

1·236 41 

2·618 99 

2·251 85 

2·288 52 

1 ·8J0 87 

2·217 10 

2·450 28 

3·461 03 

3·404 73 

3·416 33 

3·451 90 

3·487 71 

2·901 36 

2·774 50 

2·558 48 

2·472 13 

2·263 42 

o·9o3 09 

3·533 85 

2·971 36 

2·088 05 

3·804 28 

4·293 13 

4·058 65 

3·839 54 

3·285 49 

3·666 10 

1 ·847 70 

2·134 72 

3·262 67 

3·452 16 

3·879 56 

3·683 30 

3·319 30 

3·695 36 

3'333 57 

3·703 22 

3·390 44 

3·013 37 

2·450 14 

3·034 37 
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CAPE COD BAY AND PENINSULA-Continued. 

Station. Latitude. Seconds in Longitude. 
Seconds in 

metres. metres . 

.. ----·---·-

0 I II 0 I II 

Dennis, comer 7. 41 43 22·40 691·1 70 II 57·59 1331 ·2 

Poverty, peg. 41 43 17"26 532·5 70 12 08·05 186:1 

Dennis, corner 5, peg. 41 43 07"05 217"5 70 II 56·53 1306·7 

Dennis, comer 5. 41 43 o6·8o 209·8 70 II 56·00 1294·5 

Pine Knoll 41 42 34·89 1oj6·4 70 12 30·04 694·5 

Rock. 41 42 03·44 106·1 70 II 25·30 584·9 

Dennis, comer 4, flag. 42 45·55 
I 10·36 239·5 41 

I 
1405·3 70 II 

Dennis, corner 4. 41 42 46·09 1421 ·9 70 II 10·93 252·7 

Dennis, co~er 3, flag. 41 42 32·94 1016·2 70 10 51·15 u82·5 

Dennis, comer 3, peg. 41 42 32·67 1007"9 70 10 48·69 1125 ·7 

Dennis, corner 3. 41 42 32·64 1007'0 70 10 45·8o 1058·9 

I 
Rock, base 1. 41 42 11·6o 357·9 70 II 32·23 745· 2 

I 
I 

Rock, hase 2. 41 42 11 ·6o 357"9 70 I I 32·23 745· 2 I 

Dennis, corner 2. 41 42 27"09 835·8 70 10 50·98 1178·6 

Barnstable, comer 9. 41 41 32·44 1000'8 70 15 36·46 843·1 i 

/ Barnstable, comer 8, peg. 41 42 04·38 135·1 70 15 40·79 943·2 

Barnstable, comer 8. 41 42 04·50 138·8 70 15 38·91 
I 

899·7 

Barnstable, comer 2. 41 38 33·14 1022'4 70 27 07"95 184·0 

Santuit. 41 38 57·92 1786·9 79 27 01·08 25·0 
I 

Folger. 41 39 02·45 I 75·6 70 26 43·06 996•4 

Lovell. 41 38 54·13 I 1670·0 70 26 47'96 I 109•8 

' 
Birch. 38 59·48 

I 

I 41 I 1835·0 70 26 49·58 1147"3 

Holmes. 41 39 27'52 849·0 70 27 06·64 153·6 

Barnstable, comer 3. 41 39 01·43 44·1 70 26 49·24 Il39'4 

Harlow. 41 40 01 ·56 48·1 70 28 22·61 523·1 

Harlow, base I. 41 40 00·48 14•8 70 28 17·81 412·0 

---- -·- -·--------- ---
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CAPE COD BAY AND PENINSULA-Continued. 

------------

Azimuth. I Back azimuth. To station. Distance. Logarithm. 

I 
;-------·--\·-··------ ·--··-·-----------------!----

0 I II 0 I II Mt/res. 
l53 22 50 333 22 49 Garden River_-----_------------· ____ --··· -- 82·5 1·916 68 

221 39 16 41 39 36 Black Ball Hill. I 059·0 3·024 88 

170 29 59 350 29 46 Nobscussett water lank------· --- ·----- ---- 2 640·7 3·421 72 

224 52 38 44 53 °5 Black Ball Hill. I 340·2 3·127 13 

139 47 16 319 47 08 Poverty, peg ______ ---------··-------------· 412·6 2·615 56 

208 14 14 28 l4 34 Black Ball Hill. I 435·5 3·157 00 

l22 l7 40 302 17 40 Dennis, comer 5, peg---------------------- 14·40 1·15836 

81 32 55 261 31 41 Yarmouth Congregational church----------· 

I 

2 610·2 3·416 68 

212 47 30 32 48 12 Black Ball Hill. !! 684·7 3·428 89 

98 II 48 278 og 50 Yarmouth Congregational church.------------ 4 120·9 3·614 99 

179 14 46 3S9 14 45 Black Ball Hill. 3 22rs 3·so8 86 

14 53 24 194 S3 14 Rock . _________ .. _________ .. __ - - - - - -- - - - - - I 344·4 3'l28 S4 

80 SI SI 26o 49 44 Yarmouth Congregational church. 4 481·1 3·6s1 38 

321 42 14 141 4z 14 Dennis, corner 4, flag-------- ------------- 21·36 1·329 60 

40 56 20 220 SS 57 Rock _________ . ____________ . - ___ - - - - - - - - - I 20S'I 3·081 01 

86 12 4S 266 10 25 Yarmouth Congregational church. 4 879·0 3·6~8 33 

98 II 35 278 II 33 Dennis, corner 3, flag---------·----------- S7'49S 1·7s9 63 

94 18 39 274 18 3S Dennis, corner 3, flag---------·-----·-----· 124·1 2·093 60 

90 s8 II 270 s8 09 Dennis, comer 3, peg. 66·80 1 ·824 78 

23s IS 24 SS 15 SI Dennis, comer 3, flag--------------------- I 155·7 3·062 85 

327 32 14 147 32 19 Rock. 298·4 2·474 80 

327 30 12 147 30 17 Rock------------------------------------ 298·4 2·474 8o 

235 IS 23 55 15 so Dennis, corner 3, flag. I IS5'9 3·062 91 

47 24 33 227 24 10 Rock ·-----------------------------------! I 078·0 3·032 62 

63 23 37 243 23 10 Rock, base 1. · I o66·j 3·028 04 

228 14 43 48 15 33 Yarmouth Congregational church------------ 2 316·6 3·364 86 

177 16 09 357 16 08 Hallett Pond. I 122'5 3•050 18 

199 00 45 19 00 46 Hallett Pond ____ ------ ________ ----- _______ 143·4 2·1s6 68 

181 24 20 I 24 20 Hallett Pond . _______________________ - _ - - .. 132·1 2·120 77 

85 16 21 265 16 20 Barnstable!, corner 8, peg. 43·64 1 ·639 88 

154 30 55 334 3° 23 Ames ______ ·-------------------------- ___ 2 6o2·4 3'415 38 

169 50 28 349 so 27 Crocker. 2s1 ·86 2·401 16 

21 29 29 201 29 23 Crocker·-------------------------·------- 555'3 2·744 s6 

141 05 52 321 05 15 Ames. 2 036·2 3·308 82 

43 23 26 223 23 08 Crocker---------------------------------- 903·3 2·9s5 84 

71 28 51 251 28 39 Santuit. 439·8 2·643 29 

.II I 03 14 291 03 05 Santuit-------·------------------------·-- 325'3 2·512 30 

203 51 20 23 51 23 Folger. 280·5 2·448 00 

238 45 19 s8 45 23 Folger __ ·----·--------------------------- 176·7 2·247 14 

347 og 53 167 og 54 Lovell. 169·2 2·228 32 

324 48 47 144 49 03 Folger ______________________ - __ - - - - - - - - - - 946·8 2·976 25 

337 15 02 157 15 14 Lovell. I 117"0 3·048 05 

257 35 08 77 35 l2 
Folger ___________________________________ 

146·5 2·165 86 

7 32 04 187 32 04 Birch. 6o·7 1·782 90 

120 44 02 300 40 19 Pine Hill_ ________ -------------- -- -------- 9 037"3 3•956 04 

171 16 29 351 15 56 Bourne Hill. 7 468·6 3·873 24 

106 4l IO 286 41 07 Harlow·----------------------·--·-------- 115·9 2·o63 94 



480 UNITED ST.A.TES COAST .A.ND GEODETIC SURVEY. 

CAPE COD BAY AND PENINSULA-Continue<l. 

Station. Latitude. i Seconds in/ . I .ongitude. 
Seconds in 

metres. : metres. 

--1----- I ·--------------- -·- -·-- ·1-----~-

0 II 

I 

0 I II 

Harlow, base 2. 41 40 02·74 84·5 70 28 17·53 405·5 

Com. 41 40 09·31 287·2 70 28 30·20 698·6 

Extra Aag. 41 40 06·11) 190·0 70 28 16·34 378·0 

Extra peg. 41 40 19·90 613·9 70 28 23·94 553·9 

Long peg. 41 40 24 ·56 757·7 70 28 23·88 552·4 

Canaumet. 41 40 07·40 228·3 70 29 12·49 288·9 

Indian flagstaff. 41 40 47·31 1459·6 70 28 39·84 921 ·4 
1887. 

Wakeby. 41 40 36·85 1136·9 70 29 42·84 990·9 

Mashpee, peg. 41 40 37·25 1149·2 70 28 32·49 751 ·6 

Sandwich, corner 14. 41 40 36·66 1131 ·o 70 28 32·06 741·5 

Quail. 41 40 12·46 384·4 70 29 56·63 1310·0 

Sandwich, corner r 2. 41 39 57·71 1780·4 70 28 57·6o 1332·5 

Sandwich, corner 1 I. 41 39 39·89 1230·7 70 28 51·78 1198·0 

Hou.e chimney. 41 39 20·35 627·8 70 29 34 ·53 799·0 

Peters Pond. 41 40 59·24 1827·6 70 29 56·38 1304·0 

Sandwich, corner 22. 41 40 34·08 1051·4 70 30 42·53 983·8 

Barnstable, corner 6. 41 44 03·83 118·2 70 23 21·34 493·2 

Sandwich, corner 17. 41 41 06·67 205·8 70 28 42·80 989·8 

Sandwich, comer 20. 41 40 37· 11 1144·9 70 29 40·41 934·7 

Flat Rock. 41 45 17° IO 527·6 70 32 20·31 

I· 
469·2 

1887-1889. 

Sandwich, corner 5. 41 47 28·84 889·8 70 31 11 ·84 273·4 

Dwarf. 41 46 01 ·52 46·9 70 31 30·42 702·7 

Sandwich, peg. 41 46 03·29 101·5 70 31 09·56 220·8 

--- ------- ----------------·--·-



REPORT FOR 1894-P .A.RT II. 

CAPE COD BAY AND PENINSULA-Continued. 

Azimuth. I Back azimuth. --
1 

--- - To station. I 

-,-//--1--:-,-,;-1--- -- ----------) 
7
; :! !: / :!; :! :~ 1 ::::::.-~:s-e-:~---· -------------------·----1 

304 40 06 124 40 14 ~!::::::base 2----------------------------! 
323 43 15 143 43 20 i 

14 39 46 194 39 45 Harlow, base 2 ------------- ·-------------, 
45 38 58 225 38 54 Harlow. , 

356 53 47 176 53 48 i Harlow ----------------------------------1 
344 21 16 I64 21 20 ! Harlow, bnse 2. ) 

342 54 I8 I62 54 23 i Extra flag_-----·-------------------------: 

357 37 16 117 37 17 I Harlow.· I 
244 46 35 64 47 07 , Long peg. --------------------------------j 
278 50 59 98 5 I 32 ! Harlow. J 

344 I3 28 I64 I3 39 1 Harlow -------- -----------------------··j 
31 30 55 21 I 30 33 , Canaumet. ; 

257 30 05 77 30 47 i Indian flagstaff ________ --------------------! 
322 I8 OI 142 18 2I - Canaumet. 1 

1 Lon e i 3!; :; ~! :!; :; :: _ Can:u::t~--------------------------------1 

I5I 18 53 33I I8 53 Mashpee, peg-----------------------------
46 oo 47 226 oo 20 Canaumet. I 

238 48 23 58 49 I4 Indian flagstaff----------------------------! 

2;8 42 24 98 42 53 

I30 57 IO 3IO 57 00 

I95 OI 18 15 OI 30 

150 32 59 330 32 45 

166 13 40 346 13 36 

199 21 00 I9 :?I 15 

·216 32 17 36 32 42 

116 51 56 296 49 15 

I90 27 40 IO 28 10 

128 33 06 308 30 56 

198 13 38 18 14 38 

327 13 08 147 14 49 

89 22 29 269 18 36 

109 39 58 289 36 28 

172 55 52 352 55 33 

257 19 25 77 20 05 

-324 49 43 I44 50 02 
298 20 36 II8 22 42 

23 55 59 203 54 54 

336 35 30 156 36 50 
21 16 03 20I I5 I7 

I89 OJ I5 9 03 27 

319 15 09 IJ9 16 4I 

83 32 06 263 31 52 

178 SI 46 358 SI 44 

! 
I 

Canaumet ____ • ______ • __ -- --- ___ ---- -----· 1 

I n<lian flagstaff. 

Canaumet ---- _____ • ___ ---- __ ---------- ____ j 

: Sandwich, corner I 2. 1 

: Canaumet . ________ ••• ___ . ____ • __ .. _______ ·) 

· Sandwich, corner 12. ' j 

! Pine Hill __________________________________ j 

1 Bourne Hill. : 

i Pine Hill.·---------·-----------------···-' 
/ Bourne Hill. ! i Shootflying _______________________________ J 

' Bourne Hill. ! 
Pine Hill _______________________ ------ ____ I 

Bourne Hill. I 
) Indian flagstaff------------------- .. -------·/ 

Cana um et. I 
I I 

1 

Bourne Hill_ ______________________________ ; 

; Pine Hill. J 

1 Bourne Hill.------- ____ ·---- __ ._ .. _________ j 
i Flat Rock. I 

I 

Sandwich, corner 5 ·--· --------------------! 
Bourne Hill. I 

; Dwarf_----------------------------------: 
I 
! 

Sandwich, corner 5. 

Distance. 

A-le/res. 
123·1 

70·035 

356·3 

296·7 

108·9 

202·9 

566·5 

549·6 

593'9 

709'9 
I 242·9 

I 167·9 

I 466·5 

I 444'7 

I 492·6 

l 148·5 

439·2 

l 305·5 

20·73 

I 299·9 

2 076·3 

l 033· 1 

456·0 

I 584·6 

974·5 
566·0 

I 538·5 

I 434•8 

6 277·7 

5 696·7 

5 796·8 

6 715 ·8 

6 475 ·7 
8 095·8 

7 753·5 
5 414·0 

I 435'9 
I 121 '5 
4 954·5 
5 6o2·0 

6 992·9 

4 361·2 

2 727'9 

4 913·8 

484·9 

2 639·8 

481 

Logarithm. 

2·090 10 

I ·845 32 

2·551 86 

2·472 28 

2·037 18 

2·307 30 

2·753 21 

2·740 03 

2·773 68 

2·851 21 

3·094 42 

3·067 39 
3'I66 28 

3'I59 79 

3·173 94 
3·060 15 

2·642 62 

3'1 I5 78 
l'3I6 6o 

3'l I3 91 

3'3I7 28 

3·0I4 rs 
2·658 97 

i . 3'I99 93 
2·988 77 

2·752 80 

3'I87 II 

3·156 79 

3·797 80 

3·755 62 

3·763 19 
3·827 10 

3·811 29 

3·908 26 

3·889 50 

3'733 52 

3·157 13 

3·049 78 

.r695 oo 

3·748 34 
3·844 66 

3·639 61 

3'435 83 
3·691 42 

2·685 69 

3·42I 57 

'------------ -------------------------------- ---- -----------
S. Ex. 8, pt. 2-31 



482 UNITED STATES COAST AND GEODETIC SURVEY. 

CAPE COD BAY AND PENINSULA-Continuecl. 

----·-·----· ·--

Station. Latitude. Seconds in Longitude. I Seconds in 
metres. metres. 

---- 1-----
0 I // 0 I // 

Sandwich, corner 4. 41 46 17·04 525·7 70 31 16-17 373·5 

Bourne, peg. 41 46 07·88 243·1 70 31 28·98 669·4 

Sandwich, comer 3. 41 46 o6·12 188·8 70 31 25·48 588·6 

Cliff. 41 48 34·96 1078·6 70 32 18-38 424·3 
1887-88. 

Bourne and Plymouth corner. 41 48 35·97 I 1og·7 70 32 20·17 465·6 

Cove school. 41 48 23·09 712·4 69 58 34·40 794·1 

Sagamore church spire. 
1887. 

41 46 50·52 1558·6 70 32 10·55 243·6 

Barnstable, comer 1. 41 38_ 30·53 941·9 70 27 13·05 302·0 

Barnstable, comer 4. 41 39 25 ·09 774·1 70 27 05-6o 129·6 

Sandwich, corner 9. 41 39 57'69 1779·8 70 28 18·13 419·4 

Sandwich, corner 10. 41 39 35·39 1091 ·8 70 28 33-44 773·7 
Sandwich, comer 15. 41 40 47"91 1478·1 70 28 32·87 760·2 

Sandwich, corner 16. 4I 40 56·92 1756·0 70 28 33·78 781 ·2 

Sandwich, corner 19. 41 40 41·32 1274·7 70 29 50·16 1160·2 

Sandwich, corner I 3. 41 40 36·50 1126·0 70 28 34·95 8o8·4 

Sandwich, corner 21. 41 40 14·89 459·4 70 29 52·59 1216·6 

Sandwich, comer 18. 41 41 00·74 22·8 70 29 51 ·71 1196·0 

Brewster, corner 6. 41 44 52·29 1613·2 69 59 37·42 864·6 

Brewster, comet 9. 41 44 08·66 267·2 70 00 09·85 227·6 

Brewster, comer I 1, 41 43 24·34 750·9 70 01 35·39 818·0 

Barnstable, corner 7. 41 42 11 ·91 367·4 70 15 39·20 906·4 

Barnstable, corner 5. 41 39 50·75 1565'7 70 27 33' 24 769·0 

Herring Pond. 41 47 21·72 670·1 70 33 32·72 755·5 
1888-89. 

Round Rock. 41 45 10·36 319·6 70 32 18·16 419·5 

Jeannette. 41 43 16·42 5o6·6 70 32 12'00 277-4 

Old Board 41 47 23·24 \-'717'0 70 34 17'02 392·9 

Parker. 41 47 07·74 238·8 70 34 08·50 196·3 

Notice. 41 47 28·40 876·2 70 33 39·80 919·0 

Easton, flagstaff. 
1888. 

41 48' 05·46 168·4 70 33 42·17 973·6 

Bourne, corner 6, 41 47 08·31 256·4 70 34 08·74 201·8 

Bourne, corner 7. 41 47 26·87 829·0 70 33 40·55 936·3 
Bourne, corner 1 z. 41 43 14·25 439·6 70 32 15·43 356·6 
Tarkiln Hill. 41 46 14·64 451·7 70 38 45·89 1o6o·o 

--------·- ..... -------·- ... ··-···· --··----------·-··· 



Azimuth. 

o I II 

340 12 20 

34 30 26 

9 37 09 

38 ~6 04 

I23 49 22 

323 00 2I ' 

0 25 08 

306 53 44 

0 OI 47 

S6 26 22 

63 49 24 
32I 4I 28 

328 :Z8 59 

I35 SS I8 

354 10 SJ 

85 08 52 

336 28 S8 

3 49 09 
296 26 40 

25 I8 07 

25I 47 JI 

I77 40 SI 

272 36 37 
325 I6 4I 

I57 38 23 

242 25 I9 

46 06 I9 

79 29 4.2. 

357 I5 47 
I8 SO 49 

342 34 46 

200 I4 40 

254 00 o6 

316 03 38 

RgPOR'l' FOR 1894-P .A.RT II. 

CAPE COD BAY AND PENINSULA-Continued. 

To stat:on. 

------·--·,'----·----------· . -O I II 

16o I2 24 . Sandwich, peg---------------------

214 30 17 

I89 37 08 

2I8 46 OI 

303 49 20 

143 OI 05 

I8o 25 07 

126 5.3 45 
I80 OI 47 

236 25 22 

243 47 53 

I4I 43 27 

I48 29 26 

JIS SS 09 

I74 IO SJ 

265 08 37 

156 29 46 

I83 48 s2 

116 28 44 

205 I7 00 

7I 49 JI 

3S7 40 47 

92 37 07 

145 I7 59 
337 38 17 

62 25 43 

226 06 00 

259 29 17 

177 IS 49 

198 50 32 
I62 34 46 

20 14 41 

74 03 35 

136 06 49 

~:::::~ ·-------------------------------- _! 
Dwarf-----------------------------------
Bourne, peg. 

I Sandwich, comer 5-------------------------

1 ~~ R_'_'k_. .•• - ---· •.•• ··-·. -·· ··-· •. ·I 
~:;kl{~:~~--------·-----------------------1 
Orleans 2. J 

Boll1·ne Hill ______ ._. ____ ----- ___ ~ __ ••. ____ 1 

Dwarf. 

I King Hill --------------------··-----------

! ~::~:t-~~~~-~- ~~ ~~~:~~~:~:~:~~.~:::~~::~~~: 
I ~::: ~~~~ ---------------------------~---

Bourne Hill.-------------------------------
Pine Hill. 

Bourne Hill-----------------------------· 
Round Rock. 

Herring Pond ______ ·----- ____ • _ -- __ -- _ ----

Flat Rock. 

Old Board--------------------------------
Herring Pond. 
Parker-----~- __________________ - -- -------" 

Old Board. 

-Notice------------------·----------------
Parker. 

Parker. ____ .•• -------------- ____ ·--- __ ----
Notice ____ ------ ---- ________ • ____ ... __ ----

Herring Ponti __ --------------------------
Pine Hill. 

483 

·- - --- ---,----
Distance. 

.1fd1·es. 
450·9 

58I ·I 

r99·I 

182·3 

97·325 

2 553·3 

6 Io4·5 

5q85 

6 135·s 

2 497·0 

3 53o·I 

6 670·2 

I 773' I 

470·9 

96·98 

536·55 

4 I92'9 

8 985·0 

4 8I4·7 

5 433·8 

4 J88·2 

3 5I8·3 

I 023'9 

4 734·0 

5I7'0 

932·0 

9I9'S 

873·9 

J 144·8 

I 88I ·8 

18·30 

50·31 

7 522·6 

9 571'7 

1.ogarithm. 

2·654 04 

2·764 22 

2·299 or 

2·260 67 

1 ·988 22 

3·407 II 

ns5 65 

I ·7I4 20 

3·787 85 

3·397 41 

3·547 79 

3·824 I4 

3·248 73 . 

2·672 92 

I ·986 67 

2·729 6I 

3·622 51 

3·953 52 

3·682 57 

3'735 JO 

3·642 29 

3·546 33 

3·010 26 

3•675 23 

2·7I3 51 

2·969 43 

2·963 54 

2·94I 4S 

3·058 72 

3·274 58 

r262 45 

I '70I 65 



484 UNITED STATES COAST AND GEODETIC SUH.VEY. 

CAPE COD BAY AND PENINSULA-Continued. 

------------------------,------------------
Seconds in i I Seconds in 

1 Longitude. 
metres. , ______ 

1 

_ ::tre~~-
Station. Latitude. 

Ryder. 

Dead pine. 

White Island Pond. 

Ryder, peg 1. 

Plymouth, corner 1. 

Plymouth, corner 2. 

Plymouth, corner 3. 

1 Plymouth, corner 4. 
I . 

o I I' 

41 45 58·20 

41 47 22·23 

41 45 56·44 

41 45 46·54 

41 47 16·45 

41 48 19·69 

41 48 23 ·oo 

CAPE COD BAY TO BOSTON BAY. 

l ~o~k Hill. --

1 

(C. & G. S. & Bdn.), 1835-1890. 

Carolina Hill. 
1848-1889. 

Prospect Hingham. 
(C. & ·c. s. & Bdn.), 1834-1885. 

Sprague. 
(C. & G. S. & Bdn.), 1834-1848. 

Gumet. 

Brant. 

White. 
1848-49. 

Alden. 
(C. & G. S. & Bdn.), 1835-1889. 

Telegraph Hill. 
(Borden.) 

Scituate light-house. 
(C. & G. S. & Bdn.), 1834-1849; 

Standish monument. 
1877-1889. 

Middleboro town hall, flagstaff en dome. 
1885-1890. 

Pasture. 
1887-1890. 

Bridgewater waterworks. 
1888-1890. 

l 
South Abington waterworks. 

1885-1890. 

41 57 39·108 

42 06 58·520 

42 II 34•686 

42 00 17'896 

42 00 II •398 

42 05 17'319 

42 07 05·938 

41 49 48·328 

42 06 53·638 

42 12 17·316 

42 00 50·236 

41 53 31·128 

41 49 19·512 

42 oo 1r816 

42 04 49·669 

1795·5 

685·8 

1741 ·3 

1435·8 

507'5 

607'5 

1206·7 

1805·4 

1070·2 

552·2 

351 ·7 

534'4 

183·2 

1491 'I 

1654·9 

534·3 

1549·9 

96o·4 

602·0 

549·7 

1532·5 

O I II 

70 37 19·72 

70 37 54·08 

70 37 32·44 

70 37 59·32 

70 37 40·12 

70 37 01 '68 

70 43 23·398 

70 43 52·853 

70 51 27·166 

70 58 00·109 

70 36 06·055 

70 38 28702 

70 41 24·595 

70 57 02·790 

70 41 50·218 

70 42 58·136 

70 40 57·642 

:;o 54 4i·409 

70 53 08·359 

70 57 59·814 

70 56 34·247 

j 

455·5 

1071 ·4 

749'4 

1305·6 
__ I 

538·8 

1214·2 

623·3 

2·5 

139·4 

659·7 

565·0 

64•4 

1I53·6 

1347·4 

1326·3 

954·6 

192·9 

1376·5 

787'2 
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CAPE COD BAY AND PENINSULA-Continued . 

. ·-···--·-·- .. -··-··· ··-· --· ·-------------------------

' I I Back azimuth. I Distance. Logarithm. 

-l-·-···---··-·--·1·-----1--!--I 
Azimuth. To station. 

0 I II ' 0 I II life/res. 
280 21 34 

323 56 43 

329 36 28 

33 23 II 

J33 34 20 
16 25 JO 

2s9 29 35 
322 01 15 

243 47 30 

140 50 38 

338 36 47 

31 57 40 
·. 20<} 46 16 

100 24 SJ 

143 S8 S7 

149 39 00 
213 22 31 

15J 36 S7 

196 24 s6 

79 29 4J 

142 OJ 37 

6J 47 48 

320 50 34 

1s8 32 49 

211 s6 31 

29 46 18 

Flat Rock --· ____ ·--- ·--- -----· _ --- ·-----
Pine Hill. 
l~neHill ________________________________ _ 

Tarkiln Hill. 

Pine Hill _____ ---··-------·--·-------····· 
Tarkiln Hill. 

Ryder·······-----------------·----------
Pine Hill. 

Ryder, peg 1------------------------------
Dead pine-------------------------------· 
Pine Hill_. _______ ----·---. ___ -----------· 
Tarkiln Hill. 

/White Island Pond-------------------------1 

'---------'----------'----
CAPE COD BAY TO BOSTON BAY. 

---------

288 41 59·6 108 47 17'3 I ManomeL------------------------··-··- __ ! 

130 53 24•9 310 J7 40·4 ; Blue Hill. 
' 

3S7 44 s8·o 177 4S 17'7 i 1\fonk Hill __ ---- _____ --------------- ____ •. 

108 43 33·0 288 28 o6•8 i Blue Hill. 
I 

J09 12 12·3 l:l9 17 17'2 ' Carolina Hill------------------------------

95 so 00·1 27s 39 38·4 Blue Hill. 

283 33 4S"4 103 43 31 ·8 l\fonk Hill ____ -------_-----_ --- . -- -- -- --- -

152 03 25 ·9 331 S7 28·8 ! Blue Hill. 

65 01 23·1 244 56 30·6 , Monk Hill·-------------------------------

139 31 49·6 319 26 36·9 Cn rolina Hill. 

J46 52 487 166 54 49'5 Manomet -------------~--· -------· ------·. 
25 38 52·9 205 J5 35·6 Monk Hill. 

338 49 17·8 158 53 16·4 l\fanomet _ -------------------------- ··----
8 53 29·3 188 52 09·7 Monk Hill. 

249 58 27'9 70 12 52·2 
Manomet _________________________________ 

232 21 54·6 52 31 01·8 
I 

Monk Hill. 

337 04 39·9 157 08 55·7 ! 1\lanomet _ ------ ------ _ -----------'-- ------

7 08 SS'9 187 07 53·5 ' Monk Hill. 
' 

347 18 50·1 167 19 5J ·3 \Vhite·-----------------------------------
110 58 42·6 290 54 05·4 Scituate. 

321 41 00·6 141 44 41·0 M anomet ____ . ___ . ___ . ____ . __ • ___________ . 

29 39 08·9 209 37 JI •4 l\lonk Hill. 

243 50 38·6 63 58 11·6 Monk Hill. __ ... __ • - ------ ---------- ------

25 23 31 ·6 20s 21 57"3 Alden. I 
99 21 13·5 279 18 37'2 Alden.·----------------------··----------

164 33 12·7 344 32 10·6 Middleboro town hall. 
I 

2J7 JO 42•6 57 40 IO'O 
; Carolina Hill _______________________________ 

283 33 37'2 103 43 2J'5 i Monk Hill. 

135 55 10·2 315 48 15·2 
I ~~~:p:·:~l~~:;~:::.-- --- ---- -- ·--- ------ ----

209 24 33·6 29 27 59·6 _______ J __ --· .... - ' I 
···- -----·---· --

7 031·9 

7 900·2 

10 409·3 

2 497'3 
12 231 ·s 

4 232·6 

298·7 

8 033·6 

692·0 

229·8 

II SSS'3 

4 546·9 

11s·3 

II 56o•9 

42 76o•J 

17 273·1 

33 418·6 

IJ 468·s 

21 339·0 

20 768·8 

26 o68·1 

lJ 110·6 

16 522·3 

18 329·6 

15 679·0 

22 734•4 

17 700·8 

31 749·7 

23 827'8 

22 6o3·6 

17 242·9 

9 847"4 
10 129·5 

12 245·5 

6 784·6 

17 395 'I 
7 608·2 

s 482·6 

8 054·2 

23 067·0 

20 761 ·6 

20 J90'I 

14 349·0 

3·847 07 

3·897 64 

4•017 42 

3•397 47 
4•087 48 

3•626 61 

2·475 20 

3·904 91 
2•840 II 

2·361 35 

4·o62 78 

3·657 72 
2·ci61 81 

4·062 992 

4·6JI 041 

4·237 J71 

4·523988 

4 •129 J19 

4·329 17s 

4·317 410 

4·416 109 

4·045 737 
4·218 069 

4·263 1$2 

4·195 317 

4·356 683 

4·247 994 

4·~1 739 

4·377c83 

4'3S4 178 
4·236 610 

3·993 321 

4·005 586 

4·087 978 

3·8JI 524 

4·240 427 

3·881 282 

3·738 986 

3.906 024 

4·362 992 

4·317 261 

4·309 ;p9 

4·156 822 



486 UNITED STATES COAST AND GEODETIC SURVEY. 

CAPE COD BAY TO BOSTON BAY-Continued. 

Station. 

Brockton First Congregational church spire. 
1885-1890. 

East Bridgewater Vn!tarian church spire. 
1885-1890. 

Bridgewater Unitarian church spire. 
1885-1889. 

Cochesett Methodist church spire. 
1$89-90. ' 

Scotland Congregational church belfry. 
1889. 

North Easton high school. 
1889-90. 

Halifax Congregational church spire. 
1°885-1890. 

Plympton Congregational church spire. 
1885-1889. 

Kingston Unitarian church spire. 
1886-1889. 

Rockland watenvorks. 
188!)-90. 

Hanove1 Center Congregational church spire. 
1885-1889. 

Rockland Congregational church spire. 
1885-1890. 

Round Top observatory. 

South Weymouth Unitarian church spir-:. 
1885. 

Mount Hope. 
1885. 

Scituate Orthodox church spire. 
1885. 

Scituate Unitarian church spire. 
1885. 

Pigeon Hill. 
1884-1890. 

Standish. 

Plymouth. 

Plymouth pier head. 

Plymouth court-house. 
(Borden) 1835. 

Plymouth National Monument. 
1877-1888. ___________ _, .. __ 

r I 

Latitude. J Seconds in 
, metres. 

--·-- ------; 
0 I II 

42 05 06·758 208·5 

42 01 46·040 1420·5 

41 59 18·248 563·0 

42 00 55·913 1725·1 

41 58 16·039 494·8 

42 03 56·334 173S·1 

41 59 28·110 867·3 

41 57 21 ·245 655·5 

41 59 36·679 1131·7 

42 05 45·946 1417·6 

42 07 00·225 6·9 

42 07 48·982 1511·3 

42 05 38·225 1179·4 

42 10 30·856 952·0 

42 II 34·966 I078·9 

42 12 02·370 73·1 

42 12 00·436 13·4 

' 41 50 58·246 1797·0 

42 00 50·77 1566·4 

41 57 24·78 764'5 

4, 58 46·50 1434·6 

41 57 26·37 813·5 

41 57 36·70 1132·2 

Longitude. 

0 I // 

71 01 14·772 

70 57 11·308 

70 58 27'958 

71 02 27·798 

71 00 29·820 

71 06 16·838 

70 51 42·790 

70 48 56·149 

;o 43 59·102 

70 54 23·622 

70 50 41 ·462 

70 54 56·626 

70 53 18·330 

70 57 06·726 

70 49 18·000 

70 45 36·908 

70 45 22·116 

70 59 44'574 

70 40 58·21 

70 40 07·93 

70 39 13·38 

70 40 02·23 

70 40 34'94 

i Seconds in 
metres. 

339·5 

260·1 

643·5 

639·6 

686·6 

387·1 

984·9 

1293·2 

1360·4 

542•8 

952·5 

1300·6 

421·2 

154·4 

413·0 

846·8 

507·3 

1028•2 

1339•4 

182·6 

3o8·0 

51 ·4 

8o4·7 

--·-----------·-



Azimuth. 

O I 'II 

299 09 so·1 

261 42 2S"4 

291 42 S4"5 

359 29 29·0 

160 22 38·2 

194 20 16·0 

192 14 08·9 

298 36 29·9 

151 IO 38·0 

175 20 20'2 

252 35 44·8 

322 42 58·3 

286 15 27"6 

20 30 05•2 

265 SI 19·6 

13s 3S 15·4 

301 54 5s·s 

347 13 41 ·4 

3I4 37 15·2 

261 09 30·6 

329 45 3S ·5 

63 36 37·6 

348 42 04·7 

22 04 39'3 

ISO 46 13·6 

71 36 55 ·9 

235 18 32•1 

2ss 47 04·5 

171 12 3S'2 

89 50 41·0 

129 52 33'1 

188 59 36·7 

127 56 43·9 

180 47 12·1 

175 28 20·3 

24I 14 08·7 

28o 12 52 

321 41 OJ 

227 15 55 

9S 37 36 ' 

318 08 22 

238 42 27 

297 43 29 

171 SS 58 

297 13 49 

91 07 00 

REPORT FOR 1894-P .ART II. 

CAPE COD BAY TO BOSTON BAY-Continued. 

Dack azimuth. 

o I II 

119 21 47"3 

81 54 03·9 

Ill 52 08•4 

179 29 34'7 

340 20 46·5 

14 21 32·1 

12 14 S7'8 

118 39 10·4 

33I 09 19·1 

35S I9 50· 1 

72 39 07'2 

142 46 50·6 

106 21 OI 06 

200 28 os·8 

85 SS OZ'I 

315 33 24·0 

122 00 37'2 

167 14 05·3 

134 44 37"2 

81 16 33·6 

149 50 28·8 

243 32 41·1 

168 42 26·8 

202 03 33'9 

330 4S 07·7 

2s1 34 44•6 

S5 23 24·8 

75 so s2·5 

3S I 12 12·9 

269 49 I4·2 

309 so 45·4 

8 59 47·6 

307 54 46·3 

0 47 13·1 

35S 27 20·0 

61 25 04·0 

100 16 08 

141 44 42 

47 18 37 

27s 3S 25 

138 IO 53 

58 44 32 

117 46 32 

3SI S4 46 

117. 17 I4 

271 os 07 

To station. 

Monk Hill .. ___ ----- ------ -------- ---- __ ... \
1 Carolina Hill. 

Monk Hill ____ ----------·------------------
Alden. 

Brockton First Congregational church.--------

South Abington waterworks. 
i 

Brockton First Congregational church _________ : 

Bridgewater Unitarian church. I 
Cochesett Methodist church-----------------. 

Brockton First Congregational church. , 

Brockton Firs~ Congregational church_--------! 

Scotland Congregational church. I 

~~~::ie:~~~~~~-~~;l~ -- - - .. --- - .. --- . -- -- - -1 
Monk Hill _______ . ______ ------ .• ---- _____ _I 

Halifax Congregational church. 

Manomet·--------------------------------
Monk Hill. 

Monk Hill __________ ---------------- __ ---· 

Carolina Hill. 
Monk Hill •. ·-------------- _______________ : 

South Abington waterworks. 

Rockland waterworks ---------- ·----------· 
South Abington waterworks. 

Rockland Congregational church _____ ---·----

South Abington waterworks. 

Scituate __ ---- •• ---- ------ ------ ·---------
Prospect Hingham. 
Scituate ______ • ____ . ____ ---- •• _. ____ ------

Prospect Hingham. 

Walnut Hill ---- ------ ------ ---- ----------
Tank 188s. 

Walnut Hill ---~-- ---------------- -------· 
Tank 18S5. 

Brockton First Congregational church. 

Monk Hill. 
Gurnet __________________________________ _ 

Manomet. 

Gurnet. ____ •• -··---- ------ ------ -------- __ • 
Monk Hill. 

Manumet. ____ -------- ----- ·---- ----- ·----
Gurnet.. 

Manon1et·--------------------------------
Telegraph Hill. 
?Jano1net _____________________ ------------

Monk Hill. 

Distance. 

Metres. 
28 2s4·3 

24 188·7 

20 s22·1 

22 144·4 

II 416•8 

IO 554•8 

7 919·6 

6 288•6 

5 630·7 

12 714·2 

7 27s·8 

13 190·2 

II 979'5 

II 7S7"4 

7 683·0 

5 481 ·o 

13 870·0 

3 719·4 

21 361 ·2 

14 664·8 

20 031 ·o 

9 052·3 

3 871·1 

5 969·9 

4 623•4 

4 74S'S 

12 144•4 

8 037·4 

4 985'5 

2 963·7 

4 791·0 

2 382•3 

5 092·6 

2 412·9 

26 261 ·5 

25 775'9 

6 831·7 

12 266·s 

7 578·4 

4 523·1 

7 777·5 

s 045•1 

7 134•8 

17 677·5 

7 950·4 

3 880·4 

487 

Logarithm. 

4•451 085, 

4•383 613 

4·312 222 

4'345 263 

4·057 545 

4·023 448 

3·898 701 

3·798 556 

3·750 563 

4·104 289 

3·861 880 

4·120 252 

4·078 437 

4·070 312 

3·885 529 

3·738 863 

4·142 078 

3·570 470 

4•329 625 

4•I66 277 

4'30I 703 

3•956 761 

3·587 835 

3'775 996 

3·664 966 

3·676 28I 

4·084 377 I 
3•905 113 

3·697 7o6 

3·471 837 

3·68o 422 

3·376 988 

3·706 936 

3·382 535 

4·419 319 

4•411 214 

3·834 53 

4·088 72 

3·879 58 

3·655 44 

3•890 84 

3·7oz 87 

3·853 38 

4·247 42 

3'900 39 
3·s88 88 
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CAPE COD BAY TO BOSTON BAY-Continued. 

Station. Latitude. Seconds in Longitude. . I Seconds in I 
metres. metres. 

_, 
' 

0 I II 0 I II 

Plymouth (Gurnet) light-house. 
(Borden) I835. 

42 00 I2'IO 373'3 70 36 04·33 99·6 

Plymouth (Gurnet) light-house. 
I848-I870. 

42 00 I2'30 379·,5 70 36 04·03 92·7 

North Plymouth rope works. 4I 58 47'50 I465'5 70 4I 20'I6 464·I 

Kingston. 4I 58 53·29 I644°I 70 4I 54·63 1257·6 

Kingston church spire. 
1848. 

4I 59 36·08 1113·2 70 43 52·77 1214•6 

East Duxbury church belfry. 42 02 08·10 249·9 70 40 24·05 553·2 
I848. 

South Duxbury Unitarian church spire. 42 02 06·65 205·2 70 41 33'44 769•2 
1848-1888. 

Duxbury, astronomical longitude station, transit. 42 02 55'I8 I702'5 70 40 10·96 252·1 
1869--70. 

Duxbury pier light-house. 41 59 I4'94 46I 0 0 70 38 56·57 I302'2 
I877-1888. 

Powder Point. 42 02 49'I5 I5I6'4 70 39 I0'75 247'2 

Eel River church spire. 41 56 IS 0 I8 468·3 70 37 49·12 1131·6 
.1848. 

Webster's flagstaff. 42 04 39·21 1209·8 70 40 13·77 316·5 
1848. 

Webster's (Hon. Daniel) house, west chimney. 42 04 48·26 I489·0 70 40 47·07 108I '9 

Lewis. 42 08 09'45 29I ·6 70 43 13·69 3I4'4 

Hatch. 42 08 08·48 261 ·6 70 42 11 ·36 260·9 

Third Cliff. 42 10 49·78 1536·0 70 43 01·94 44·5 

Briggs. 42 IO 02·49 76·8 70 44 57'3I 13I5'5 

North Marshfield Unitarian church spire. 42 08 30•15 930·2 , 70 44 29·46 676·5 
I849. 

Scituate Unitarian church spire. 42 I2 00·69 2I'3 70 45 22·19 509·0. 
I848-49. 

Studfey. 42 08 13'49 416·2 70 48 07•38 I68'5 

Bonney. 42 03 Io 0 50 324·0 70 52 34'0I 782'I 

Coleman. 42 IO 42•14 I300'2 70 43 38·65 887'0 

Boot Pond. 4I 53 07·44 229·5 70 40 00·08 I 0 8 

--------·-· -· . ------------ -·-



Azimuth. 

O I II 

354 2I IO 

65 00 30 

354 24 32 

64 59 38 

305 39 47 
250 I6 20 

303 57 44 
253 I5 OI 

264 09 52 
349 23 13 

330 25 04 

26 27 35 

324 52 26 

I7 OJ 18 

334 10 2c. 

51 43 52 

324 14 45 

64 19 25 

158 47 JI 
191 56 15 

198 01 36 

108 37 I4 

338 27 38 

18 37 r6 

r68 31 40 

328 55 09 

182 34 05 

308 00 48 

315 53 32 

330 53 39 

3 07 15 

342 03 27 

241 07 54 

325 41 36 

167 21 18 

204 59 33 
261 07 41 

329 01 24 

143 33 42 

208 23 25 

185 37 46 

239 31 24 

197 19 06 

135 34 38 

233 18 31 

150 49 00 

REPOH.T FOR 1894-P ART II. 

CAPE COD BAY TO BOSTON BAY-Continued. 

Back nzimuth. 

o I II 

174 21 34 

244 55 36 

174 24 56 

244 54 44 

125 43 43 

70 19 50 

124 02 02 

7 3 18 54 

84 15 04 

169 23 33 

150 28 22 

206 25 35 

144 56 30 

197 02 05 

154 13 29 

231 42 57 
144 17 04 

244 16 27 

338 46 01 

II 56 43 

18 02 45 

288 33 31 

158 30 49 
198 35 09 

348 31 15 

148 56 14 

2 34 15 
128 02 01 

13s 56 01 

150 54 10 

I83 07 07 

162 04 32 

61 09 II 

145 42 4S 

347 20 59 

25 00 32 

81 09 17 

149 04 04 

323 31 28 

28 25 16 

5 38 31 

59 37 13 

I7 19 33 

315 33 28 

53 21 33 

330 46 44 

To station. 

· Manomet_ ____________________ ------ -- ----

Monk Hill. 
Manomet ________________________________ _ 

Monk Hill. 

Manomet. ___________ ----- ------------ .. --

Gumet. 
Manomet_ __________________________ ------ · 

Gurnet, 
Gurnet_ __ ---· _____________________ _ 

I Monk Hill. 

• Manc.met·--------------------------------
Monk Hill. 

Manomet ___________ ·---------------------

Monk Hill. 
~lanornet ________________________________ _ 

South Duxbury Unitarian church. 

Manomet--------------------------------· 
Monk Hill. 

, \Vhitc ____ • _____ ------ ___________________ . 

J Brant. 
! Gurnet _______ ,, __________________________ _ 

J Monk Hill. 

i Manomet_ ___ ----- ----·--··---·---·--·-·---
' Monk Hill. 

White ----------· ------ .. - ·----- -----· ----
Powder Point. 

sc:tuate light-house------------------------

!White. 

Brant .• ________ ---· ---- ------ _ --- -- -- ----
White, 

Lew~------------------------------------
White. 

Third Cliff _____ ---------------------------
Lewis. 

Briggs-----------------------------------
Third Cliff. 

Scituate light-house----------------·------
White. 

Prospect Hingham ______ -------·-----. ____ _ 

Scituate Unitarian church. 

Prospect Hingham •. ___ ----------------·--· 
Carolina Hill. 

Scituate light-house __ ·---------------·----
Scituate Unitarian church. 

:\ianomet ........ _. ------ -----------· -----· 
Monk Hill. 

Distance. 

11/dres. 
8 476·6 

11 155·8 

s 482·2 

11 I64·0 

9 983·4 

7 679·4 

10 737'2 

8 377·4 

10 796·7 

3 672·0 

I3 Su ·5 
9 269·2 

I4 628·8 

8 633·8 

14 957'9 
2 416·6 

s 219·2 

6 818·0 

8 499·4 

4 672·5 

7 664 ·S 

8 123·3 

17 925·9 

I3 676·3 

4 334·8 

4 2go·9 

7 655·6 

3 181 ·o 

7 352•4 
2 208·5 

4 954•6 

7 259·1 

3 023·3 

4 222'2 

2 920·1 

4 753'7 

3 330·9 

10 6o4·5 

7 7177 
7 970·0 

15 631 ·8 

13 891 ·5 

3 076·0 

3 393·9 

7 814·5 

9 6o2·6 

489 

Logarithm. 

3·928 22 

4·047 50 
3•928 51 

4·047 82 

3·999 28 

3•885 33 

4·030 89 

3'923 II 

4·033 29 

3·564 go 

4·140 24 

3·967 04 

4·165 21 

3·936 20 

4·174 87 

3·383 20 

3·914 83 

3·833 66 

3·929 39 

3·669 SS 
3·884 50 

3·909 73 

4·253 48 

4·13597 

3·636 97 

3·632 55 

3•883 98 

3·502 56 

3•866 43 

3•344 IO 

3·695 oz 
3·860 88 

3·480 48 

3•625 54 

3•465 40 

3•677 03 

3·522 56 

4·025 49 

3·887 49 

3·901 46 

4·194 01 

4•142 75 

3•487 98 

3·530 70 

3·892 go 

3•982 39 
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CAPE COD BAY TO BOSTON BAY -Continued. 

I Station. Latitude. I Seconds in Longitude. Seconds in I 
I metres. metres. 

I_. 
I 

I 
0 I II 0 I II 

Carver Center Baptist church spire. 41 53 14"94 460·9 70 46 07·90 182·1 
1886. 

North Carver, white church spire. 41 55 12·62 389·3 70 48 03·07 70·7 
1886. 

South Carver, Union chapel spire. 41 51 28·10 S66·9 70 45 31 •96 737"2 
1886. 

Furnace. 41 52 23·16 714·5 70 43 14·20 327·4 

Telegraph. 41 53 47•04 1451 ·2 70 35 46·62 1074 ·7 
1886. 

Table Land. 41 50 46·02 1419·7 70 39 07·33 169· r 
1886-1889. 

Tank. 41 51 27·71 854·9 70 35 38·32 883·9 
1886. 

Sampson's (Mrs. Aaron) house chimney. 41 54 17·00 524·5 70 38 14·32 330·1 

Exchange. 41 53 29·52 910·7 70 38 45·75 1054·7 

College Pond. 41 52 10·88 335·7 70 39 21 ·22 489·5 

Ridge. 41 53 02·56 79·0 70 39 54·02 1245·5 

Plympton, cupola. 
1888-89. 

42 00 16·87 520·5 70 47 42·16 970·3 

Crooked oak. 41 58 29·58 912·6 70 45 29·68 683·3 

Rickard Pond. 41 56 46·21 1425·7 70 45 57·06 1314·3 

Kingston, corner 2. 41 56 51 ·23 1580·6 70 45 33·08 762·0 

Plymouth (Gurnet) north light-house. 
1888. 

42 00 12°56 387"5 70 36 04·28 98·5 

Duxbury, comer 13. 42 00 47·76 1473·5 70 36 40·10 922·7 

Clarke Island. 42 00 46·66 1439·6 70 38 I I "04 254·0 

Clarke Island, base 1. 42 00 46·35 1430·0 70 38 u·61 267·1 

Clarke Island, base 2. 42 00 46·59 1437·4 70 38 10·38 238·8 

Duxbury, comer 14. 42 00 47·86 1476·6 70 38 10·75 247"4 

Cordage works, chimney. 41 58 46°·90 1447"0 70 41 17·66 4o6·5 

Carolina Hill 2. 42 06 54·70 1687"7 70 43 52·28 1201 ·o 
1888. 

Peterson. 42 04 49·30 1521·1 70 41 15 ·77 362·4 

--------·- ---· 
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CAPE COD BAY TO BOSTON BAY-Continued. 

------------------------·-----------------------
Azimuth. 

i 

2;3 -:~ ;~ ~T-
204 55 3I I 
267 16 51 

234 55 20 I 
240 53 43 

194 30 03 

I24 16 I6 

78 12 38 

I64 25 26 

219 37 42 

I 17 01 48 

177 :?6 49 

236 37 58 
131 14 16 

140 18 24 

68 19 16 

219 56 35 

152 49 30 

23I 48 :?8 

137 05 23 

263 39 12 

309 13 40 

225 12 00 

298 09 30 

159 35 22 

245 13 34 

74 20 09 

354 22 13 

64 56 45 

350 08 00 

57 Si 07 
51 12 09 

91 39 42 

233 28 09 

75 20 43 

98 22 41 

347 35 26 

JO 14 02 

54 JO IO 

186 54 01 

330 52 27 

357 46 40 
12 29 II 

137 06 01 

I 
i 

. [ 
I 
I 

I 

I 
I 
I 

Back azimuth. To station. Distance. Logarithm. 

···- ··-· ----·-- ------------------!------:------·-' 
I II 

73 19 04 

24 57 21 

87 25 16 

54 58 27 
61 00 27 

14 31 29 

60 43 35 

358 45 II 

304 II ll 

258 09 49' 

344 24 51 

39 39 56 

296 58 53 

357 26 43 

56 39 49 
311 1049 

320 15 18 

248 18 26 

39 59 II 

332 49 04 

51 51 26 

317 05 19 

83 43 43 
129 16 33 

45 13 OJ 

II8 10 54 

339 34 12 

65 15 17 

251 19 53 

174 22 37 

244 51 51 

170 08 48 

237 52 37 

231 08 40 

271 37 50 

53 28 09 

255 20 42 

278 22 40 

167 35 26 

190 14 02 

234 08 46 

6 54 14 

150 58 05 

177 46 59 

192 27 45 

JI7 04 16 

Manomet ----··- _ -··· •• -----~ ·--------- .••. 
Monk Hill. 

Manomet .••••..•• ·-----------------------
j '.\lonk Hill. 

Manomet _______ -------------- ------------
Monk Hill. 
Manomet _______ ·---- ______ ------. ----- ___ _ 

Monk Hill. 

I ~~~kP~~~--- ---- ------ - --- --------- - - - -- - -J 

Boot Pond __ ·-----------------------------1 

~:~:g;::~·. ---- ------- ---- ---- ---- ------ _J 
Telegraph. i 
Manomet. _ •• ------- _ ----.-- __ ------ ___ ----1 
:::~ ~~:::~--------- ---------- ---- ---- ____ / 

~:~o:::~·- _______________________________ I 
Boot Pond. 
Manomet _____ •..• __ .. _____ ------------ __ . _ 

Boot Pond. 

Standish monument---· --------------------
1 

Monk Hill. I 
Kingston. Unitarian church spire_----------- -1 
Monk Hill. I 
l'lympton, cupola·----·------.--------------: 
Monk Hill. I 

I Rickard Pond _____________________________ 

1 
::::~:~]~.- --- ---- . ----- ------ --- . ---- -- --1 

Manomet ________ . ---- _. ------ ---- ---- ----1 

. ~~:~~ :~:::~----- ·--··----------------------' 
Standish monument. [ 

Clarke Island--··------· --------.-----------j 
Clarke Island, base I _______ ---- ____________ . 

Clarke Island. 

Clarke Island, base 2_ --··----- ---- ·--- ·-· __ _ 

Clarke Island. 

Monk Hill _____________ ·------------------· 

Standish monument. ! 
:M:anomet _______________________________ _ 

Monk Hill. 

Monk Hill----··----·---·----------------
Carolina Hill 2. 

• Metres. 
15 398·2 

8 988·6 

17 414·1 

7 869"7 

15 923·6 

II 824·2 

12 321·1 

9 750·1 

12 729·2 

5 969·5 

4 529·6 

7 253·7 

6 775 '3 

4 303·1 

4 585·0 

9 465·4 

IO OJI ·5 

I 844·0 

8 36s-s 

I 961 ·8 

7 795·4 

205·5 

9 36n 

7 692·2 

2 938·2 

3 298·7 

6 935·1 

3 896·9 

573·79 

8 490·4 

II 162·7 

9 678·1 

IO 957°2 

9 229·5 

3 835·1 

16·25 

29·3 

15·475 
40·2 

37·6 

3 571 ·4 

3 833·2 

23 865·5 

17 154·6 

13 593·5 
5 282· I 

4·187 47 

3·953 69 
4·240 90 

3·895 96 

4·202 04 

4·072 77 

4·090 65 

3•989 OI 

4·1048o 

3·775 94 
3·656 06 

3·860 56 

3•830 93 

3•633 78 

3·661 34 

3•976 14 

4·000 50 

3·265 76 

3·922 49 

3·292 65 

3·891 84 

2·312 85 

3·971 53 
a·886 05 

3·468 08 

3·518 34 ; 

3·841 05 

3·590 72 

2·758 75 

3·928 93 

4•047 77 

3·985 79 

4·039 70 

3·5 . •' 3"91· 
l ·2( ," 

I ·467 18 

n89 63 

1 ·603 95 

1"574 95 

3·552 84 

3·583 56 

4"377 77 
4·234 38 

4·133 33 

3·722 81 

i 
I 
I 
I 
I 

I 
I 

-------------'--------'------------
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CAPE COD BAY TO BOSTON BAY-Con,.t.inued. 

I 

Station. Latitude. Seconds in I 
metres. 

Longitude. /Seconds m 
, metres. 
i 

_______ I 

I I 
0 I II I 0 I II 

Gotham Hill. 42 04 38·14 
I 

1176·8 2o6·9 ! I 70 40 09·00 

I 
Float Hill. 42 03 57·o6 176o·5 70 41 25 ·07 576·4 

Marshfield, comer 1. 42 03 27·08 835·5 70 40 59·72 1373·1 
I 

Marshfield, comer 13. 42 04 16·62 512·8 70 39 06·48 149·0 

Arnold Brook. 42 04 02·08 64·2 70 41 49·84 1145·8 

Walker's flag. 42 04 14·12 435·7 70 41 56·98 1309·9 

Cove. 42 00 10·35 319·3 70 42 46·08 106o·5 

West Duxbury Methodist church spire. 42 03 23·67 I 730·3 70 46 32·20 740·4 
18S8. 

I Barker. 42 o6 59·17 1825·6 70 47 32·98 757"7 
I 

Loring's flagstaff. 42 00 25·20 777·5 70 43 15·58 I 
. 358·5 

11i8S. 

Loring's Flats. 42 00 10·23 315·6 70 43 20·28 466·7 

Seaside. 41 59 01·17 36·1 70 41 35·04 8o6·6 

Kingston, corner 15. 41 59 01·17 36·1 70 41 36·41 838·2 

Marshfield First Baptist church spire. 42 06 25·91 799'4 70 45 29·08 668·2 
1888. 

White Birch. 42 o6 37·00 

I 
1141·6 70 46 37·88 870·3 

: 

' ' 
North River. 42 06 58·00 1789·5 70 46 31 ·30 719·1 

1888. 

Nicks Rock. 41 57 35·92 1108·2 70 42 59·76 1376·2 
1888. ' i 

Ki~, corner 16. 41 57 15·59 481·0 70 43 19·94 459·2 

""*' i 
Tus~ ·Brook. 42 00 31·42 969·4 70 43 26·94 620·0 

Tobey. 42 01 05·40 166·6 
! 

70 43 58•48 1345·5 

Lean. 

I 

42 06 35·3c. 1089·2 70 45 59•94 1377"1 

I Birch, east base. 42 06 33·77 1041·9 70 45 33•92 779"4 

Birch, west base. I 42 06 33·92 1046·6 70 45 35·16 807"9 

Birch stake. 42 06 31·54 

I 
973·1 70 45 35'74 821·2 

--------------- -----------·-----------------
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CAPE COD BAY TO BOSTON BAY-Continued. 

,......---------.,.---------·· ------·· ·-·---·--------··-·----~-·- --1 
Azimuth. 

O I II 

9 02 37 

129 24 47 

234 04 00 

353 45 00 

359 26 04 

17 07 50 

21 53 II 

59 35 23 

152 09 39 

208 15 40 

221 06 37 

336 11 18 

243 44 03 
10 26 II 

209 25 53 

301 33 53 

271 32 30 

341 35 56 

2 00 47 

33 47 28 

269 43 16 

40 48 41 

235 15 06 

306 26 20 

269 51 56 

349 54 12 

109 50 04 

358 44 50 
118 24 IO 

13 08 33 

91 28 41 

100 15 31 

205 06 37 

173 43 30 

216 31 29 

359 07 08 

23 39 42 

276 23 51 

0 17 48 

258 27 29 

292 14 25 

335 23 58 

279 19 35 

330 34 28 

190 22 32 

31!:! 41 17 

Back azimuth. 

o I II 

189 02 04 

309 22 17 

54 04 51 

173 45 18 

179 26 05 

197 06 14 

201 51 57 

239 34 07 

332 08 17 

28 16 03 

41 07 05 

156 11 23 

63 45 16 

190 25 46 

29 27 40 

121 37 37 

91 34 58 

161 38 43 

182 00 42 

213 46 59 

89 43 39 
220 48 15 

55 17 22 
126 30 26 

89 51 57 

169 55 36 

289 48 41 

178 44 54 

298 23 33 

193 08 29 

271 28 00 

28o 15 15 

25 07 59 

353 43 28 

36 31 42 

179 07 10 

203 39 21 

96 25 52 

180 17 48 

78 28 55 

112 14 46 

155 24 01 

99 19 36 

150 34 32 

10 22 32 

138 41 21 

To station. Distance. Logarithm. 1 

·-------1---1 
! Standish monument-----------------------

Carolina Hill 2. 

Gotham Hill_ ___ ------------------ _______ _ 

Standish monument. 

Standish monument-----------------------
Monk Hill. 

Standish monument-------- -r------------·-
Marshfielcl, comer 1. 

Carolina Hill 2--------------------------
Peterson 

Peterson _ ------------------------------- _ 
Arnold Brook. 

Standish monument __ ---------------------· 
!\lank Hill. 

Carolina Hill 2---------------------------
Standish monument. 

Carolina Hill 2 ·----------------- ----------

!'vfonk Hill. 

Monk Hill ____ ---- ____ --------------------
Kingston Unitarian church. 
Cove _________________ . ________________ ... 

Kingston Unitarian church. 

Clarke Island----------------------------
Mnnomet. 

Sea~de ---------------------------------· 
:\tonk Hill ___ .-----------·--------------- -

Barker. I 
West Duxbury M.!thodist church __________ • __ 

Barker. ' 

White Birch_----------------------··-----
Barker. 

Monk Hill. ___ ----------------------------
Standish monument. 

Monk Hill ______ ----------·------------- ---
Nicks Rock. 

Monk Hill ____ ---- __ . --- ------ -------- ----
Kingston Unitarian church. 

Standish monument----------------·------
Kingston Unitarian church. 

Carolina Hill 2 ______ ·---------------------

Marshfield First Baptist church. 

Marshfield l'.'irst Baptist church------ _______ _ 

Birch, east base----·--------- -----------
Marshfield First Baptist church. 

Birch, west base ____ -----------------------
Marshfield First Baptist church. 

il'Ittres. 
7 I 19·8 

6 639·3 

2 159·5 

5 798·3 

4 839·2 

II 233•4 
6 861 ·2 

3 019·3 

6 023·2 

I 654·2 

I 440·7 

4o6·2 

2 782·3 

4 744·6 

7 476·7 

9 034·8 

5 071·8 

18 208·7 

5 127·7 
I 8o1·2 

78p 

I 367'5 

5 712·9 

10 508·7 

31·49 

16 509·0 

3 026·4 

5 966•4 

I 438·7 

665·2 

I 417·2 

553·1 
6 621·4 

730·0 

78o•4 

5 316·9 

I 844·1 

4 187·2 

2 737·3 

2 993' 1 

766·1 

266•9 

28·790 

283•9 

74'5 
231·6 

3·852 47 

3·822 12 

3·334 36 

3·763 30 

3·684 77 
4·050 51 

3·836 40 

3·479 90 

3·779 83 

3·218 60 

3'158 56 

2·608 75 

3'444 41 
3·676 20 

3·873 71 

3·955 92 

3·705 16 

4·26o 28 

3·709 92 

3·255 SS 
2·896 02 

3·135 94 

3·756 86 

4·021 55 

1·498 17 

4·217 72 

3·480 92 

3·775 71 

3·157 97 

2·822 97 

3·151 44 

2·742 79 

3·820 95 

2·863 30 

2·892 31 

3·725 66 

3·265 79 

3·621 92 

3'437 33 
3·476 12 

2·884 26 

2·426 28 

1·459 24 

2·453 16 

1 ·872 30 

2·364 79 



494 UNITED STATES OOAST AND GEODETIC SURVEY. 

CAPE COD BAY TO BOSTON BAY-Continnecl. 

Station. Latitude. Seconds in Longitude. \Seconds in 
metres. I metres. 

I -----· ----. ---·-- ---·----· - ·-------
0 I II 0 I II 

Marshfield, corner 6. 42 o6 34·75 1072·2 70 4~ 35·87 824·2 

Marshfield, corner 5. 42 06 12·14 374·6 70 45 46·15 1o6o·4 

Duxbury, comer 8. 42 05 49•32 1521 ·7 70 45 00·76 17'5 

Big pine. 42 02 45·20 1394·6 70 46 50·10 1152·2 

Mushfield, corner 2. 42 04 00·75 23·1 70 41 46·96 1079·6 

Marshfield, corner 3. 42 04 14·09 434·7 70 41 56·46 1297'9 

Duxbury, comer 5. 42 01 0]'96 122·2 70 43 54·25 1248·2 

Pine tree. 41 58 02·53 78·0 70 45 51·62 1188·6 
1888. 

Silver Lake. 42 01 13·83 426·7 70 47 47'13 1084·6 

Meadow, peg 42 00 16·70 515·3 70 47 45·99 1058·4 

Pitch pine. 42 01 17"99 555·0 70 46 19·38 445·9 

Kingston, corner 9. 42 01 19·50 601·6 70 46 10·65 245·0 

Kingston, comer 5. 42 00 15·54 479·5 70 47 45·65 1050·6 

Rock. 42 00 47·50 1465·5 70 38 12·23 281·4 

Kingston, corner 6. 42 00 59·38 1832·1 70 48 03·67 84·5 

Kingston, corner 7. 42 01 14'33 442·1 70 47 49·99 1150·1 

King:;ton, corner 8. 42 01 23·62 728·S 70 46 33·68 774·9 

Duxbury, comer 3. 42 00 34·15 1053·6 70 43 28·9:? 665'5 

Duxbury, corner 4. 42 00 59·24 1827·7 70 43 50·79 I 168·6 

Marshfield, corner 7. 42 06 35·66 1100·2 70 45 59·05 1356·7 

Duxbury, corner 1. 42 00 G8·89 274·.> 70 42 44 ·08 1014·5 

Duxbury, corner 2. 42 00 10·31 318·l 70 43 20·27 466·5 

Marshfield, comer 8. 42 06 5070 1564·3 70 46 01·36 31·2 

Marshfield, corner 9. 42 c6 46·48 1434·1 70 46 35·30 811·0 

Marshfield, comer 10. 42 06 48•46 1495·2 70 46 40·02 919·4 

Man;hfield, corner 11. 42 06 48·59 1499·2 70 46 35·99 ·826·8 

Marshfield, corner 12. 42 06 55'40 1709·3 70 46 32·02 735·6 

])uxbury, corner 7. 42 o:Z 48·63 1500·4 70 46 54·97 1264·2 

Kingston, corner 3. 41 58 01 ·36 42·0 70 45 57'70 1328·6 

Randolph Orthodox church spire. 42 09 45·46 1402·6 71 02 32·40 743·7 
1885. 

Holbrook church spire. 
1885. 

42 09 21 ·88 675·1 71 00 34·26 786·5 

Randolph Baptist church spire. 42 IO 28·36 875·0 71 02 57·56 1321 ·1 
1885. 

Avon Baptist church spire. 42 07 59·92 1848·8 71 02 27·48 631 ·1 
1885-1890. 

-----·-·- - - - .. ··- ··----·-· ---... ------ -··-··--



REPOUT FOR 18U4-P ART II. 

CAPE COD BAY TO BOSTON BAY-Continueu, 

0 I II 

304 02 15 

327 23 05 

II 30 S8 
120 36 I2 

3SI 34 04 

2s 04 27 

199 07 s8 

333 14 46 

121 49 48 

94 28 S7 
ll4 26 2s 

211 IO 20 

28I s6 22 

3I7 28 3I 

3S6 IS 55 
266 3I 30 

329 OI 34 

347 34 46 

76 SS 4° 
167 30 06 

242 S3 32 

337 55 40 

3I3 I2 44 
220 29 36 

283 12 40 

297 48 14 

344 39 09 

331 39 02 

137 02 47 
61 19 50 

134 18 24 

3 38 29 

356 03 35 

194 30 46 

214 15 08 

200 21 44 

191 33 S9 

313 24 S9 

255 30 48 

132 42 24 

178 40 S8 

160 39 32 

25I s2 34 

I27 49 09 

18j 4S 49 

I4S 14 44 

I78 28 49 

0 I II 

124 02 16 

147 23 os 

191 30 27 

300 3S 00 

171 3S 09 
20s 03 26 

19 08 10 

IS3 17 04 

301 49 46 

274 28 S7 
294 26 22 

31 IO 3S 

· IOI S8 OI 

I37 3I 27 

I76 IS S8 

86 31 35 

I49 03 32 

167 3S I9 

2s6 SS 34 

347 30 06 

62 S3 34 

IS7 55 40 

I33 12 45 

40 29 47 

I03 I2 42 

117 48 24 

I64 39 s2 

ISI 39 03 

3I7 02 42 

24I 19 49 

314 18 23 

183 38 29 

176 03 36 

14 30 49 

34 IS I4 
20 21 47 

11 33 S9 
133 2s 02 

7S 30 s2 

3I2 39 29 

3S8 40 53 
340 38 08 

7I s8 4I 

307 46 JI 

3 46 01 

32S II 46 

3s8 28 4I 

----------------·-

To station. 

I Birch, eru,t base ____ _ 
I ' 

Birch, west base. 
West Duxbury Methodist church ___________ ... 

Barker. 
Monk Hill _______________________________ . 

West Duxbury Methodist church. 

West Duxbury Methodist chur.ch ___ ---- _____ . 

'.\fonk Hill. 
Arnold Brook ____________ . ____ -----------· 
Walker's flag ______ . ________ . _____ ---- ___ . 

Tobey _. _____ ---·· ___________ . _____ -------

Crooked oak _____________ -----------------

Monk Hill. 

Monk Hill ... ____ • ________ ---- ---- --------

Plympton, cup:>la. 

Plympton, cupola __ • ____ • __ ---- ---- ---- ----

Monk Hill ____ ·---------------------··--··--
Crookecl oak. 

Pitch pine ____ --------·-------------------
Meadow, peg-----------------------------
Plympton, cupola. 

Clarke Island, base L-------- .. -------· ----
Clarke Island. 
Silver Lake. ____ • ___ • ____ • --- .• ---- ------ _ 
Silver Lake. ____ ------ ___ ---- _______ . ____ . 

Pitch pine ______ -------------------··------
Crooked oak. 

Tussock Ilrook ·---- _______ • _____ ---- -----

Tobey·-------------·-------------------

Lean --· .. ······-- ·-···-------------------

Cove . __ . ·-·. ------ -------- ·---------·-· 
Loring's Flats ____________________________ • 

Lean ... ---------------------------------
North River, 1888 ________________________ _ 

North River, 1888 ·---------------·-------· 

North River, 1888 -·---· -------- ----------· 

North River, 1888 -----------------------··· 

Big pine-----------·--------------·------
Pinetree, I888 ____________ ·---· --------·--

Blue Hill .. ·-----------------------~-------
j Round Top. 

I ~~::;:}:~~~~------ ----- ---------------
Blue Hill .. _. __ ------------ ________ --- . -- -
Round Top. 

Blue Hill-------·--·---------------------
Round Top. 

Distance. 

/lfetres. 
S4"0 

30·4 

5 304•9 
2 8s1·0 

IS 289·0 

4 96I ·s 

I 2SS"9 

IO S74"0 

78·os4 

I I '97 
Io6·88 

97s·6 

3 488·9 

8 985·0 

I 761·s 

88·4 

7 87s·o 

s 320·3 
206·08 

36·622. 

90·2 

38·2 

37·6 
586·16 

67·62 

372·04 

5 567'9 

95·7s 

2s9·7s 
23·28 

64·47 

2·396 

476·42 

367'16 

3SS'92 

309·s4 
82°0I 

IS4·11 

I44'62 

8 I41 ·6 

7 48I '9 
8 699·0 

I3 208·7 

6 826·2 

6 I69·I 

IO 669·6 

IO 739'2 

I'732 68 

I •482 43 

3·724 68 

3'4S4 99 
4'I84 38 

3·69S 6I 

3·098 94 
4·024 24 

I 0 892 40 

I'o78 09 
2·028 go 

2·989 2s 

3'S4:l 69 

3'9S3 s2 

3·245 89 

1·946 43 

3·896 25 

3·72s 94 

2·314 04 

I 'S63 74 

I ·955 26 

I ·s82 56 

I·575 58 
2·768 02 

I 0 830 08 

2·570 59 

3'74S 69 
I·98I I2 

2·4I4 SS 
I ·366 98 

I •809 36 

0·379 49 
2·677 99 

2·564 85 

2·5s1 35 

2·490 72 

1·9I387 

2'187 84 

2·I6o 23 

3'909 71 

3·874 OI 

3'939 47 
4'I20 86 

3·834 I8 

3·790 22 

4·028·15 

4·030 97 



UNITED STATES COAST AND GEODETIC SURVEY. 

CAPE COD BAY TO BOSTON BAY-Continued. 

Neary Mount. 

Ladder. 
I88s. 

Ladder 2. 
1885. 

5. Ladder 3. 188 

Braintree, come 

Cochato. 

r I. 

188s. 

Cochato 2. 
I885. 

Braintree, come r 2. 

Blanchard. 
I885. 

Blanchard 2. 
I88s. 

Randolph, com 

Curran. 
188s. 

Curran 2. 
1885. 

er I. 

North corner of Stoughton. 

Pine Hill. 
1885. 

885. 

r I. 

Station. 

Pine Hill 2. 

Holbrook, come 

Rockland Catho lie church spire. 
I885-I889. 

Board. 
I885. 

Board, base end 

Board 2. 
I88s. 

Scituate, corner 

Pincin Hill. 
I885. 

l Pincin Hill 2. 

I
' I885. 

Scituate, corner 

I Hollis. 
I I885. 

I Hollis 2. 1885. 

I Hollis 3. I885. 

3· 

2. 

.. . --· 

I 
I Seconds in 

I 
Latitude. metres. 

i 0 I II 

42 09 5I'04 1574·8 

I 
42 IO 33·03 1019·1 

42 IO I3'72 423·3 

42 IO 09·98 307·9 

42 10 08·63 266·3 

23·83 42 II 735·3 

I I3'68 42 II 422'I 

I 
I 42 II I2'87 397'1 I 
I 

I 
42 08 03·34 i Io3·0 

I 
i 

42 07 59·38 1832·1 

42 07 S9'22 I827·2 

42 09 38·87 II99'3 

42 09 48·94 1510·0 

42 09 so·8I 1567'7 

42 07 08·72 269·1 

42 07 09'I8 283·2 

42 07 or70 237'6 

42 08 OI 0 65 
I 

so·9 

42 II 39·53 I2I9'7 

42 II 41·73 128r6 

42 II 4I '21 I271 '5 

42 II 43·s6 I344'0 

42 II 2I'07 6SO'I 

I 
42 II 00·39 I2'0 

42 II 00·15 4·6 

42 IO OI'40 43·2 

42 IO 03·I9 98·4 

42 JO 04·91 ISI ·5 
: 

---·---···-·--

Longitude. 

0 I II 

7I 03 46·I3 

7I 01 I4'3I 

71 OI 2I 'I3 
! 
I 

I 
7I OI 22·54 

71 OI 20·95 
i 

I 
7I 01 12· 17 

I 
7I OI 09·91 

7I 01 10·70 

7I 02 09·88 

71 02 10·39 

71 02 11 ·47 

71 03 SI ·77 

7I 04 01·70 

71 04 01'6I 

71 01 16·66 

7I OI I9'43 

7I OI 20·47 

70 SS 00·74 

70 49 07'3I 

70 49 08·5I 

70 48 S4'7l 

70 48 50·4I 

70 46 45·40 

70 46 39'43 

70 46 39'49 

70 s8 36•64 

70 s8 35·81 

70 s8 37·02 

Seconds in 
metres. 

-----

1058·9 

328·4 

I 

485·0 

5I7'4 

48o·9 

279·3 

227'4 

245·5 

226·9 

238·7 

263·2 

1188·s 

39·0 

36·9 

382·7 

446·3 

470·3 

I7'0 

I67·7 

I9S'3 

1255·3 

11s6·6 

I04I ·7 

904'9 

906·3 
841·0 

822·0 

849•7 



REPORT FOR 1894-P ART II. 497 

CAPE COD BAY TO BOSTON BAY-Continued. 

Azimuth. Back azimuth. To station. Distance. Logarithm. 

0 / // 0 / /I Metns. 
141 16 S6 321 14 51 Blue Hill --------·----------------------- 6 839·6 3·83s 03 

191 44 29 II 45 13 Round Top. 7 463·1 3·872 92 

so 41 S4 230 41 02 Randolph Orthodox church .. ---------------- 2 316·6 3·364 86 

161 5S 16 341 S4 19 Round Top. 6 324·6 3·8o1 03 

61 S7 19. 241 s6 31 Randolph Orthodox church _ ---------------- i 8sn 3·268 04 

194 43 33 14 43 38 Ladder. 616·1 2·789 66 

19s 37 36 IS 37 37 
Ladder 2 ______ . __ -··-· ______ . _____________ 119·78 2·078 38 

138 4S S7 318 4S s6 Ladder 3--------------------------- ·----- ss·29 1·742 65 

155 38 56 335 37 57 Round Top. ______ ------· ·------- ·-------- 4 879·1 3·688 34 

222 18 s2 42 19 21 South Braintree church. I 447° I 3·16o SI 

170 35 20 350 35 18 Cochato ... ________ ------- ---------- -- ____ 3°17"4 2·so1 s8 

213 41 44 33 42 II South Braintree church. I 662°s 3·220 76 

215 54 12 35 S4 13 Cochato 2 ---------- ·-------··------------- 30·80 1 ·488 56 

174 17 03 3S4 17 02 Cochato. 
I 

339·8 2·s31 16 

7S 24 34 2SS 24 22 Avon Baptist church.---------------------- 417·7 2·620 90 

176 17 40 356 17 20 Round Top. I 10 6s2·2 4·027 44 

92 27 26 272 27 IS >\von Bnptist church_---------------------- I 392·9 2·s94 24 

18s 30 22 s 30 22 lllanchard. 122·6 2·088 64 

259 01 24 79 01 2s Blanchard 2 ·----------------------------- 2s·29 1 ·402 9S 

323 36 26 143 37 00 Holbrook, corner I. I 974•6 3·29s 48 

144 00 28 323 s8 27 Blue !!ill ... -----------------------·------ 7 os9·6 3·848 78 

199 01 SI 19 01 SS Neary l\lount. 397"1 2·598 89 

2s9 43 00 79 43 10 Neary Mount--------------------·--·------ 363·2 2·56o 20 

323 43 17 143 43 24 ! Curran. 38s·2 2·585 71 
~ 

2 07 23 182 07 23 Curran 2. -------------------------------· 57"69 1·761 IO 

323 39 32 143 41 20 Holbrook, corner 1. 6 246·5 3·795 64 

144 02 40 324 02 04 Blanchard ______ -----------------·------- 2 081 ·7 3·318 42 

160 13 29 340 12 38 Randolph Orthodox church. 5 139·4 3710 91 

282 41 57 102 41 59 Pine Hill ----------------------------·--- 65·26 1 ·814 65 

207 34 15 27 34 16 Pine IIill 2 ·---------------------- -------- s1·61 1·712 73 

147 s2 II 327 50 46 i South Weymouth Unitarian church. ____ ------ s 437·1 3·735 37 

216 41 48 36 44 II Prospect Hingham. 8 200·1 3•913 82 

168 07 04 348 06 35 Scituate ______ ·--------------------------- 4 891 ·o 3•689 40 

262 SI 44 82 S4 IS Scituate Unitarian church. 5 206·8 J"716 S7 
337 59 41 157 j9 42 Board·----------------------------------- 73·30 1·86s 10 

79 SI 05 2s9 50 S7 
Bonrd __ 

4 
_________________________________ 

293·8 2·468 00 

92 SS 43 272 55 34 Board, base end. 317"0 2·so1 12 

53 37 04 233 37 01 Board 2 ____ ------ -------------··---------- 122·4s 2·087 96 

208 IO 38 28 II 3S Tank----------·-·----------------------- 4 11s·4 3·614 41 

237 32 S7 I S7 33 53 Scituate Unitarian church. 2 264·4 3"3S4 96 

167 s2 s2 347 s2 48 l'incin Hill--·---------------------------- 652·s 2·814 S9 
223 45 02 43 45 54 Scituate Unitarian church. 2 56s·1 3·409 II 

189 S7 49 9 57 49 Pincin Hill 2 ____ -------·--- ·-·. ---------· 7"42 0·870 40 

246 12 S7 66 13 57 South Weymouth Unitarian church _____ .----- 2 2ss·2 3·353 18 

306 40 35 126 43 00 Rockland Catholic church. 6 182·6 3·791 17 

19 06 26 199 06 25 Hollis ------ ---- ------ ------------------- 58·44 q66 71 

332 26 30 1s2 26 31 Hollis 2 . .' _______ •.• __ •• ____ •• _____________ 6o·o1 1·778 22 

' --·····--· -· ---·-·--····-·· 

S. Ex. 8, pt. 2--32 



498 UNITED ST.A.TES CO.A.ST .A.ND GEODETIC SUHVEY. 

CAPE COD BAY TO BOSTON BAY-Continued. 

Station. Latitu<lc. 
i Seconds in : Longitude. 

Seconds inl 
metres. metres. ! 

0 I II 0 I II 

Holbrook, corner 6. 42 IO 06·I9 I9I"O 70 58 3TII 85I·8 

Scituate Point. 42 I2 I7.I4 528·8 70 43 00·65 14·9 

Coleman Hill. 42 IO 45·46 I402"7 70 44 IT34 398·0 

Clift street. 42 og 29·c8 89r2 70 45 05·24 I20"3 

Stoddard's barn cupola. 42 09 25·I3 775·4 70 44 33·32 764·9 

North River. 42 09 55·46 I7II ·2 70 45 Io·35 23r5 
I885. 

Scituate, corner 1. 42 09 55·88 I724"I 70 45 Iro3 390·9 

Mount Hope 2. 42 II I7"42 537"5 70 49 42·96 985·8 
I885. 

Mount Hope 3. 42 I I 41·08 I26r5 70 50 22·76 522·2 

I885. 

Scituate, corner 4. 42 II 4I·52 I28I "I 70 50 2I ·7I 498·I 

Cohasset, corner I. 42 I2 03·07 94·7 70 49 39·00 894·8 

Hersey. I885. 42 II IT82 549·8 70 51 49"2I I129·2 

Hill 1. 42 II 33·32 1028·I 70 5I 29·08 66r2 
I885. 

Hersey, base end. 42 II II ·59 357·6 70 51 43·61 Iooo·7 
1885. 

Hill 2. I885. 42 II 34·r7 1054·3 70 5I I6·28 373·5 

Hill 3. 42 11 33·16 Io23·I 70 51 24·04 55I"6 
I885. 

South Scituate, corner 3. 42 I I II ·54 356·1 i0 5I 43·64 1001·4 

South Scituate, corner 4. 42 II 25·88 798·5 70 51 09·59 220·1 

Accord Pond. 42 IO 24•24 747·9 70 53 14·67 336·7 
1885. 

Accor<l Pond, base end. I885. 42 IO I5·IO 465·9 70 53 45·53 w45·0 

Accord Pond 3. 42 Hl I 1 ·12 343·1 70 53 40·39 927"1 
1885. 

Accord Pond 4. 42 IO 23"97 739·6 70 53 36·07 827"9 
1885. 

Accord Pond 2. 42 IO 0I·76 54·3 70 53 .lW44 561·0 
1885. 

South Scituate, corner 2. 42 IO 02·03 62·6 70 53 21 ·38 490·8 

South Scituate, comer 21 • 42 10 24·28 749·1 70 53 17·07 391·8 

Rockland, corner 4, peg. 42 10 11·49 354·5 70 53 38·43 882·1 

Rockland, corner 4. 42 IO 11·55 356·4 70 53 38·45 882·5 

l 
- . -----·--·---·- ---·-·--·· ----- ---- --------------··· - ·--·--··- ____... 



REPORT FOR 1894-P ART II. 

CAPE COD BAY TO BOSTON BAY-Continued. 

I 
To station. Azimuth. I Back azimuth. : 

--o-·-:-::--1- ,---:--, -·,-,--\----
356 54 40 176 54 40 \ Hollis 3--··- ______ ,, ___ ·-------··---------\ 

6 12 02 186 11 50 Weymouth, comer I. 

So 59 33 260 57 5S Scituate.Unitarian church-------------------

120 35 12 300 33 38 Tank. 

147 17 14 327 16 31 Scituate Unitarian church ____ ------- ____ ----

211 52 32 31 53 24 Scituate Point. 

175 15 40 

205 00 31 

99 27 07 

188 25 02 

317 44 33 

351 47 53 

274 56 00 

341 52 44 

102 34 17 

2 26 35 53 
308 37 54 

82 24 33 

60 50 46 

330 55 47 

70 34 22 

224 IO 33 

226 05 46 

44 00 17 

206 26 29 

146 15 35 

93 39 58 

260 04 39 

123 16 16 

206 26 2S 

149 00 51 

124 06 50 

184 17 40 

228 36 19 

24S 16 33 

235 33 36 

136 oS 34 

269 01 45 

14 02 57 

197 54 42 

158 43 14 

83 09 22 

271 26 22 

75 4S 52 

345 48 52 

61 54 40 

355 15 29 

25 OI 03 

279 26 46 

s 25 13 

137 44 5S 

171 47 56 

94 56 05 

161 52 52 

282 33 07 

46 36 IO 

128 3S 21 

262 23 50 

240 50 45 

150 56 01 

25o 33 09 
44 IO 48 

46 05 47 

224 00 03 

26 26 39 

326 15 31 

273 39 51 

So 04 44 

303 16 14 

26 26 38 

329 00 47 

304 06 40 

4 17 154 

48 37 31 

68 16 54 

55 33 53 
316 08 31 

89 01 59 

194 02 54 

17 54 49 

3,38 43 06 

263 09 20 

91 26 24 

255 4S 51 

165 48 52 

241 49 30 

Scituate Unitarian church·------------------

Coleman Hill I 

~~l~;~:e;f-i~l~ - - - - - - - - - ------------ - --- ----[ 

I 
Stoddard's barn, cupola_-----··-------------· 

Clift street. 

Xorth River, 1SS5 ------------ ------ -----
Clift street. 
Prospect Hingham ------. _________________ _ 

~:::: ;::~:·2. ___________________________ ! 
I 

Prospect Hingham. 

Mount Hope 3 ------------------ __________ , 
I 

Mount Hope------------------------------' 
Prospect Hingham. I 
Prospect Hingham . ___ ---- -··-- ____________ _ 

Prospect Hingham. ------- ·---------------1 
Hersey. I 
Hill 1 __ ----------"·-------------------: 

Hersey. 
Prospect Hingham _______ --·· _____________ _ 

Hill 2 ________________ -------------- ------

Prospect Hingham 

Hill 1_ ________ ----------------------· ---

Ilill 2 ________________ -------------------

Hil13. 
Hingham Plains church ____________________ _ 

Prospect Hingham. 
Accord Pond _____________________________ , 

Accord Pond _________ .. --------------------

~::::~ ~:::· ~~~:_e_n_~·-- ------- -- -- ---- ___ -I 
Accord Pond 3. 

Accord Pond ____________ ----------------_.\ 

Accord Pond 4. 

Accord Pond 2 ----- ------- ---------------
Accord Pond _____________________________ _ 

Accord Pond 3 _ ·------ -· -------- ---------·; 
I 

Rockland, comer 4, peg------·------------·1 
Holbrook, corner 1. 

I 

499 

Distance. Logarithm. 

----·--

Afetres. 
39·5S 1 ·597 48 

3 665·9 3·564 1S 

3 286·1 3·516 6S 

3 730·4 3·571 74 

2 749'9 3·43~ 32 

3 331 ·5 3·522 64 

4 686·2 3·670 82 

2 600·4 3·415 04 

742·9 2·870 93 

2 505·5 3·398 89 

I 264·2 3 'IOI 81 

822·2 2·914 95 

153'9 2·187 22 

870·1 2·939 5S 

2 449·9 3·389 14 

788·1 2·896 57 

I 169·1 3·067 S4 

I 491·0 3·173 47 

27·70 1 ·442 48 

992·0 2·996 52 

2 631 ·7 3·420 23 

725·6 2·860 72· 

6o·71 l '7S3 26 

665·0 2·822 79 

748·9 2·874 45 

231·24 2·364 06 

250·4 2·398 56 

180·7 2·256 97 

85·93 1·934 14 

750·40 2·875 29 

298·3 2·474 6S 

400·5 2·602 61 

6 182·6 3· 791 17 
3 2SS·1 3·516 94 

762·3 2·882 15 

715·8 2·854 79 
170· 11 2·230 73 

491·2 2·691 25 

408·7 2·61 I 42 

729·0 2·S62 72 

735·5 2·S66 5S 

70·73 1·S49 6o 

55·16 1 ·741 62 

46·40 1·666 S2 

1·8o 0·255 27 

12 030·4 4•080 28 

---------



500 UNITED ST.ATES CO.AST .A.ND GEODETIC SURVEY. 

CAPE COD BAY TO BOSTON BAY-Continued. 

-

I 
I Seconds in Station. Latitude. Longitude. Seconds in 

metres. metres. 

.... ·------
I 

0 I // 0 I II 

Jones. 
J885. 

42 09 28·84 889·8 70 50 OJ'89 43·4 

Jones, base end. 42 °9 24·53 756·8 70 50 38·7J 888·7 

Jones 2. 
J885. 

42 09 29·64 
' 

9J4•6 70 50 37'72 865·9 

Jones 3. I885. 42 09 3o·I7 930·9 70 50 40·68 933•9 

Jones 4. J885. 42 09 30·04 926·9 70 50 51·88 119I'O 

Hanover, corner 4. 42 09 30·13 929·6 70 50 51·88 119I"O 

West Scituate church spire. 42 09 28·33 874•J 70 5I 10·24 235'J 
I885. 

Grose. 42 09 53·90 I663·1 70 52 43·52 999·0 

Pine tree. 42 09 13·78 . 425·2 70 53 06·06 139·1 
1885. 

South Scituate, comer 1, peg. 42 09 13·87 427'9 70 53 05·37 123·3 

South Scituate, comer J. 42 09 13•6J 4J9'9 70 53 05·3J J21 ·9 

Remington. 42 08 14·56 449·2 70 58 22·68 520·8 
J885. 

Remington, base end. 42 08 J6·73 5J6·2 70 58 23·08 530·0 

Remington 3. 42 08 J5'12 466·5 70 58 J4·69 337·4 
J885. 

Remington 2. 42 08 04·91 J5J '5 70 58 26·J6 6oo·8 
J885. 

Weymouth, corner J. 42 08 08·07 249·0 70 58 54·35 J248·2 

Russell. 42 09 25·16 776·3 70 55 37'46 860·0 

Hingham, comer J. 42 09 27·51 848·8 70 55 31 ·35 719'7 

Hayden. 42 II 30·8J 950·6 71 OJ 50·92 u68·4 

:Braintree, comer 3. 42 JI 29·72 9J7'0 7J OJ 48·30 J Jo8'2 ! 

McGaughey. 42 JO I2"49 385·4 7I OJ 00·03 0·7 

Holbrook, corner 4. 42 IO 08•08 249·3 7I OI 03·06 70·2 

Blue Rock. 42 IO 08'0I 247·J 7J 00 28·I8 646•9 

Holbrook, corner 5. 42 JO 06·36 J96'2 71 00 26·24 6o4·6 

Pine street. 42 IO J5'J9 468·7 70 55 26·28 6o3·2 

Weymouth-Hingham line stone A. 42 IO I3'56 4I8·4 70 55 24·32 558·2 I 

Monument. 42 00 IT86 55I'O 70 57 59·76 J375'2 
J885-86. 

Middleboro Baptist church spire. 4J 53 33·03 IOI9' I 70 54 41·56 958·I 
J885. 

----
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CAPE COD BAY TO BOSTON BAY-Continued. 

--·-

i 
Azimuth. Back azimuth. To station. Distance. Logarithm. 

0 I II 0 I II Metres. 
65 33 00 245 29 42 Rockland Congregational church_------ __ .• - 7 436·4 3·871 36 

I53 15 27 333 I4 30 Prospect Hingham. 4 348·2 3·638 3I 

261 03 13 81 03 38 Jones-----------·------------------------ 85n 2·932 33 

271 43·20 9I 43 44 Jones ------. ···--- --------------------· --· 822·8 2·915 32 

8 14 04 I88 I4 03 Jones, base end. 159·44 2'202 6o 

283 28 56 I03 28 58 Jones, 2 ---------------------------------- 69·89 1·844 42 

269 07 I3 89 07 2I Jones, 3 -----·--------------- ------ ____ ·--· 257·Io 2·410 JO 

359 07 I3 I79 07 I3 Jones, 4 ------ -----·-------------------- 2·76 0·440 91 

269 24 59 89 25 45 Jones--·-----------------------------·--- I S69·1 3·I95 66 

59 29 44 239 27 I2 Rockland Congregational church. 6 03s·o 3·780 68 

290 I3 03 110 I4 06 \Vest Scituate church _______________________ 2 282·2 ns8 3S 

38 25 32 218 24 03 Rockland Congregational church. 4 9I9'5 3·69I 92 

202 40 55 22 41 IO Grose·----------------------------------- I 341·8 3'I27 69 

26o 24 I8 80 25 36 West Scituate church. 2 696·8 3·430 8S 

8o 24 I8 260 24 I8 Pine tree, I885---------------------- ·--- __ 16·00 I ·204 12 

260 24 I9 8o 25 36 West Scituate church. 2 68o·8 3•428 26 

I70 24 19 3SO 24 I9 South Scituate, comer I, peg··-------------- 8·07 0·906 87 

202 30 53 22 3I 44 South Weymouth Unitarian church_---------· 4 ss2·6 3·658 26 

124 30 58 304 29 30 Holbrook <'hurch. 3 666·3 3·s64 23 

352 I7 26 I72 I7 26 Remington _________ ---· ------------------ 67·62 1·830 08 

84 39 42 264 39 37 Remington. ___ . _____ ---------------------~ I84•3 2·26s 43 

104 3I IS 284 3I 09 Remington, base end. 198·9 2·298 6o 

I95 00. 2I 15 00 23 Remington ___ ·----------------------·----- 308·4 2·489 I2 

219 53 2I 39 53 29 Remington 3. 4Io·6 2·6I3 40 

254 36 03 74 36 24 Remington-··--·-----------------· .. -------- 754"5 2·877 67 

278 33 S4 98 34 13 Remington 2. 6s4·8 2·8I6 I4 

341 52 30 161 52 SS Rockland Catholic church. ---------- ···------ 2 711 ·I 3·433 15 

I34 41 55 314 40 S5 South Weymouth l'nitnrian church. 2 882·s 3'4S9 77 
62 41 34 242 4I 30 Russell ___________________ .. ____ ------- ·-- I57·95 2·198 52 

61 45 03 241 41 09 Holbrook, corner 1. 9 104·4 3'9S9 25 
I6S 07 36 34S 07 03 

Round Top _____ , __________ 
-------------- 4 37S'9 3·641 07 

24s 2I 21 65 22 I6 South Braintree church. 2 049·9 3·311 74 

119 17 34 299 I7 32 Hayden_.-· ··- ____ ---- ---------- ---- ------ 68·91 I'838 28 

339 15 or 159 15 18 Holbrook church-------------------------- I 670·2 3·222 76 

68 33 II 248 32 09 Randolph Orthodox church. 
I 

2 277'8 3'3S7 52 
207 04 39 27 04 41 McGaughey ______ -··- ---- ----- ______ --- --- _ 152·9s 2·184 SS 

s 36 38 18s 36 34 Holbrook church---------------------·---- I 430'7 3·1ss SS 

76 18 40 256 I7 I7 Randolph Orthodox church. 2 93S'I 3•467 62 

140 13 39 320 13 38 

I 
Blue Rock·----·----·--------------------- 66'I3 1·820 40 

351 53 SI 171 S4 08 Rockland Catholic church ________________ , ___ 4 16I ·8 3·6I9 28 

IOI SI 17 281 50 IO South Weymouth Unitarian church. 2 3SS'8 3·372 14 

I38 09 48 318 09 47 Pine street_ ___ .. __________________ . ------· 67'38 I ·828 S3 

6 28 SI 186 28 46 Hingham, comer 1. I 429'9 3·1ss 32 

283 33 53 103 43 39 Monk Hill _____________ ,_-------------- .• __ 20 76o·6 4·3I7 24 

3S6 07 37 176 08 15 Alden. 19 467·0 4·289 30 

159 56 26 339 54 14 
~fonument ________________________________ 

13 298·I 4·123 79 

244 01 I8 64 08 SI Monk Hill. 17 372·4 4·239 86 
I 



502 UNITED ST.ATES CO.AST AND GEODETIC SURVEY. 

CAPE COD BAY TO BOSTON BAY-Continued. 

1-------
Station. 

1 ____ --------------· .. ·--·· ----------·- ·-

I East Stoughton Catholic church spire. 
: 1885. 
I 

I Middleboro Green church spire. 
i 1885-1890. 

Whitman Congregational church spire. 
1885-1889. 

Titicut church spire. 
1885-1889. 

Bryantville Baptist church spire. 
1885-1889. 

State Farm Wi\terworks. 

Howarcl Instit.ute. 

Fulton. 

Holmes Knoll. 

Easton Congregational church spire. 
1889. 

North Raynham church spire. 
1889. 

Nippenicket. 

Brockton Heights Methodist church spire. 
1889. 

Campello South Congregational church spire. 
1889. 

Elmwood church spire. 
1889. 

Elmwood, engine house. 

Desmond. 

Cedar. 

Union. 

Washburn. 

Harding. 

Two-dollar tree. 

Hansmi Congregational church spire. 
1889. 

I 

Latitucle. Seconds in I Longitude. 
I Seconds in 

metres. i metres. 

-----------·-··---· 
I 

I // 

42 07 55·19 

41 54 31 ·36 

0 I // 

I 1702·8 71 02 28·22 648·· 

967·6 70 53 06·83 I 157·4 

42 04 44·81 1382·6 70 56 12·96 297'9 

41 55 57'17 1763·9 70 58 51 ·49 1186•2 

42 02 34·76 1072·4 70 51 01·77 40·7 

41 56 35·00 1079·9 70 57 08·26 190·3 

42 01 12·01 370·5 71 00 44·28 1018·8 

42 00 39·85 1229·5 70 58 48·16 1108·3 

41 58 57'05 176o·2 70 54 37·36 860·0 

42 02 10·95 337'9 71 05 52·02 1196·5 

41 57 20' II 620·4 71 04 14·88 342·7 

41 57 31·16 961·4 71 02 42·59 980·8 

941·0 71 03 57·20 1314·9 

42 03 49·32 1521 ·7 71 00 58·95 1355. 3 

42 00 51·58 1591·4 70 57 47·80 1099·9 

42 00 51 ·11 1576·9 70 57 47 ·01 1081·7 

42 00 29·50 910·2 70 56 38·96 896·5 

41 59 20·33 627·2 70 54 01'00 23·0 

1464·9 70 53 53·70 1235 ·9 

42 00 30·59 943·8 70 53 48·55 II 17·3 

42 01 31·90 

42 03 32·92 

984·2 

I 
70 53 47·82 1100·2 

1181 ·1 70 54 29·68 682·4 

I 1015·7 70 52 31 ·33 720·4 

I 
----------- ----- ---------



Azimuth. 

I II 

239 08 41 

311 05 05 

147 46 26 

246 37 44 

306 29 51 

16 37 06 

236 33 56 

307 59 40 

310 48 3; 

9 18 44 

234 29 42 

329 10 14 

220 32 44 

318 12 01 

349 32 00 

95 37 14 

38 25 32 

97 02 47 

229 34 45 

296 12 44 

200 18 22 

251 33 54 

183 05 00 

245 37 08 

266 38 02 

313 27 °5 

91 43 27 

171 20 44 

14 51 36 

75 24 18 

16 00 23 

76 08 13 

79 03 02 

113 16 46 

265 40 49 

40 13 34 

81 53 46 

158 24 29 

21 I 6 28 

86 07 3'l 

68 30 32 

147 55 I4 

47 02 41 

127 34 51 

113 00 08 

147 50 41 

REPOHT FOH. 1894-P ART II. 

CAPE COD BAY TO BOSTON BAY-Continued. 

---.1--·--· ---·--

Distance. Back azimuth. · I To station. ,. 

-------------------
I II /Jfctrcs. 

59 08 53 Blanchard _____ ----- ________ -------· 490·5 

13I 05 53 Pinc Hill. 2 180·9 

327 43 IO Monument_ _______________ ---------- __ --- . 12641·5 

66 44 14 :Monk llill. 14 636·3 

126 38 26 Monk Hill ___ 
-----------~------------·---

22 045 ·5 

196 35 55 Monument. 8 594·9 

56 38 43 Halifax Congregational church_--------·------ II 824·7 

128 02 27 Middleboro town hall. 7 315·4 

130 53 39 Monk Hill ________________ _-_----------·---- 13 946·0 

189 18 17 I I ali fax Congregational church. -5 835·4 

54 33 20 Ilalifax Congregational church -------------- 9 203·0 

149 II 52 Middlcboro town hall. 6 6o6·o 

40 35 31 South Abington waterworks_----------------- 8 841 ·o 

138 I3 32 Bridgewater Unitarian church. 4 707·5 

169 32 14 Bridgewater Unitarian church ____ 
. -· -------- 2 560·3 

275 34 47 Cochesctt Methodist church. 5 078·1 

2I8 23 5I State Farm waterworks_-------------------- 5 593·1 

277 00 13 Bridgewater Unitarian church. 5 348·4 

49 37 51 Brockton First Congregational churcl1 _________ 8 370·1 

116 15 OI Cochesett l\lethodist church. 5 237"7 

20 I9 34 Cochesctt :\1cth?dist lhurch ----------------- 7 099·7 

71 36 25 ' Scotland Congregational church. 5 462·4 

3 05 10 Cochesctt Methoclist church . ______ ------- ___ 6 326·4 

65 38 37 Scotland Congregational church. 3 356·3 

86 42 59 South Abington waterworks_·--------------- 10 199·1 

133 31 04 Bridgewater waterworks. I I 329·2 

271 39 54 North Easton high school __ . _________ . ______ 7 3I I "7 

35 1 20 33 llrockton First Congregational church. I 2 416·7 I 

I94 51 28 Bridgewater waterworks _____ - - - - - -- ---- ----1 l 077°5 

255 23 38 Fulton. I 435 "I 

196 00 14 Bridgewater waterworks _____ . _________ • ____ I 068·5 

256 07 32 Fulton. I 449·3 
259 02 08 Bridgewater waterworks __ ··---. ____ • ---- ____ I 894 ·9 

293 16 00 Elmwood church. I 724•3 

85 42 21 I_Ialifa~ Congregational church _____ .-----··-· -[ 3 190·2 

220 II 29 State l•arm waterworks. i 6 679·4 

261 Bridgewater Unitarian church--------- _____ 
i 

6 376·8 50 42 

338 22 41 South Abington waterworks. IO 028·6 

201 15 55 Holmes Knoll I 3 o9ro 
266 04 50 

Bridgewater w~::;,~~~~:.- -------------. -----1 
5 795·8 

248 27 43 Bridi::ewater waterworks ____________________ 6 232·5 

327 53 23 South Abington waterworks. I 7 202·8 

227 00 53 . East Bridgewater Unitarian church ___________ 5 08o·4 

307 33 28 South Abington waterworks. 3 613·0 

292 57 25 Soutl! Abington waterworks ____ • _______ . ___ . 6 066·0 

327 49 26 Rockland waterworks. 4 848·9 

. -· - -- -- - ··-------

503 

Logarithm. 

2·690 68 

3·338 63 

4·101 So 

4·I65 43 

4'343 32 

3·934 24 

4·072 79 

3·864 24 

4·144 45 

3·766 07 

3·963 93 

3·819 94 

3·946 50 

3·672 79 

3·408 28 

3 ·705 70 

3·747 65 

3·728 22 

3·922 73 

3·719 14 

3·85I 24 

3·737 38 
3·801 16 

3·525 86 

4·008 56 

4·054 20 

3·864 02 

3·383 22 

3·032 42 

3·156 89 

3·028 76 

3·I6I 17 

3·277 58 

3·236 61 

3·503 82 

3·824 74 

3·804 6o 

4·001 24 

3·490 94 

3•763 II 

3·794 66 

3·8~7 50 

3"7°5 90 

3·557 87 

3·782 90 

3·685 84 



504 UNITED STATES COAST AND GEODETIC SURVEY. 

CAPE COD BAY TO BOSTON BAY-Continued. 

Station. Latitude. Seconds in Longitude. Seconds in 
metres. metres. 

0 I II 0 I II 

Harris. 42 06 44·10 1360·7 70 S9 s6·7s 1303·8 

Holbrook waterworks. 42 09 23·64 729·4 70 S9 27'79 638·0 
1889-90. 

Cleveland Pond. 42 06 s1·s6 1s90·8 70 ss 4S"45 1044·1 

Abington, corner 2. 42 06 so·79 1567' I 70 ss 47·40 1089·0 

Abington Swedenborgian church spire. 42 06 26·66 822·6 70 s6 38·73 889·9 
1889. 

Bowker. 42 07 00·69 21·3 70 S5 ss·17 1267'4 

Rockland, corner 14. 42 06 s9·80 184s·1 70 SS ss·14 1266·7 

Pembroke Unitarian church spire. 42 04 18·32 S6s·2 70 48 38·22 878·6 
1889. 

Rye Hill. 42 os 08·87 273'7 70 S4 22·29 512·4 

West Crook, liberty pole. 42 04 1376 424·6 70 s6 s4· is 124s·5 
1889. 

Whitman, corner 1, peg. 42 °3 39·34 1213·8 70 57 05·02 11s·4 

\Vhitman, corner 1. 42 03 39·31 1212·9 70 57 os·54 127'4 

Humble. 42 03 59·72 1842·6 70 SS 08·06 1Ss·3 

Whitman, comer 9. 42 03 54·28 1674·8 70 .!14 48·21 1108·4 

Baldwin. 42 04 03·92 121·0 70 5S 47·48 1091·6 

Whitman, comer 10. 42 03 sB·73 1812·1 70 SS 46·49 1068·8 

Foster. 42 03 40·95 1263·5 70 50 32•49 747·0 

Hanson, comer 19. 42 03 37·67 1162·3 70 50 29•41 676·2 

Foster, peg J. 42 03 39'31 1212·9 70 50 23·00 528·8 

Foster, peg 2. 42 03 36·92 1139·1 70 50 24·52 563·8 

Hanson, corner 18. 42 03 40·76 1257·6 70 50 25•83 593'9 

I 
Hanson, corner 20. 42 03 34·00 1049·0 70 so 22·21 510·7 

Hanson, comer 21. 42 03 33·64 IOJ7'9 70 50 22·40 515·0 

Hanson, corner 22. 42 OJ JJ'I5 1022·8 70 50 13·40 308·1 

Foster, peg J· 42 OJ 44"70 IJ79·2 70 50 27·20 625·4 

Foster, peg 4. 42 03 49·80 ISJ6·5 70 50 20'01 46o·o 

Hanson, comer 17. 42 OJ 50•19 1548•6 70 50 19'J7 445'3 
I 
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CAPE COD BAY TO BOSTON BAY-Continued. 

------~~~~~---------~~----~--------~-----,-~-~---,-~-----· 

f Azimuth. Back azimuth. I 
--------

o I II 

283 09 33 

J07 09 S7 
29s 06 I6 

JJ4 44 06 
288 34 28 

8I S9 J9 

242 09 S7 

292 00 s2 

JS8 OI J2 

222 03 29 

JI7 J7 I6 

178 J8 49 

9S os 46 

ISO 27 J4 

78 S7 40 

I78 27 S7 

4 s6 JO 

IOS I7 JS 
I93 I2 21 

19J 48 OJ 

26s II SI 

I27 S3 24 

I97 I8 I7 

IIO 12 IJ 

142 42 41 
2II 28 16 

I71 s6 s2 

104 20 07 

IJJ JI IS 

I4S 04 54 

IOJ OJ 14 

124 II I2 

20s 26 50 

J4S 4S J6 
92 10 41 

149 27 I7 

I7J 4J 02 

IS4 IS 21 

175 JI 56 

II4 24 S7 

IJO 42 J7 

J4S 27 40 

46 24 40 

46 24 4S 

46 24 4S 

50 JO 4S 

o I II 

IOJ IJ 16 

127 12 IJ 

IIS 09 18 

IS4 46 02 

I08 J7 2J 

26I s8 SI 

62 09 sS 

II2 02 2J 

I78 01 JS 

42 04 08 

IJ7 J8 I7 

JS8 J8 49 

27s 00 27 

J30 26 11 

2s8 s6 12 

JS8 27 s6 

I84 s6 19 

28s 14 40 

IJ I2 28 

IJ 48 II 

8S II SI 

J07 s2 2s 

17 18 47 

290 12 00 

J22 42 10 

JI 29 12 

J5I s6 51 

284 16 05 

JIJ 29 24 
J2S 04 52 
28J OJ 08 

J04 II 07 

2S 26 SI 

I6S 45 J7 

272 10 J7 

J29 27 15 

JSJ 4J 01 

JJ4 IS 20 

J55 JI 56 

294 24 so 

JIO 42 JI 

I65 27 41 

226 24 37 

226 24 40 

226 24 J7 

230 JO 4S 

To station. Distance. Logarithm. 

1-~~~~~---~-~--~~---1-~-----1---~---1 

Rockland watern•orks ------ ------ ·--------
South Abington waterworks. 

Rockland Congregational church ______ -------

South Abington waterworks. 

Rockland waterworks-----.-----------·---
Harris. 

Cleveland Pond------------------- ------

Rockland waterworks---------------------

South Abington waterworks. 

Rockland Congregational church·-----------~ 
Rockland waterworks. 

Bowker ______________________ ----------·-

South Abington waterworks----------------

Hanover Center Congregational church. 

South Abington waterworks,-----·------ -- -
Rockland waterworks. 

East Bridgewater Unitarian church-----------

Brockton First Congregational church. 

West Crook, liberty pole _____ ---- _____ -----_ 

West Crook, liberty pole-----·-------------
\Vhitman, comer I, peg. 

South Abington watern·orks ----------------
Rockland waterworks. 

Humble------._---------------------- __ .. 
South_ Abington waterworks-------~---- ____ _ 

Rockland waterworks. 

Baldwin ____ . ________________ --------------

South Abington waterworks-----------------

Round Top observatory. 

Foster---------'--------------------------

Foster _ ---- ________ ------ ------ ----------
Foster _____________________ - ---- ---- ----

Foster, peg r. 

Foster, peg 2 _ ---------------------------

Fostec. 

Foster, peg 2 _____ ------------------------

Foster, peg 1. J 

Foster, peg 2 ----------------------------

Foster, peg 1. 

Foster, peg 2 ------------ ____ ------------

Foster, peg I. 
Hanson, corner 18 ________________________ _ 

Foster. 

Foster, peg 3 ------- ---------------------
Foster. 

Foster, peg 4 -----------------------------

Metres. 
7 861 ·8 

s 84I ·4 
6 877·6 

9 J45"9 

6 J47"S 
I 6S4 ·1 

so·77 

J 348·9 

2 994·2 
2 007·2 

J I2I"3 

27·44 

IO 98S·J 

s 742·6 

J ogo·J 

I 144•4 

4 S74"7 
6 209·4 

I 090·77 

I 094·5 

I I "9S 
2 s10·2 

J 4JJ"l 
486· 17 

I 774·4 

J 691 •J 

161 ·80 

8 s82·6 

s 2s6·1 

I2J"5S 
224·I 

22I"4 

8I"74 

122'4 

ISJ"2 
104·6 

I64·9 

u2·J 

I75"S 
28I "I 

29I"J 

I2S'6 

167"8 

228·Js 

J96"I8 

I9"II 

J•89s s2 

J 0 766 52 

J'8J7 44 
J'970 62 
3·802 60 

J·218 SS 
I ·70s 6I 

3"524 go 
J 0 476 28 

J"302 6o 

J"494 JJ 
I '4J8 JI 

4·040 SI 

J"759 II 

J"490 00 

J"OS8 ss 

J 0 660 J6 

J"793 05 

3·037 73 
J"OJ9 2J 
I ·077 S2 

J"J99 7I 

J"535 69 
2·686 79 

3·249 04 

3·s67 I5 
2·208 99 

3·933 62 
3·720 66 

2·09I 86 

2·350 42 

2·345 25 

1'9I2 44 

2·087 64 

2·185 22 

2·019 61 

2·217 23 

2·050 55 

2·244 J7 

2·448 8o 

2·464 32 

2·098 83 

2·224 86 

2·358 6I 

2·s97 89 

I •281 3S 



506 UNITED STATES COAST AND GEODETIC SURVEY. 

CAPE COD BAY TO BOSTON BAY-Continued. 

-------------· - ·----------------- ---------

Station. 

Bryantville Methoclist church spire. 
1889. 

Hanson, corner 24, peg I. 

Hanson, comer 24, peg 2. 

Hanson, corner 24. 

Hanson, comer 25. peg 2. 

Hanson, comer 25. 

Hanson, corner 25, peg I. 

Hanson, comer 27. 

l lanson, curner 28, peg. 

Hanson, corner 28. 

Hanson, comer 26. 

Chapman. 

Hanson, corner 15. 

Grover's cupola. 

South Halifax Baptist church spire. 
1889. 

Bridgewater, comer 3. 

Halifax, corner 1. 

Churchill. 

Churchill, peg 1. 

Churchill, peg 2. 

Can·er, comer 19. 

Richmond. 

Richmond, peg. 

Briclgewater, comer 1. 

Bridgewater, comer 2. 

Rockland, comer 10. 

Rockland, comer 11. 

Hanson, corner 13. 

Hanson, comer 14. 

Latitude. 

O I II 

42 02 45·85 

42 02 49•36 

42 02 42·51 

42 02 41·71 

42 02 41 ·57 

42 02 36·80 

42 02 34·62 

42 02 33·89 

42 02 37'16 

42 05 20·15 

42 05 19·36 

41 59 42·22 

41 56 34· 14 

41 56 54'00 

41 54 58·08 

41 54 52·58 

41 54 53·72 

41 54 49·26 

41 55 51 ·43 

41 55 47'94 

41 55 47 ·73 

41 56 07·73 

42 09 06·50 

42 07 05·13 

42 05 21'11 

Seconds in 
metres. 

1522·9 

1430·4 

1311·6 

1286•9 

1282·6 

1135·5 
1068·2 

1045·6 

1146·5 

621·7 

597'3 
1302·6, 

1053·3 

1666°0 

1791 ·8 

1622·2 

1657·4 

1479·1 

1472·6 

238·5 

200°0 5 I 

520·2 

Lo 't d 1· Seconds in I ngi u e. metres. 

I --··- ·--- - --·· --1 
O I II 

70 50 25·54 

70 50 29·24 

70 50 29·11 

70 50 33·02 

70 50 42·34 

70 50 42·93 

70 50 33·34 

70 50 52·59 

70 50 35·41 

70 50 35'93 

71 00 55·10 

70 52 10·64 

70 49 03·80 

70 48 59·68 

70 48 56·75 

71 00 11·36 

71 00 02·06 

71 00 01·58 

71 00 22·25. 

70 54 02'22 

70 53 23·86 

663·2 

1o6o·7 

759·5 

973·6 

987'1 

766·8 

1208·6 

1374·2 

1375·3 

1307·8 

1327'4 

261 ·7 

47'5 

390·0 

1079·1 
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CAPE COD BAY TO BOSTON BAY-Continued. 

Azimuth. Back azimuth. 

----- ---·------1 

To station. 
----- '--1-J-is-ta_n_c_e_. -- --Logar-it_h_n_•·_ 

I II 

67 24 31 

II7 43 37 

276 12 03 

SS 48 S8 

300 II 08 

10 17 23 

240 33 38 

276 II 58 

134 S3 03• 

2s3 49 21 

I8S I3 II 

I83 2s S3 

I4S 5S 07 

21I 2s so 

2s2 37 I4 

21I IS I4 

326 06 IO 

83 I 2 II 

99 20 27 

93.32 40 

332 08 42 

74 I3 00 

269 24 S9 

I8S 36 34 

269 41 I6 

291 48 S7 

I97 33 00 

7I 00 30 

156 I7 20 

I50 44 S3 

62 28 55 

I29 34 2s 

IS4 54 I4 

I88 07 04 

2s2 IS 25 

264 29 S4 

1I6 4I I4 

26o 03 28 

I20 IS 28 

333 29 04 

4 32 38 

23 47 S4 

29 20 22 

22 2s 24 

I20 22 I2 

I77 I7 00 

79 14 20 

O I II 

247 24 09 

297 42 IS 

96 I2 10 

235 48 43 

I20 II IS 

I90 I7 22 

6o 33 43 

96 I2 02 

3I4 S3 01 

73 49 23 

S I3 II 

3 2S S3 

32s SS 07 

3I 2s S3 

72 37 20 

3I IS 14 

146 06 IO 

263 08 22 

279 18 06 

273 32 28 

IS2 09 49 

254 I2 I5 

89 27 02 

5 36 45 

89 43 48 

II I 50 20 

I7 33 07 

250 S6 44 

336 I5 34 

330 44 50 

242 28 53 

309 34 20 

334 54 13 

8 07 05 

72 20 27 

84 30 47 

296 .41 08 

So 04 I5 

300 I5 28 

153 29 II 

I84 32 24 

203 46 I2 

209 19 42 

302 24 22 

300 2I 27 

357 16 S9 

2s9 I4 00 

Bryantvillc Baptbt church 

Hanson Congregational church. 

Bryantville :Methodist church---------------· 

Rryantville Baptist church. 

Bryantville :Methodist church ________ --------

Hanson, corner 24, peg 1. 

Hanson, comer 24, peg 2---------------· __ _ 

Hanson, comer 24, peg 1. 

Bryantville Methodist church ________ --------

Hanson, corner 25, peg 2--·----------------
llryant ville Methodist church. ' 

Bryant ville Methodist church _____ --- ---- - ---1 
Hanson, corner 25. J 

Hanson, corner 2s, peg 1 ----------------- --1 
Hanson, comer 27 ____ -------- ---- --------
Hanson, comer 28, peg __ ------. __________ _ 

Hanson, comer 27------------------------

South Abington waterworks----------·-----

Rockland waterworks. 

Chapman .. _______________ ----~--------- __ ! 
Plympton Congregational church ____________ _! 

Halifax Congregational church. ' 

Plympton Congregational church. ___________ J 
Halifax Congregational church. 

State Farm waterworks.---------·---------

Titicut church. 
South Halifax Baptist church _______________ _ 

Middleboro town hall-------------------- .. -

Halifax Congregational church. ' I 
Churchill ___ . ___ -------- ... ________ --- __ .. __ j 

Churchill, peg 1 ____________ --------------! 
Churchill. : 

Churchill, peg 1 -------~------------- ------. 
• I 

Churchill, peg 2. 

State Farm waterworks. ____ ----------------[ 

Titicut church. - : 

Richmond ____ ---- --------------- ______ - --

Titicut church. 
Richmond, peg _______________ --- ---- __ . ---

Richmond _____ . ------------------------
Rockland waterworks . _ _ _ _ . __ . _ .. ______ . __ . 

South Abington watcnvorks. 
I 

Rockland 1111.terworks ---------- ------------i 
Rockland Congregational church. I 
Rockland watenvorks ------ ------ ---- ______ 1 

Round Top observatory. 
i 

Hanson, corner 13· _____ ----- _ ---------- ----1 

11/etres. 
819·7 

3 I82·0 

254·2 

609·3 

269·7 

109·91 

188'I 

I45'I 

107°I 

88·52 

100·6 

104·7 

5·I6 

172·59 

224·72 

26·30 

I3"29 

7 909·0 

4 9I4·7 

395 ·56 

4 9I8°8 

I 599"4 

4 226·8 

3 975'I 

s 225·4 

3 o61·8 

83r76 

8 23I·o 

9 I00"4 

194·4 

76°!2 

2I0"9 

113°I 

139·0 

4 427·0 

I 848•7 

240·0 

I 650·6 

12·845 

561 ·98 

6 207·I 

8 659·8 

2 802·s 

2 523·9 

I 775"4 

659·88 

702·38 

2·9I3 67 

3·502 70 

2·405 22 

2·784 80 

2·430 88 

2·04I 04 

2·274 ~ 

2·161 59 

2·029 66 

1 ·947 06 

2'002 74 

2·019 84 

0)12 42 

2·237 02 

2·35I 64 

1 ·420 q,3 

l'I2340 

3·8g8 12 

3•69I 50 

2·597 2I 

3·691 86 

3•203 96 

3·626 01 

3·599 35 

3·7.118 I2 

3·486 83 

2·923 12 

3"9I5 45 

3·959 06 

2·288 64 

1·882 og 

2·324 12 

2·053 44 

2'I43 10 

3·646 II 

3·266 87 

2·380 I8 

3·217 64 

I'I08 73 

2·749 72 

3·792 89 

3·937 51 

3 ·447 55 
3·402 07 

3·249 29 

2·819 47 

2·846 57 



508 UNITED STATES OOAST .AND GEODETIO SURVEY. 

CAPE COD BAY TO BOSTON BAY-Continued. 

I 
Station. Latitude. Seconds in Longitude. Seconds in 

metres. metres. 

1---
0 I II 0 I II 

Hanson, comer I I, 42 05 04·16 128·4 7.0 54 48•44 I 113·4 

Hanson, comer 23. 42 03 18·47 569·9 70 50 46·76 lci75·2 

Hanson, corner I. 42 00 56·81 1752·8 70 50 58·96 I35G·6 

Monponsett, peg 1. 42 00 58·88 18I6·6 70 SI 00·75 17·3 

Monponsett, peg 2, 42 00 5i ·64 1593·2 70 5I 13'I7 303·0 

Monponsett, peg J. 42 00 59·79 I844 ·7 70 SI I9'38 445·9 

Monponsett, peg 4. 42 00 53'2I 1641 ·7 70 SI 35·03 8o6·1 

Hanson, corner 2, 42 00 58·38 180I ·2 70 SI 38·36 882·6 

Hanson, comez 29. 42 OI Io·59 326·7 70 50 02·20 50·6 

Halifax, comer 16. 42 00 46·48 1434·1 70 48 28·59 • 657'9 

Halifax, comer 17. 42 00 36·42 l 123'7 70 48 25·95 597'2 

Halifax, comer I8. 41 59 48·42 1493·9 70 49 09·10 209·4 

Halifax, comer 19. 4I 59 04·42 136·4 70 49 24·I7 556·4 

Bridgewater, comer 9. 42 00 2I '26 655·9 70 57 14·97 344·5 

Bridgewater, comer 13. 41 58 58·33 I799'6 70 54 o6·82 157'0 

Bridgewater, comer 15. 4I 57 58·85 1815·7 70 54 31·83 732·9 

Nippenicket, peg. 41 57 45·28 1397·0 7I 02 59·72 1375·2 

Bridgewater, comer 5. 41 57 47·32 I459'9 71 02 59·90 1379·4 

Bridgewater, comer + 4I 57 37'2I Il48·0 71 02 39·83 917·2 

Fulton, peg I. 42 00 33·84 Io44·1 70 58 49'47 I 138•4 

Fulton, peg 2. 42 00 31·06 958·3 70 58 50·32 u57·9 

Chimney corner. 42 00 32·64 1007·0 70 58 41·80 961·9 

Bridgewater, comer 7. 42 00 26·82 827·5 70 58 45·41 1045·0 

Bridgewater, comer 8. I 42 00 39·80 1227'9 70 58 48·29 I II l '3 

Holmes Knoll, peg. I 41 58 48·85 1507·1 70 54 38·86 894•6 

Bridgewater, comer r+ 
I 4r 58 49·24 1519'2 70 54 42·07 968·5 

t 



REPOI~T FOR 1894-P ART II. 509 

CAPE COD BAY TO BOSTON BAY-Continued. 

Azimuth. Back azimuth. To station. Distance. Logarithm. 

; _____ . ____________ i ___________ 

l 0 I II I 0 I II .llfetres. 
203 51 19 23 51 36 Rockland waterworks _ ----- __________ I 410·0 3·149 22 

256 23 26 76 23 44 . Rye Hill. 618·3 2·791 21 

100 30 40 28o 29 30 \ Hanson Congregational church ______________ 2 445'3 3·388 33 

141 04 26 321 02 44 i Round Top observatory. 5 543·8 3'743 8I 
20 I4 05 200 I3 36 Halifax Congregational church ---- ---- _· _____ 2 916·8 3·464 90 

133 00 29 3I2 56 45 South Abington waterworks. IO 539'3 4·022 81 

327 05 56 I47 05 57 Hanson, corner 1 . _________ . ----- ---------· 75·97 I ·88o 63 

232 00 02 52 00 IO :Monponsett, peg 1 _ ---- ·--- ___ ·------------ 362·6 2·559 44 

244 00 I7 64 00 26 Ilanson, corner 1., 363·8 2·56o 88 

273 45 02 93 45 14 Monponsell, peg 1 ------------------------- 429'3 2·632 78 

330 23 26 I50 23 30 Monponsett, peg 2. 289·1 2·461 04 

240 34 55 60 35 06 Monponsett, peg 3 _ ---- ---- ------ - --------- 413·5 2·616 50 

257 28 58 77 29 21 Monponsell, peg 1. 8o7·9 2·907 35 

264 19 00 84 19 13 Monponsett, pe~ 3 _____ . - - . ____________ _,.__ 
439·0 2•642 50 

334 20 33 I54 20 35 Monponsett, peg 4. 177'1 2·248 24 

36 12 45 216 II 38 Halifax Congregational chu1ch_ . - ---- --------- 3 918'.I 3·593 08 

126 53 44 3o6 49 22 South Abington waterworks. I I 268•9 4·051 88 

228 29 40 48 30 08 Silver Lake. _____ ----- .. ---- ----- I 273·6 3'I05 02 

3IO 31 53 I30 32 24 Plympton, cupola. I 406·I 3·I48 03 

217 43 24 37 43 50 Silver Lake. ----------------------------- I 459·5 3'I64 20 

300 54 13 I20 54 42 Plympton, cupola. I I74'7 3•069 94 

356 I4 19 I76 14 28 Plympton Congregational church_------------ 4 550·4 3·658 05 

79 58 I3 259 56 30 Halifax Congregational church. 3 592'5 3·555 40 

348 32 22 I68 32 41 Plympton Congregational church _____ -----~-- 3 248·0 3·511 62 

I02 54 47 282 53 I4 Halifa>. Congregational church. 3 273·5 3'5I5 OI 

84 08 06 264 07 36 Bridgewater waterworks ______ ----------- ___ I.037·3 3·01s 89 

I8I 50 46 I 50 48 East Bridgewater l:nitarian church. 2 6I7·3 3·4I7 85 

49 34 38 229 31 28 Titicut church _______ --------- ·------·---- 8 6I 5' I 3'935 26 

95 SI 43 27s 48 48 Bridgewater Unitarian church. 6 042·8 3·781 24 

54 20 II 234 I8 26 State Farm waterworks.·--··---------------- 4 435·3 3·646 92 

I75 56 38' 3S5 56 34 Holmes Knoll. I 800·2 3·255 33 

2s4 36 49 74 38 29 Scotland Congregational church __ ,,_---------- 3 579·8 3'S53 86 

3I7 50 4I I37 so s2 Nippenicket. 587·9 2·769 32 

3S6 I6 49 176 16 49 Nippenicket, peg----------· _____ .. ___ -----·· . 63·I73 I •800 53 

18 48 06 I98 48 04 Nippenicket ______ ------ -------- ____ ------ I97"33 2·295 20 

I89 I6 I2 9 I6 Ij Fulton_. ----------··--------------------- I87·7 2·273 SS 

293 23 14 113 23 47 Bridgewater waterworks. I 245•2 3·095 23 

I92 45 I2 I2 4S I3 Fulton, peg I ______________ ---------------- 88·2 1·945 39 
289 2I 10 109 21 44 Bridgewater waterworks. I 232·0 3·090 6o 

76 02 20 256 02 14 Fulton, peg 2 _. --------- -------- ---------- 202'I 2·305 57 
IOI S4 2I 281 54 16 Fulton, peg I. I80·5 2·256 59 

I39 IO I2 319 10 09 Fulton, peg 2 _ ---- ____ -------- ------ ---· __ I72'9 2·237 87 

204 49 I3 24 49 I5 Chimney corner. I97"9 2·296 42 

244 45 SS 64 4S 55 Fulton ______ ---- ____________ .. -·----- ---··-- 3"34I 0·523 88 

187 4S 46 7 4S 47 Holmes Knoll_·------.----·---------------- 255·3 2'407 I I 

204 I3 34 24 I3 37 Holmes Knoll _______ ---· ___ ----- ---· ------ 264·3 2·422 I3 

279 IO 4z 99 IO 44 Holmes Knoll, peg. 74'935 I'874 68 

---- - --- -- - - ·-·- -·-----



510 UNITED STATES COAST AND GEODETIC SUH.VEY. 

CAPE COD BAY TO BOSTON BAY-Continued. 

------ -- ----- ---------------------

is a - I I Seconds in 
Station. Latitude. ~ ~ econ s in Longitude. metres. metres. 

----- ------·--·----
0 I II 0 I " 

Bridgewater, comer 6. 41 58 57·97 1788·4 71 03 16·82 387·2 

Bridgewater, corner 10. 42 00 23·80 734·3 70 s6 35·79 823·6 

Bridgewater, comer I I. 4I S9 46·96 I448·8 70 S3 58•84 13S4':? 

Bridgewater, corner 12. 4I S9 I8"0I 5SS"7 70 S4 00·98. 22·6 

Halifax, comer 20, peg. 4I S7 22·6o 697·3 70 SI 48·04 1106·3 

Halifax, corner 20. 41 S7 24·69 761'7 70 SI 48·82 1124·3 

Halifax, corner 2I, peg. 41 S7 I6°02 494·3 70 SI 44·24 1018·9 

Halifax, corner 21. 41 S7 18·15 s6o·o 70 SI 40·9s 943·1 

Nicks Rock 2. 41 S7 3S'95 1109· 1 70 42 s9·64 1373·4 
1889-90. 

Denham's barn cupola. 4I 55 41·98 129s·2 70 44 48·18 1110·1 
1886-1889. 

Denham. 41 SS 39·23 "12!0"3 70 44 55·47 I27S·o 

Denham, peg I. 41 55 42· 12 1299·5 70 44 SI ·94 1196·7 

Denham, peg 2. 4I SS 44·43 1370·8 70 44 58·38 1345·1 

Carver, corner 23. 4I SS 59·87 1847·1 70 4S I4"49 333·8 

Ca1ver, comer 24. 1889. 4I SS 33·87 1044•9 70 45 04·38 !00'9 

Campello, peg I. 42 03 49·62 1531·0 71 00 57·31 I317'6 

Campcllo, peg 3- 42 03 14·82 4S7'3 71 00 45·8o w53·2 

\Vest Bridgewater, corner 4, eccentric. 42 03 17"23 531·6 71 00 35'9I 825·7 

\Vest Ilriclgewater, comer 6. 42 03 16·94 522·7 7I 00 25·26 s8o·8 

West Bridgewater, c1.n1er 4. 42 03 17·27 s32·8 71 00 36·22 832·9 

CampcllfJ, peg :. 42 03 24·66 76o·9 71 00 49·06 1128·1 

West Bridgewater, corner 5. 42 03 19·36 S97"3 7I 00 27·78 638·8 

\Vest Bridgewater, corner 7, peg. 42 03 05·2s 162·0 71 00 18·03 414·6 

\Vest Bridgewater, corner 7. 42 03 04·18 129·0 71 00 23·08 530·7 

\\'hitman, corner 4. 42 05 4o·s4 12so·8 70 S6 so·40 1158·2 

Hanson, corner 16. 42 04 38·08 1174·9 70 50 39·80 914·8 

Hanson, corner 10. 42 03 42·20 1302·0 70 S4 30·96 711·8 

Halifax, corner 15, peg. 42 01 28·88 891·1 70 48 s6·40 1297"5 

Halifax, corner 15. 42 01 26·52 818·3 70 48 55"69 128I"I 

-------------



REPORT J<'OR 1894-P ART II. 511 

CAPE COD BAY TO BOSTON BAY-Continued. 
-- _______________________ T ______ ----

. .\zimuth. I Back azimuth. _ To station . Distance, Logarithm. 
I ! 

-1----1-------l--

251 18 ;; I ;I :2 ~~ I Bridgewater waterworks--------------------

-- ----·----
111dres. 
7 699•5 3·886 46 

288 34 51 : I08 36 43 I Scotland Congregational church. 

157 27 33 ' 337 27 31 ! Desmond ________ ---------------·--· __ _ 

262 12 47 82 12 50 Union-----------------------------. __ _ 
179 39 46 359 39 46 Cedar ___________________________________ _ 

72 38 43 252 38 35 South Halifax Baptist church_--------------

344 19 08 164 19 09 

59 20 43 

I08 34 53 

49 06 57 

97 07 00 

69 25 50 

100 05 04 

208 22 34 

215 24 09 

209 49 16 

243 14 00 

42 22 31 

295 42 39 

337 20 39 

322 03 46 

231 09' 15 

76 11 15 

164 08 45 

166 09 12 

71 53 28 

151 51 IO 

92 04 53 

142 12 44 

280 02 28 

163 21 18 

166 09 IO 

142 12 42 

322 12 42 

155 13 49 

254 04 46 

213 23 50 

267 09 16 

7 33 42 

92 32 50 

346 22 41 

126 18 23 

286 14 14 

322 26 24 

167 26 24 

283 55 47 

239 20 36 

288 34 43 

229 c6 55 

277 06 48 

249 23 51 

280 04 48 

28 23 31 

35 25 22 

29 50 18 

63 14 05 

222 22 29 

115 42 43 

157 20 41 

142 03 57 

51 09 21 

256 II 14 

344 08 36 

346 09 04 

251 53 22 

331 50 55 

272 04 44 

322 12 21 

100 02 28 

343 21 II 

346 09 04 

322 12 21 

142 12 44 

335 13 44 

74 04 49 

33 25 06 

87 IO 54 

187 33 27 

272 28 52 

166 22 42 

306 17 00 

I06 15 00 

142 27 14 

347 26 24 

103 56 3~ 

; Halifax, corner 20, peg.------------·---·--

South Halifax Baptis! church. I 
South Halifax Baptist church ____ ------------

Halifax, corner 21,peg _______ --------------

South Halifax Baptist church. 

Rickard Pond _____________ ----------------

;\fonk Hill. I 

:'.\lank Hill ______ --------------------------' 
Nicks Rock 2. I 
:\:lank Hill__---- ___________ -----------

Denham's barn cupola. 
Denham _______________________ ·- ________ i 

I Denham, peg 1 ____________ ·--- ------ ------, 

Denham. 

Denham, peg 2 _____ -------·---------- __ _ 
Denham ___________ ----- __________ ---------

Campello South Congregational church ____ --- I 
Campello South Congregational church ____ ----! 

Campel!o, peg 1. i 
Campello, peg 3---------------------------i 
Campello South Congr~gational church. 

\Vest Bridgewater, co;ner 4, eccentric_-------

Campello South Congregational church. 

\Vest Bridgewater, corner 4, eccentric ________ _ 

Campello South Congregational church ____ ----

Campello, peg I. 

Campello South Congregational church _______ _ 

\\'est Bridgewater, comer 6. 

\Vest Bridgewater, corner 6 ______ ----------

\Vest Bridgewater, corner 7, peg ______ ------ __ 

Rockland Congregational church_-----------

Rockland watenvorks. 

Brynntville Baptist church-----------------

South Abington waterworks. 

Two-dollar tree ______ ·---------------------

South Abington waterworks. 

Silver Lake_ -·---- ·-----------------------
Plympton, cupola. 
Halifax, corner 15, peg _____________________ _ 

Silver Lake. I 
---------- --- -------- ---------------

4 055·6 3·6o8 06 

190·43 2;279 74 

119·48 2·077 29 

71·68 I ·855 4°1 

28o7 2·448 19 

66·S3 1·825 00 

290·4 2·463 00 

374·9 2·573 S9 

100·27 2·001 17 

434'5 2·637 98 

4 364 '9 3·639 97 

556·0 2·745 05 

4 ID7'7 3·613 6o 

4 314·8 3·634 96 

4 263'6 3·629 78 

188·3 2·274 84 

120·65 2·081 52 

164·6 2·216 50 

174·0 2·240 49 

6o3·88 2·780 95 

263·68 2·421 08 

38·76 1 ·588 37 

I 106·5 3·043 95 

I I05'78 3·043 67 

239·28 2·378 91 

I i22•8 3·050 31 

245·05 2·389 26 

I 264•1 3"IOI 77 

7·19 0·856 93 

794·1 2·899 87 

793·12 2·899 34 

I 169·63 3·068 05 

94·44 1 ·975 17 

397·07 2·598 87 

120·82 2·082 13 

4 747'4 3·676 46 

3 377·2 3·528 56 

3 838·6 3-584 17 

8 155·7 3·911 46 

124·87 2·096 46 

3 516·7 3·546 13 

I 659·6 3·220 01 

2 802·6 3·447 56 

74·7 1·873 08 

I 625-0 3·210 85 



512 UNITED STATES COAST AND GEODETIC SURVEY. 

CAPE COD BAY TO BOSTON BAY-Continued. 

Station. metres. 
Latitude. ·1 Seconds in I 

----------·- _______ ! ----·-·' 

Whitman, t:omer 5. 

\Vest Bridgewater, corner 2. 

Norton, corner 5. 

Taunton, corner 12. 

Taunton, comer 13. 

West Bridgewater, corner 3. 

Old cross. 

Plympton, corner 1. 

Plympton, corner 2. 

Plympton, corner 10. 

Hanson, corner 6. 

Hanson, corner 5. 

Hanson, corner 4, 

Hanson, corner 7. 

Hanson, corner 8. 

Hanson, corner 9. 

Hanson, corner 12. 

Halifax, corner 7. 

Halifax, corner 8. 

Abington, corner 3. 

Easton, corner 1. 

Rattlesnake Hill. 

Centerville church spire. 
1889. 

North Easton watenvorks. 

Bridgewater Con[.:regational church spire. 
1889. 

Whitman Catholic church spire. 
1889. 

Harris, south. 

South Raynham Baptist church spire. 
1890. 

-----·-- -------- -· - - ---··--·-----------

o I II 

42 06 00·66 

42 02 59·14 

41 59 35·63 

41 59 27'18 

42 03 17'32 

41 55 39·92 

41 56 34·00 

41 58 42·31 

42 01 24·04 

42 01 09·26 

42 01 35·39 

42 01 27·42 

42 01 30·00 

42 01 31·29 

42 05 09·41 

42 00 10·92 

42 00 59·43 

42 06 42·07 

41 59 06·40 

42 05 03·13 

42 01 19·07 

42 04 00·39 

41 59 21·53 

42 o6 43·52 

41 53 52·23 

20·4 

!099·3 

534·4 

1231 ·6 

1049·0 

1305·3 

741·7 

1091·9 

846·0 

925·6 

965·4 

290·3 

336·9 

1833·6 

12'0 

664·2 

1342·8 

1611·4 

---·--------· 

Longitude. Seconds inl 
metres. 

____ ,_ ----- ... ----

0 I II 

70 54 59·04 

71 05 15·50 . 

71 00 39·28 

71 00 36·33 

70 49 49·16 

70 53 49·60 

70 53 50·54 

70 53 42·04 

70 53 53·31 

70 53 52·48 

70 54 00·80 

70 54 10-41 

70 54 00'24 

70 53 53·66 

70 59 56·86 

71 03 18·75 

71 09 03·36 

71 00 41·43 

71 06 44·08 

70 59 56·8r 

71 00 13·15 

\ 

1!0'9 

2o6·0 

903·2 

835·4 

1132·7 

!061·9 

967'2 

1226•4 

1207·3 

18•4 

239·2 

s·s 
1234·6 

13o6·3 

431·6 

77·2 

953·2 

1013·4 

880·6 

1305 ·2 

303·1 



Azimuth. 

o I II 

332 08 42 

44 58 50 

226 00 48 

252 00 50 

243 36 08 

287 37 52 

234 37 59 
288 25 36 

·170 25 II 

225 12 22 

84 30 16 

148 32 38 

285 55 28 

159 37 19 

247 28 52 

166 20 48 

240 03 47 

42 29 10 

103 01 00 

98 20 36 

189 36 19 

103 49 18 

182 41 54 

50 57 SS 
222 24 36 

241 16 41 

266 24 04 

86 30 02 

203 53 41 

107 34 07 

193 18 25 

182 22 27 

222 30 S4 

2s3 IS 43 

269 21 40 

281 30 4S 

357 17 23 

73 44 II 

2s4 49 SS 

313 58 27 

204 09 48 

207 00 04 

16 49 17 

116 52 37 

184 22 17 

274 50 07 

352 59 54 

I 
I 

! 

I 
I 
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CA.PE COD BAY TO BOSTON BAY-Continued, 

I 

Rack_a_z_im_u_th_. _________ T_o_s-ta-t-io_n_. _______ l---D-i-st_llll_c_e_._f _ Loguiohm. 

O I II 

152 09 07 

224 57 46 

46 02 47 

72 os 57 

63 38 33 

107 41 36 

S4 39 S1 

108 28 47 

350 24 2s 

45 14 10 

264 30 10 

328 32 2s 

105 55 28 

339 36 03 

67 33 10 

346 20 10 

6o os 00 

222 28 03 

282 58 02 

278 18 21 

9 36 20 

283 47 03 

2 41 SS 

230 57 51 

42 24 40 

61 16 44 

86 24 J3 

266 29 S4 

23 53 49 

287 31 SS 
13 18 27 

2 22 27 

42 32 38 

73 19 17 

89 26 S4 

IOI 36 09 

177 17 31 

253 43 00 

74 S3 3S 
134 01 19 

24 10 46 

27 00 30 

196 48 os 

29_6 52 23 

4 22 17 

94 S3 49 

173 00 13 

Rye Hill __________________________ ._ _____ _ 

South Abington waterworks. 

Brockton First Congregational church. 

South Abington waterworks. 

I 

Cochesett Methodist church •..... ------------
Scotland Congregational church. 

Cochesett Methodist church ___________ -----_ 

I Scotland Congregational church. 
' North Easton high school_ _________________ _ 

I 

I 
Cochesett Methodist church. 

Campello, peg 2 _ ------ -------------- ------

I Campello South Congregational church. 

I West Bridgewater, comer 4, eccentric ________ _ 

Halifax Congregational church.·------------

Monk Hill. I 
I 

Halifax CongEegational church ______________ ., 

I Plympton Congregational church. , 

I 
Plympton Congregational church _____________ I 

, Halifax Congregational church. 

I East Bridgewater Unitarian church _______ ----

Harding. 
East Bridgewater Unitarian church __________ _ 

Hanson, corner 6. 

Harding--··-----·-----------------------

Harding-----·· -· -----------------------
Harding--------------------------·-----

Harding-----------·--------------------

Rye Hill.--------------------·--··--------
\Vashburn __________________ - - _ - _. __ - - - - - -

East Bridgewater Unitarian church_---------

Hanson, corner S· 

Harris ______________ - - - _ - ---- ---- ---- ----

Howard Institute ____ ---------------- _____ _ 

Bridgewater waterworks. 

Brockton First Congregational church. __ ·----

Campello South Congregational church. 
Scotland Congregational church ___ . _____ . ___ _ 

Cochesett Methodist church. 

Brockton First Congregational church. __ -~---

Cochese.tt Methodist ~hu~ch. I 
East Bndgewater Umtanan church. - - - .. - - - - .

1 Bridgewater waterworks. 

Bridgewater waterworks __ ------ ·---- - - - -- - -I 
South Abington waterworks. i 

!Yarris----------------------------------· 
Middleboro town hall ________ .. __ ---- __ --- . 

Pigeon Hill. 

Metres. 
I 8o7·4 

3 096·1 

s 671 ·s 

II 070·1 

s 574·9 

8 093·6 

4 731·7 

6 933·3 

9 378·0 

s 225·0 

225·81 

866·6 

1o·o6 

7 s10·7 

9 617'0 

5 528·3 

2 922·0 

3 390·9 
6 286·2 

4 689·5 

245·92 

4 756·2 

456·28 

171·16 

18t17 

122· 19 

299·21 . 

273·57 

663·85 

4 769·1 

311·7s 

62·76 

s 258·5 

7 665·0 

IO 770·1 . 

11 366·3 

5 6s3·5 . 

2 S49"S 

7 841·9. 

8 193·7 

4 887'1 

I 949'1 

8 502·4 

550·2 

17·8o 

7 675·0 

s 4o8·4 

3·2s7 06 

3·490 81 

3·753 70 

4·044 IS 

3·746 24 

3·908 14 . 
3·67s 02 

3·840 94 

3·972 II 

3·718 09 

2·353 74 

2·937 So 

I "002 S3 

3·87s 68 

3·983 04 

3·742 59 
3·465 68 

3·530 32 

3"798 39 

3·671 13 

2·390 79 

3·677 26 

2·659 23 

2·233 40 

2·272 24 

2·087 03 

2·475 98 

2·437 06 

2·822 07 

3·678 44 

2·493 81 

1·797 67 

3·720 86 

3·884 51 

4•032 22 

4·055 6:? 

3·7s2 32 

3·406 45 

3·894~ 

3·913 48 

3·689 05 

3·2Sg ~ 

3·929 54 

2·740 50 

1·250 43 

3·885 o8 

3'733 07 

------- ----------------------'----------'------' 
S. Ex. 8, pt. 2--33 
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CAPE COD BAY TO BOSTON BAY-Continued. 

Station. Latitude. Seconds in I Longitude. 
! Seconds in 

metres. I metres. 
! 

- ------ i I 0 I II I 0 I II 

Split Rock. 41 58 45·26 1396·4 71 04 36·17 832·8 

Banana. 41 53 49·40 1524·1 70 59 38·26 
! 

881·9 

Pineapple. 41 53 27·09 835·8 70 59 37·49 864·3 

Spruce. 41 53 03·40 104·9 70 59 53·40 1231 ·2 

Spruce, south base. 41 52 59·08 1822·8 I 71 00 00'21 4·8 

Spruce, north base. 41 53 01 ·82 56·2 71 00 01·77 40·8 

Ned Deane. 41 53 s1 ·55 1590·5 71 00 59·22 1365·1 

Tomasso. 41 53 13·74 423·9 71 00 17"54 404·4 

High pine. 41 53 28·96 893·5 71 00 25·68 592·0 

Mann, peg 41 53 o6·53 201·5 70 59 42·98 991 ·o 

Corn, peg. 41 54 02'01 62·0 71 00 14"35 330·8 

Taunton, comer 32. 41 53 24"34 750·9 71 00 44·52 1026·4 

Deane, peg. 41 53 37·49 u56·7 71 00 56·19 1295·3 

Taunton, corner 46. 41 53 48•99 1511·5 70 59 59·48 1371 ·1 
' 

Le Baron. 41 51 57"69 1779·9 70 58 36·53 842·5 

Williams. 41 51 07"23 223·1 70 59 13·82 318·8 

I ' 
Precinct Congregational church spire, 41 51 22·07 68o·9 70 58 50·64 1168·1 

1890. ' 
Lake,·ille, comer 26. 41 54 20·09 619·8 70 59 15'54 358·2 

Lakeville, comer 14. 41 51 o6•93 213·8 70 59 18·08 417·2 

Lakeville, corner 17. 41 51 14·44 445·5 70 59 II '93 275·3 

Precinct, peg 6. 41 51 04•49 138·5 70 59 20·98 484·0 

Precinct, peg 1. 41 so 52·93 1633·0 70 59 41·22 950·9 

Precinct, peg 2. 41 50 56·30 1737·0 70 59 35'II 810·0 

' 
Precinct, peg 3. .41 5° 50·35 1553·4 70 59 45·66 1053·3 

' 

---·----------------------



Azimuth. 

o I II 

166 26 32 

216 13 41 

I 34 44 

118 S9 08 

268 SS 34 

2 02 17 

163 II 08 

2o6 39 24 

211. 13 II 

229 38 12 

2ss 46 18 

336 SS 4S 
268 s2 01 

342 08 SS 
266 00 33 

349 41 20 

132 02 46 

201 SS 03 

IS3 44 44 

191 17 24 

29s 03 48 

354 44 42 
1s8 01 26 

220 02 SS 
170 SI 49 

290 30 29 

107 34 54 

139 30 24 

129 27 17 

241 s8 3S 

137 02 00 

234 43 22 

134 00 19 

23s IS 38 

283 2s 02 

6 08 17 

233 33 49 

264 42 03 

II OS 46 

31 31 33 

221 33 34 

242 S4 19 

IS4 46 46 

S3 3S 36 
10s 27 20 

232 II 38 

232 S9 47 

REPORT lWR 1894-P ART II. 

CAPE COD BAY TO BOSTON BAY-Continued. 

Rack azimuth. I · To station. 

o I II 

346 2s 2s 

36 IS 07 

181 34 40 

298 SS 02 

88 s8 52 

182 02 12 

343 10 SS 
26 39 3S 

31 13 26 

49 38 17 

75 46 24 

1s6 SS 46 

88 s2 32 

162 09 4S 

86 04 17 

169 41 42 

312 02 24 

21 SS II 
333 44 24 
II 17 28 

llS 04 12 

174 44 43 

338 01 16 

40 OJ 16 

350 51 47 

110 30 49 

287 34 4S 

319 30 14 

309 22 30 

62 01 12 

316 57 38 

S4 46 24 

313 5S 42 

SS 18 24 

103 28 05 

186 07 58 

53 34 07 

84 42 o6 

191 05 45 

211 31 29 

41 33 36 

62 54 24 

334 46 44 

233 3S 32 

28s 27 14 

S2 II 41 

52 S9 S4 

North Easton high school_ ____________ -··---· 
I 

Cochcsett :\1etho<list church. [ 
Pigeon Hill ___________________ -----------J 
Prospect Taunton. 

Middleboro town hall ---------------------
Pigeon Hill. 

South Raynham Baptist church--------------

Pineapple. 

Pineapple 
I 

Spruce. J 

S I 

s~:~::.-~~;t~1-~:~e-.---- - -------- -- -- -- - - -- - -, 

South Raynham Baptist church--------------\ 

Pigeon Hill. J 

Mi<l<lleboro town hall ______________________ ! 

Pigeon Hill. \ 

Ned Deane_-------------------- __________ i 
South Raynham Bapt'.st church. I 
South Raynham Baptist church-------------

Pineapple. 

Banana .. _________ ---------------- ____ ----

1 South Raynham Baptist church. 

I :e~~:1::~~~~~: ~-:p-t~s~-;~~;c~~------ - -- - ·- - -1 
I Ne<l Deane ______________________________ _ 

High pine. 
South Raynham Baptist church _____________ _ 

Corn, peg. I 
Prospect Taunton-----·-_ -- __ ----- - ---- ----11 

Middleboro town hall. . 

Prospect Taunton--------_------------- ___ _ 

Middleboro town hall. 
Prospect Taunton. ____ . ____ ---- ____ --- ____ _ 

Middleboro town hall. 

Middleboro town hall---------------------

Pigeon Hill. I 
Precinct Congregational church ----- ----- ___ _ 

Williams. I 
\Villiams _______________ - _ ----- --- ------ - -

Lakeville, corner 14 

Lakeville, corner 14---------------·--·-----
Williams. 

Pigeon Hill ... ____ .. ---------------------- -

Precinct, peg 1------··--------------------· 
Pigeon H1!1. 
Precinct, peg 1 ---- _______________________ _ 

Precinct, peg 2. 

515 

Distance. Logarithm. 

Metres. 
9 873·0 3·994 4S 

4 997·7 3·698 77 

s 282·s 3·722 84 

9 678·s 3·98s 81 

6 827"0 3·834 23 

4 S95"0 3·662 29 

I S73"7 3·196 93 

817'7 2·912 61 

I 010°6 3•004 57 

2o6·0 2·313 83 

199·0 2·298 93 

91 ·826 1 ·962 97 

I o62·2 3·026 19 

s 617'2 3·749 52 

7 768·0 3·890 31 

4 248·9 3·628 28 

I 041 ·o 3·017 44 

774·0 2·888 7S 

I 572"2 3·196 50 

646·8 2·810 74 

918·4 2·963 os 
303·0 2·481 44 

90s·2 2·9s6 76 

I 124·0 3·050 76 

439·6 2·643 05 

1so·9 2·875 S7 

330·6 2·s19 33 

s28·1 2·722 70 

12 8o6·s 4•107 43 

6 14o·:z 3·788 18 

13 247'7 4·12214 

7 692•4 3·886 06 

13 295·4 4·123 70 

6 992·0 3·844 6o 

6 497·1 3·812 72 

6 263 ·1 3·796 79 

786·7 2·89s 83 

98·8 1·994 86 

226·6 2'3SS 31 

271·6 2·4·3 93 
100·8o 2·003 46 

185·6 2·268 69 

181 ·5 2·2s8 99 

175·06 2·243 19 

226·4 2·354 9S 

129·8o 2·113 28 

304·8 2·484 07 

-----~ 
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CAPE COD BAY TO BOSTON BAY-Continued. 

--·· -·-··-···-·· ------

Precinct, peg 4. 

Precinct, peg S· 

Lakeville, comer 12. 

Lakeville, comer 15. 

Lakeville, comer 16. 

Precinct, peg e. 

Precinct, peg f. 

Precinct, peg c. 

Precinct, peg d. 

Precinct, peg b. 

Pigeon, peg 1. 

Pigeon, peg 2. 

Middleboro waterworks. 

Leonard. 

Leonard, peg 1. 

Leonard, peg 2. 

Lakeville, comer 27 

Curve. 

Long Point. 

Long Point, peg. 

Lakeville, corner 30. 

Shaw. 

Carver, peg I 2. 

Carver, peg I I. 

Carver, peg 9. 

Station. 

0 

41 

41 

41 

41 

41 

41 

41 

41 

41 

41 

41 

41 

41 

41 

41 

41 

41 

41 

. 41 

41 

41 

41 

41 

41 

41 

Latitude. Seconds in I 
metres. I 

I II 

50 58·11 1792·8 

51 00·05 1 ·5 

50 59·94 1849·3 

51 07'90 243·7 

51 08·12 250·5 

51 19·74 6o9·0 

51 13·41 413·7 

51 21·38 659·6 

51 21·94 676·9 

51 22·45 692·6 

50 35·66 1100'2 

50 43·99 1357'2 

S3 41·63 1284•4 

53 46·58 1437·1 

53 47'29 1459·0 

S3 s2·56 1621 ·6 

S3 46·61 1438·0 

52 40·10 1237'2 

49 04·69 144·7 

48 s6·56 1745·0 

48 54·os .1667'6 

SI 41·37 1276·4 

SI 38•69 1193·7 

51 39·49 1218·4 

SI 48·35 1491 ·7 

I I 
I 

Longitude. 

0 I II 

70 59 31 ·15 

70 59 27'77 

70 59 27'77 

70 59 17·19 

70 59· 17·6o 

70 59 00·05 

70 59 07·04 

70 58 51 ·09 

70 58 53·00 

70 58 49·46 

71 00 o6·27 

71 00 08·78 

70 S4 s8·30 

70 57 S4'SO 

70 57 46·38 

70 S7 46·08 

70 S7 48·s6 

70 SS 06·08 

70 S3 58·00 

70 54 00·46 

70 53 s6·87 

70 48 18·79 

70 48 Ol '3S 

70 47 52·56 

70 48 00·46 

Seconds in 
metres. 

949·2 

~40'6 

640·6 

396·6 

4o6·0 

1'2 

162·4 . 

1178·4 

1222·5 

1140·8 

144·7 

202·6 

1343·9 

1256·3 

1069•1 

1062·2 

1119·4 

140•2 

1338·6 

10·6 

1312·6 

433·4 

31 ·1 

1212·2 

10·6 
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CAPE COD BAY TO BOSTON BAY-Continued. 

Azimuth. 

I 
Back azimuth. 

I 
To station. Distance. Logarithm. 

, •.. -
0 I II 0 I II 

1· Metres. 
58 29 39 238 29 36 Precinct, peg 2---------------------------- 107"09 2·029 73 

go 48 44 270 48 3S Pigeon Hill. 309·6 2·490 77 

s2 30 31 232 30 29 Precinct, peg 4---------------------------· 98·32 I 0 992 64 
228 S2 OI 48 s2 o6 Precinct, peg 6. 208·04 2·3I8 I4 

S4 04 I5 234 04 13 Precinct, peg 4--------------------------- - 96·4 I ·984 19 

I78 48 01 358 48 OI Precinct, peg 5. 3·26 0·5I3 40 

28s 00 SI 105 00 53 \Villiams _ --··----------------------------- 8o·s I"905 77 

34 33 46 214 33 45 Lakeville, comer 14. 36·4 1 ·56I I6 

287 3I 3S 107 31 38 \\'illiams _______ ------------ -------------- 91·5 I ·961 32 

16 56 17 I96 S6 I7 : Lakeville, corner 14. 38·3 1 ·583 63 

39 27 S4 2I9 27 4S Williams_-------··--------------··--------- 499·7 2·698 73 

S9 II 24 239 II 16 Lakeville, corner I 7. 3I9·0 2·so3 83 

IDS 44 07 285 44 04 Lakeville, corner I7 ----------------------- II7"07 2·068 4S 

219 34 36 39 34 41 I Precinct, peg e. 2s3·2 2·403 47 

76 09 58 256 09 s2 Precinct, peg e---------------------------- 2I2"8 2·327 88 

20s 42 38 2s 42 38 Precinct Congregational church. 23·8 1 ·376 88 

29I I3 48 II I I3 49 Precinct, peg c ---------------------------- 47·10 I ·673 03 

67 20 I2 247 20 07 Precinct, peg e. 176·3 2·246 24 

48 3I 49 228 3I 48 Precinct, peg c ---· ------------------------ SO"I2 1·700 os 
66 40 S9 246 40 s8 Precinct Congregational church. 29·6 1 ·47I 99 

21s 4I 02 35 41 I6 Pigeon Hill. __ --------------------------- 8s8·2 2·933 59 

231 46 30 SI 46 46 Pigeon Hill ______ ------.------------------ 7u·o 2·8SI 87 

347 I7 s2 167 17 54 Pigeon, peg 1. 263·59 2·420 93 

6I 16 50 241 08 20 Richmond Hill ______ ---- ____ -------------- 20 137"2 4·304 00 

108 I9 27 288 12 14 Prospect Taunton. IS 712·7 4·196 2s 

276 os SI 96 08 00 Middleboro town hall------------·--------- 4 476·6 3·6so 9S 

16 os 37 196 os 09 Le Baron. 3 496·6 3"S43 64 

83 22 II 263 22 06 Leonard _______________ ---------------- ____ I88·5 2·275 28 

2 24 14 182 24 14 Leonard, peg I---------------------------- 162·84 2"2II 76 

46 27 09 226 27 03 Leonard. 267·7 2·427 71 

I97 16 18 17 16 20 Leonard, peg 2 ______ ---------------------- I92"2 2·283 76 

247 28 I2 67 28 IJ Leonard, peg I. 54·4 I"73S so 

I99 SI 28 19 51 44 Middleboro town hall--------------------·~ I 674·1 3·223 77 
218 40 48 38 42 08 Middleboro Green church. 4 397"3 3·643 19 

248 13 SS 68 14 28 Pasture---------------------------------- I 233•6 3·091 16 

192 48 IO 12 48 12 Long Pomt ·-------- ·--------------------- 2S7"0 2·409 97 

239 30 30 59 JI 05 Pasture. I 39S "5 3"144 7'?-

I7S 27 45 355 27 44 Long Point------------------------------- 329·4 2·517 70 

234 56 06 54 s6 38 Pasture. I 367·8 3·136 03 

21! 38 20 31 4I 37 I :::~m~:'.l__ ______ ----- ------------ ---- --- 12 967·9 4"1!2 87 

247 31 46 67 40 20 19 2I5"9 4·283 66 

IOI 35 52 28I JS 40 Shaw------------------------------------ 410·7 2·613 52 

83 04 38 263 04 32 Carver, peg 12_ ---------------------------- 204·29 2·310 25 

95 28 15 275 27 57 Shaw. 6o7"9 2·783 82 

3 57 07 183 57 06 Carver, peg I2 _______ ------ ---· __ ----------. 298·6 2"47S 04 

63 OI JI 
! 243 00 59 Shaw. 474·5 2·676 27 

' I 
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CAPE COD BAY TO BOSTON BAY-Continued. 

-----· 

I Seconds inf 
e. metres. ; 

-i-------~~~-S-t-a-ti_o_n_·~~~~~~~~~-1----~~~~::__ 
Carver, corner 13. 

Carver, comer 12. 

Carver, peg 10. 

Carver, peg 8. 

Carver, peg 7. 

Carver, peg 6. 

Carver, peg 5. 

Carver, peg 4. 

Carver, peg 3. 

Carver, peg 2. 

Carver, peg I. 

1 Carver, corner 17. 
I 

Carver, peg 21. 

Carver, peg 22. 

Carver, peg 23. 

Carver, peg 24. 

Carver, peg 25. 

Carver, peg 13. 

Carver, peg 14. 

Carver, peg 15. 

Carver, peg 16. 

Carver, peg 17. 

Carver, peg 18. 

Carver, peg 19. 

O I II 

41 51 44 ·39 

·45 

41 51 52 ·26 

41 52 03 ·23 

41 51 59 ·15 

41 52 06 ·42 

41 52 09 ·28 

41 52 15 ·59 

63 

27 

24 

41 52 31· 29 

41 52 11· 

41 52 ll' 

41 51 34· 

02 

08 

03 

30 

IS· 

90 

52 

76 

8 

41 51 16·5 8 

41 51 05·7 4 

41 51 03·0 3 

1369·5 

1248·0 

1612·4 

99·7 

1824·9 

198•1 

286·3 

481·0 

513·1 

841·3 

840·4 

965·4 

62·3 

125·9 
I 

155·2 I 

348·6 
I 344·0 

I 1292·7 

I I065·0 

918·2 I 
551 ·6 I 
511 ·5 

177·1 

93·5 

Longitude. 

----·---
0 I II 

70 48 07•37 

70 47 58·20 

70 48 10·97 

70 48 18°36 

70 48 00·35 

70 48 05·52 

70 47 59·91 

70 48 or62 

70 48 03·88 

70 48 12·32 

70 48 09·35 

70 48 I0·68 

70 48 34·92 

70 48 33·50 

70 48 39·67 

70 48 43·35 

70 48 47"46 

70 47 44·01 

70 47 37·66 

70.47 40·42 

70 47 34•13 

70 47 37·63 

70 47 34·47 

70 47 40·30 

Seconds in 
metres. 

! 

; 170·0 
' 
I 
i 1342·4 

253·0 

.. 
423·4 

8·1 

127'3 

1381·7 

175·7 

89'5 

284·1 

215·6 

246·3 

805·4 

772·6 

914·9 

999·7 

1094·5 

1015·0. 

868·7 

932·3 

. 78r4 

868°1 

795·2 

929·6 
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CAPE COD BAY TO BOSTON BAY-Continued. 

----·--------···---···---------------------
[ 

·---A-z-im_u_t_h_. __ , __ n_a_c_k_a_z_im_u_t_h_. -l--------T-o_s_t_at-io_n_. _________ D_· -is-ta_n_ce_._,\ Logarithn~~ _. 

0 ' /1 ° ' // life/res. 
321 40 S8 141 41 02 Carver,peg12 _____________________________ , 224·1 

70 29 56 250 29 48 Shaw. ! 279·4 
S3 19 27 233 19 2s Carver, peg 12 ____________________________ J 90•44 

93 26 26 273 26 12 Shaw 47S'7 

332 04 oo '1s2 04 06 Carver, peg 12-----------------··----------- 473·8 

28 13 42 208 13 37 Shaw. 381·4 
333 14 50 IS3 14 S5 Carver, peg 10_____________________________ 378·9 

o so 08 180 50 08 Shaw. 674·4 

o 25 27 180 2S 27 Carver, peg 9------------------------------ 333·3 

37 47 24 217 47 12 Shaw. 694·2 

332 oo 18 152 oo 21 Carver, peg 7-------------------------- --- 2s4·1 

21 36 04 201 35 55 Shaw. 831 ·4 

I 51 40 181 51 40 Carver,peg7-----------------··------------ 312·7 
SS 44 04 235 44 oo Carver, peg 6. 156·6 

317 34 S7 137 35 02 Carver, peg 5---- -------------------------- 263·6 
350 18 01 170 18 02 Carver. peg 6. 286·9 

338 oo 46 1s8 oo 49 Carver, peg 5------------------------------· 244'S 

69 31 43 249 31 41 i Carver,peg4. 92·0 

~:~ :~ ~ ::~ :~ ;; I~::::::~:~!~-----------------------------, ~:~:: 
353 40 26 173 40 27 Carver,peg4------------------------------· 361·7 

90 49 02 270 49 oo Carver, peg 2. 68·s3 
346 14 56 166 14 S7 Carver,peg1______________________________ 128·7 

17 oo 09 197 oo 08 Carver, peg 2. 129·7 
264 26 06 84 26 17 Carver,peg8 _________________ ------------ 383·8 

274 19 21 94 19 31 Carver,peg8______________________________ 350·2 

27 IS 43 207 IS 42 Carver, peg 21. 71 ·s6 
281 3S 42 101 35 t6 .Carver, peg 22_____________________________ 145·3 

310 16 38 130 16 41 Can·er, peg 21. 143·6 

336 17 48 1S6 17 50 Carver, peg 23----------------------------- 211·2 

267 II 51 87 II S4 Carver,peg24 __ ~--------------------------

316 23 40 136 23 4S Carver, peg 23. 
69 18 40 249 18 34 Carver, peg 11 _________ ------ --------- ____ _ 

117 39 09 297 38 S8 Carver, peg 9. 

114 02 so 294 02 40 Carver, peg 11------------------------- ·---
147 IS 29 327 IS 25 Carver, peg 13. 

167 32 42 347 32 40 Carver, peg 13 _____ --··----------- ----------

203 29 33 23 29 3S Carver, peg 14. 

158 23 27 338 23 23 Carver, peg 1~ ----------------------------
170 59 II 3SO S9 09 Carver, peg 14. 

171 oo 46 351 oo 44 Carver, peg IS·----------------------------
243 32 21 63 32 23 Carver, peg 16. 

167 40 21 347 40 19 Carver, peg 17 --------------------------··-i 
181 II 19 I II 19 Carver, peg 16. 

188 23 42 8 23 44 

238 12 19 s8 12 23 

Carver, peg 17------------ .--------------
Carver, peg 18. 

9S'OO 
26o·7 

210·8 

428·3 

376·3 
27o·S 

383·s 
16o·o 

394·2 

S19'6 
411·8 

90·3 

342·3 

374'7 
422·s 

158·5 

2·3so 44 
2·446 21 

I ·956 38 

2·677 34 

2·67s s6 

2·581 34 

2·578 47 
2·828 91 

2·522 80 

2·841 46 

2·405 08 

2·919 79 

2·495 18 

2·194 88 

2·420 87 

2·457 67 

2·388 35 

1 ·963 92 

2·581 64 

2·575 67 

2·5s8 34 

1 ·835 85 

2·10957 

2'Il2 94 

2·584 09 

2·544 31 

1 ·854 66 

2·162 16 

2·157 02 

2·324 79 

1·977 71 
2·416 16 

2·323 77 
2·631 76 

2'57S S3 
2·432 68 

2·583 78 

2·204 00 

2·595 71 

2·715 67 

2·614 67 

1 ·955 74 

2·534 39 

2·573 70 

2·625 79 
2·200 14 



520 ·UNITED ST.ATES COAST .AND GEODETIC SURVEY. 

CAPE COD BAY 'l'O BOSTON BA Y-Cont.iriued. 

------------
1 Seconds in 

I 

Station. Latitude. Longitude. . Seconds in 
. metres. metres. 

I 
0 I ,, 0 I II 

Carver, corner 9. 41 51 10·40 320·9 70 47 38·97 Sg9·0 

Carver, peg 1~. 41 50 56·98 1758·0 70 47 39·69 915·6 

Carver, peg 20. 41 50 51·47 1588·0 70 47 31·54 72r6 

Taunton, comer 14. 41 58 49·22 1518·6 71 05 01·21 27"9 

Taunton, corner 15. 41 58 47·78 1474 ·2 71 04 58·53 1347"5 

Taunton, comer 16. 41 58 33·74 1041·0 71 04 41·84 963·3 

Taunton, comer 31. 41 53 31·71 978•3 71 00 48·35 II 14•6 

Taunton, corner 33. 41 53 26·02 8o2·8 71 00 32·80 756·1 

Taunton, comer 34. 41 53 05·82 179·6 71 00 22·18 511·4 

Taunton, comer 35. 41 53 o6·30 194·4 71 00 14·21 327·7 

Taunton, corner 36. 41 52 59·05 1821 ·8 71 00 14·72 339'4 

Taunton, corner 37. 41 53 02·36 72·8 71 00 02·93 67·6 

Taunton, corner 38. 41 53 03·44 106·1 70 59 53"59 1235·6 

Taunton, corner 39. 41 53 04·92 151·8 70 59 49·87 1149·8 

Taunton, corner 40. 41 53 o6·57 202·7 70 59 43·71 1007"8 

Taunton, corner 41. 41 53 23·24 717"0 70 59 33·38 769·5 

Taunton, corner 42. 41 53 28·21 870·3 70 59 39·18 903·2 

Taunton, corner 43. 41 53 32·8o 1012·0 70 59 39•48 910·1 

Taunton, comer 44. 41 53 39·84 1229·2 70 59 38·84 895·4 

Taunton, comer 45. 41 53 49·51 1527·5 70 59 41·8o 963·5 

Lakeville, corner 5. 41 50 35·07 1082·0 71 00 o6·88 158·7 

Lakeville, comer 6. 41 5° 35·54 1096·5 71 00 o6·26 144"4 

Lakeville, comer 7. 41 50 48·10 1484•0 70 59 48·45 II 17"7 

Lakeville, comer 8. 41 50 48·83 15o6·~ 70 59 47·02 1o84·7 

Lakeville, corner 9. 41 50 50·21 1549·1 70 59 45·41 104r6 

Lakeville, corner 10. 41 50 56·10 1730·8 70 59 35·32 814·8 

Lakeville, corner 11. 41 50 58·55 18o6·4 70 59 30·13 695·1 

Lakeville, corner 13. 41 51 04·55 140·4 70 59 20·79 479·6 

Lakeville, corner 18; 41 51 16·20 499'9 70 59 08·19 188•9 

Lakeville, comer 19, 41 51 19·73 6o8·7 70 59 00·14 3·2 

Lakeville, comer 20. 41 51 23"49 724·7 70 58 49·08 1132·1 

Lakeville, comer 21. 41 51 26·27 810·5 70 58 43·68 1007"5 

Lakeville, comer 22. 41 51 28·93 892•6 70 58 39·87 919·6 

Lakeville, comer 23. 41 51 31·41 969·1 70 58 37·08 855·3 

Precinct, peg a. 41 51 37"66 u61 ·9 70 58 28·75 663·2 

Lakeville, comer 24. 4'I 5 l 39'35 1214·0 70 58 27'15 626·2 

Lakeville, comer 241'· 41 52 24•96 770·1 70 58 38·51 888·0 

Lakeville, comer 25. 41 52 34·45 1o62;9 70 58 40·92 943·6 

Lakeville, comer 28. 41 52 44·67 1378·2 70 SS 10·91 251·6 

Lakeville, comer 29 41 52 38·03 1173·3 70 55 02·08 48·0 

Carver, peg 7i· 41 51 58·52 18o5·5 70 48 01·81 41 ·7 

Carver, peg 111. 41 51·39·63 1222·7 70 47 51 "70 1192·4 

Carver, peg 26. 41 52 13·89 428·5 70 48 51 ·57 I 18g·2 

Carver, corner 1+ 41 51 57·43 1771·9 70 48 10·09 232·7 

L---



REPORT FOR 1894-PART IL 521 

CAPE COD BAY.TO BOS.TON BAY-Continued. 

Azimuth. Back azimuth. To station. Distance. Logarithm. 

0 I II 0 I II 111ttres. 
324 10 03 144 10 06 Carver, peg 18 ---------------------------- 177"3 2·248 8o 

7 44 58 187 44 S7 Carver, peg 19. 229·4 2·36o S9 

17s 37 45 355 37 4S 
i Carver, peg 19 ---------------------------· 18r3 2·272 64 

204 OJ 12 24 01 15 i 
Carver, peg 18. 296·0 2·471 23 

150 25 10 330 25 04 Carver, peg 19 ---------------------------- 410·0 2·612 76 

171 15 47 351 15 45 Carver, peg 18. 445·3 2·648 64 

281 S6 58 IOI 57 15 Split Rock ____ --··- _______________________ . 589·14 2·770 22 

278 35 52 98 36 07 

I 
Split Rock ______________________________ .. s20·64 2·716 54 

2.04 10 43 20 10 47 Split Rock _________ ---------- _____________ . 378·53 2·578 10 

134 35 32 314 35 27 Deane, peg ____ ---- ___ -------------- __ ---- 253·91 2·404 68 

241 02 21 61 02 26 High pine. _____ . ___ -------- ____ -------- __ 187"55 2·273 II 

203 39 20 23 39 23 Tomasso----------- -------··------------- 266·78 2·426 15 

161 31 28 341 31 26 Tomasso ----. __ --,- .. __ ------· _. --·· ----·-- __ 241 ·92 2·383 67 

I 

269 48 S8 89 49 08 I 
Spruce, south base _________________________ 334·s1 2·s24 41 

301 41 IS 121 41 16 Spruce, north base ________________________ 31 ·46S 1 ·497 83 

286 45 13 1o6 45 13 Spruce----------------------------------- 4·s68 0·659 73 

I 
6o 05 2s 240 os 23 Spruce ____ -·--. _ -------- ___________ • _____ 93·789 1·972 15 

2-74 41 09 94 41 09 

I 
Mann, peg _________ ----------------------· 16·896 1 ·227 78 

141 24 49 321 24 46 Pineapple--------------------~----------- 1s1·9s 2·181 69 

311 40 47 131 40 48 Pineapple-------------------------------- 52·08 1·71664 

345 22 40 165 22 41 Pineapple ---- ______ ··---·- -------- ____ . ___ 181·91 2·259 85 

182 34 56 2 34 s6 Banana-----------------------------·---- 29s·19 2·470 10 

272 24 17 92 24 19 Banana---------------------------------- 81·62 1 ·911 79 

217 54 42 37 S4 42 i 
Pigeon, peg 1 ----------------------------- 23·03 1 ·362 37 

176 356 p· 3·s8 o·s53 68 13 32 13 32 

I 

1geon,peg 1 -------------· ---------
222 50 06 42 50 08 Precinct, peg 3 ------------------------ ____ 94·s8 1 ·97s 80 

213 46 07 33 46 08 Precinct, peg 3 --------------------·--· ____ 56·30 1·7sos1 

127 16 28 307 16 28 Precinct, peg 3 --------------~------------- 7·21 0·8s7 70 

217 so 26 37 50 26 Precinct, peg 2 -----------------------· ---- n6 0·889 70 

S9 56 35 239 56 34 ! Precinct, peg 4 • ----- ----------- - ---- ------ 27·30 1 ·436 13 

68 21 II 248 21 II Precinct, peg 6 ---- '----------------------- 4•63 0·665 29 

342 54 14 162 S4 15 Precinct, peg L-------------------··--· ----- 9o·os 1 ·9s4 46 

263 SS 32 83 SS 32 Precinct, peg e ---------------------------- 2·04 0·308 79 

IS 08 S9 195 08 S9 Precinct, peg b ____ -------------------- ____ 33·34 1 ·s23 03 

48 31 53 228 31 49 Precinc\, peg b--------------··------------- 178·04 2·2so s2 

46 S9 06 226 S9 03 Lakeville, corner 21 __________ ----- ___ ------ 120·25 2·o8o 10 

40 04 28 220 04 26 Lakeville, corner 22 ________________________ 99·95 1 ·999 8o 

44 S4 04 224 53 s8 Lakeville, corner 23 ·------- __ --- -· • --- - ---- 272·32 2·435 08 

35 18 20 215 18 19 Precinct, peg· a-----·---------------------- 6J"76 1·804 58 

356 53 37 176 S3 38 Le Baron ____ ---- ________ ----------- ______ 842·62 2·925 63 

354 54 12 174 54 15 Le Baron ______________ --------·--- ___ ---- 138·68 3·056 40 

321 40 54 141 40 57 Curve------------------------------------ 179·74 2'2S4 64 

124 37 S6 304 37 S3 Curve------------------------------------ 112·20 2·oso 01 

239 53 16 S9 S3 17 Carver, peg 7 ----------------------------- 38·94 1 ·590 38 

77 S4 26 257 S4 2s Carver, peg II ---------------------------- 20·35 1 ·308 S3 

311 43 os 131 43 08 Carver, peg 25. ---- ---- - - --·--- -------· - --· 127·00 2·103 82 

26o 00 05 80 00 06 Carver, peg 7i ---------------------------- 194·00 2·287 79 



522 UNITED STATES COAST A.ND GEODETIO SURVEY. 

CAPE COD BAY TO BOSTON BAY-Continued. 

Oak tree. 

Carver, comer 5. 
Carver, corner 6. 

Carver, corner 7. 

Carver, comer 8. 

Carver, comer 10. 

Carver, corner 1 I. 

j Carver, corner 15. 

I 
Carver, corner I 6. 

Turner flagstaff. 
1890. 

Turner's barn cupola. 

Turner flagstaff, east base. 

Turner flagstaff, west base. 

Turner's barn gab!e. 

Turner observatory, peg I. 

Turner observatory, peg 2. 

Turner observatory. 

Carver, comer 24. 
1890. 

Troµt. 

Trout, peg 1. 

Carver, corner 20. 

Station. 

Stoughton Congregational church spire. 
1890. 

Drake jr. 

Savery. 

West. 

Curtis. 

Brown. 

Drake. 

Brown, peg 1. 

·-·-

Latitude. 

0 I II 

I 51 38•24 4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

I 50 46·61 

I 50 46·82 

I 50 57'37 

I 51 03·17 

I 51 26·38 

I 51 40·70 

I 52 01·28 

I 52 13·66 

I 50 23·75 

4 I 50 20•46 

4 I 50 25'35 

4 I 50 25•04 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

I 50 20'19 

I 50 24·00 

I 50 20·49 

I 50 37'55 

I 50 56·28 

I 56 46·32 

I 56 43'34 

I 56 46·34 

2 07 23·70 

2 06 12·52 

2 o6 28·04 

2 07 24·87 

42 06 56·77 

42 

42 

42 

05 20·26 

o6 15·56 

05 19·91 

-··-----· 

I Seconds in 
I metres. 

1179·8 

1438·0 

1444·5 

1770·0 

97'8 

I 813·9 

1255·7 

39·5 

421·4 

732·7 

631·2 

782·1 

772·5 

622·9 

740·4 

632·2 

1158·5 

1736·4 

1429·1 

1337·1 

1429·7 

731·2 

386·3 

865·1 

767'3 

1751 ·6 

625·1 

48o·1 

614·3 

Longitude. 

0 I II 

70 48 01·24 

70 47 27'58 

70 47 29·57 

70 47 41·86 

70 47 43·24 

70 47 39·92 

70 47 51 ·70 

70 48 35·62 

70 48 54·8o 

70 41 39'92 

70 41 34·91 

70 41 38·61 

70 41 39'37 

70 41 34·89 

70 41 37'4° 

70 41 28·28 

70 41 43·85 

70 41 02·70 

70 46 23·93 

70 46 18·99 

70 46 19·94 

71 o6 08·09 

71 04 45·68 

71 03 35·00 

71 00 07'11 

71 02 12·26 

70 58 48·48 

71 04 44·67 

70 58 39·27 

-

Seconds in 
metres. 

28·6 

636·3 

682·2 

965·6 

997'4 
920·8 

I 177·9 

821·5 

1263·7 

921·0 

8o5·4 

890·8 

908•4 

8o5·0 

862·9 

652·5 

1011 ·6 

62·3 

551·2 

437'5 

459'4 

185·8 

1049·6 

8o4·2 
' 

163·3 

282·1 

1114·2 

1026·4 

902·5 



Azimuth. 

O I /I 

167 56 52 

148 37 50 
162 26 33 

2S3 22 24 

273 41 55 

173 42 48 

3S9 s2 16 
2IS 28 06 

264 36 33 
221 23 OI 

323 48 06 

220 42 17 

323 54 34 

330 24 38 

31 29 04 

241 41 s2 

17 3S 07 

133 22 29 

ISI 40 07 

332 07 34 
82 IS 20 

IIO 29 44 

II7 13 48 

32s 40 29 

340 24 28 

28 07 2s 

58 39 38 
62 20 00 

124 14 24 

128 S6 29 

346 39 06 

89 41 46 

302 03 21 

I 48 04 

26 30 43 

139 IS 02 

287 23 16 

314 34 20 

SS 22 os 

108 33 42 

169 49 08 

219 48 08 

286 S9 37 

3S3 09 20 

13 5S 23 

92 54 41 

REPORT FOR 1894-P ART 11. 

CAPE COD BAY TO BOSTON BAY-Continued. 

Back azimuth. 

o I II 

347 s6 52 

328 37 47 

342 26 32 

103 22 25 

93 4 1 57 
3S3 42 48 

179 52 16 

3S 28 06 

84 36 35 

41 27 09 

143 53 14 
40 46 22 

143 59 39 
ISO 24 40 

2II 29 03 

61 41 S3 

197 3S 07 
313 22 26 

331 40 os 

152 07 36 

262 IS 18 

290 29 36 

297 13 42 

14S 40 39 
160 24 32 

208 07 08 

238 39 II 
242 14 28 

304 IO SI 

308 s6 26 

166 39 07 

269 41 43 

122 06 37 

181 47 s8 

2o6 29 42 

319 14 07 

107 27 S7 

134 38 36 

23s 17 40 
288 32 08 

349 48 58 

39 49 58 
107 01 07 

173 09 53 
193 SS 22 

272 54 45 

To station. 

Carver, peg 12 ------ ------ -----·----·· - - - - - -i 
Carver, peg 20 ________ ---- ---- -------- --- _; 

Carver, peg 20 ---------- ____ -------------· 

Carver, peg 18i --------------------------

Carver, peg 19 ----------------------------
Carver, peg IS _ ----· ___________ .. --------· _ 

Carver, peg IIi------- ·------------------

Can•er, peg 21 -------------··---------· ---

Carver, peg 26 ----------------------------
1Ianomet ________________________________ _ 

Pinc I-till. I 

Manomet_ __ -----------· ------ ---- --·-- -· - . : 
Pinc Hill. i 
Turner's barn cupohi_ ---- _________________ -I 
Turner flagstafl. 

J Turnerflagstafl, east base __________________ _ 

Turner flagstaff. 

Turner flagstaff __ --- _ --- _ ---- - - - - - - --- - --- -J 
Turner flagstaff, east base. · 1 

Turner's barn cupola·------------------ ·-
Turner flagstaff. . 
Turner flagstaff _______________________ , ___ _ 

Turner observatory, peg 1. 

Turner observatory, peg 2 -----------------

Turner observatory, peg I. 
Turner observatory, peg 2 _________________ _ 

Turner observatory. 
Mi,ddleboro town hall _____________________ _ 

Halifax Congregational church. 
Trout ___________________________________ _ 

Trout, peg I _____________________________ _ 

Trout. 

Brockton First Congregational church ___ . _____ _ 

North Easton high school. 

North Easton high school_ ______ ------ _____ _ 

Stoughton Congregational· church. 

South Abington watern·orks _ ---- _ ----- ___ . __ 

East Bridgewater Unitarian church. 

North Easton waterworks _____________ ------1 
Avon Baptist church. · / 

Avon Baptist church-----------------------' 
Holbrook waterworks. 
South Abington waterworks ________________ _ 

Bridgewater waterworks. 

Drake jr ________ , __ . --------------------

Brown ___ ----_---------------------------

Distance. 

.lll~tres. 

14·20 

175·67 

150·63 

51 ·55 
68·08 

104·83 

33·09 
27·92 

74·8s 

12 957·8 

18 058·8 

12 958·4 

17 908·9 

173·0 

58·0 
20'02 

41 '9 
159·8 

18o·9 

123·2 

58·7 
286·8 

236·7 

637·0 

443·6 
I 252•0 

I II 1 ·5 
12 949·4 

8 878·5 

146·3 

94'99 
91·8 

7 954'4 
6 401·2 

4 695 ·s 

2 899·7 

IO 134•4 

12 389·7 

II 092·0 

3 400·5 

I 980·5 

5 899·2 

3 226·s 

9 398·1 

96·49 
2II'8 

523 

Logarithm. 

l 'IS2 40 

2'244 69 

2·177 90 

I ·712 21 

1·833 00 

2'020 49 

I'SI9 73 

I '445 91 
1·874 21 

4'II2 53 

4·2s6 69 

4'II2 SS 

4·253 07 
2·238 08 

l '763 52 
1·301 46 
I •622 63 

2·203 46 

2·257 32 

2·090 52 

1·768 45 

2'457 57 
2·374 ~6 

2·804 14 

2·647 04 

3·097 61 

3·045 90 

4'II2 2.5' 

3·948 34 
2·16s 16 

1·977 67 

I ·963 03 

3'900 61 

3·8o6 26 

3·671 68 

3·462 36 

4·005 8o 

4·093 o6 

4'04S OI 

3·531 54 

3·296 77 

3·770 79 

3·so8 73 

3·973 04 

1·984 46 

2·326 00 



524 UNITED ST.A:.TES COAST AND GEODETIC SURVEY. 

CAPE COD· BAY TO BOSTON BAY-Continuo1l. 

Station. Latitude. 

Brown, peg 2. 

Whitman, corner 3. 

Whitman, corner 2. 

Brockton, comer 15. 

Brockton, comer 16. 

West Bridgewater, corner 8. 

Brockton city farm barn cupola. 

S. H. Hill. 

Hanson, comer 3. 

Abington, corner 6. 

Brockton, comer 7. 

Brockton, corner 8. 

Avon-Stoughton, corner 2. 

Abington, corner 4, ( 1835). 

' Abington, corner 4, (1862). 

I Avon-Brockton, roJc\ stone. 

o I // 

42 05 17'21 

42 05 14·12 

42 04 08·10 

42 03 34·36 

42 05 44•15 

42 06 II •63 

42 06 25·28 

42 07 35·72 

42 07 38·52 

42 06 50·17 

BOSTON BAY. 

-------------------------,---····--·· 
Nahant. 

1847. 

Dorchester Heights. 
1846-47. 

Deer Island. 
1846. 

Governor Island. 
1846. 

Boston State House dome. 
(C. & G. S. & Bdn.) 1834-1890. 

Long Island Head light-house. 
1846-186o. 

Powderhom 2. 
1877-78. 

Blind Asylum. 
1861-1878. 

42 21 01 ·282 

42 20 07·037 

---·----4 

I Seconds in 

I metres. 

I 
531·0 

435·7 

507·6 

249·9 

106o·2 

357'6 

731 ·2 

453·2 

484•4 

159·2 

1362·2 

358·8 

78o·o 

1102·1 

1188·5 

1547'9 

147·0 

105·8 

39·6 

256·5 

913·2· 

1485 ·o 

140·8 

217'1 

Longitude. 

0 I II 

70 58 44 ·75 

70 58 37·28 

70 58 3r61 

70 58 52·62 

70 59 25·49 

70 59 20·42 

70 59 40·23 

70 53 orS5 

70 51 53'73 

70 56 28·54 

71 04 51·52 

71 OJ 42·51 

71 03 38·99 

71 00 08·89 

71 00 09·53 

71 02 05·23 

70 54 18·232 

71 02 35·910 

70 57 30·989 

71 00 39·030 

71 03 51·040 

70 57 24·123 

71 01 52·055 

71 02 32·861 

I Seconds in 
metres. 

1028·5 

856·8 

749·6 

1209·7 

586·1 

469·6 

924·8 

180·6 

1236·1 

655·3 

1183·9 

976·8 

896·2 

204·2 

218·9 

120'1 

416·8 

822·1 

709'3 

893•3 

1168·1 

552·3 

1190·5 

752·3 • I 



REPORT FOR 1894-P ART II. 525 

CAPE COD BAY TO BOSTON BAY-Continued. 

-----·· 

Azimuth. Back azimuth. To station. Distance. Logarithm. 

0 I II 0 I II .Jfttres. 
137 38 32 317 38 30 Brown_-------- ________ -------· ____ -----· 127'2 2·104 53 

236 31 07 S6 31 II Brown, peg I. 150·89 2·178 6s 

119 01 20 299 01 IS Brown, peg 2 --------· ·--··---------------- 196•4 2·293 10 

16s 35 20 345 JS 19 Brown, peg 1. 184·3 2·265 55 
Jl2 37 20 292 35 JI Brockton First Congregational church --------1 4 03rs 3·6o6 14 

249 20 56 69 22 15 South Abington waterworks. · 2 907'6 ]'463 53 
248 01 35 68 OJ o8 South Abington waterworks _____________ ---- 3 429·6 3·535 24 

331 59 56 152 01 04 East Bridgewater Unitarian church. 4 963·9 3·695 82 

239 25 51 59 27 46 South Abington waterworks _________________ 4 571 ·3 3·66o 04 

317 16·05 137 17 35 East Bridgewater Unitarian church. 4 548·7 3·657 89 

231 36 02 SI 37 S3 South Abington waterworks _____ -----·---- __ 4 873·6 3·687 8s 

311 37 09 131 38 3S East Bridgewater Unitarian church. 3 972·9 3'S99 II 
259 21 57 79 24 02 South Abington waterworks----- ______ ·--- .. 4 349·5 3·638 44 

324 50 25 144 s2 os East Bridgewater Unitarian church. 5 948·9 3'774 44 

76 43 49 256 40 IS Bridgewater Unitarian church _ -------- ------ 7 s70·8 3·879 14 

150 47 28 330 45 10 South Abington waterworks. 9 722·1 3·987 76 

42 II 25 222 10 3S S. H. Hill ____ ·--·------------------·------ 2 540·2 3·404 87 

135 41 16 31s 38 o8 South Abington waterworks. 9 230·6 3·965 23 

0 S7 10 18o S7 06 South Abington waterworks-·--------------- 7 883'9 3·896 74 

97 54 17 277 s2 17 Holbrook waterworks. 4 154·8 3·618 SS 

188 43 05 8 43 09 Drake jr . ·----- ----- _ -------------------- 88s·56 2·947 22 

198 48 53 18 48 58 Savery_·--------------------------------- S34·86 2·728 24 

227 08 33 47 08 36 Savery_··----------------------------· ____ 12s·o1 2·096 94 

353 02 49 173 02 so \\'est ______________ ----- ----------------- 337·36 2·528 og 

352 28 S9 172 29 01 West-··----------·-·-----··--------------- 424·74 2·628 12 

141 3S 08 321 3S 04 Curtis ________ ·----- ·--··---------·------- 2s9·96 2·414 90 

BOSTON BAY . 
.. -·---

37 09 11 '4 217 00 43·5 Blue Hill_ ____________________________ ---- 28 652·6 4'457 164 

83 37 52·4 263 23 44·7 Prospect Waltham. 28 933·7 4·461 404 

23 28 40·0 203 2s 47'3 Blue Hill __ . ------------------------------ 14 781 ·5 4·169 719 

109 12 15 ·5 289 03 43·8 l'rospect w;,,itham. 18 394·8 4·264 695 

40 02 12·6 219 SS 54·7 I ~~~:p::~1~:1;~:~~------------------------- 20 027·3 4·301 623 

99 59 °7'6 279 47 10·3 24 720·4 4'393 056 
162 S7 02·7 342 s6 13·s Powder horn ----- ____ -------------- -· ---- 5 6g2·4 3·755 292 
301 31 02·6 121 3S 17·7 Nantasket. IO 178•5 4·007 682 

209 37 54'4 29 39 14·6 Powderhorn __ . _ ---- ---- ---- ------ -------- s 505·9 3·740 825 

14 24 17·8 194 22 15·6 Blue Hill. 16 744·1 4·223 863 

304 05 21 ·5 124 07 25·3 Nantasket ____ ·--- ---- ·--- --··----- ___ ·--· 5 086·7 3·706 439 

44 SS 19·1 224 48 s6·7 Blue Hill. 18 467'4 4·266 407 

18 10 42·7. 198 07 20·4 Blue Hill.------ __________ ----·----·---- __ 22 100·3 4•344 397 

I 
85 40 59·6 265 31 s8·o Prospect Waltham. 18 426·6 4·265 445 

108 48 23·3 288 39 49·5 I Pro~pect Waltham----·-·------------------- 18 424·5 4·265 397 

187 IS 23·6 7 IS Sl'I Powderhorn 2. 7 388·2 3·868 539 
I I 



526 UNITED STATES COAST AND GEODETIC SUUVEY. 

BOSTON BAY-Continued. 

Station. Latitude. Seconds in I Longitude. Seconds in 
metres. metres. _____ , ---

0 / // ! 0 / // 

Whites Hill. 42 12 52·466 1618·8 I 70 58 39·300 901·4 

16 29·026 895·6 
I 

70 57 o6·869 Great Quincy. 42 
I 

157·4 

Scituate. 42 14 14·646 451·9 70 49 51·228 1174·6 
(C. & G. S. & Bdn.) 1834-1885. 

Hayden's Hotel (Ocean House). 42 15 10·370 320·0 70 46 20·130 461·4 
I 
I 

Cat Hill. 42 13 19·178 591 ·8 I 70 45 20·317 466·0 

I 
I 

Blue Hill. 42 12 43·676 1347·5 
I 

71 06 52·709 1209·0 
(Border.) 1834-35. 

i 

Cambridge Observatory, west transit, astronomical azimuth 42 22 53·481 1650·3 I 71 07 44·478 1017·4 
station. 1867-1869. ; 

Dorchester (Dr. Deems', formerly Dr. Codman's) church spire. 42 17 26·864 828·9 
I 

71 04 17·981 411·9 
1846-1885. 

I Milton Orthodox church spire 42 15 12·366 381·5 71 04 50·372 1154·7 
1846-1885. 

I 
Cohasset, church spire. 42 14 35·632 1099·4 I 70 48 14·016 321 ·3 

1847-1885. 

East Weymouth, church spire. 42 12 50·396 1555·0 70 SS 31·079 712·9 
1846-1885. 

Round Top. 42 13 47·878 1477·3 71 02 39·900 915·0 

Fuller. 42 14 39·6o4 1222'0 71 02 56·408 1293·2 

Stetson obscrv atory. 42 14 02·161 66·7 70 59 44·007 1009·1 

Captain Johns Hill. 42 16 15 ·690 484·1 71 07 47·012 !077'3 

Totman Mountain. 42 13 15·948 492·1 70 54 46·448 1o65·3 

Castle Hill. 42 29 19·576 604·0 71 02 42·1o6 961 ·5 
(Borden.) 

Turkey Hill 2. 42 14 25·263 779·5 70 51 14·655 336·0 
1885. 

Hingham Catholic church spire. 42 14 33·702 1039·9 70 53 24·778 568·1 
1885. 

Walnut Hill. 42 13 41·890 1292·5 70 48 17·239 395·3 

Tank. 42 13 18:630 574·8 70 45 20·672 474·1 
1885. 

Mount Auburn, tower. 42 22 10·949 337'8 71 08 40·367 923·6 
1860-1890. 

Cambridge Observatory, meridian mark (east transit or merid-
ian circle}, 1845-1847. 

42 25 47·43 1463·5 71 07 43·52 994·8 
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BOSTON BAY-Continued. 

Azimuth. Back azimuth. To station. Distance. 

-·-----·--···· -------!-----------------------
0 I /I 

88 42 52·3 

210 44 56·2 

229 13 32·3 

17 36 16·5 

140 22 23·2 

78 13 24·3 

70 27 43·3 

117 40 36·5 

105 25 39·1 

158 12 59·8 

I 16 OJ 16·0 

180 45 45·0 

268 47·9 

205 48 45·3 

125 52 44·8 

156 05 J7 ·o 

198 55 o9·5 

247 40 10·2 

300 37 10·8 

189 I I 15·3 

292 38 10·0 

284 50 58·0 

71 lJ 45·0 

289 46 52·5 

56 38 48·0 

291 43 07·8 

83 46 52·2 

293 57 55·1 

349 II JI "5 
86 40 29·0 

304 19 53·9 

327 38 38·7 

IO 35 47"8 

279 42 32·8 

3 07 19·6 

333 57 3i ·8 

79 42 57·9 

48 00 09·4 

115 07 57"1 

IOO 04 OI"2 

ms 35 29·7 

249 22 I8·6 

280 52 52·5 

29I 29 34 

2 31 33 

O I /I 

268 37 20·8 

30 47 50·4 

49 15 24·4 

197 35 14·4 

320 19 22·3 

258 07 29·4 

250 25 2I ·4 

297 25 13·5 

285 22 37"0 

338 12 19·6 

295 32 02·3 

0 46 03·8 

88 47"9 

25 49 54·0 

JOS 45 22·0 

336 OJ 27·9 

I8 56 40·0 

67 41 26·8 

120 39 07·6 

9 12 03·0 

Il2 40 53·8 

104 58 30·0 

251 10 55·1 

!09 54 35·6 

236 36 og·3 

Ill 48 41·6 

263 44 54•0 

I I4 01 10·6 

169 12 08·0 

266 32 21 ·1 

124 22 ors 
147 47 18· 1 

190 32 59·0 

99 43 28·9 

183 07 II "2 

153 58 50·8 

259 33 55·0 
227 58 01 ·8 

295 06 53·9 

280 02 02·6 

285 32 27·8 

69 26 53·9 

100 56 07°5 

III 33 31 

182 31 20 

Blue Hill.·--·---- __ •• ____ ---- ________ ----

Nantasket. 

Nantasket ____ --------------------··-------
Whites Hill. 

Nantasket ..••• ------ ------ ---- ------- _ -----
Whites Hill. 

Scituate ________________ ---- ---- ---···-. __ _ 

Nantasket. 

~~~:::.:-1~~~:1~- ------ ---------- ------ ----, 
\Vachusett ___________ ----- ___ ------- ----- / 

H~. I 
Cambridge Observatory _____________ --------' 

Dorchester Heights ------------------------i' 
~:::~~c~-~~~~~~~-------------------------
Dorchester Heights. I 
Hayden's Hotel--------------------------
Cat Hill. j 
Nantasket ____________ -------- ------------1 
Prospect Hingham. 

Prospect Hingham ______________ ----------. 

Blue Hill. 

Prospect Hingham ________ ---·------------· 

lllue Hill. 

Prospect Hingham------------------------
Round Top. 
Fuller ________________________________ ----

Blue Hill. 

Blue Hill_ ____ -------------~------·-------
Prospect Hingham. 

Scituate---··---------------------------- .• 
Blue Hill (Borden). 

Scituate ____________ -- - - - --- -- -- • - -- ·---- -

Prospect Hingham. 

Prospect Hingham.-----------~-----------
Blue Hill. 

Prospect Hingham ___ ----·----------------· 
Scituate. 
Walnut Hill _____________________________ _ 

Scituate. 

Powderhom _________ ------ --- --··· ---- ---· 

Roston State House. 

l'owderhorn _______ ----------- __ ----- ----· 

Corey. 

Metres. 
11 319·I 

I l 6o7"3 

5 040·9 

7 009·9 

9 659·7 

12 372·9 

5 136·0 

I2 397"8 

6 443·9 

3 694·7 

70 702·2 

47 656·1 

13·57I 

5 366·7 

I8 557"6 

IO 835 ·7 

9 494·3 
2 822·3 

4 629·2 

IO I67·5 

6o63"7 

IS 969·3 

6 123·0 

I6 8o6·4 

6 487·2 

I2 27I ·2 

4 057·4 

7 291 ·1 

6 651 ·3 

I6 685·5 

5 537'2 

33 027"4 

31 259·4 

l 940·7 

5 270·9 

6 147"0 

18 8J3·3 

5 863·9 

2 380·4 

4 112·4 

6 440·6 

9 978·8 

6 742·6 

8 639·7 

9 699·3 

527 

Logarithm. 

4·053 8I2 

4·o64 731 

3·702 5I2 

3·845 7!0 

3·984 962 

4·092 473 

3·710 626 

4·093 344 

3·8o9 150 

J'567 583 

4·849 433 

4·678 II8 

I 'I32 62 

3·729 7o6 
4·268 521 

4·034 856 

3·977 461 

3·450 6o3 

3·665 502 

4·007 213 

3·782 737 

4·203 285 

3·786 966 

4·225 476 

3·812 054 

4·088 887 

3·6o8 247 

3·862 792 

J•822 905 

4·222 339 

3·743 289 

4·518 874 

4·494 980 

3·287 956 

3·721 884 

3·788 661 

4·274 926 

3·768 I85 

3·376 657 

3·614 097 

3·8o8 926 

3·999 079 

3·828 825 

3·936 50 

J'986 74 
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BOSTON BAY-Continued. 

--·-----· 
I 

s~~,,;~1 
Station. Latitude. Longitude. Seconds in 

metres. metres. 

--- ---·-·. I 

0 I II 

I 
0 I II 

Nahant. 42 2s 40·22 1241 ·o 70 SS 16·96 387"6 
(Borden) 1834. 

I 

Ballard. 42 27 17"S6 s41·9 I 70 S9 32·s7 744'3 
1847-48. I 

Waite 1. 42 26 00·8~ 2s·6 I 71 03 S7"96 1324·8 
1847. 

I Waite 2. 42 26 20·43 630·6 71 01 13·14 3oo·3 
1847. 

Little Nahant. 42 26 13·27 409·6 70 SS s2·09 u90·s 
1847-48. 

Dread Ledge Beacon. 42 27 23·19 71s·6 70 53 43·s4 994·8 
1847, 

SwamKscott church spire. 42 28 06·14 189·4 70 S4 s8·40 1334·0 

I 47• 

Grover Cliff. 42 23 22·79 703·4 70 s8 o8·6s 197"9 

Lynn, east church, green tower. 
1847. 

42 28 07"12 219·7 70 s6 16·41 374·9 

Lynn, west church, turret. 
1847. 

42 27 45·71 1410·4 70 57 37"00 845'3 

Lynn, high roe)<, pole near swing. 42 28 04·96 153·0 70 s6 52·10 I 190•2 

Egg Rock. 42 26 00·40 12·3 70 53 53·34 1219·2 

Cru5oe House, flagstaff. 42 26 10·65 328·6 70 58 or58 173·3 

South Boston Point. 42 20 13·02 401·7 71 01 33·45 765·8 
1846-1861. 

Castle Island. 42 20 19·26 594·5 71 00 45·65 ro45·0 

Nahant 2. 42 25 04•80 148·1 70 54 18·33 419·1 
186o. 

Winthrop Head. 42 22 04·07 125·6 70 58 o6·04 138·2 
186o. 

Winthrop Head 2. 42 22 04·j6 134·5 70 58 08·25 188•8 
1877-78. 

Tuft's College. 42 24 26·84 828·2 71 07 13'85 316·7 

Ten Hill Farm, flag. 42 23 50·88 1569·8 71 05 1s·26 349·0 
1847. 

Ten Hill Farm 2. 42 23 50·48 1557·6 71 05 15·44 353·1 
1860. 

Governor Island 2. 42 21 09·10 28o·8 71 00 42·86 98o·9 
1860-61. 

Governor Island 3. 42 21 08·84 272·8 71 00 41·12 941·1 
1877-78. 
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BOSTON BAY-Continued. 

---1--

·--A-zi-~~-th_. __ . __ Back azimuth. , _______ T_o_s-ta-t-io_n_. -------'·--D-i-st_a_n_ce. 

0 I II I 0 I II 

340 32 58 ' I60 36 37 

33 4I I3 2I3 33 25 

299 39 55 II9 43 27 
28 II I7 

32I I2 I3 

358 54 57 
283 47 28 

II 59 02 

3I4 34 00 

64 I7 28 

IO 31 I6 

88 47 00 

19 24 43 

76 34 05 

348 50 00 

104 I3 09 

I6 I8 44 

7I IO 38 

5 05 56 

7I 47 35 
II 22 I5 

68 I6 00 

IS 20 I8 

98 20 I4 
0 16 06 

52 52 37 

126 53 40 

176 36 IO 

II7 06 I3 

I67 4I 3I 

0 II 37 

79 54 2I 

125 46 32 

223 01 26 

59 09 I6 

125 56 30 

275 I6 38 

3I9 40 15 

264 44 49 

336 08 53 

336 02 33 

I I2 30 50 

52 45 12 

16: 43 45 

53 18 13 

163 20 40 

208 09 43 

I4I 13 38 

178 55 02 

I03 52 08 

I9I 58 36 

134 35 03 

244 I3 25 

I90 30 53 

268 43 04 

199 24 07 
256 3I 00 

I68 50 25 

284 IO 39 

I96 I7 28 

25I 08 26 

I85 05 35 

25I 46 I7 

I9I 2I 23 

248 I4 I2 

I98 20 01 

278 I8 54 

I8o I6 05 
232 50 o& 

306 52 07 

356 35 58 
297 04 08 

347 40 46 
I80 II 36 

259 49 I6 

305 44 00 

43 03 59 
239 06 I8 

305 53 59 
95 20 I5 

I39 42 32 

84 47 06 

I56 09 50 

I56 03 30 

292 29 30 

232 43 58 

343 42 58 

233 I6 58 

343 I9 52 

S. Ex. 8, pt. 2--34 

Scituate----- -------- ----· ----· ---- ------
Blue Hill (Borden). 

Nahant ______ ---- __ -·· __ ---- ___ - - - - - - - - - --

Powderhorn. 

Powderhorn ___ ·---- ·------------ .. -· ···---· 
Boston State House. 

Nahant ____ ------------------------·-----
Powderhorn, 

Nahant----------------------------------
Powderhorn, 

Nahant----------------------------------
Ballard. 

Little Nahant--·--------------------------
Ballard. 

Deer Island _____ --------------------------
Powderhom. 

Grover Cliff ____ ,--------------------------
Ballard. 

, Grover Cliff. ______________ ------ __ --· ____ _ 

[ Ballard. 

Grover Cliff _____ ··------------------·------
Ballard. 

Nahant ______ ---- ------ ----- _ ---- ---- ----
Little Nahant. 
Grover Cliff ___ . __________ ----- ___________ _ 

Powder horn. 

Boston State House·-----------------------
Powderhom. 
Boston State House _______________________ _ 

l'owderhorn. 

N antasket ____________ ---- ---- ___ ----- ----

1 Powderhorn. 
Powderhorn _____________________________ _ 

Nahant 2. 

Blind Asylum ___________ ----- ___________ _ 

Powderhom 2. 

Powder horn ------ ___ ----------- _________ _ 

Boston State House. 

Powder horn ------ ______ -------- _________ _ 

Boston State House. 

Boston ::;tale House .. __ ------··- -- ------ ---
Tuft's College. 

Blind Asylum------- --------------------
Powderhorn. 
Blm<l Asylum ____________________________ _ 

Powderhorn 2. 

Meties, 
22 429·0 

28 773·6 

8 270·8 

6 751·0 

4 597·3 
8 370·3 

9 767·9 

4 28I'9 

3 OI2'0 

9 I35'7 

4 344·1 

7 977·2 

3 69I '9 
6 440·8 

4 450·5 
5 269·6 

9 I40'5 

4 735·4 
8 I44'8 

2 779·8 
8 880·6 

3 947·2 

I 8o8·7 

2 743'I 

5 I79'3 
6 437'I 

3 937 "I 
7 16o·8 

4 766°I 

7 I I9'0 

I2 623·2 

IO 538·5 

6 369·4 

7 630·4 

7 055·7 
6 322·1 

7 39I '8 

7 I7I '8 

4 667'9 

4 766·2 

4 756·6 

2 93I "3 

3 I63·6 

5 643·8 

3 Igo'4 

5 659·9 

529 

Logarithm. 

4·350 8I 

4·458 99 

3·917 55 

3·829 37 

3·662 50 

3·922 74 

3·989 80 

3·63I 64 

3 ·478 86 

3·96o 74 

3·637 go 

3'90~ 85 
3·567 25 

3·808 94 

3·648 4I 

3·721 78 

3·960 97 

3·675 36 

3·910 88 

3'444 02 

3·948 44 

3·596 29 

3·257 37 

3·438 24 

3·714 27 

3·808 69 

3·595 I8 

3·854 96 
3·678 I6 

•3·852 42 

4'10I I7 

4·022 78 

3·804 IO 

3·882 55 

3•848 54 
3·800 86 

3·868 75 

3·855 63 

3·669 I2 

3·678 I7 

3·677 30 

3·467 06 

3·500 18 

3·75I 57 

3·503 84 

3 ·752 8I 
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BOSTON BA Y-Continuecl. 

----- ----------

Station. 

--------- - -

East Boston. 

East Boston Poi nt, flag. 

East Boston I ro n \\'orks, chimney. 

East Boston Res 
1861. 

East Boston Res 
18n 

East Roston Ele 
1877-78. 

, 

ervoir. 

ervoir 2. 

vator. 

East Boston Dry Dock, post. 

East Boston ship -yard, east wharf, post. 

East Boston, bri 
1861. 

ck church, dark spire. 

East Boston, gra 
1861. 

nite church, dark spire. 

Long wharf. 
1846. 

Long wharf 2, p 
1860-61. 

Neptune House, 

Naval Hospital. 

ost. 

flagstaff. 

Cushman's house , cupola. 

Nahant Hotel, c upola. 

Stone powder ho use. 

Grain mill near t urnpike, west chimney. 

B1ick factory nca r Mystic River, cupola. 

Tall chimney, no rth side of Mystic River. 

Chelsea, church 
1847. 

Chelsea, bridge. 

Chelsea, dark ch 
1860. 

/ _____ _ 

spire. 

urch spire, cross. 

Latitude. 

---

0 I II 

42 22 53·13 

42 21 58·24 

42 22 55·76 

42 22 52·76 

42 22 52·56 

42 21 47·59 

42 21 44·76 

42 21 50·12 

42 22 26·77 

42 22 16·06 

42 21 37·65 

42 21 36·45 

42 25 43·48 

42 23 22·58 

42 24 59·35 

42 25 09·20 

42 24 00·40 

42 24 05·18 

42 24 32·76 

42 24 36·17 

42 24 32·98 

42 22 56·55 

42 23 40·47 

. - ---------

Seconds in Longitude. 
metres. 

0 I II 

1639·9 71 02 11·74 

1796·9 71 01 44·75 

1720·4 71 01 48·44 

1627·9 71 02 09·84 

1621 ·8 71 02 09·91 

1468·4 71 02 15·51 

1381·1 71 01 54·81 

1546·5 71 01 41·59 

826·0 71 02 21·89 

495·5 71 02 28•44 

1162·0 71 02 53'75 

1124 ·7 71 02 53·54 

1341·5 70 58 46·76 

. 
696·7 71 02 55·94 

1831 •2 71 00 44·60 

283·9 70 54 19·84 

12·3 

I 
71 07 00·17 

159·8 71 05 51·68 

1010·8 71 05 27'07 

1116· 1 71 05 21·94 

1017'5 71 00 26·28 

1744·8 71 02 55·67 

1248·7 71 01 54·68 

Seconds in 
metres. 

268·5 

1023·9 

1108·1 

225·1 

226·7 

354·9 

1254·2 

951 ·7 

500·8 

650·7 

1229·7 

1225·2 

1068·9 

1279·6 

!019'7 

453·6 

3'9 

I 1181 ·8 

619·0 I 
501·7 I 

I 

600·8 I 
I 
! 

1273·5 

1250·6 

i 
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BOSTON BAY-Continued. 

Azimuth. Back azimuth. To station. Distance. Logarithm. 

----------· ·---··---- ------------------------ ----
0 I II 0 I If 

Deer Island ______ -------· ----··------- ----1 flfetres. 
298 13 01 118 16 IO 7 292·4 3·862 87 

6 02 02 186 01 46 Dorchester I I eights. 5 265·0 3·721 40 

315 40 50 135 41 34 Governor !slant!. --------------------------: 2 153·1 3 ·333 07 
i . 

336 06 12 156 06 S2 Ca st 1 c Island. 3 340·3 3 ·523 78 

177 48 15 357 48 13 I Pow<l"hom . _ ---- ----- ·---- ·-- _ ---- ------1 2 128·2 3·328 01 

260 33 37 80 36 05 Grover Cliff. 5 096·6 3·707 28 

112 46 26 292 44 21 Ten Hill Farm 2 ---------------------·---- 4 6o3·4 3·663 08 

190 24 22 IO 24 34 Powderhom. I 2 256·5 3·353 44 

327 35 18 147 36 18 Governor Island 3-------------------------i 3 7907 3·578 72 

5 52 42 185 S2 27 Blind Asylum. I 5 134·0 3·710 46 

264 44 59 84 47 46 Winthrop Head 2.-------------------------. 5 681·5 3·754 46 

187 
I 

3 128·1 3·495 28 7 17 54 17 42 Bline! Asylum. • • 

350 II 57 170 12 II South Boston Point ________ ·---------------1 2 872·6 3·458 28 

16 06 58 196 06 32 Blind Asylum. I 3 139·o 3·496 79 

356 26 17 176 26 22 South Boston Point ------------ __ ------. --- 3 001·9 3'477 40 

20 15 25 200 14 50 lllmd Asylum. 3 39o·6 3 ·530 28 

192 44 50 12 45 10 Powder horn ______ -------- ··--- __ ---- __ ---- 3 097·6 3'491 03 

198 58 51 18 58 59 East Boston Reservoir. 847·8 2·928 29 

193 57 33 13 57 58 l'owderhorn _____ .. ________ ---- ____ ------- _ 3 453·6 3·538 27 

200 35 15 20 35 28 East Boston Reservoir. I 209'4 3·082 58 

197 17 16 17 17 58 Powderhorn .• ·--------------------------_! 4 751·5 3·676 83 

286 21 06 106 22 37 Governor Island. 3 213·4 3·506 97 

197 06 04 17 06 45 l'owderhorn. ___________ ,,_ -------- ---- ---· 4 785 ·5 3·679 93 

350 15 36 170 15 50 I Blind Asylum. 2 799·4 3·447 06 

348 38 43 168 39 09 : Grover Cliff-·---------------------------· 4 427·5 3'646 16 

54 16 33 234 14 28 Powder horn. I 5 218·6 3·717 55 

323 12 37 143 14 08 Governor Island 3 -------- -------· ---- ---· - 5 152·3 3·71200 

354 59 41 174 59 57 Blind Asylum. i 6 056·8 3·782 24 

201 05 59 21 06 48 Ballard _________ ------- ------ ---- _______ . 4 571 ·o 3·660 01 

309 51 38 129 53 23 Grover Cliff. 4 647·1 3'667 18 

50 18 35 230 13 00 Dorchester Heights-----------· __ -----·---- 14 758·4 4·169 04 

79 08 42 259 03 37 l'owderhorn. 10 529·1 4·022 39 

268 53 55 !l8 57 23 l'owderhorn ---- --------------------- --- -- 7 048·7 3·848 II 

12 31 59 192 31 17 Corey. 6 543•6 3·815 82 

270 08 13 90 IO 55 Powderhorn . ___ -------- ---- ---- --- . - - - - - - 5 481·1 J'7 38 87 

298 40 39 118 41 03 Ten Hill Farm 2. 944·8 2·975 34 

279 58 15 100 00 40 Powderhorn _ .. ________ -------- ____ ---- ____ 4 993·8 3·69843 

85 43 56 265 42 44 Tuft's College. 2 448·7 3·388 94 

281 25 17 IOI 27 39 Powder horn __ ------ ------ _______________ . 4 898·1 3·690 03 

83 35 40 263 34 24 Tuft's College. 2 575 'I 3·410 79 

66 00 00 245 59 02 Powderhorn ______ ---- ____ -------- ---- ____ 2 146·1 3·331 65 

19 38 22 199 36 55 Dorchester I I eights. 8 830·2 3'945 97 

179 32 09 359 32 09 Naval HospilaL _____ ----- --- ---- - ----- -- -- 803·4 2·904 92 

276 42 49 96 43 20 East Boston Reservoir 2. I 054·2 3·022 93 

93 52 08 273 49 52 Ten Hill Farm 2 ____ ---------------------· 4 6o1 ·7 3·662 92 

IOI 07 14 281 03 39 Tuft's College. 7 438·4 3·871 48 

---·-·--- ··--
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BOSTON BAY-Continued. 

I Station. Latitude. s~,,d ••• 

1 

Longitude. Seconds in 
metres. metres. 

-- ·---------- ·-·· 

0 I II 0 I II 

Chelsea, white church spire, with martin-hole windows. 42 23 24'55 757'5 71 02 19'91 455·6 
1860. 

Chelsea, white church spire, with clock. 42 23 27·33 843·3 71 02 18°18 415·8 
1860. 

Chelsea, white church spire, with three tiers of windows. 42 23 36·20 ll 17'0 71 02 16·13 368·9 
1860. 

Chelsea,' tall dark church spire. 42 23 30·56 942·9 71 02 16·88 386·1· 
1861. I 

Chelsea, brown tower. 42 23 28·98 894·2 71 01 46·40 1061·3 

Edgeworth Mills, round chimney. 42 25 01·38 42·6 71 04 30·87 705·8 

Malden church, tall spire. 42 25 38·84 1198·3 71 04 01 ·56 35·6 
1847. 

Malden, yellow church spire. 42 25 38·75 1195 ·6 71 04 01 ·45 33·1 
186o. 

Malden Bridge, yellow house chimney, at toll-gate. 42 23 34·58 1066·9 71 04 09·58 219·1 

Malden Bridge. 42 23 ll'4I. 352·1 71 04 13·50 308·8 

Medford Unitarian church spire. 42 25 13'97 431·0 71 06 56·23 1285. 5 
186o. 

Medford, tall square chimney, near bridge. 42 24 52·20 1610·6 71 o6 31·54 721 ·1 

Winnisimmet, church spire with clock. 42 23 27·35 843·9 71 02 18·18 415·8 
1847. 

Somerville, church spire on hill. 42 23 12'18 375·8 71 05 52·37 1197·8 
1846-47. 

Somerville, red church spire. 42 23 11·98 369·6 71 05 52·46 1200'0 
1860. 

Somerville, church spire, near Malden Bridge. 42 23 07'43 229·3 71 04 36·63 837'9 
1847. 

Cambridge Baptist church spire. 42 22 34·42 1~1·9 z1 07 07'71 176·4 
1847-1865. 

Cambridge Unitarian church spire. 42 22 28·70 885'5 7_1 07 10·78 246·6 
1847-1865. 

Cambridge, gas works chimney. 42 22 24·35 751 ·3 71 07 36·78 841·5 

Cambridgeport, Univerialist church spire. 42 21 47'52 1466·2 71 o6 00·88 20·1 

1846-1861. 

Cambridgeport Observatory dome. 42 21 19•o6 588·1 71 06 35·85 820·5 

Cambridgeport, redoubt, flagstaff. 42 21 23·89 737·1 71 06 17·21 393·9 
1861. 

Cambridgeport, flagstaff near engine-house. 42 21 45·58 14o6·4 71 05 15·64 357·9 
186i. 
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BOSTON BAY-Continued. 

·-------------------------~ 

1 __ '_\,_i_m_u-tl-1.--l--B-a_c_k_a_z_im_u_t_h._ ----- ___ T_o_s-ta-t-io_n_. ------'--D-i-st_a_nc_e_. _, __ L_o-ga_r-it-hm_. -

O I II 

IOI I7 IO 

IOS S9 02 

IOO 00 36 

349 so S7 

96 09 07 

3S3 s2 27 

352 07 33 

I04 22 I4 

2s 36 51 

173 21 32 

29s 41 S3 

74 03 28 

314 25 49 

30 18 36 

26 SI s2 

63 IS 04 

I83 22 I2 

253 32 07 

243 06 02 

28I 36 3S 

287 03 16 

9 53 4S 

282 S3 30 

SI 02 48 

IS4 17 08 

207 26 36 

322 I8 52 

JI 14 29 

215 28 48 

253 30 26 

334 02 24 

44 43 I6 

248 52 47 

306 48 18 

247 51 56 

30s 26 41 

9 38 39 

187 53 52 

IOI I2 49 

233 21 IO 

54 30 43 
17I 28 IO 

S7 02 27 

IIJ 54 54 

S9 42 43 

151 29 IO 

o I II 

281 IS 12 

28s S5 44 

279 s8 36 

I69 51 03 

276 07 06 

I7J S2 JI 

I72 07 38 

284 18 S4 

20s 36 4I 

3S3 21 28 

IIS 43 40 

2S4 01 38 

I34 27 I6 

210 IS S4 

206 5I 02 

243 I2 S4 

3 22 20 

73 33 40 

63 07 38 

IOI 37 S8 

I07 06 41 

189 53 01 

I02 56 38 

2JI 02 I9 

334 I6 OI 

27 26 54 

I42 2I 04 

2II IJ 02 

3S 29 IJ 

73 33 08 

I54 03 4S 

224 40 57 

68 56 20 

126 51 21 

67 SS 31 

I25 29 46 

189 38 22 

7 S4 07 
281 II 02 

53 23 S8 

234 29 4S 

351 27 44 
237 OI 16 

293 S3 18 

239 40 SI 

331 27 50 

Ten Hill Farm 2 -------------------- -----

Tuft's College. 

Ten Hill Farm 2 --··----------------------

East Boston Reservoir. 

Ten Hill Farm 2 ---------··-··--------------

East Boston Reservoir. 

East Boston Reservoir·--------------------

Tuft's College. 
East Boston Reservoir _____________________ _ 

Powderhorn. 

Powderhorn ---- ------------ --------------
Tuft's College. 

Powder horn .. -··- ---- ----------------------
Corey. 

Ten Hill Farm 2 --------------------------

Tuft's College. 

\Vaile 1 ____ ·--------·--------------------
Powderhorn. 

Powderhorn 2_ ·---------------------------

East Boston Reservoir 2. 

Powder horn _____ -------------------------

Corey. 

Powderhorn -----------------------·---· --
Tuft's College. 

\Vaile 1 ·---------------------·-----·----

( Powderhorn. 

Dorchester Heights ---------· ----- - - - - - -- __ 

Corey. 

Ten Hill Farm 2 ·---------·-------- ·-----

Powdcrhorn. 

j Dorchester Heights-------- .. --------------
Corey. 

Powderhorn _ ----- ------------------------
Dorchester Heights. 

Powderhorn .. --~-- ---- ---- ------------ ---
Dorchester Heights. 

CoreY--------·--------·-------·----------
Tuft's College. 

Mount Auburn ----- ·----------··--- --------
Powderhorn. 

CoreY-----------··-----------------------
Tuft's College. 

Corey-----·-------------------------·----
Mount Auburn. 

Corey ______ ---- ______ ---- --··--- ---- _____ _ 

Tuft'& College. 

Metres. 
4 093·6 

6 992·0 

4 I I6°8 

I 083·7 

4 I24'9 

I 348·2 

I 177·8 

7 010·4 

I 239·8 

I I09·1 

4 03I '9 

3 876°I 

4 I48'9 

IO 9I4 '7 

3 744·6 

4 926·9 

4 520·5 

3 2 8o·9 

3 627·I 

2 886·6 

7 277·8 

8 788·2 

6 558· I 

I 244·3 

5 2s6·s 

I 298·4 

7 357·3 

s 730·1 

I 458·8 

5 73S'O 

6 JIJ'8 

6 687'3 

7 739·8 

7 77I ·6 

7 870"3 

7 724·3 

3 473·2 

3 8IS'8 

3 72o·I 

7 o94·0 

2 437'6 

5 8S9'I 

2 864·3 

3 S83'S 

4 415·4 

5 663·2 

3·612 I I 

3·844 60 

3·614 s6 

3•034 89 

3·615 4I 

3·129 74 

3·071 08 

3·84s 74 

3·093 34 

3·044 97 

3·6o5 51 

3·588 39 

3·617 93 

4·038 OI 

3'573 40 

3·692 57 

3·6s5 I9 

3'5 1 S 99 

3·559 56 

3·460 38 

3·862 00 

3'943 90 

3'8I6 78 

3·094 92 

3·720 70 

3·113 4I 

3·866 72 

3·7s8 I6 

3·164 00 

3·758 53 

3·8oo 29 

3·82s 25 

3·888 73 

3·890 5I 

3·895 99 

3·887 86 

3·540 73 

3·581 S8 

3·570 56 

3·850 89 

3·38s I7 

3 767 83 

3 457 02 

J'SS4 JI 

3·644 97 

3·753 o6 
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BOSTON BAY-Continued 

--------------------------------------------- ----· 

I I .ati"tude. \ Seconds in \! Seconds in 

1

1 Station. 

East Cambridge, court-house cupola. 
186o-61. 

East Cambridge, church spire near court-house. 
1847. 

West Cambridge, ta.II church spire with clock. 
1846. 

Graves. 

Great Brewster. 
1846. 

Great Brewster 2. 
1860. 

Point Shirley foundry chimney. 
1846-1860. 

Battery wharf. 

Guide Post, west end of milldam. 

Belle Isle. 

Navy-yard, battery near flagstaff. 

Bird Island. 

Bird Island Beacon. 
1861. 

Navy-yard chimney. 

Apple Island, flag. 

Bluff Head, flag. 

Lewis' wharf, cupola. 
1846-1861. 

Faneuil Hall, grasshopper. 

Bunker Hill Monument. 

Bunker Hill Catholic church spire, cross. 
1860. 

Green Island, flag. 
1846. 

Green Island 2. 
1860. 

McLean's Asylum, north dome. 

I 
. Lon<<itudc. metres. b metres. 

-------------1 --- ----- --------- - --------I 

I 
' I /I O I II 

42 22 II '95 368·7 71 04 48·56 II II 'I 

353·5 1161 ·9 

42 24 55 ·6.1 71 09 15·82 361·8 

42 21 53·66 1655· 7 288·5 

42 20 0!'96 6o·5 70 53 45·18 1034·3 

42 20 01·68 70 53 45·22 1035·3 

42 21 31·8o 70 58 20'22 

42 22 OJ '32 71 02 59·22 1355·0 

42 20 55·63 71 05 51·00 I 167•2 

42 22 57·30 

42 22 23·97 739·6 

42 21 22·8o 703·4 

42 21 18·06 557' 2 

42 22 30·04 

42 21 31 ·55 973·5 70 59 32·43 742·1 

42 22 03·82 70 58 04 ·53 

42 21 47'44 71 03 00'02 0·5 

1122·4 71 03 23·70 542·4 

42 22 35·05 71 03 40·56 927·9 

42 22 53·34 7 I 04 00·70 16·0 

42 21 11·16 344·3 70 53 33·05 

42 21 11·14 343·7 70 53 33·02 755·7 

42 22 37·26 I 149·7 1251 ·1 
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BOSTON BAY-Continued. 

-------- --------------------------·------------···--

Azimuth. 

o I II 

55 33 4J 

89 40 36 

J89 40 48 

229 28 28 

278 45 50 

348 J4 Ol 

77 31 26 

J54 OJ 54 

J3 45 JO 

J09 3J J5 

123 59 32 

J75 22 23 

65 02 36 

134 1s 15 
20J 59 27 

297 00 24 

223 07 36 

289 48 56 

63 16 2J 

128 JO 07 

208 40 14 

304 41 40 

93 24 16 

J55 24 18 

11 16 52 

38 46 46 

122 48 05 

J30 4J 06 

288 34 24 

57 05 29 
323 5J 53 

59 08 37 
200 10 00 

290 30 07 

204 37 00 

282 55 34 

221 54 21 

302 46 31 

123 09 36 

270 23 39 

II 16 48 

86 49 02 

II 17 26 

llS IO 34 

191 39 48 

237 08 18 

Back azimuth. 

o I II 

235 31 31 

269 38 00 

9 4J 24 

49 30 29 
98 50 49 

168 J4 51 

2s7 27 51 

334 00 29 
J93 44 46 

289 28 43 

303 54 05 

355 22 OJ 

244 59 44 

314 J2 s2 
22 00 J2 

117 OJ 59 

43 JO 17 

J09 5J 07 

243 J3 43 

308 08 49 

28 4J 04 

124 43 19 

273 22 32 

335 23 40 

J9J 16 40 

218 45 54 

302 45 20 

3Jo 39 41 

108 35 46 

237 03 25 

J43 54 24 

239 05 34 
20 JO 46 

110 3J 42 

24 38 02 

102 57 25 

4J SS 34 

J22 48 33 

303 07 26 

90 24 54 

J9l J6 16 

266 46 22 

J9l 16 54 

295 04 S7 
II 40 26 

57 10 2J 

To station. 

Corey_.·---------------------------------
Mount Auburn. 

Waite 1 ____ ------------·-----------------

Powderhorn. 

Powder horn _______________ --------------_ -

Corey. 

Deer Island ____ -----· ___ ------------------

Nahant. 

Nantasket --· ---------·---------------··----
Deer Island. 

Powderhorn ________ ---- ------·------ -- -- - -
Nahant 2. 

Dorchester II eights ---· 

Powder horn. 
Po\vderhorn _____ : ________________________ _ 

Governor Island. 
Powderhorn ______________________________ _ 

Dorchester Heights. 

Bostcm State House--··--------------------· 
Powel er horn. 
Powderhorn _____________ ---- __________ ----

Governor Island. 

Boston State House-----------------------
East Boston. 

South Boston Point----·------------------
Blind Asylum. 

Tuft's College _______ ·---·-----------------

Ten Hill Farm 2. 

Deer Island ________ . ____ ------- __ --- -- - ---

Dorchester Heights. 
N antasket _____ . _____ . ______________ • - __ •. 

Dorchester Heights. 

Powderhorn __________ ·--- ------------ -- - •• 

Governor Island. 

Powderhorn •.. ---- __ - ___ .. _ -- -- -- --- -- -- - . 

Governor Island. 

Powderhorn_ .•• ---------------------------
Governor Island. 

I 
Tuft's College .. __ .... ---------------------
East Boston Resen oir. 

I ~::~~::,;: :: : : :: :: :::::::::::: ::::::: ::-
Powderhorn. 

:::~=:~~:----------------------- ---- -1 

----

Distance. i Logarithm. 

I ____ [ ____ _ 
:!rletres. 
5 375·0 

5 303·8 

7 J79·6 

5 378·s 
JO 2697 

8 26s·5 

7 463·5 

6 559·s 

3 375 ·5 

5 483·8 

13 427·0 

9 383·4 

6 456·5 

6 762·4 

4 Jo4·8 

3 6oJ "2 

7 99S'2 

4 747"4 

6 013·3 

3 364·7 

3 541 ·9 
4 100·0 

3 555·2 

3 065·6 

2 046·3 

2 8ro·9 

6 656·7 

3 808·4 

2 932·2 

5 003·3 
8 713·4 

7 237"4 

4 su ·5 
3 445·2 

5 033·7 

3 867•J 

3 716·8 

4 941·4 

5 276·5 

2 536·6 

5 520·9 

5 454·3 

5 520·3 

J2 609'6 
6 4J3'9 

4 973·5 

3·730 38 

3·724 59 

3·856 IO 

3·730 66 

4'0ll 56 

3·9J7 27 

3·872 94 

3·816 87 

3·528 34 

3·739 08 

4·12798 

3•972 36 

3·810 00 

3·830 JO 

3·613 29 

3·556 45 

3·902 83 

3·676 46 

3'779 II 

3·526 94 

3·549 24 

3·6J2 78 

3·550 86 

3·486 5J 

3·3Jo 96 

3·448 84 

3·823 26 

3·580 74 

3·467 19 

3·699 26 

3·940 19 

3·859 58 

3·654 32 

3 ·537 22 

3;70J 89 

3'587 38 

3·570 17 

3·693 85 

3·722 35 

3·404 26 

3·742 or 

3·736 74 

3·74J 96 

4'JOO 70 

3·807 J2 

3·696 66 
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BOSTON BAY-Continued. 

Station. Latitude. Seconds in I Longitude. : Seconds in 
metres. metres. 

; 

I 

0 / /I 0 / I/ 

Watertown United States Arsenal, flagstaff. 42 21 42·72 1318·1 71 09 45·97 1051·9 
1846. 

Cushing's (J. P.) house, skylight. 42 22 48·57 1498·6 71 JO 10·24 234·2 

Breed Island. 42 23 28·04 865·2 71 00 30·28 692·6 

State Street Block. 42 21 33·64 1038·0 71 03 08·13 186·0 
1877-78. ' 

Prospect Somerville. 42 22 54·62 1685·3 71 05 37"88 866·6 
1877-78. 

Waverly House. 42 22 1r56 541 ·8 71 03 46·42 1062·1 
1877-78. 

Fitchburg Depot. 42 22 00·36 II "I 71 03 41·64 952·8 

Lowell Roundhouse. 42 22 09·74· 300·5 71 04 23·39 535· 2 

Lowell draw, flagstaff. 42 22 05·14 158·6 71 04 08·40 192·2 
1877. 

Lowell Depot, flagstaff. 42 21 53·81 166o·3 71 03 47·12 1078·2 
1877. 

Organ Factory. 
1877-78. 

42 21 44·45 1371 ·5 71 04 58·17 1331·1 

Nealy's house. 42 21 22·37 690·2 71 06 27"13 620·9 

Otter street. 42 21 21·48 662·8 71 04 24·91 570·1 

Standard Sugar Refinery. 42 20 44·00 1357·6 71 03 15·58 356·6 

South Boston sea wall. 42 21 18·40 56n 71 02 43·48 995·1 
1877-78. 

Point Curve. 42 21 14·02 432·6 71 02 56·28 1288·0 

Center. 42 21 o9·74 300·5 71 02 46·38 
I 

1o61·5 

Two-story' house, smoke pipe. 42 20 56·31 1737·5 71 05 52·96 1212·2 

Powers & M~llville's elevator, southwest gable. 42 22 59·03 1821 ·5 71 04 40·01 915·3 

Coal shed, flagstaff. 42 23 o6·56 202·4 I 71 02 39·20 896·7 

Octagonal building. 42 21 37·37 1153·0 71 04 19·02 435·3 

Shed, upper gable. 42 21 57"42 1771·7 71 04 11·87 271·6 

Iron smokestack. 42 23 14·06 433·8 71 02 26·10 597"0 

I ; 
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BOSTON BAY-Continued. 

I 
I ! I I Azimuth. Back azimuth. To station. Distance. Logarithm. 

' 
--·- -- ----· 

0 / II 0 / II Metres. 
247 57 29 68 02 48 Powderhorn ------------------ ·----------- II 693·9 4·o67 96 

287 14 53 107 19 43 Dorchester Heights. 10 309•3 4·013 23 

258 18 34 78 24 IO Powderhorn _ --------- ------ ______ -------- II 635·6 4•065 79 

324 54 20 144 55 46 Corey. 5 097'4 3·707 35 

308 27 30 128 29 06 Winthrop Head 2-------------------------- 4 150·1 3·618 o6 

121 04 34 301 03 39 Powderhorn 2. 2 183·5 3·339 15 

282 48 12 102 49 51 Governor Island 3 ------------- ·--------··-- 3 450·0 3·537 82 

343 II 42 163 12 06 Blind Asylum. 2 191·4 3·445 82 

247 18 24 67 20 56 Powderhorn 2 ---------------------------- 5 598·2 3·748 05 

256 52 16 76 54 05 Naval Hospital. 3 8o3·3 3·58o 16 

209 55 13 29 55 47 Naval Hospital _ ------··------------------- 2 314·9 3·364 54 

293 57 00 113 58 01 East Boston Elevator. 2 276·5 3'357 26 

213 10 52 33 12 06 Powderhorn 2 _ ---- ____ -------------------- 4 579·2 3·660 79 

281 13 00 IOI 18 58 East Boston Elevator. 2 009·6 3·303 12 

224 19 13 44 20 55 Powderhorn 2_ ------------------------ ---- 4 953'6 3·694 92 

302 53 II 122 54 02 State Street Block. 2 051·0 3·311 97 

232 42 17 52 42 31 Waverly House _ ·------------------- ------ 632·1 2·800 76 

283 31 40 103 31 58 Fitchburg Depot. 630·1 2·799 43 

275 13 09 95 14 (( 
East Boston Elevator _______________________ 2 104·8 3·323 21 

304 53 26 124 53 52 State Street Block. I 088•1 3·036 66 

238 06 08 58 06 56 Waverly House _. ----- ---- ----------- ----· I 933'3 3•286 29 

254 19 55 74 20 47 Fitchburg Depot. I 818•9 3·259 82 

201 35 37 21 36 IO Prospect Somerville ____ ---------------- ____ 3 061•2 3·485 88 

251 28 54 71 29 54 Organ Factory. 2 146•9 3·331 81 

90 34 20 270 32 58 Nealy's house_---------------------------- 2 797'4 3·44675 

181 20 39 I 20 40 Lowell Roundhouse. I 489·9 3'I73 I7 

186 21 28 6 21 33 State Street Block------------------------- I 541' I 3·187 82 

319 23 35 139 24 04 Blind Asylum. I 502·2 3·176 74 

~15 23 57 35 24 16 East Boston Elevator_---- __ ---------------- I 104•8 3·043 30 

276 00 32 96 OJ 54 Governor Island 3. 2 815·8 3'449 60 

I55 51 41 335 5I 33 State Street Block _ ------------------------ 663·I 2·821 6o 

245 12 I9 65 12 28 South Boston sea wall. 322·4 2·508 45 

120 16 50 300 16 43 Point Curve.------··--·--------------------- 262'I 2·418 48 

193 56 28 13 56 30 South Boston sea wall. 275·5 2·440 IO 

135 47 35 315 47 12 Nealy's house. __ ------------------------- - I 12I '6 3·049 84 

220 09 43 40 IO 20 Organ Factory. I 944·0 3·288 69 

3I6 13 35 I36 14 II Waverly House __ ----------------- ---- ---- I 77I "8 3·248 4I 

345 56 58 165 57 09 Lowell Roundhouse. I 567'6 3·195 24 

302 48 49 I22 49 09 East Boston Reservoir 2 __ ---- ---·----------- 797'5 2·901 75 

142 13 40 322 13 29 Naval Hospital. 625·5 2·796 25 

103 42 42 283 42 16 Organ Factory -·--- __ ---------------------- 922·4 2·964 92 

174 17 53 354 17 50 Lowell Roundhouse. I 003·8 3·001 66 

69 19 23 249 18 52 Organ Factory---------------------------- I 132·8 3·054 15 

145 16 59 325 16 51 Lowell Roundhouse. 462·6 2·665 16 

330 49 39 150 49 50 East Boston Reservoir 2-------------------- 760·0 2·88o 82 

51 23 24 I 231 23 04 Chelsea Bridge. 865·8 2·937 40 
I 
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Station. Latitude.· 
1 Seconcls in 
I metres. 

Longitude. I 
Seconds in 

metres. 
I 

------------------- ----··-·-----1---- ---------j-------··· . ----------

Glassworks, east gable of main building. 

New England Glass Company's chimney. 

Peck's chimney. 

Fitchburg Roundhouse flagstaff. 
1877. ' 

Round building, ventilator. 

Round brick building, iron rod. 

Brick Factory. 

Marine Ho~pital cupola, flagstaff. 
1861-1877. 

Winslow's factory, corner. 

Holmes' factory. 

Crossing, signal pole. 
1877. 

Gambrel roof, northeast gable. 

Tudor cupola. 

Gray's wharf, long brick building, northeast comer. 

Prince street draw tender's house, pole. 
1877. 

Draw, northwest corner, iron crane. 

Car shed, northeast ventilator. 

One story red building, southwest end. 

National Dock building, southeast corner. 

Long wharf building, lightning rod. 

Cunard wharf, flagstaff. 
18.i6. 

Cunard wharf, flagstaff. 
1877. 

Cunard wharf, pole. 
1860. 

0 I II o I II 

42 22 22·65 71 04 41·86 957·8 

42 22 21 ·35 71 04 40·30 922·1 

42 22 51 ·09 

42 22 2 3·43 722·9 71 04 10·02 229·3 

42 20 50·28 1551 ·4 71 03 27·19 622·4 

42 23 14·81 457"0 682·4 

42 23 45·12 1392·2 

42 23 21 ·22 71 02 43"70 999·6 

42 23 02·22 • 68·5 1234·4 

42 22 45·76 

355· 1 

42 22 14·98 71 03 39·81 910·9 

374·8 

42 22 07·79 240·4 71 03 35·91 821 ·7 

42 22 05·92 

42 22 09·94 71 04 00·51 11 ·7 

42 22 07·93 244·7 397·7 

42 22 02·92 71 02 33·56 

42 21 37·08 1144·1 1314·9 

42 21 50·08 1545·8 71 02 26·90 

42 21 49·98 1542·2 

1· 
1554·2 I 

----~---------'-~ 

42 21 50·37 71 02 29·04 
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BOSTON BAY-Continued. 

--···--
' I I 
I Azimuth. Back azimuth. To station. I Distance. Logarithm. 

I I ------·- ·--

i 
0 I II 0 I II Jifctres. 

277 03 24 97 04 QI Waverly House ___ ----------------------- __ I 278·0 J'I06 s2 

296 30 27 II6 JI 08 Fitchburg Depot. I S40" 1 3·187 SS 
S4 IJ 31 234 II IS Corey ____________________ ---------- _______ s 696·4 3·755 60 

230 21 08 50 23 02 Powder horn. 4 998·5 3·698 84 

2IS 49 48 35 50 36 Powderhorn 2 _______ --·-- ------ ----- _______ 2 796·4 3·446 60 

I90 IS 36 10 15 41 Naval Hospital. 987'7 2·994 63 

288 33 03 
I 

I08 33 19 Waverly House--------------------------- s69·1 2·755 17 ! 
35 S3 5S 215 S3 46 Lowell Roundhouse. s21·3 2·717 08 

198 03 40 18 03 53 State Street Block _____ ------------------- I 407'S 3·14844 

' 
261 24 53 81 26 4S Governor Island 3. 3 843·7 3·s84 7S 

246 56 18 66 s8 04 Powderhorn 2_ -------------·-------------- 3 921·3 3"S93 43 

282 05 40 I02 07 14 East Boston Reservoir 2. 3 273 ·6 3·s1502 

259 26 I4 79 27 49 Powder horn 2 _____ --------- -------------- 3 276·2 3·51s 37 

299 S7 I4 II9 S8 37 East Boston Reservoir 2. 3 247·3 3'S II 52 

I 
221 26 38 41 27 13 Powdcrhorn 2_ ----· _ ---- ______ -----. -----. I 784 '3 3·251 46 

318 50 05 IJ8 so 28 East Boston Reservoir 2. I 174·6 3·069 90 

I 
23s 23 09 SS 24 JI Powderhorn 2 ____ ----· -------------------- 3 38rs 3·s29 88 

277 07 37 97 08 47 East Boston Reservoir 2. 2 399"I 3 ·380 os 

2I3 SS 07 33 55 29 Naval Hospital_ ________ .·------- __________ I 369·s 3'IJ6 S6 

222 27 36 42 28 42 Powderhorn 2. 3 296·3 3·51803 

294 13 42 II4 14 02 Waverly House_·-··-----------·------------ 729·8 2·863 19 

18 22 SJ I98 22 48 Lowell Roundhouse. s69·8 2'75S 73 

I 
32 00 48 2I2 00 38 Fitchburg Depot. ____ ·---------- _____ -----· 655'4 2·816 49 

86 49 48 266 49 35 \Vaverly House. 4S7'9 2·660 76 

5 16 s6 18s 16 55 Fitchburg Depot_ ______ ---- ____ -------··---· 452·8 2·655 94 

II7 4I 06 297 41 02 Waverly House. 171 ·1 2·233 14 

64 02 03 244 01 46 Fitchburg Depot_·-----------------·-------- 642·7 2·808 03 

109 54 20 289 S4 00 Waverly House. 731 ·3 2·864 09 

29 4S 18 209 4S I4 Fitchburg Depot_ _______________ ------_---- 263·9 2·421 43 

141 22 23 321 22 16 Waverly 1 louse. 38n 2·586 20 

212 26 57 32 27 04 \\'averly House __ ·-- ___ --------·----------· 425·6 2·628 98 

296 5I 29 II6 SI 39 Fitchburg Depot. 379·0 2·578 69 

233 54 38 S3 S4 47 Waverly I-louse ____ ------------------------ 398·8 2·600 72 

304 22 06 124 22 I9 Fitchburg Depot. 523·4 2·718 87 

247 I4 JI 67 14 s2 Waverly House ______________________ -----· 767"9 2·88S 28 

28s SS 18 10s SS 42 Fitchburg Depot. 8so·6 2·929 70 

9 23 o6 189 22 S9 South Boston sea wall ____ ·--·.------------· I 392·4 3·143 7S 

41 II 24 . 221 II QI State Street Illock. I 201 "0 3·079 S3 
330 S8 35 I50 s8 44 South Boston sea wall ______________ -------- 6s9·1 2·818 93 

66 27 19 246 27 I2 State Street Block. 266·3 2·42s 39 
297 33 28 II7 34 41 Governor Island ••.. _ .. ____ ------_---------· 2 784·7 3444 78 

3 JS 13 I83 JS 07 Dorchester Heights. 3 297·2 3·518 15 

20 00 27 200 00 17 South Boston sea wall _______________ --- ---- I 036·9 3 015 73 

61 13 56 241 13 29 State Street Block. I 048·0 3·020 34 

337 02 08 157 02 45 South Boston Point·----------------------- 3 262·1 3'5 1 3 5° 
I 34 I8 18I 34 15 Blind Asylum. 3 189·9 J'503 78 
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. - ----------

Fawn Bea 
186o 

-·-·-

con. 

···-

nd Beacon. 

Station. 

Deer Isla nd Hospital cupola. 

Deer Isla 
186o 

Lincoln's 

Eastern a 

nd, flag. 

wharf, post. 

venue wharf, post. 

Loring's m achine shop, wharf. 

Foster's\\ ·harf, post. 

y, tripod. South Ba 
18~ I. 

Prentice's coal wharf, post. 

Sailors' I: lome cupola. 

Boylston School cupola. 

Fort Hill wharf, post. 

Central w harf, cupola. 

India wha rf, cupola. 

India wha rf, post. 

Grand Jun ction wharf, shears. 

Bay State Iron \\'orks, north gable. 

Bay State Steam Engine Works wharf, post. 

hool, flagstaff. Adams sc 
1861. 

Hog Islan d, tripod. 

Gas Work s, north end of Boston, chimney. 

Gas Work s, near Malden Bridge, chimney. 

BOSTON BAY-Continued. 

--------
I 

Latitude. I Seconds in Longitude. metres. 
! 

0 I II 0 I II 

42 21 17·58 542·4 70 56 32·87 

42 20 23·44 723·2 70 57 18·41 

42 21 12·39 382·3 70 57 5J"I5 

42 21 01·24 38·3 70 57 30·95 

42 21 57·73 I 781 "3 71 02 58·15 

42 21 50·10 1545·9 71 02 56·18 
I 

42 20 31·6o 975·0 71 02 02·70 

42 21 21·15 652·6 71 03 01·36 

42 19 31 ·09 959·3 71 03 46·58 

42 21 08·76 270·3 71 03 11·59 

42 21 19·10 589·3 71 03 08·40 

42 21 21 ·51 663·7 71 03 09·02 

42 21 15·74 485"7 71 03 05·16 

42 21 32·55 1004·3 71 03 05·21 

42 21 29·10 897"9 71 02 59·70 

42 21 28·04 865·2 71 02 59·09 

42 21 47"40 1462·5 71 02 22'93 

42 20 24·77 764•3 71 02 22·31 

42 21 45·52 1404·5 71 02 09·69 

42 21 57"86 1785·2 71 01 59·08 

42 23 30·16 930·6 71 00 39·6g 

42 22 01·90 58·6 71 03 28·38 

42 23 18·75 578·5 71 04 29·70 

-

Seconds in 
metres. 

752·5 

421·4 

1216·4 

708·4 

1330·6 

1285·6 

61·8 

31 ·1 

1066·6 

265·2 

192·2 

I 
206·4 

I I 18·1 

I 19·2 

1366·2 

1352·2 

524·7 

I 510·7 

221·7 I 
1351·9 

gor8 

649·4 

679"4 

' --



Azimuth. 

o I II 

203 4I 3I 

331 33 28 

Io6 47 40 
166 08 48 

I34 I4 04 
2I4 24 06 

133 29 I2 

210 21.58 
201 06 28 

350 22 35 

199 27 40 

350 28 12 

42 I9 59 

237 39 07 

276 40 45 

344 04 37 

178 23 53 

236 40 43 

269 48 30 

3o6 00 4I 

275 16 49 

339 54 17 
340 II IO 

3I4 00 08 

273 35 38 

3I3 36 22 

322 43 43 

344 I9 I9 

319 55 36 
346 2I 24 

319 44 02 

346 29 22 

338 44 39 
4 12 02 

153 44 39 

239 34 19 

343 47 22 

9 54 IO 

349 43 14 
12 44 48 

60 46 02 

122 46 44 

66 28 25 

92 15 59 
133 06 00 

284 03 28 

Back azimuth. 

o I II 

23 43 02 

151 34 57 

286 45 25 

346 08 40 

314 II 23 

34 26 31 

313 26 I6 

30 24 08 

21 07 13 

170 22 52 

19 28 23 

170 28 28 

222 I9 39 

57 40 OI 

9? 42 18 

164 04 56 

358 23 50 

56 41 33 

89 50 IO 
126 01 27 

95 18 27 

159 54 41 
160 II 34 

134 OI 12 

93 37 14 

133 37 04 

142 44 25 

164 19 4I 

139 56 34 
166 21 42 

139 45 00 

166 29 40 

158 45 I2 

184 II 55 

333 44 08 

59 35 27 
I63 47 46 

I89 53 54 

I69 43 3I 

I92 44 25 

240 45 01 

302 45 55 
246 25 2I 

272 I2 29 

3I3 05 29 

104 05 02 
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BOSTON BA Y-Contjnued. 

To station. 

Nahant 2. ___ ... ---- ·---- _ ---- ________ _ 

Nantasket. 
Governor Island ________ ------ ________ _ 

Deer Island. 

Powder horn _ ----- -------------- ------
Nahant 2. 

Po,vderhorn ------------------------ .• 
Nahant 2. 

Powderhorn __ ----- _ ---------- ---- ... __ 
Blind Asylum. 

Powderhorn -------------- ---- ---- ---
Blind Asylum. 

Blind Asylum __ ---------------------
Governor Island 2. 

Governor Island 2 --------- ------------

Blind Asylum. 

Boston State House ______ --------------

Blind Asylum. 

Governor Island 2 _____ ----------- -----

Loring's machine shop. 

Governor Island 2 ____ ----------------. 

Blind Asylum. 
Blind Asylum ______________________ ---

South Boston Point. 

Governor Island 2 --------------------

Loring's machine shop. 

Loring's machine shop .. --------_----- __ 

Blind Asylum. 

South Boston Point--------------------
Blind Asylum. 

South Boston Point-------------------

Blind Asylum. 

South Boston Point-------------------

Blind Asylum. 

State Street Block ------- ------------- _ 
Governor Island 3. 

South Boston Point ___ --------- --------

Blind Asylum. 

South Boston Point---- ... -----------
Blind Asylum. 
East Boston Reservoir. ________________ _ 

Powderhorn. 
Corey. ______________________________ _ 

Mount Auburn. 

Ten Hill Farm 2 --------- ----- -------

East Boston Reservoir. 

'----------'-----·- --·----·------------------

541 

··--

Distance. Logarithm. 

Jlfetres. 

-- - - 7 657·0 3·884 o6 

6 382·0 3·804 96 

--- - 4 796·2 3·680 90 

I 202'4 3·080 06 

---- 7 624·1 3·882 19 

8 693·2 3·939 18 

---- 8 228·9 3'9IS 34 
8711·6 3•940 IO 

---- 4 199·3 3·623 I8 

3 464·4 3·539 63 

---- 4 404·3 3·643 88 

3 224·9 3·508 52 

--- - I 025·2 3'0IO 82 

2 I63·0 3·335 06 

--- - 3 I9I'9 3·504 04 

2 378·2 3·376 24 

- - - - 3 658·0 3·563 24 

2 OI9'5 3·305 25 

---- 3 404·2 3·532 OI 

I 949'3 3·289 87 

---- 3 345 '3 3·524 44 

2 367·8 3·374 34 

- --- 2 442·8 3'387 88 

3 04I·6 

I 
3•483 IO 

---- 3 263·6 3'5I3 70 

I 974·6 I 3·295 47 

--- - 2 362·9 

I 
3·373 45 

2 740·6 3·437 84 

---- 3 067·0 3·486 72 

2 605·7 3'4I5 92 

---- 3 033·I 3·48I 89 

2 570·6 3·410 04 

---- 3 I24'4 3·494 76 

3 105·2 3·492 09 

---- 2 369·7 3·374 70 

2 685·7 3·429 06 

---- 2 972'I 3·473 06 

3 084·9 3•489 24 

---- 3 287·4 3'5 I6 85 

3 506·0 3·544 81 

---- 2 363·0 3·373 46 

I 967'3 3·293 87 

---- 6 836·0 3·834 80 

7 144'I 3·853 95 

---- I 433'I 3·I56 29 

3 298·5 3·5I8 32 

·----



542 UNITED STATES COAST AND GEODETIC SUI~VEY. 

Station. 

Millers River, head of, church spire. 
1860. 

Carpet cleaning factory, ventilator. 
1860-61. 

Milldam, yellow house chimney. 

Milldam, regatta house flagstaff. 
1861. 

Planing mill, chimney. 

Varnish factory, chimney. 

Riverside Press, chimney. 

Charles River tripod. 

Small red house on marsh, chimney. 

Cloverden. 

Cloverden observatory, astronomic latitude 
telescope). 1855-1864. 

Agassiz Museum. 

Gould Transitory. 1865. 

Boston, Hollis street church spire. 
1847. 

Boston, Hanover street brick church spire. 
1847. 

Boston, St. Mary's church, north spire. 
18n 

'Boston JS eek, dark church spire with clock. 
18()0-61. 

Boston Catholic cathedral, statue. 
1861. 

Boston, Berkley street yellow church spire. 
1860-61. 

Boston jail, cupola. 

Boston, State prison cupola. 

Boston light-house. 
(C & G. S. &: !ldn) 1834-1847. 

South Boston flats, A. 

South Boston flats, B. 

--------

BOS'l'ON BAY-Continued. 

metres. Longitude. Seconds in 
\ metres. Latitude. I' Seconds in I 

-------'-----!·------- _____ , 
0 ., 

II 0 I II 

42 22 44·08 1360·1 71 05 48·79 1116·2 

42 21 16·62 512·8 71 04 39·93 913·9 

42 20 56·2z 1734·7 71 05 51 ·67 1182·7 

42 21 04·89 150·9 71 05 19·01 435·1 

42 22 16·17 498·9 71 07 17"17 392·9 

42 21 49·54 1528·6 71 07 o6·33 144"9 

42 21 46·03 1420·2 71 06 57"05 1305·5 

42 21 09·41 290·3 71 07 00·28 6•4 

42 24 45·88 1415·6 71 06 07·72 176·5 

42 22 47"54 146':i·9 71 07 18·42 421·4 

station (zenith I 42 22 46·29 1428·3 71 07 17·60 402·6 

42 22 44·52 1373·7 71 06 56·04 1282·0 

42 22 41 ·01 1265·4 71 06 57"87 1323·8 

42 20 59·42 1833•3 71 03 53" 15 1216•4 

42 ::?l 49·90 1539•6 71 03 17"44 399•1 

42 21 54·82 1691 ·5 71 03 ·29·69 679•4 

42 20 26·77 826·0 71 04 25·27 578·5 

42 20 12·67 390•9 71 04 25·14 575·5 

42 20 44·13 1361 ·6 71 04 15'42 353'0 

42 21 43·26 1334'5 71 04 14'44 330·4 

42 22 28·23 871 ·o 71 04 08·84 202·2 

42 19 40·74 125ro 70 53 26·18 599'4 

42 20 21·44 661·5 71 OJ 39·28 899·1 

42 20 21 ·59 666·2 71 02 14·82 339•3 



Azimuth. 

O I II 

245 18 43 

75 25 20 

73 56 29 

I06 57 54 

120 51 39 

163 52 18 

75 25 22 

II3 52 40 

17 59 52 
181 04 15 

28 33 18 

107 04 15 

33 37 59 
175 34 21 

129 39 54 

177 05 02 

325 01 36 

68 46 32 

249 00 39 
107 30 IO 

154 01 ·1 

239 46 25 

104 II 43 

201 09 

266 26 51 

314 19 47 
289 28 50 

343 51 41 
209 08 56 

277 28 18 

332 43 II 

118 51 24 

273 51 19 

325 27 19 

343 40 01 

86 21 40 

67 33 03 

98 00 50 

130 52 14 

149 01 56 

125 10 34 

173 12 42 

273 07 09 

223 37 47 

133 37 36 . 
236 40 03 

Back azimuth. 

o I II 

65 21 23 

255 23 24 

253 54 13 
286 55 12 

300 49 45 

343 51 23 

255 23 32 

293 50 :14 

197 59 22 
I 04 17 

208 32 40 

287 03 12 

213 37 15 

355 34 IO 

309 38 47 

357 04 53 
145 02 II 

248 45 47 

69 01 37 

287 29 53 

334 01·1 

59 47 08 
284 II 11 

.21 09 

86 29 02 

134 20 39 

109 30 37 

163 52 09 
29 IO 02 

97 :19 08 

152 43 37 
298 48 32 

93 52 35 

145 27 45 
163 40 20 

266 19 07 

247 30 30 

277 57 51 

310 50 09 

329 01 II 

305 04 53 

353 12 07 

93 07 45 

43 38 28 

313 36 31 

56 41 08 
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BOSTON BAY-Continued. 

---------------------- --·- ·-------------

To station. 

l'owdcrhorn ____ ---------- __ -------- -----. 
Mount Auburn. 

Corey ______ ---------------------··--_-----
Moun( Auburn. 

Mount Auburn------------------------ ____ ; 

Tuft's College. 

CoreY------------------------------------
Mount Auburn. 

CoreY-----------------------------------· 
Tuft's College. 

CoreY-------------------------------------
Mount Auburn. 

CoreY------------------------------------
Tuft's College. 

Mount Auburn----------·------------------
Tuft's College. 

Ten Hill Farm 2 ---------·------------··---

Tuft's College. 

Somerville church, 1860 .. ----------- ______ _ 

Cambridge Observatory. 

~lovcrden ---------------------------· ---· 

Somerville church, 186o -------------------
Cambridge Observatory. 

Agassiz Museum _____ ·-------------------·-
Governor Island _____________________ -----i 

Dorchester Heights. i 

~::~~:::e:s:~:i:~;s~--- - ------. ---------- - - -1 

Powderhorn 2 _____ ----- - -------- ---- ---- - -i 
East Boston Elevator. 

South Bay tripod -------------------------
~1.ount Auburn. 

Blind Asylum __ ----- __ -- -------- ----- - - -- -

South Bay tripod. 

South Bny tripod ---- .. ----------------- ___ _ 
Corey. 

CoreY---------------------·--------------
Mount Auburn. 

Tuft's College_---------------------------
Ten Hill Farm 2. 

Powderhorn __ ---- ------------------------
Nahant. 

Castle Island ________ ----------------------
Governor Island, 

Boston State House-----------------------
Governor Island. 

Distance. 

/lfetres. 
5 959·5 
4 056·5 

4 818·3 

5 751·9 

4 496·8 

6 765·5 

3 859·8 

5 038·6 

3 334·7 
4 032·7 

2 675·3 
2 250·8 

2 692·2 

4 976·9 

2 974·9 

6 099·7 
2 086·0 

I 622·4 

2 rn6·2 

610·7 

42·98 

I 68j" 3 

I 128•9 

116·2 

4 451·1 

2 471·9 

_3845·5 
3 420·1 

4 584·2 

I 71I ·9 

I 933·0 

6 664·4 

2 576·3 

I 557°4 

2 348·4 

5 201·6 

5 641·1 

6 144·7 

5 594·7 

2 959·9 

14 152·5 
10068·1 

I 229·4 

I 998·4 

3 041·9 

2 624·2 

Logarithm. 

3·775 21 

3·6o8 15 

3·682 89 

3·759 81 

3·652 90 

3·830 29 

3·586 57 

3·702 31 

3·523 06 

3·605 6o 

3·427 38 

3·352 34 
3·430 11 

3·696 96 

3·473 47 

3·785 31 

3·319 32 

3·2rn 17 

3·323 50 
2·785 82 

1 ·633 23 

3·226 16 

3·052 64 

2·065 34 

3•648 47 

3'393 03 

3·584 95 

3·534 04 
3·661 26 

3·233 49 
3·286 23 

3·823 76 

3·411 00 

3·192 41 

3·370 78 

3·716 14 

3·751 36 

3·788 50 

3·747 78 

3·471 28 

4·150 83 

4·002 95 

3·089 69 

3·300 68 

3·483 14 

3·419 00 



544 UNITED STATES COAST AND GEODETIC SUUVEY. 

BOSTON BAY-Continued. 

-----· 

Station. Latitude. Seconds in Longitude. Seconds in 
metres. metres. 

0 I II 0 I II 

South Boston flats, C. 42 20 15·97 492·8 71 02 35·44 811 ·3 

South Boston flats, D. 42 20 30·32 935"5 71 03 06·10 139·6 

South Boston Rats, E. 42 20 34·38 106o·7 71 03 15 ·65 358·2 

South Boston Reservoir, flagstaff. 42 19 58·48 l8o4·4 71 02 46·56 1066·0 
186o-61. I 

South Boston, dark church spire with turrets, cross. 42 20 31 ·87 98n 71. 03 24·44 559"5 
1860-01. 

West Boston Bridge, pole on draw. 42 21 41·49 1280·2 71 04 26·12 597·7 
1860-61. 

Charlestown brick church, spire, cross. 42 22 21 ·96 677·6 71 03 48·32 uo5·5 
1861. 

Outer Brewster. 42 20 29·40 907·2 70 52 41 ·28 945·0 
1846. 

Outer Brewster 2. 42 20 29·33 905·0 70 52 41 ·21 943·3 
1860. 

Brighton, cast church, spire.* 
1847. 

42 20 57·83 1784·3 71 09 13·03 298·3 

Brighton, west church, spire with clock.t 42 20 56·25 1735·5 71 09 20·29 464·4 
1847. 

East Brighton, dark church spire. t 42 21 13·69 422·4 71 08 12·35 282·6 
1861. 

Moon Head 1. 42 18 22·20 684·9 70 59 23·06 528·1 
1847. 

Moon Head 2. 42 18 22·04 680·0 70 59 23·13 529·8 
186o. 

Weeks' house, chimney. 42 20 21 ·21 654·4 70 53 49·02 1122·2 

Weeks' barn, center chimney. 42 20 23·48 724·5 70 53 52·86 1210·1 

Kimbal's house, center chim~ey. 42 20 19·12 590·0 70 53 26·75 612·4 

Machine shop, tall chimney on ridge pole. 42 20 28·60 882·5 71 03 59·10 1352·9 . 
' Gas works, ventilator. 42 20 50·28 155 1·4 71 03 27·18 622·1 

Fulton Wire Works, south chimney. 42 20 08·04 248·1 71 03 29·56 676·7 

Lawrence school, cupola. 42 20 28·78 888·0 71 03 12·88 294·8 

Railroad tripod. 42 20 52·37 1615·9 71 02 5r82 1323·5 

Fort Independence flagstaff. 42 20 18·90 I 583·2 71 00 44·92 1028·3 
1861. 

I ---·--
f Torn down in 1890 and new and taller spire erected on same site. : Position changed in 1890. 
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BOSTON· BAY-Continued. 

Azimuth. Back azimuth. To station. Distance. Logarithm. 

0 I II 0 I II Mtlns. 
142 42 44 322 41 53 Boston State House-------------------- ____ 2 855·8 3·455 73 

238 46 04 58 47 22 Governor Island. 3 115·9 3'493 59 

150 39 04 330 38 34 Bostqn State House--------------- -------- 2 098·4 3·321 88 

250 47 13 70 48 52 Governor Island. 3 564·7 3·552 02 

I54 34 42 334 34 18 Boston State House---------------------- ._ I 886·5 3•275 66 

253 42 12 73 43 58 Governor Island. 3 734·7 3·572 26 

58 23 19 238 22 39 South Bay tripod-------··---------------~-- I 613·4 3·207 75 

I88 52 41 8 53 06 East Boston Reservoir. 5 443·6 3·735 89 

252 43 28 72 45 17 Governor l&land 2 ------------------------- 3 872·8 3·588 02 

I5 o6 56 I95 06 41 South Bay tripod. I 942·7 3·288 41 

66 59 46 246 57 20 CoreY------------------------------------ 5 373·7 3·730 27 

98 54 04 278 51 13 Mount Auburn. 5 888·4 3·770 00 

219 59 52 40 01 IO Powderhorn ------------------------------ 4 138·0 3·616 79 

247 07 33 67 08 39 East Boston Reservoir. 2 445·1 3·388 30 

28 46 41 208 45 34 Nantasket ------ ____ . ___ -------------- ., ___ 4 7o6·5 3·672 70 

98 28 05 278 24 50 Deer Island. 6 703·8 3·826 32 

117 5I 07 297 44 56 Powder horn ---- -·----- ------ --·-- ··-- •• --- _. 14 246·9 4 ·153 72 

I65 21 30 345 20 25 Nahant 2. 8 785·0 3·943 74 

240 I2 54 60 17 51 Powderhorn ------------------------------ II 620·9 4·o65 24 

28o 25 27 100 29 54 Dorchester Heights. 9 244·0 3·965 86 

240 24 36 60 29 39 Powderhom ---------- ---·· ---- ---- ____ ---- 11 789·6 4·071 50 
291 32 25 Ill 33 18 Corey. I 921 ·8 3·283 71 

I6o 03 03 340 02 44 Mount Auburn-··-------------------------- I 879·4 3·274 02 

.349 25 19 I69 25 26 Corey. I 265·3 3·102 21 

207 35 18 27 36 33 Deer Island _______________________________ 5 538·9 3·743 42 

271 37 45 91 41 09 Nan task et. 6 939·7 3·841 34 

I62 09 04 342 07 24 Powderhom -----·--------------------·--- II 107·8 4·045 63 

271 35 23 91 38 47 Nantasket. 6 941 '3 3·841 44 

IO 26 44 I90 26 23 Nantasket __ ------ ---- ------- ------ -··-- ---- 3 938·2 3·595 30 

64 21 41 244 17 56 Moon Head 2. 8 488·3 3·928 82 

9 01 20 189 OI 02 Nantasket ___ : ______ ------------ ---- ---- -· 3 992·4 3·601 23 

63 40 25 243 36 43 Moon Head 2. 8 440·0 3·926 34 

17 49 II 197 48 35 Nantasket ---- ----. ___ ---- __ ---- ____ .. ··--· 4 000·3 3·602 09 

121 05 47 301 00 o6 Powderhom. 13 494'3 4·130 15 

288 37 o6 108 38 04 Blind Asylum----·------------------------- 2 083·1 3·318 72 

350 49 29 

I 

170 49 37 South Bay tripod. I 797 ·5 3·254 68 

261 12 23 81 14 14 Governor Island 2------------------------- 3 8o5·6 .3·58o 42 

IO 18 00 190 17 47 South Bay tripod. 2 483·6 3·395 08 

271 21 22 91 22 00 Blind Asylum-------·---··-·----------·---- l 29B·3 3·113 38 

18 52 08 198 51 57 South Bay tripod. I 204·8 3·08o 90 

250 03 59 70 05 40 Governor Island 2 --------------- ---- __ ---- 3 652·5 3·562 59 

23 25 56 203 25 33 South Bay tripod. I 940·0 3·287 79 

26o 29 57 · So 31 28 Governor Island 2 --------------------- ____ 3 131 ·8 3·495 79 

337 46 47 157 47 04 Blind Asylum. I 511 ·o 3·179 26 

80 43 26 26o 42 53 [ South Boston Pqint ____ --------- ---------· I 125·6 3·05I 39 

157 44 51 337 43 54 i East Boston Reservoir. 5 129·9 3·710 II 

S. Ex. 8, pt. 2---35 
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BOSTON BAY-Continued. 

' 

Station. Latitude. Seconds in Longitude. Seconds in 
metres. metres. 

0 I II 

I 
0 I II 

George Island. 42 19 u·r6 344·3 70 SS 42·32 969·1 

Barrel Beacon. 42 19 22·27 687°I 70 SS 09·18 210·2 
1846. 

Brookline, Dr. Pierce's church spire. 42 19 38·17 . u77·7 71 07 s2·48 I20I "S 
1847. 

Gallop Island, flag. 42 19 37·30 uso·9 70 s6 2( ·48 4917 
1846. 

Gallop Island 2. 42 19 37·97 u7r·s 70 s6 23·16 s3o·3 
r86o. 

Love! Island, pole. 42 19 48·6o 1499·4 70 SS so·36 us2·9 

Nix Mate. 42 19 53 ·s5 16s2·2 70 s6 40·94 937·2 

Sargent Observatory. 42 18 42·7s 1319·0 71 os 41·40 948·1 

Roxbury, Jamaica Plains, tall church spire. 42 18 36·44 II24·3 71 06 s9·36 13s9·4 
1847. 

Roxbury, laboratory chimney. 42 19 24·52 7s6·5 71 os s2·98 1213· I 

Roxbury, Dr. Putnam's church spire. 42 19 47"8I 1475·1 71 os 24·96 S7I ·4 
1847. 

Roxbury, new Unitarian church spire. 42 19 42·u 1299·2 71 04 SI ·72 II84·1 
1847. 

Roxbury Oil Works, chimney. 42 19 ss·40 1709·4 71 03 ss·r4 1262·4 

Spectacle Island, flag. 42 19 38·90 1200·3 70 S9 16·66 381·4 

Squantum. 
1847-1860. 

42 18 13·89 428·7 71 00 41 ·57 9s2·1 

Thompson Island, flag. 42 19 14·60 4so·s 71 00 16·12 369·2 
1847. 

\. 

Thompson Island, pule near farm school. 42 19 or56 233·3 71 00 26·01 S9S"6 
1847. 

Thompson: Island 2. 42 19 07·88 243·1 71 00 2s·6s s8r4 
1860. 

Long Island, south end, flag. 42 18 39·s2 1219·4 70 s8 37·16 8Sr ·o 
1846. 

Long Island, south end, 2. 42 18 39·60 1221 ·9 70 s8 36·88 844·6 
186o. 

Long Island Hotel, cupola. 42 19 27"40 845·4 70 57 S3"39 I 222'.5 

Farm schoolhouse, southeast gable. 42 19 os·26 162·3 71 00 n·ss 630·9 

Fort Warren, west gable of house. 42 19 13·10 404·2 70 SS 42•40 970·9 

I 
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BOSTON BAY-Continued. 

------

Azimuth. Back azimuth. To station. Distance. Logarithm. 

0 I II 0 I II Metres. 
312 17 29 132 18 24 Nantasket ---- ----------------------------- 2 542·8 3'405 31 

21 10 17 201 09 20 Great Quincy. 5 364·3 3·729 51 

237 30 32 57 31 29 Great Brewster ____ -----------------------· 2 28o·o 3·357 93 

331 21 57 151 22 30 Nantasket. 2 340·4 3·369 29 

172 33 44 352 33 37 CoreY---------------------~-------------- I 717·9 3·235 00 

225 03 19 4S 07 22 Powderhorn. II 647·4 4·o66 23 

148 27 02 328 26 IS Deer Island _________________________ --- ·-- 3 040·9 3·483 00 

2S7 S9 01 ! 78 00 46 Great Brewster. 3 6s8·6 3·s63 31 

312 01 34 132 02 S7 Nantasket ---- __ -------------- ------------ 3 791 ·I 3·578 77 

60 24 12 240 22 II Moon Head 2. . 4 740·8 3·67s 85 

134 14 23 314 13 IS Deer Island_------------------------------ 3 214·9 3·so7 17 

261 48 27 81 49 SI i Great Brewster. 2 895·6 3·461 74 

266 86 I 3·6os SS 17 44 19 42 j Great Brewster_ _______ ··------··--------- __ 4 032·3 

313 07 28 133 09 03 j Nantasket. . 4 416·0 3·64S 03 

136 39 04 316 37 29 . Corey-------- ____ ._ - - -··-- ---- ---- - - - - ---- 4 695·1 3 ·671 64 

239 36 20 59 38 25 ! Dorchester Heights. 4 923·1 3·692 24 

158 IS S8 338 IS 16 CoreY------------------------------------ 3 88:n 3·589 33 

263 46 33 83 47 2s Sargent Observatory. I 796• I 3·2s4 34 

212 30 40 32 33 22 Powderhorn ------------------------------ 10 2s3·4 4·010 87 

25s 04 S4 7S 07 07 Dorchester Heights. 4 669·0 3·669 22 

III 20 s6 291 19 IO Corey-----· __ ... __ ._ --- ___ --------------- - 3 864·s 3·587 09 

211 33 so 31 36 14 Powder horn. 9 304·2 3·968 68 

109 S7 24 289 SS 16 Corey--------·· - _. - - - - - - ------ ------ ------ 4 639·0 3·666 42 

258 02 18 78 03 49 I Dorchester Heights. 3 178·2 3·502 18 

259 II s6 79 12 SI I Blind Asylum __ ,, ____ ---------------------- I 917·6 3·282 7S 

34S 20 51 16s 20 S7 South Bay tripod. 77S'3 2·889 46 

99 26 00 279 23 46 Dorchester Heights-----------------··------ 4 623·3 3·66S 01 

145 38 57 32s 38 02 Governor Island. 3 341 ·4 3'S23 93 

142 14 36 322 13 19 Dorchester Heights---------------------- __ 4 275·0 3·630 94 

269 36 o6 89.40 23 Nantasket. 8 73S'3 3·941 28 

llS 13 04 295 II 30 Dorchester Heights---·-------------------- 3 537'4 3·s48 68 

3SI 
I 

Governor Island. 171 30 00 29 45 3 S47'4 3'S49 91 

12 08 47 192 08 37 Squantum ·--- ----- ------ --------------··-- I 693·5 3·228 79 

120 o6 31 300 05 04 Dorchester Heights. 3 437'6 3·s36 26 

167 49 4S 347 48 47 Powderhorn_ ------ ------ ------------ ------ 9 368·7 3•971 68 

28o 51 22 100 55 28 Nantn&ket. 8 522·8 3·930 58 

199 os S4 19 o6 39 Deer Island_._--------------··------------- 4 629·0 3·66S 49 

277 05 so 97 08 43 Nantasket. S 931 ·o 3·773 13 

156 01 13 335 S9 02 Powderhorn __ ----··. ----------------------- 10 979·4 4·040 58 

206 26 25 26 29 19 Nahant 2. 13 276·4 4·12308 

147 28 37 327 25 s6 Powderhorn --· __ ------------------------ IO 149'9 4·006 46 

20s 16 44' 25 19 09 Nahant 2. II 514·9 4·061 26 
I 168 11 30 348 10 33 Powderhorn __ • ______ ---- ------------ ______ 9 438•9 3·974 92 

28o 16 09 100 20 16 Nantnsket. 8 5SI 'I 3·932 02 

313 IS os 133 16 00 Nantasket -------------------------- ·----- 2 584·8 3·412 42 

72 42 46 I 
2s2 40 17 Moon Hea<l 2. s 295·0 3 ·723 87 
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;BOSTON BA Y-Continuecl. 

' 

I 
I Station. Latitude. Seconds in Longitude. 

Seconds in 

J metres. metres. 

l 
0 I II 0 I II 

Flagstaff, corner of Dorchester street and turnpike. 42 19 47'62 1469·3 71 03 26·50 6o6·7 
1861. 

Suffolk Cordage Factory, ball. 42 19 38·04 u73·7 71 04 20·24 463·4 

Point Allerton, flag. 42 18 37'12 u45·3 70 52 59·36 1359'4 
1846. 

Point Allerton Deacon. 42 18 47·08 1452·6 70 53 00·29 6·6 
1860. 

'Commercial Point wharf, flag. 42 18 00·28 8•6 71 02 38·24 875·9 

Dorchester church spire, with clock. 42 18 29·6o 913·3 71 03 45·81 1049·2 
1846. 

Dorchester, summer house on hill. 42 18 09·13 281·8 71 04 35·65 816·6 

I North Pettick Island, flag. 42 18 06·28 193·8 70 55 47'57 1089•6 

I 1846. 

Nortb Pettick Island 2. 42 18 o6·32 195·0 70 55 47·73 1093·3 
1860. 

South Pettick Island. 42 17 23·84 735·6 70 56 51'70 u84·4 

Rainsford Island, flagstaff. 42 18 46·83 1444'9 70 57 07·41 169·7 
1846. 

Rainsford Island, flag. 42 18 46·91 1447·4 70 57 07·12 163·0 
11860. 

Tiull, Oregon House cupola. 42 18 12'14 374·6 70 54 47'44 1086·6 

Hull, Steamboat Hotel cupola. 42 18 16:26 501·7 70 55 08·29 189·9 

, Strawberry Hill, barn. 42 17 22·52 694·8 70 52 49'47 I 133·4 

Neponset church spire. 
1846. 

42 17 I I ·62 358·5 71 02 52·87 12ll'3 

Hangman Ledge Beacon. 42 17 44·75 1380·8 70 57 39·22 898·4 
1846. 

For'l:ies. 42 15 27'87 859·9 71 01 38·94 892·5 

Crow Point. 42 15 41·98 1295·3 70 53 46·47 1065·1 

Sagamore Head. 42 16 24·46 754·7 70 51 50·04 1146·6 

Turkey Hill. 42 14 25·68 792·4 70 51 14·22 326·0 

I 
1847. 

Eaton Hill, flag. 42 15 44·08 136o·o 70 59 53'43 1224'5 

I 
i 

Parker Hill. 42 13 45·60 1406·9 70 46 49·45 u33·8 

I I 
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BOSTON BAY-Continued. 

Azimuth. Rack azimuth. I 
Tb station. Distance. I Logarithm. 

·-

0 I II 0 I II 
Metres. 

42 OJ 44 222 OJ 30 South Bay tripod ---------------------- ----
686·4 2·836 60 

243 58 08 63 58 44 Blind Asylum. I 366·5 3·135 60 

249 59 19 70 00 3I lllind Asylum--------------·-------------- 2 616·3 3·417 69 

285 JI 53 I05 32 16 South Bay tripod. 
8oo·2 2·903 I8 

70 2I 32 250 20 38 Nantasket -------- ·-----------------------
I 965•9 3"293 57 

158 IO I7 338 09 46 Great Brewster. 
2 82o·I 3·450 26 

85 00 04 264 55 46 ~1oon ITead 2-----------------------------
8 802·0 3·944 58 

128 53 46 308 47 48 Powderhorn. I5 623·9 4" 193 79 

I80 48 II 0 48 I3 Dorchester Heights------------------------ 3 800·0 3·579 78 

261 03 06 8I 04 2s Squantum. 
2 7os·1 3·432 I9 

208 5S S4 28 56 41 Dorchester II eights---------------------· - . 3 308·0 3"SI9 56 

276 3..i 06 96 34 IO Squantum. 4 247"5 I 3•628 13 

217 SI 19 37 52 40 Dorchester Heights----------------------- - 4 467·0 3·6so 02 

268 24 26 88 27 04 Squantum. s 363·6 3·729 46 

26I 44 I4 8I 4S 13 Nantnsket -------------------------------
2 022·2 3·305 82 

I56 19 52 336 18 42 Deer Island. 5 896·0 3·770 56 

9S 38 OI 27S 3S 36 Moon Head 2 _ ------ --------------------- _ 4 9S7'S 3·695 26 

I43 01 03 322 56 58 Powderhorn. I3 848·4 4•14I 40 

117 22 37 297 20 SS Moon llead 2 _ --------------------------- I 3 9os·2 3'S9I 64 

I93 50 5I I3 s2 34 Nahant 2. I 14 6SO"I 4 ·I6S 84 

I72 3S IS 352 34 S9 
Deer l5land ___________ ·----- ------ ___ . ____ 4 183·6 3·621 5S 

284 04 03 104 05 55 Nu~~~ i 3 948·2 I 3'596 40 

76 IO 22 2s6 08 so Moon Heacl 2-----------------------------' 
3 208·2 I 3•506 26 

I46 24 19 326 2I Powderhorn. I II 774 ·7 
I 4·o70 9S 

07 

138 15 57 318 II II ~::~:;l~~rn ------------- ------------- - - - -1 
14 58s ·8 4·I63 93 

I82 59 34 2 59 54 
12 7SO"O 4·1os SI 

9I 46 2s 271 43 34 Moon Head 2-------------------------- ·-1 s 839•7 3·766 39 

I39 2I 34 3I9 I7 02 l'owdcrhorn. . 
14 17s·6 4·1s1 S4 

I6 
I 6 I24"2 3787 os 

74 23 2s4 20 23 Great Quincy _ ---- - - - - ---- -------- -- ·- - - -

I28 17 29 308 I6 28 Nantasket. I 
2 648·3 3·422 97 

I84 II I9 4 II 30 Dorchester Heights -- ------ -------- .. --- ----1 
5 31s·3 3·72s 53 

237 24 42 S7 26 IO Sc1uantum. 
3 569·3 3·5s2 S8 

i I22 I3 42 302 IQ 22 Dorcheste
0
r Heights------------------------

8 029·7 3·904 70 

I8I 46 36 I 46 42 Deer Island. 
6 066·7 3·782 95 

I7I I6 48 3SI I6 IO Dorchester Heights------------------------! 
8 6o2•4 3·934 62 

242 42 23 62 47 I8 Nantasket. 
I I 308·4 4·os3 40 

s2 06 28 232 03 I I Whites Hill_-----------------------·----- -1 
8 s10·8 3·929 97 

107 33 39 287 JI 24 Great <~uiucy. 
4 817-0 3·682 78 

91 08 3S 27I os 02 Great Quincy----------------------------· 
7 261·4 3·86I 02 

134 s6 45 314 SS 04 Nantasket. 
4 859·6 3·686 60 

74 I8 26 254 I3 27 Whites Hill------ ------------------------ IO 604·0 4·025 47 

I49 02 02 328 59 S7 Nantasket. 
8 277·9 

I 
3·91792 

238 28 2I 58 32 os Nantasket ---- _ - - - - - -- ---- ---- ---- ---- --- - 8 9S3'9 3·952 OI 

342 II 42 I62 12 32 I Whites Hill. 
S 56I "I 

I 
3·745 I6 

57 38 S4 237 3S 47 
. Prospect Hingham------------------------- 7 S42"9 I 

3·877 54 

I4 282 07 I2 I Scituate. 
4 263•4 I 3·629 76 

I02 09 I 
I -

--
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Station. 

Paine Hill Observatory. 

Thayer Hill, yellow house, chimney. 

Bumkrn Island, flag. 

Black Rock. 

Grape Island, nag. 

Baker Hill. 

Hingham church spire, with clock, 
1847. 

Hingham, old church spire. 
1847. 

Hingham, Old Colony House cupola, 

Hingham, Great Plains church spire, 
1847. 

Milton Mills, tall church spire. 
1846. 

Wellington Hill, flag. 

Atlantic House, chimney. 

Rockland House cupola. 

Pig Rock Beacon. 
1847. 

Quincy, LJents Point church spire, 
1847. 

Quincy, stone church spire. 
1847, 

Quincy, black top church spire. 
1847. 

Minot Ledge light-house. 
1847-1877. 

Weymouth, Great Hill, flag. 

North Weymouth church spire. 
1847. 

King Oak Hill, pole. 
1847. 

James & Pope's timber dock, post. 

BOSTON BAY-Continued. 

Latitude. i Seconds in I 
metres. 

Longitude. 

________ ! 

I II o I /I 

42 14 01 ·56 

42 13 51·49 1588·7 70 58 10·55 

42 16 51·86 1600· 1 70 54 02·85 

42 16 08·55 

42 16 07·28 224 '4 70 55 27·21 

42 14 35·94 1108·9 70 54 28·47 

42 14 34·32 1058·9 70 53 29·43 

42 14 28·68 

42 14 51 ·75 

42 16 26·49 

42 16 59·24 182rs 71 05 44·08 

42 16 03·02 93·3 70 50 53·05 

1755·5 70 51 10·05 

42 16 44·04 

42 14 45·75 

42 15 04·25 131·1. 71 00 12·98 

42 15 00·66 20·4 70 59 49·90 

42 16 11·16 344·3 70 45 34·71 

42 14 59·38 1832·1 70 56 33·50 

1433·4 70 56 42·94 

1201·4 70 56 25·32 

42 20 32·51 1003·1 71 02 39·68 

-- ---------------------'-----

Seconds in 
metres. 

985·1 

343·0 

103·2 

182·4 

1010'0 

1215·7 

230·3 

73 2 '9 

795·4 

908·3 



Azimuth. 

o II 

218 09 50 

325 35 44 

196 42 21 

266 22 55 

So 31 42 

171 15 41 

93 29 04 

120 25 58 

201 10 25 

263 54 08 

133 52 31 

181 36 04 

125 23 58 

213 49 45 

124 57 22 

162 17 38 

128 52 51 

194 37 39 

236 08 45 

311 19 53 

197 28 34 

234 57 19 

154 25 49 

217 09 14 

95 23 14 

130 47 57 

330 II 22 

I 57 01 

168 51 04 

224 45 27 

221 39 51 

301 08 21 

233 48 32 

298 09 03 

233 51 57 

337 44 o8 

58 34 57 

107 44 55 
206 44 50 

311 55 34 

58 02 II 

173 45 40 

64 59 51 

169 43 06 

271 53 30 

348 45 22 

Back azimuth. 

o II 

38 II 35 

145 36 27 

16 43 04 

86 28 31 

26o 29 38 

351 15 29 

273 23 56 

300 22 42 

21 II 10 

83 56 34 

313 50 44 

I 36 10 

305 21 32 

33 50 52 

304 54 46 

342 17 17 

308 51 55 

14 38 01 

56 10 55 
131 20 58 

17 29 36 

54 59 38 

334 24 16 

37 11 21 

275 19 03 

310 45 38 

150 12 15 

181 56 58 

348 50 18 

44 46 49 

41 42 40 

121 13 07 

53 52 29 

118 14 56 

53 53 47 
157 44 55 
238 32 05 

2 87 39 03 

26 46 20 

131 59 00 

238 00 53 

353 45 24 

244 58 21 

349 42 38 

91 53 55 
168 45 27 

~-- __________ J _____ . 

REPORT FOR 1894-P ART II. 

BOSTON BAY -Continued. 

To station. Distance. 

·---------·------- --- -·--··· 

1 Great Quincy_-----··--------------------

Whites Hill. 

(;reat Quincy------------------·----------! 
I 

Scituate. i 
(;reat Quincy ___ .-------------------------' 

Nantasket. 

(;rent Quincy _______ --------------------··-

Nantasket. 
Nantasket __ ---- ------ ____ ---- ___________ _ 

Sagamore I lea<l. 

Great Quincy __ ·-------------------------· 

Nantasket. ! 
~:;::n;;~i~::~.- - - - ---- - -- - -- - . - - - - - ·- ----1 
Great Quincy--------·-------------------

Crow Point. 

Crow Point------------------------------

Sagamore Head. 
Scituate··----- ______ ·-··· ________________ -· 

Prospect Hingham. 

Dorchester Heights---- --------------------1 
Squantum. . 

Corey _______ - -- -------- ---- -----·-------·I 
Dorchester Heights. 

! Great Quincy----- ·-----------------------1 
Nantasket. i 
Scituate------ __ - - -----. ---- ---- -------- --1 
Turkey Iii!!. I 

Deer Islancl ---· ---··-----------------------' 

::::::~::· ---- ---------------- ------ -- --- -I 
~::~~~e:f_i~~~1~~·----- ---- ---- __________ --1 
Prospect Hingham. i 

~:~~::::~~~ ------- -- ---- ----·· ---··-· ----1 
I : ; ~c~~~:~:~:.-- ------------ -- ---- ---- -------· 1 

' :\an task et-------- - -- - -- -- ---- ------- - - - - -

i Prospect Hingham. I 
'Whites Hill.-----------------------------, 

Great Quincy. 

Whites Hill ____ --------------------------

! Great Quincy. 
Loring's machine shop-----·---------·-· ___ _ 

Blind Asylum. 

.Jlfdres. 
5 788·6 

2 583·7 

5 075·2 

II 471·5 

4 275 ·2 

2 61ro 

10 525·0 

7 751 ·4 

4 249·1 

5 005·0 

5 035·6 

6 782·7 

6 112·7 

4 090·9 

6 484·1 

2 373·6 

2 469·3 

2 956·2 

5 336·1 

2 973'9 

7 017"3 

5 774·3 

7 32 5"5 

7 132·3 

8 6o4·4 

6 26r6 

3 635·6 

2 816·4 

8 090·0 

3 983·3 

8 674·0 

11 387"5 

10 012'0 

13 683·3 

4 625·6 

4 273·8 

6 892·1 

12 637·7 

6 783·6 

9 447"1 

3 145·9 

5 045·8 

3 390·7 

5 334·0 

84ro 

8o1·3 

551 

Logarithm. 

3•762 57 

3·412 24 

3·705 45 

4·059 62 

3·630 96 

3·417 80 

4·022 22 

3·889 38 

3·628 30 

3·699 40 

3·702 05 

3•831 40 

3·786 23 

3·611 82 

3·811 85 

3·375 41 

3·392 57 

3·470 73 

3·727 22 

3·473 32 

3·846 17 

3·761 50 

3·864 84 

3·853 23 

3·934 72 

3·797 10 

3·560 58 

3·449 70 

3·907 95 

3·6oo 24 

3·938 22 

4·056 43 

4·000 52 

4·136 19 

3·665 17 

3·630 81 

3·838 35 

4'101 67 

3·831 46 

3·975 30 

3·497 75 

3·702 93 

3·530 29 

3·727 05 

2·92 7 90 

2·903 So 
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BOSTON BA Y-Continned. 

Station. I .atitnclc. metres. ; Longitude. 
Scconcls in 

metres. 

1-:

1

--------. ---S~concls in! 

-----------~~~~~~~- ----~--1-~--

I 

Egg Rock light-house. 
1877-1894. 

Light-house Hill. 

Hole in rock. 
1885. 

Fenno Peak. 

High Service, aP.ex of water tower in Dorchester. 

Petty Rock. 

Gravel Bank 
181'5. 

West Dedham church, white spire. 
1885. 

Hyde Park Catholic church spire. 
1885. 

Forest Hill Cemetery, bell tower. 
1885. 

Jewish Cemetery. 
1885. 

Sumner. 

Jewish Cemetery 2. 

1885. 

Reservoir. 

Barn cupola. 

Knoll. 

Hyde Park, corner 1. 

Hyde Park, corner 2. 

Jerusalem 

Ashland street. 

River street. 
1885. 

River street 2. 1885. 

River str~et 3. 
1885. 

River street 4. 1885. 

o I /I 

42 26 00·748 

42 13 29·02 

42 12 40·44 

42 13 20·30 

42 19 31·37 

42 16 16°06 

42 12 51·94 

42 15 18·58 

42 15 35·39 

42 15 21 ·08 

42 15 30·39 

42 14 55·10 

42 14 11 ·39 

42 13 40·36 

42 15 20·76 

42 16 37"44 

42 15 43·34 

42 15 46·11 

42 15 47·67 

23·1 

968·0 

495·5 

886°2 

16o2·7 

573·3 

1092·0 

937·7 

351·4 

631·3 

1245"3 

299'9 

1155·2 

1337·3 

o I /I 

70 53 54·014 

705821·11 

71 03 04·44 

71 03 43·40 

71 05 42·30 

71 06 49·62 

71 07 30·32 

71 12 47'44 

71 07 23·15 

71 06 30·82 

71 09 15·08 

71 09 32·22 

71 09 10·54 

71 07 43·59 

71 07 52·15 

71 08 35·40 

71 08 49·02 

71 06 10·76 

71 06 03·23 

71 06 05·82 

71 05 57"15 

1234·7 

101·9 

995·5 

968°6 

1137'1 

695·1 

I088·2 

530·7 

345·6 

82r5 

999·5 

628·9 

u95·9 

811·7 

1123·7 

1210·8 

74·0 

133·4 

1309·8 



Azimuth. 

o I II 

144 30 59·8 

20i 12 10·4 

290 20 29 

342 44 :is 
195 07 37 

241 14 13 

75 31 20 

139 25 46 

7 18 50 

II8 12 33 

321 46 19 

0 36 21 

292 03 41 

345 01 48 

227 35 05 

271 42 II 

203 25 29 

305 53 39 
3 OI 29 

30 45 05 

281 25 02 

328 17 34 

221 39 37 

322 56 2I 

59 58 00 

146 02 IO 

5 21 22 

65 59 07 

228 54 56 
336 34 52 

·345 00 03 

52 56 23 

204 36 35 

321 53 43 

248 31 55 

318 18 26 

331 06 41 

49 59 47 

61 37 14 

192 33 28 

II4 21 37 

138 34 57 

63 38 59 
309 03 25 

40 14 35 

59 52 51 

Dack azimuth. 

0 I II 

324 28 17·5 

21 13 56·1 

IIO 25 07 

162 45 25 

15 07 54 

61 16 28 

255 29 13 

319 18 00 

187 18 03 

298 06 07 

141 48 24 

180 36 19 
II2 06 13 

165 02 13 

47 38 27 

91 46 09 

23 25 52 

125 56 07 

183 OI 14 

210 44 14 

IOI 26 17 

148 19 JO 

41 39 48 

142 58 08 

2 39 57 45 
326 02 07 

185 2I II 

245 54 57 

48 55 4 I 

156 35 26 

165 00 26 

232 56 I2 

24 36 52 

141 54 23 

68 32 39 

138 19 35 
151 0 7 59 
2 29 57 07 

241 36 38 

12 33 43 

294 20 32 

318 34 31 

243 38 54 

129 03 27 

220 14 32 

239 52 47 

.------------ ----

REPORT VOH. 1894-P ART II. 553 

BOSTON BAY-Continued. 

- ·-··-- ·---·-------......------;------

To station. 

i 
' Orne ---------- -· -- ---------· --

Cod don. ' 

Prospect Hingham. -- - . - --- --- - ---- - - - - ----1 
I 

South \Veymouth Unitarian church. , 

Round Top_-----------------------------· 1· 

Stetson Ohsen·atory. 

lllue Hill.-------------------- ·-----------1 
Prospect \\'altham. ; 
lllue Hill _________________ ··---- ___________ 1 

Prospect Waltham. 

Fenno Peak-----------------------------

Blue Hill. 

Fenno Peak------------------·----·-------

lllue Hill. 
Captain Johns Hill _________ . - . -----------

Blue Hill. 

Petty Rock_-----------------.------------

Fenno Peak. 

Captain Johns Hill. 

Hyde Park Catholic church-------·--·------

Blue Hill. 

Jewish Cemetery---·------.-----------

. Blue Hill. 
• I 
;:~::~r ~;n~~;;~~-------- ---- --------------1 
Blue Hill.--------------------------------

\Vest Dedham church. 

Reservoir ---· ---------------------------

Blue Hill. 

Blue Iiill.--------------------------------

Barn cupDla. 

Knoll ________ ----------------------------

Blue Hill. 

Gravel Hank------------------------------

Blue Hill. 
Blue Hill ____ ----------- -- ---- ------- - - - - -

\Vest Dedham church. 

Captain Johns Hill------------------·-----

Forest Hill Cemetery, hell tower. 

Captain Johns Hiil .. -----------------··----

Petty Rock. 

River street. - - - - - - ------ ------ ---- ---- ----

River street 2 .------ -------··-- ----------

River street. 

River street 2---------------------
-- ------

Distance. 

.Jlfdrt'S. 

9 457·6 

9 877"5 
JO 129·1 

5 756·0 

2 155 •I 

5 242·9 

4 482·8 

24 335·5 

I2 674·5 

14 874·1 

6 901·4 

6 545·0 

5 615·3 

3 346·7 

9 32 5"5 
8 142·2 

I 933·0 
6 221·0 

9 482·2 

3 415·1 

2 6rr6 

6 216·8 

591·1 

6 074·2 

574·0 
186·1 

4 064•6 

9 324·8 

2 052·6 

2 940·4 

3 083·1 

464·4 

I 361° I 

2 2II 0 9 

I 603·1 

3 543"8 

5 525"5 

7 139·5 

I 4II "2 

2 319·8 

2 421·4 

I .346•3 

192·6 

76·53 

175·2 

161·0 

Logarithm. 

3·975 782 

3·994 646 

4·oo5 57 

3•760 12 

• 3·333 47 

3·7r9 57 

3·65r 55 

4·386 24 

4· 102 93 

4·172 43 

3·838 94 

3·815 91 

3·749 37 

3·524 62 

3·969 67 

3·910 74 

3·286 23 

3·793 86 

3·976 91 

3·533 40 

3·417 90 

3·793 57 
2·771 68 

J"783 49 

2·758 89 

2·269 67 

3·609 02 

3·969 64 

3·312 JI 

3·468 40 

3·488 99 
2·666 86 

3·13389 

3·344 77 
3·204 97 

3·549 47 

3·742 37 

3·853 67 

3·149 59 

n65 45 

3·384 06 

3·129 14 

2·284 68 

1·883 83 

2·243 47 

2·206 93 
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BOSTON BAY-Continued. 

! 

Station. Latitude. Seconds in I Longitude. Seconds in 
metres. metres. 

--·-

! 0 I II 0 I II 

River street 5. 42 15 47·08 1452·7 

I 
71 05 55·20 1265·1 

1885. 

l'eg. 42 15 23·24 717· 1 71 06 37·c6 849·5 
1885. 

Peg 2. 42 15 27·38 844·8 71 06 43·11 988·1 
1885. 

l'eg 3. 42 15 30·76 949·1 71 06 47"32 1084·6 
1885. 

Gran:! Bank 2. 42 14 21 ·88 675·1 71 07 34·04 780·4 
1885. 

Dedham waterworks. 42 14 34·26 w57·1 71 09 31 ·82 729·5 

Dedham court-house. 42 14 55·48 17" ·9 71 IO 35·86 822·0 

North \Veymouth church, tall ~pire. 42 14 34·38 106o·8 70 56 44·52 1020·6 
1885. 

South Braintree church, slender yellow spire. 42 II 58·51 1805·4 71 00 i9"71 681 ·6 
1885. 

South llraintree high school, tower. 42 12 29·97 924·7 71 00 21·48 492·7 
1885. . 

Braintree Orthodox church, large brown spire. 42 13 17"02 525·2 71 00 13·80 316·5 
1885. 

Weymouth Landing church spire. 42 12 58·60 1808·2 70 57 5 q8 1187·6 
1885. 

Corliss. 42 14 34·14 1053·4 71 03 48·57 II 13·6 
1885. 

i 
\" ellow pine. 42 12 47·27 1458·6 71 05 14·12 323·9 

l\litchdl. 42 12 57"54 1775·4 71 05 43·65 1001·2 

I \Vebster. 42 15 29·28 903·5 71 01 48·35 1108·3 
1885. 

Evans. 42 16 13·42 414·1 71 02 40·62 930·9 
1885. 

Evans 2. 42 16 00·22 6•8 71 02 30·02 688·0 
1885. 

I· Quincy, corner 8. 42 16 06·32 195·0 71 02 31·63 724•8 

Stone wharf. 42 16 29·93 923·5 71 02 35·40 811·2 

\Villard street. 42 13 40·08 1236·7 71 01 43·95 1007"9 

Braintree, corner 4. 42 II 40·74 1257·1 71 02 51·94 1191·7 

Braintree, corner 6. 42 12 55"59 1715·3 71 02 43·54 998·7 



A 

0 

So 

138 

82 

I69 

312 

73 

317 

6S 
20I 

342 

278 

312 

157 

287 

311 

80 

138 

195 

127 

I96 

10s 

206 

253 
286 

312 

SI 

87 

210 

295 

75 
20 

4S 

zimuth. 

I II 

47 34 
49 02 

15 23 

59 24 

36 58 

31 44 
12 24 

2s 13 

s6 30 

33 23 

28 43 

59 00 

37 50 

12 51 

46 38 

02 49 

30 23 

21 27 

08 46 

48 21 

52 29 

07 42 

3S 5S 
18 59 

II IS 

IO OI 

24 II 

44 49 

04 24 

08 S9 
42 04 

31 16 

7 
9 
I 

7 0 

4I 4 

44 5 
I49 

348 5 
136 4 

12 

s 
5 

38 
12 

32 

IS 

SS 
S3 

I3 I 

40 I 

IOO 3 

I37 5 

I7I 0 

I84 0 

182 5 

224 5 

2 27 

4 55 
8 07 

2 40 

9 23 

I 24 

7 32 

2 II 

Back azimuth. 

0 I II 

26o 47 27 
I 318 49 01 

262 14 52 

349 59 16 

132 37 02 

253 31 17 

137 12 27 

24s 24 49 
21 56 33 

162 33 51 

98 30 07 
133 00 47 

337 34 42 

107 17 28 

I 131 47 57 
259 58 50 

318 28 56 

15 21 58 

307 07 13 

16 48 46 

285 50 51 
26 08 02 

73 40 22 
106 23 17 

132 12 01 

231 07 S7 
267 23 os 
3° 4S 47 

! llS 04 44 

2s5 08 13 

200 41 29 

22s 30 30 

187 07 27 
221 46 23 

224 48 36 

' 329 12 II 

168 SS 
' 

S6 
' 316 45 47 ' 

193 12 23 
220 12 02 

280 37 29 

3I7 51 5I 

351 09 I5 
I 4 01 32 

2 S7 34 

44 s2 5I 

REPORT FOR 1894-P ART II. 555 

BOSTON BAY-Continued. 

To station. Distance. 
I 

J.ogarithm. 

I 
i 

llfdres. I 
River street 2 ____ - - - - - - - - - - - - - . - - - - - - - - - - - 186·3 2·270 24 

River street 4. 67·76 1 ·830 97 

Hyde Park Catholic church ____ -------------. I o66·1 3·027 81 

~:~~-~~:~~-----·-------------------------! 
I 654·9 3·218 78 

188·5 2·275 38 

Hyde Park Catholic church. • 956·9 2·980 88 

i Peg 2 ----- _____ ---- ----· - -- -- - - - - ---- ---- 142·1 2·152 53 

Hyde Park Catholic church. 902·9 2·955 66 

Gravel Bank------------------------------ 227·6 2·357 IO 

Blue Hill. 3 x6r7 I 3·500 7S 

Knoll _____ - - - - --------------------------1 2 883·7 
I 

I 3 ·459 95 

llluc Hill. i 4 991·4 I 3·698 22 

Prospect \Valtham - - - - - - - -- - -- - -- ---- -- - --- 16 797"7 ! 4·225 25 
Fenno Peak. 9 903"3 3"99S 78 

Totman Mountain_--· --- - - - -- - --- -- -- -- ___ . 3 631·4 3·56o 08 
I 8 274·1 Round Top. I 3·917 72 

Round Top ___ ------ --- ---- ---- - --- --- _ --- 4 so6·2 3 ·653 81 

Stetson Observatory. 3 956·6 3·597 32 

Round Top--------------------------~---- 3 982·3 I 3·600 13 

Stetson Observatory. 2 97 I ·6 3·472 99 

Round Top ____ -------------·· ____________ ! 3483"5 3·542 01 

~tctson O~servatory. I I 55 I ·2 3·190 68 

furkcy II1ll 2---------------- ---· ---· ------: 9 491·4 3·977 33 
' n63 s1 Prospect Hingham. ' 9 195·4 

' ' I' d T . 2 I25·2 3·327 4I I '\.Ollll OP-------------------------------1 
Blue Hill. · s 420·4 3·734 03 

Blue IIill_ ___ ---- ---- - - - - --- --- - ---- -· --- ·I 2 262·1 3·354 SI 

Corliss. 
I 

3 836·9 

I 
3·s83 98 

Yellow pine -------------------- ----- ----
I 

747"7 
I 

2·873 75 

Blue Hill. 
I 637·1 3·2I4 08 

Round Top -- ------------------ I 3 344·4 3·s24 32 ---------·· I 
Fuller. 

2 I87·u 3·339 84 

Fuller-----_ ---· ----- --------------------- 2 917·7 3·46s 04 

llluc Iii!!. 
8 669·6 3·938 00 

Blue II ill. _____ - ---- ----- ----- ------- - - -- 8 s40•4 3·931 48 

Evans. 474·6 2·676 34 

Evans 2 ______ - - - . --- --------------------- I92·0 2·283 39 

Evans. 300·9 2·478 44 

I 
Evans ____________________________________ 523·2 2·7I8 68 I 

I 
n6o 59 

I 

! 
Blue Hill. 9 I32·7 I 

Round Top---------·------------ - -- ----I I 305·4 3·115 76 

I I 
2 476·8 3·393 89 

Fuller. I 
Hole in rock __ --------- - - -- - -- · - ---- ------' I 864•1 3·270 46 i 

Round Top. 3 932·1 3·594 62 I 

Round Top··---------------------· ---- ·--- I 615·5 3·208 30 

I 
Willard street. I I 936•9 3·287 IO 

·---. ---- -··--'-------'-
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BOSTON BAY-Continued. 

I ~:~onds in/ 
I 

Station. Latitude. Longitude. I Seconds in 
. metres. ~ metres. 

·----- ----1----- ' --····----

I 
// II 

Pierce. 42 II 59·34 1831·0 71 06 12·79 293·4 
1885. 

Pierce 2. 42 II 53'24 1642·8 71 06 22·68 520·3 
1885. 

Pierce 3. 42 12 02·18 67"3 71 06 15·32 351·4 
1885. 

Milton, corner 1. 42 12 02·74 84·5 71 06 12·43 285·2 

Plains 2. 42 12 13·28 409·8 7_1 05 34·11 782·6 
1885. 

Plains. 42 12 20·76 640·6 71 05 21·74 498·7 
1885. 

Plains 3. 1885. 42 12 17·47 539·0 71 05 18·90 433·6 

Plains 4. 1885. 42 12 16·49 508·8 71 05 11 ·38 261·0 

Plains 5. 1885. 42 12 15·98 493·1 71 05 07·48 171 ·6 

Corliss, base end. 42 14 32·83 1013·0 71 03 47·37 1086·1 

Corliss 2. 42 14 33·56 1035·5 71 03 44·72 10::5·3 
1885. 

Quincy, corner 3. 42 13 45·23 1395·6 71 03 12·63 289·6 

Harris. 42 13 46·28 1428·0 71 OJ 44·18 1013·1 

Woocl street. 42 13 41 ·01 1265·4 71 02 01 ·80 41·3 

Hole in rock, base end. 42 12 21·68 669·0 71 03 04·07 93·4 

Hole in rock 2. 42 12 22·22 685·6 71 03 01 ·62 37'2 
1885. 

Braintree, corner 5. 42 12 24·04 741·8 71 02 59·89 1373·8 

Fields. 42 13 56·42 1740·9 71 00 12·86 294·9 

Braintree, corner 8. 42 13 43·42 1339·8 71 00 40·53 929·4 

Heywood Observatory. 42 14 07·90 243·8 70 58 42·10 965·3 

Heywood. 42 14 rn·43 321 ·8 70 58 52·96 1214·3 

Hingham Plains church, tall, slender, gray spire. 42 13 44·06 1359·5 70 52 54·48 1249·3 
1885. 

Turkey Hill 3. 1885. 42 14 27·30 842·4 70 51 14·77 338·6 

Turkey Hill, base end. 42 14 37'27 1150·0 70 51 17'02 390·2 

Turkey Hill 4. 42 14 37'44 11 55"3 70 51 20·35 466·6 
1885. 

Totman Mountain 2. 42 13 32·38 999· 1 70 54 55·46 1271·9 
1885. 

Border street. 42 14 02·57 79·3 70 47 05·24 120'2 

--------------
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BOSTON BAY -Continued. 
--------,---------·----· - . _______ .... _____________________ _ 

Azimuth .. 

o I /I 

146 24 30 

222 17 31 

230 21 40 

156 17 I4 

326 24 28 

31 27 40 

4 27 44 

75 19 3° 
117 42 33 

203 36 41 

50 53 05 
108 56 13 

147 19 52 

99 59 2 5 
100 00 17 

145 45 14 
69 36 02 

IOI 2I I8 

I51 21 50 

263 47 26 

358 27 I6 

92 12 55 

248 03 4I 

274 OI 34 

I79 09 56 

73 33 °9 
173 26 26 

35 °9 52 

I68 21 IO 

59 13 56 
85 32 26 

245 57 43 

323 OI 55 

53 16 I5 

82 53 52 

287 23 I4 

77 42 51 

240 56 20 

333 20 45 

357 47 12 

350 28 37 

273 55 ·ti 

337 45 I5 

337 49 06 
32 14 23 

68 52 32 

I22 54 12 

Back azimuth. 

O I II 

326 24 03 
42 I8 IO 

50 2I 47 

336 I6 54 

I46 24 30 

211 27 35 

184 27 44 

255 19 28 

297 4I 40 

23 36 54 

23o 52 57 
288 55 12 

327 19 50 

279 59 20 
280 00 I4 

325 45 I3 

249 36 00 

281 21 15 

331 21 26 

83 47 48 
I]8 27 16 

272 12 18 

68 03 53 

94 OI 46 

359 09 56 

253 33 07 

353 26 24 

215 09 5I 

348 21 07 

239 12 OI 

265 30 47 

65 58 21 

I43 02 I3 

233 15 13 
262 53 IO 

107 23 21 

257 42 17 

60 57 27 

153 21 44 

I77 47 12 

170 28 39 

93 55 43 

157 45 19 

I57 49 12 

2I2 I3 59 

248 51 44 

302 53 26 

To station. Distance. Logarithm. 

------------------ ------- ---------

Blue Hill _____ ··---- _ ---- - - - - - - ··-- - -- • • · · --

yellow pine. 

}~erce -----------------------------------
Blue Hill. 

Pierce ________ --------. - - - - - - - -- -- - - -- -- - -

Pierce 2. 

Pierce--------._---------------------·---: 

I'icrce 3. j 

Blue Hill_ .. ___________ -·---- - - - - - - ---- . --· 

Yellow pine. 

Plains 2 _____________ ----- ------ ---- ---- --

Illue Hill. 
~- I a1ns·-----------------------------------

Plains 3----------- ----------- -------··--

Plains 4----------------------------- ----

Corliss---------------------------------·_ 
Corliss, base end __________________________ _ 

Corliss. 

Corliss ________ -·· __ ------ __ -·-- - ---- ----- __ 

Round Top. 

\Villard street-----------------------------, 

Round Top. I 

Harris ·- ---- __ -------- - - - - - -- --- -- - - -- - __ I 
Willard street. 

Hole in· rock---------- - - ------------------
Hole in rock, base end---------·----------

Hole in rock. 

Hole in rock 2 __ -- ------------------------

Hole in rock. 

Hole in rock ____ --------·------·----------

Round Top. 

Stetson Observatory-----------------------

Braintree Orth0clox church. 
Braintree Orthodox church ____________ ------

Stetson Observatory. 

Heywood Observatory ______ ----------------

Stetson Observatory. 

Turkey Hill 2---------------------------- _ 
Prospect Hingham. 

Turkey Hill 2-----------------------------, 
Turkey Hill 3--- ---------------- _________ : 
Turkey Hill, base end ______________________ I 

Turkey Hill 3. [ 
Totman Mountain __________________________ ; 

East Weymouth church. 

Walnut Hill-------- --------------· .. 
Cohasset church. 

Metns. 
I 652·2 

I 999"7 
294·8 

I 708•6 

105·3 

323·4 

105·4 
68·7 

2 034·7 

I 144'5 

365·8 

2 204·4 

120·53 

I75"I3 

90·96 

48•7I 

64·8 

89·9 

I 719•4 

755·0 
I9I'6 

I 278·9 

435'5 
4IO'I 

578·8 
58·61 

565·8 
68·8 

516·5 

4 580·4 

3 382·5 

I 419·2 

I 019•6 

2 624·3 

I 430·7 
261·0 

I 198·1 

2 618·4 

4 465·8 

63·o0 

312·0 

76·55 

338•1 

547'5 
I 53I '4 
I 770·1 

I 878·I 

3·218 07 

3·3oo 97 

2·469 59 

3·232 65 
2·022 46 

2·509 7I 

2·023 04 
I 0837 OI 

3·308 49 

3•058 63 

2·563 22 

3·343 29 
2°08I IO 

2·243 36 

1 ·958 85 
I 0687 62 

I 0811 28 

I '953 59 

3'235 37 
2·877 92 
2·282 31 

3'Io6 82 

2·638 96 

2·6I2 92 

2·762 50 

I '767 97 

2·752 67 

I '837 74 

2'7I3 05 
3·660 90 

3·529 24 

3·152 04 

3·008 43 

3'4I9 OI 

3·155 55 
2·416 63 

3·078 49 

3·418 03 

3·649 90 

1 ·799 34 

2·494 09 

1·88395 

2·529 00 

2·738 4I 

3•185 IO 

3·248 00 

3·273 7I 
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Elm. 
1885. 

Elm 2. 

1885. 

Wright Hill. 

\Veymouth, corner 2. 

Cohasset, corner 2. 

Whiting street. 
1885. 

Whiting street 2. 1885. 

Whiting street 3. 1885. 

High street. 

Boston, corner 1. 

I Hyde Park, corner 3. 

Hyde l'ad·, corner 4. 

Hyde !'ark, corner 5. 

II yde Park, corner 6. 

Milton, corner 3. 

M1Iton, corner 4. 

;,tilton, corner 5. 

Milton, corner 6. 

Quincy, corner 1. 

Quincy, corner 4. 

Webster 2. 1885. 

Quincy, corner 5. 

Quincy, corner 6. 

Quincy, corner 7. 

Quincy, corner 9. 

Braintree, corner 7. 

Station. 

Braintree, corner 9. 

Weymouth-Hingham line stone C (?). 

Weymouth-Hingham line stone ll. 

Cohasset, corner 3. 

Cohasset, corner 4. 

I lingham, corner 2. 

Elm 3. 1885. 

Elm 4. 1885. 

Scituate, corner 5. 

Scituate, corner 6. 

BOSTON BAY-Continued. 

Latitude. 

0 I II 

42 13 22·66 

4 2 13 23'37 

42 13 16·59 

42 13 11 ·99 

42 12 47·44 

42 II 37·26 

42 II 36·34 

42 12 55·02 

42 15 18·7 3 

42 15 20·92 

42 15 30·21 

42 16 39· 19 

42 15 48·46 

42 14 22·00 

42 14 52·97 

42 15 19·69 

42 15 31·72 

42 12 16·64 

42 14 32·75 

42 15 33·38 

42 15 30·01 

42 15 33·47 

42 15 59·37 

42 16 30·66 

42 13 40·59 

42 13 56·16 

42 12 53·95 

42 II 37°68 

42 14 22·79 

42 14 38·16 

42 13 30·90 

42 13 23·69 

42 13 23·73 

42 13 23·81 

42 14 05·6o 

I Seconds in/ 
1 

metres. ! 

721 ·1 

511 ·9 

370·0 

1149·7 

577"9 

64s·5 

932·2 

1209·2 

1495'3 

678·8 

1634·4 

6o7·6 

978·8 

513·4 

1010·5 

1030·0 

926·0 

1032·8 

1831·9 

946·0 

1252·4 

1732·9 

1664·7 

1162·7 

703·2 

Il77"S 

953"S 

731·0 

732·2 

734·7 

172·8 

Longitude. 

0 I II 

70 47 44·72 

70 47 16·88 

70 58 09·08 

70 50 28·68 

70 55 04 ·03 

70 SS 04·69 

70 S5 08·04 

70 54 52·88 

71 09 32·70 

71 08 49·68 

71 09 10"09 

71 06 54·30 

71 05 52·58 

71 07 35·1s 

71 o6 ·3S ·42 

71 06 36·13 

71 06 48·8s 

71 05 00·5s 

71 03 41·6s 

71 01 s4·58 

71 01 s7·70 

71 01 54·89 

71 02 31 ·77 

71 02 35·06 

71 02 oo·s6 

71 00 09·58 

70 SS 00·44 

705s 11·43 

70 S l 13"99 

70 SI 19·76 

70 S4 54·83 

70 47 18·77 

70 47 20·17 

70 47 20·17 

70 47 05·90 

Seconds in 
metres. 

102s·6 

208·2 

107·6 

184·5 

1212·9 

749·5 

1138·8 

231 ·3 

1244·2 

1205·1 

805·9 

812·0 

. 828·1 

1119·7 

12·6 

954·9 

1251·0 

1322·5 

1258·1 

128·1 

803·4 

12·8 

219·7 

10·1 

262·2 

320·7 

453·0 

1257"4 

430·5 

462·5 

462·s 

135·3 
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------

Azimuth. Back azimuth. 

// // 

128 30 34 308 30 12 

216 19 08 36 19 34 

88 02 30 268 02 II 

192 26 24 12 26 32 

98 37 52 278 34 45 

130 44 10 310 43 57 

152 18 20 332 18 12 

230 06 05 50 06 IO 

324 02 46 144 03 33 

30 52 25 210 51 46 

53 44 00 233 42 38 

164 30 27 344 30 c9 

220 18 26 40 18 26 

249 39 35 69 39 37 

2I3 33 22 33 34 21 

297 41 22 117 43 40 

I88 34 52 8 34 52 

288 07 18 108 07 18 

118 12 29 298 12 29 

328 19 55 148 I9 56 

54 37 IO 234 37 08 

278 29 05 98 29 06 

166 39 II 346 39 II 

169 02 38 349 02 37 

310 08 20 130 08 21 

82 43 36 262 43 31 

109 28 48 289 28 46 

311 32 31 131 32 35 

214 28 51 34 28 53 

290 40 24 110 40 24 

236 52 47 56 52 48 

19 02 57 199 02 57 

Il4 41 32 294 41 31 

96 05 53 276 05 51 

259 15 26 79 15 31 

6 21 26 186 21 05 

297 58 27 117 58 29 

6 29 46 186 29 33 

168 34 01 348 34 01 

31 16 47 2II 16 47 

162 19 43 342 19 43 

6 22 14 186 21 49 

282 42 09 102 42 IO 

272 12 57 92 12 58 

2 12 57 182 I2 57 

L_ 3!0 44 4_3 ___ ·--~~-~~3 

BOSTON BAY -Continued. ,----
To station. ' I 

i-
! Walnut Hill----·--------------------------! 

Border street. 

Elm __________ ---------------------------! 
Border street. 

Round Top.------------------------------

Light-house I I ill. 

Light hom.e Hill ------ ------ ------ --------[ 
Wright Hill. ' 

Mount Hope .. ___ -------------------------

Prospect Hingham. 
South Weymouth t:nitarian church _____ ------

East \Veymouth, church. 

Whiting street_ ______ ---------------- __ • ___ _ 

Whiting street 2 _______ -- -- - - -- -- ---- ______ . 

Hingham Catholic church __________________ _ 

Prospect Hingham. 

Sumner-------------·--------------------

Jerusalem ------ __________ ---------- -------

] ewish Cemetery 2 _____ -------- __ ------ ----

Ashland street.------------·---- ___________ _ 

River street 5-------- --------------------
Gravel bank 2.----------------------------
Reservoir ------ --------------------· - ----
Peg __________ - _ - - - - - - - - - - - - - · - - - - - - - - - -i 
Peg 3------------------------------------
l'lai ns 5 .. ____ ... - _ - - -- - - - - - - - - - - -- - - - -- - - - -

Corliss 2 ___ ------------------------------

" ebster ... ----· -----------------------· 

\Vebster 2 --------------------------------· 

\Vebstcr 2 ____ :.--------------------· -----

' 

~t:::s \l~l~:r~~ ~ ~~~ :~ ~~~::~~~ :::::: ~~:~ ~: ~: J 
\'iood street ___ ------------- - - - - --- --- -- --: 

Fields .. -------------------------·------ ·I 
High street-------------------------------! 

I 

Hingham, corner I. ! 

Whiting street 3- -------------"------------! 
I Iingham, corner I. 

Turkey Hill 2 •• --------------------------

Turkey Hill 4--------------- - ··· ---------
Totman ~!ountain 2.----------· ---- -------
Hingham, corner I. 

~:: ;::::::::::~: :::::~ :: ::~~::::::: ~::::! 
Elm 4. _________ -------· ---- ------ · ---- - ---· 

Border street._ - - - - - -- - - - - - - - - - - - - - - - - -

559, 

Distance. Logarithm. ·1 
Mdn·s. 1--······--

953' 1 ' 2·979 12 

I 528·4 3·18425 

638·9 2·805 45 

I 238•7 3·092 96 

6 4_<;3·0 3·809 76 

'587'9 2·769 30 

593'5 2·773 40 

221 'I 2·344 67 

2 762·1 3·441 24 

2 615·2 3·417 50 

3 492·8 3·543 17 

2 323·1 3 ·366 07 

23·57 1 ·372 36 

82·03 1 ·913 97 

3 654·2 3·562 79 

5 33o·5 3·726 77 

73·21 1 ·864 57 

16·03 1 ·204 93 

11 ·58 1·063 71 

63'57 1 ·803 25 

73·57 1 ·866 70 

25-82 1·411 96 

67·39 1 ·828 60 

111 ·57 2·047 55 

45·78 1 ·66o 68 

160·21 2·204 69 

74·60 1 ·872 74 

190·85 2·280 69 

126·30 2'101 40 

1·65 0·883 66 

47·90 1·680 34 

23·78 1 ·376 21 

31 ·25 1 ·494 85 

75·54 1·878 18 

176·51 2·246 77 

6 408·8 3·806 78 

88·02 1 ·944 58 

4 042·1 3·6o6 61 

77·61 1 ·889 92 

25·88 1·412 96 

47·8o 1·679 40 

7 556·1 3·878 JO 

44·54 1 ·648 75 

32·09 1·50637 

2·58 0·411 62 

94·69 1 ·976 30 
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BOSTON BAY-Contiuued. 

I Seconds in J 

I 

Station. Latitude. Longitude. Seconds in! 
metres. · metres. i 

--- - ----. 1------J- 1-----·-1 
0 I II 0 I II 

Heywood, bas<! end. 42 14 09·29 I 286·7 I 70 58 54·30 1245 ·o 
I 

Braintree, .corner 10. 42 14 08·91 274·9 I 70 58 53·76 1232·7 

l\Iitchell, base end. 42 12 15·51 478·6 71 05 35·22 808·0 

Quincy, corner 2. 42 12 50·37 1554·2 71 05 37·24 854·2 

Sanitarium pole. 42 24 58·27 1798·0 71 10 56·18 1284·5 

Sullivan's barn, cupola. 42 21 18·12 559' 1 71 09 56·65 1296·5 

Barker's house. 42 21 09·29 286·6 71 II 34·57 791 ·2 

Belmont, corner 6. 42 24 53·59 1653·6 71 12 1I 0 28 257·9 

Fence. ·P 22 47"43 1463·5 71 11 17·77 406·6 

Fence, east base. 42 22 50·22 1549·6 71 II 17·73 405·7 

Fence, west base. 42 22 50·24 1550·2 71 11 20·51 469·2 

Belmont, corner 2. 42 22 50·72 1565·0 71 II 22·95 525·0 

Waltham Baptist church spire. 42 22 30·01 926·0 71 14 15·14 346·4 
1890. 

Precipice. 42 22 39·42 1216·3 71 16 41 ·55 950·6 

Precipice, north base. 42 22 34·89 1076·6 71 16 45 ·19 1033·9 

Precipice, south base. 42 22 32·39 999·4 71 16 40·59 928·6 

\Valtham, corner 2. 42 22 31·48 971 ·3 71 16 36·43 833·5 

Swine. 42 24 21 ·94 677·0 71 12 42·08 962·3 

Beaver Brook. 42 23 07 ·63 235·4 71 11 47·95 1096·8 

Bea,·er Brook base, peg. 42 23 05 ·32 164·2 71 II 46·96 1074 '2 

Beaver Brook, peg. 42 23 08·68 267·8 71 II 41·98 960·3 

\Vatertown, corner 5. 42 23 09·92 306·1 71 II 40·79 933·1 

Woodland. 42 23 14·60 450·5 71 II 42·20 965·3 

Belmont, corner 3. 42 23 15·51 478·6 71 II 46·35 106o·2 

Brown Knoll. 42 24 09·23 284·8 71 II 59·68 1364·8 

Lexington, corner 1. 42 24 22·07 681·0 71 12 42·31 96]"6 

Brown.Knoll, south base. 42 24 10·93 337·3 71 12 09·05 207·0 

Brown Knol' north base. 42 24 13·72 423·3 71 12 08·75 200'1 
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BOSTON BA Y-Continuod. 

--------,...------------ -------------------------------,--------
1 

A1.imuth. 

I /I 

221 15 46 

133 39 50 

201 25 36 

133 S5 17 

146 26 13 

232 48 so 

303 28 07 

62 39 13 

168 40 18 

267 32 28 

128 22 26 

187 os 00 

3S3 04 4o 

SS 13 S1 

7 14 11 

100 07 49 

0 34 32 

270 31 33 

324 os 03 

284 48 42 

137 34 32 

224 49 S5 

238 20 21 

291 34 11 

210 4S s2 

126 16 07 

174 14 os 

w6 23 36 

245 08 49 

326 16 1 s 
70 59 33 

94 11 OJ 

162 26 50 

47 44 °S 
76 42 01 

35 27 27 

358 24 54 

JI 28 27 

286 24 23 

334 JS 19 
112 01 48 

169 02 13 

307 10 42 

~83 45 18 

303 43 S4 

4 35 22 

Back azimuth. 

o I // 

41 15 47 

313 39 50 

21 25 37 

313 55 11 

326 26 09 

52 48 51 

123 32 54 

242 36 18 

348 39 38 

87 36 34 

3o:\ 19 57 

7 05 26 

173 05 05 

235 II 47 

187 14 00 

280 05 09 

180 34 32 

90 31 35 

144 05 05 

IO.~ 48 44 

317 33 51 

44 52 09 

58 21 19 

Ill 37 38 

30 45 54 

306 16 04 

354 14 04 

286 23 33 

65 IO 00 

14(, 18 07 

250 57 54 

274 08 43 

342 26 49 

227 44 02 

2 56 41 57 

215 27 26 

178 24 54 

211 28 23 

I06 24 26 

154 35 22 

292 01 19 

349 02 05 

127 10 42 

!OJ 45 24 

123 44 00 

184 35 22 

-· --------- - ----------'-

S. Ex. S, pt. 2--3G 

To station. 

Ileywoo<L __ ·--- __ --- - - - -- - - - ----- ---·-----

lleywo"cl, base encl------------- ______ ·--· 

I-leywoocl. 

'.\litchdl __________ ------ -- -- - - - - - ___ -- ----

'.\1itchell .. --------------------------- -----

Mitchell, base end. 
Boston State I-louse ________________________ _ 

l'rospect \Valtham. 

Sanitarium pole __ 

lloston State I-louse. 
Prospect Waltham _ . ___ ---- ____ ----- ______ _ 

Sanitarium pole. 

Barker's house __ ·- __ . ___ .------------------

Prospect Waltham. 

Barker's house ____ . - - - - - - - - - - - - - - - _ •. ____ _ 

Prospect Walth~m. 
Fence . ______ . ________ ... ______ . __ . _______ _ 

Fence, cast base-------- ____ ---------------

Fence. 

Fence, west base ____ _ 
l'rospcct Waltham _______ - __ -- ___ . ___ . _____ _ 

Sanitarium pole. I 
Prospect \Valtham _. --- -----------· -------

Barkcr·s house. I 
Precipice. ___ .. --- . - - - - ----- -- ---- --- - - - -i , I 
Precipice, 11orth base_----------------------! 

Precipice. 

Precipice, south base . ---------------------; 
! 

Sanitarimn, pole _______ --------------- ----· 

Sullivan ·s ham, cupola. 

Waltham Baptist church --------- ----------1 
Prospect \\'altham. i 
Ben ver Brook ____ . - - - - - - - - - - - - - - - - - -- - · - - · ·I 

I 
Bca\"er Brook base, peg .. ------·----------- I 

!leaver Brook. 

Beaver Brook, peg----------- - -- - - - - - - - -
Bt:nYer Brook, peg ___________________ ------j 
Beaver Brook. 

\Voo<ilancl 

!leaver Brook, peg. 

Swine ____ ----- · ------------------------

Belmont, corner 6. 

Swine----------------------------

Drown Knoll. _ . - - - - - -- - - -- - - - - - - - - - -- - - - - - -

_n ..... " ·· I 

Jlfetres. 
46·7 

17·12 

50·4 

268·3 

265·6 

58·26 

II 663·3 

6 673·9 

6 928·2 

8 374"7 

6 441 ·4 

7 119·5 

6 971 ·4 

5 125·2 

3 052·4 

5 520·1 

86·1 

63·654 

w7·0 

57·680 

2 040·8 

6 4s2·7 

2 31;·0 

7555·1 

162·7 

130·390 

218·0 

99·167 

2 66S·6 

6 S1S·5 

3 561 ·9 

4 756·4 

74 ·858 

154·1 

140·4 

46·99 

182·7 

99·o 

233·2 

Logarithm. 

I ·669 32 

I ·233 50 

1 ·702 50 

2·,p8 60 

2·424 22 

I 765 37 

4·066 82 

3·824 38 

3·840 62 

3·922 97 

3·808 98 

3·852 45 

3·843 32 

3·709 71 

3·484 64 

3"741 95 

1 ·935 05 

I ·803 83 

2·029 54 

I ·761 OJ 

_;-309 So 

3·809 74 

3·364 92 

3 ·878 24 

2"21 I 38 

2·115 24 

2·338 53 

1 ·996 37 

3·426 28 

3·8.u 69 

3·551 68 

3·677 28 

1 ·874 24 

2·187 94 

2·147 42 

1 ·672 01 

2·261 81 

2·401 48 

1 ·995 83 

2·367 73 

I 045·7 J"019 41 

I 39.p I 3·14.1 :;; 

6·620 II 0·820 86 
220·7 2·343 81 

249·5 2·397 01 Brown KnolL. - - - - - -

Brown Knoll, south base. _____ 86· 3~--1-~_,c,_ 1 ~----
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Station. 
I 

Latitude. I Seconds in I Longitude. 
Seconds in I 

metres. metres. 

i 
------ ------------ --·----· 

' 
0 I II 0 I II 

Browns Knoll, tra\'erse 1. 42 24 13·90 428·9 71 12 10·07 230·3 

Belmont, corner 4. 42 24 13·53 ,P7'5 71 12 ll '23 256·8 

St. John's Seminary. 42 20 30·00 925·7 71 09 54·45 1246·4 

Ridge. 42 21 56·02 1728·5 71 08 37·08 848·5 

Ridge, base. 42 21 55·93 1725·7 71 08 39'37 900·9 

Winchester, peg. 42 21 59·11 1823·9 ' 71 08 40·55 927·9 

\Vatertown, corner 14. 42 21 59·09 1823·3 71 08 41 ·oo 938·2 

\Vatcrtown, corner 15. 42 21 59·45 1834·4 71 08 41·15 941·6 

\Vatertown, corner 16. 42 21 55·92 1725·4 71 08 39·57 905·5 

Cambridge Congregational church spire. 42 23 12·14 374·6 71 07 09·48 216·9 
1890. 

Cambridge waterworks, tower. 42 22 46·06 1421·2 71 08 11 ·88 271 ·8 

Corey Hill electric light. 42 20 33·00 1018·2 71 08 02·00 45·8 

High Rock. 42 28 04·93 152·1 70 56 48·76 1113·9 

Little Nahant 2. 42 26 13·22 407·9 70 55 52·25 1194·3 
1894. 

Marsh. 42 26 55·81 1722·1 70 58 53'19 1215·5 

Yellow house, east chimney. 42 27 48·63 1500·5 70 53 49·20 1124·1 
1894. 

Dread Ledge Beacon. 42 27 23·06 711·5 70 53 43·57 995·5 
1894. 

High School. 42 28 12·13 374'3 70 54 39·39 899·8 
1894. 

Lir.coln House, cupola. 42 27 47'39 1462·3 70 54 29·06 663·9 
1894. 

Nahant, church steeple. 42 25 29·30 904·1 70 55 02·18 49•8 
1894. 

Nahant, church cupola. 42 25 36·32 1120·7 70 55 19·61 448·3 
1894. 

Gasworks, chimney. 42 27 16·97 523·6 70 57 07·82 178·7 
1894. 

Point Pines House, chimney. 42 26 14·6o 450·5 70 58 05·20 118·9 
1894. 



Azimuth. 

O I II 

280 38 31 

345 44 35 

246 JI 30 

178 OJ 16 

208 32 54 

57 17 12 

170 43 16 

266 57 54 

320 16 52 

344 37 44 

267 IC,l 34 

307 27 04 

266 54 30 

304 51 10 

47 24 33 

31 02 43 

41 28 00 

163 48 12 

253 03 51 

241 50 26 

313 48 05 

159 28 14 

278 05 27 

233 06 40 

287 36 42 

43 41 42 

97 00 25 

106 59 57 

53 46 44 

24' 24 48 

85 42 49 

33 12 07 

99 38 II 

153 06 52 

196 07 01 

116 41 42 

156 03 13 

74 50 14 

196 23 48 

139 13 04 

207 09 12 

Back azimuth. 

I II 

100 38 32 

165 44 36 

66 31 31 

358 03 15 

28 33 44 

237 16 18 

350 43 14 

86 57 56 

140 16 54 

i64 37 45 

87 19 34 

127 27 04 

86 54 32 

124 53 24 

227 21 41 

211 02 

221 26 

343 47 

73 06 4t 

61 52 40 

133 50 03 

339 27 36 

98 06 47 

53 08 04 

107 38 44 

223 40 19 

276 58 24 

286 57 52 

233 45 17 

204 23 59 

265 41 22 

213 II 11 

279 36 37 

333 05 40 

16 08 03 

296 39 18 

336 02 13 

254 49 03 

16 24 01 

319 12 32 

27 JO 04 
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__ ------- ---1~-:~a-ti-on_. ________ l_:::_i_'"<•<i<hm 
I Browns Knoll, north base _______ ------------! 

Browns Knoll, south base. I 
I 

Browns Knoll, tra,·crse 1 _ ---- -----· _______ _ 

Sullivan's barn, cup.ola ____ ---- ---- ··--- ·-----1' 
)!ount Auburn. 
Sullinrn 's barn, cupola ____ -----_. ___________ i 
Mount Auburn. 

Ridge _____________ ----------------------1 

~~:~~:-~:s~~- --------- --- ------------------! 
\Vinchestcr, peg_------------------ -- ,. ----

\Vinchester, peg ____ -- --- - -------- ---- - ---
]{idge ___________________________________ _ 

Boston State House-------~--------·--------' 

Sul:i van's !Jam, cupola. 1 

i\lount Auburn ____ ------------------------! 
Sullivan's barn, cupola. 

Mount Auburn---------------------------

Boston State House. 

Legg Hill ------------------------------- -

Egg Rock light-house. 

High Rock ___ ------- --------------- ------

Egg Rock light-house. 

High Rock _____ ------------ ------ -- ------

Little ::\ahant 2. 

Littlc"l\'ahant 2 --------------------------

High Rock. 

~-~iit~;~ ~:~~a~;~~--- --- . ------------------1 
Little ::\ahant 2 _ -----------------~---------; 

H.igh R_ock. I 
Little );ahant 2 ---------------------------1 
High Rock. 

_High Rock_ ------ ------------ ------------

Legg !!ill. 

Marsh_----------------------------------

High Rock. 

Marsh _ ---------- - ----- ·------------- ----

High Rock. 

Marsh _ ---- ---------- ---------- ---- ------

High Rock. 

Jlft'/!'l'S. 

30·745 

94·6 

28·830 

I 485·1 

3 546·5 

2 164·1 

466·9 

52·362 

124·1 

101 ·9 

10·327 

17·165 

57·112 

5 533·8 

5 196·6 

I 264·0. 

3 620·6 

3 147·4 

6 003·6 

5 127'2 

5 534·3 

3 680·9 

2 730·0 

3 554'3 

4 339·0 

4 071·1 

4 132·8 

4 423·8 

3 645·8 

4 029·2 

2 963·7 

3 472·5 

3 237·1 

5 384·3 

7 515·9 

5 463·0 

5 018·1 

2 494·8 

I 542·7 

I 679·2 

3 826·3 

1 ·487 77 

1 ·976 JO 

1 ·459 84 

3·171 75 

3 ·549 80 

3·335 28 

2·669 20 

1 ·719 02 

2 ·093 69 

2·007 98 

1 ·013 97 

1 ·234 64 

1·75673 

3·743 02 

3·715 72 

3·101 74 

3·558 78 

3·497 95 

3·778 41 

3·709 88 

3·743 06 

J"565 95 

3·436 16 

3·55o 75 

3·637 39 

3·6o9 71 

3·616 24 

3·645 80 

3·561 79 

3 ·605 22 

3·471 83 

3·540 64 

3'5JO 15 

3 ·731 13 

3·875 98 

3·737 43 

3·700 54 

3·397 04 

3· 188 29 

3·225 JO 

3·582 78 

!._------~---------------------
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Station. Latitude. 

-- ----·---------------------!-----

I 

Brown Hill. 

! Coddon. 

Bolles. 

Folly Ilill. 

Beverly Rocks. 

Beverly, powderhouse. 

Beverly, tall spire wtth turrets. 

Beverly l'oint, Oag in tree. 

Baker Island hght-house. 
1834-1877. 

Kettle Island. 

Fort Lee. 

Legg Hill. 
1848-18g.,.. 

Manchester church, dark spire. 

Danvers Insane Asylum, tower. 

Danvers Plain, tall spire. 

Danvers, new mills, tall spire. 

South Danvers. tall spire. 

Dexter Point. 

Bowditch Ledge Beacon. 

Great Misery, flag. 

Great Haste. 

Little I Iaste Beacon. 

I Hardy Rock Beacon. 

·----

0 I II 

42 36 45·688 

42 30 59·166 

42 35 o5·95 

42 33 59·108 

42 33 12·6o 

42 32 51·06 

42 32 59·04 

42 32 11 ·53 

42 34 01 ·26 

42 31 54·71 

42 29 23·300 

42 34 30·28 

42 34 51·74 

42 34 03·32 

42 33 20·70 

42 32 53·80 

42 32 50·20 

42 32 11 ·36 

- ~~;on~:~n I 
metres. Longitude. 

o I /I 

70 47 35·44 

1823·9 

70 52 33· 13 

70 52 43·52 

70 47 11 ·22 

1688·2 70 52 28•94 

719·0 70 53 30·826 

w2·5 70 56 18·26 

w91 ·7 70 55 40·55 

1660·1 70 50 44·26 

1549·0 70 47 49·23 

237 ·9 70 50 35 ·95 

350·5 70 48 01 ·62 

Seconds in 
metres. 

1139·3 

399'9 

1099·5 

341 ·7 

755·9 

993·8 

352·7 

501·8 

660·4 

696·9 

1123·2 

741·9 

820·4 

37'0 

--------- ---------'-----



,\zimuth. 

o I II 

9S JI 09·8 

3S 2S 34·0 

123 52 53·2 

223 59 47"4 
124 46 2S 

240 07 13 

319 05 33·5 

31 03 45·3 

14 26 43 

56 07 2S 

337 14 56 

52 32 04 

330 22 30 

5"' 04 17 

312 rS 45 

43 5° 4° 
6S 21 47 

I07 42 21 

62 40 15 

57 06 oS 

140 23 59 

66 35 04 

I03 33 35.3 
225 4S 19·5 

46 03 15 

60 16 54 

305 56 IO 

354 32 21 

307 09 JI 

273 36 19 

307 04 40 

29 12 50 

195 04 03 

2So 30 5S 

2S5 00 00 

12 06 52 

52 57 .21 

79 36 4S 

54 14 29 

7S 00 35 
26 43 46 

83 00 24 

24 IO 03 

SJ 09 48 
SS I 2 S2 

109 45 35 

Dack azimuth. 

o I /I 

278 20 36·7 

218 23 46·9 

303 42 39·3 

44 04 so·7 

304 44 r6 

6o 09 46 

139 07 5S '9 
2II OI 39•4 

194 26 OI 

236 02 rs 
157 lS 47 
232 2S 26 

150 23 2S 
235 00 47 
132 20 45 

223 4S 12 

24S 19 01 

2S7 37 12 
2 42 34 54 
237 °3 33 
320 22 25 

246 31 24 
2S3 30 37·2 

45 49 49·6 
225 5S 25 

240 12 45 

126 OI 03 

174 32 46 
127 12 06 

93 37 20 
127 07 31 

209 II 13 

rs 04 3S 

IOO 33 56 
105 02 24 

192 06 30 
2 32 55 37 

259 34 rs 
234 12 oS 

254 S7 26 
206 43 16 

262 S9 os 
204 °9 35 
261 08 32 

265 09 51 

2S9 41 00 

REPORT FOR 1894-P .ART IL 

SALEM AND VICINITY. 

To station. 

H:olt ____________________________________ _ 

Orne. 

Holt_ ____ ··----- ______ -------------------_ 

Thompson. 
Drown Hill ______________________________ _ 

Thompson. 

Coddon -----------·----------------------
Orne. 

Coddon _ ---------------------------------
Orne. 

Coddon ----------------------------------
Orne. 

Coddon ----------·-----------------------
Orne. 

Cod<lon ----------------------------------
Orne. 

Coddon ------------ ---------------------
Folly Hill. 

Coddon ---·------------------------------
Baker Island light-house. 
Folly Hill ______________________ "." ________ _ 

Orne. 

Orne-------------------------------------

Coddon. 

Legg Hill ________ -----·---------··--------

Fort Lee. 

Cod<lon ---------------· ----------------· 
Orne. 

Fort Lee·--------------------------------

Folly Iii!!. 

Cod don . ___ ---- ---- __ :.,_ - - ------ ---- - - - - - -

I Orne. 

I 

Folly Hill __ .. _________________ ------------

Coddon. 
Baker Island light-house ___________________ _ 

Cod don. 

Coddon ----------------------------------
Fort Lee. 

Cod<lon --·-----------------------------
Fort Lee. 

Coddon --------------------·-------------
Fort Lee. 

Co<ldon ----------------------------------
Fort Lee. 

Fort Lee ---· ---- --- - -- ·-- - - - - - - - - ---- --- -

Folly Hill. 

------------"------------''------------

Distance. 

iJfttres. 
21 s36·s 

rs 576·8 

24 S99·7 

14 712·3 

s 39S·s 

s 94S·3 

7 344·4 
s 241·8 

s 723·0 

12 635·7 

4 464·3 

9 242·8 

3 971 ·5 

8 6s9·1 

s 493·0 
7 218·4 
6 04S;7 

10 941·6 
12 218·0 

6 230·9 

4 9S2·9 

8 099·2 

6 191·9 

4 244·3 

13 638·6 

9 673"6 
12 216·0 

8 724·9 
6 566·6 

2 058·4 

7 239·9 
6731·8 

4 593·0 
6 ro6·9 

s 033•3 

3 617"2 

4 413·8 

s 237·8 

s 8s8·8 
6 6o8·8 

2 284·0 

2 676·9 

2 318·0 

2 6o9·8 
6 122·2 

9 853"9 

565 

Logarithm. 

4·333 174 

4·192 479 

4·396 194 
4·167 681 

3·732 27 

3•774 39 

3·865 958 
3·916 022 

3·757 62 
4"10l 6o 

3·649 75 
3·965 So 

3·598 95 

3·937 4S 

3·739 Sr 

3·858 44 
3·781 66 

4·039 oS 

4·087 00 

3794 55 
3·697 48 

3·90S 44 

3·791 821 

3·627 So9 

4·134 77 

3·985 59 

4·0S6 93 

3·940 76 

3·Sr7 34 

3·313 52 

3·S59 73 
3·S28 13 

3•662 IO 

3·7S5 S2 

3·701 85 

3·558 37 
3·644 82 

3·719 rs 

3·767 S1 

3·S20 12 

3·358 69 

3·427 64 

3·365 12 

3·416 60 

3·786 91 

3·993 61 
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Dodge's Hotel, cupola. 

Hospital Point light-house. 
1877. 

Fort Pickering light-house. 
1877. 

Station. 

Great Aquavit<c, stone beacon. 

Little Aquavita?, pole. 

Abbott Rock, stone beacon. 

North Gooseberry Island, flag. 

Eagle Island, flag. 

Coney Island, flag. 

Salem, south church, corner of Cambridge and Chestnut streets. 

Salem, IIo\\'ard street church. 

Derby wharf light-house. 
18n. 

Marblehead light-hou~e. 
1848-1877. 

Marblehead, black top church. 

Marblehead Rock Jlcacon. 

::'lfarblchead :-..'eek, flag. 

Cat Island, flagstaff. 
1848. 

Cat Island, east rock. 

Boulder west of Salem turnpik:e. 

Ware Hill, flagstaff. 
1848. 

Halfway Rock Beacon. 

Brookhouse's house. 

Ocean House cupola. 

Latitude. 

··-----

-T~~c~~d-: in J ! Seconds in 
llletres. I Longitude. 

1

. 

\ in ct res. 

----1-·---------· 
I 

I II 0 I II 

42 32 02·86 88·2 70 53 49·30 u25·1 

42 32 47·60 1468·8 70 51 23·29 531 ·3 

42 31 35·57 w97·6 70 52 01 ·07 

42 31 34·58 w67·0 70 51 28·24 

42 31 34·78 w73·2 70 51 13·10 299·0 

42 31 49·48 1526·8 70 51 46·34 

42 31 35·97 1109·9 70 47 39·19 

42 31 31 ·21 963·1 70 48 49·24 Il23 ·8 

42 31 42·89 13;i3·4 70 50 14·78 337·3 

42 31 12·02 370·9 70 53 59·36 1354·8 

42 31 28· 12 86n 70 53 34 ·04 

42 30 59·91 1848·7 70 53 02·54 

6o9·7 70 50 03·02 

42 30 25·66 791 ·S 70 50 54' II 1235·3 

42 30 II '95 367·7 70 49 34·48 

1448·7 70 50 29·04 663·1 

42 30 43·52 1342·9 70 48 55·42 

42 30 32·61 wo6·2 70 48 45·00 1027"3 

42 30 21 ·92 676·4 70 56 07·38 168·5 

42 30 40·60 12527 70 54 32·79 

289·5 70 46 31·40 

264·1 70 53 13·76 314·3 

42 28 53·73 1658·0 70 52 3.'l'64 



Azimuth. 

I I/ 

159 28 06 

277 48 22 

357 44 44 

6I 30 05 

3I8 28 55 

26 40 I4 

347 22 34 

114 08 54 

5 I4 47 

I09 33 29 

337 02 09 

27 53 02 

77 II 02 

I4I 07 20 

73 43 39 

I56 45 24 

46 43 I7 

96 48 27 

276 06 36 

349 00 26 

I60 02 50 

24I 04 4I 

270 3I 50 

I2 I3 36 

I25 34 26 

228 39 22 

87 I2 26 

140 58 4I 

I21 47 05 

I34 25 24 

94 05 2I 

153 35 42 

98 29 02 

II4 16 59 

I03 I5 34 

I62 07 16 

260 07 08 

I95 04 59 

262 39 34 

329 I9 IO 

90 09 53 
I03 I5 46 

I06 34 15 

166 29 29 

204 IO 29 

I07 53 47 

RB PO HT FOR 1894-P ART II. 
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Hack azimuth. To station. 

o·---;·-,-,---1---
339 27 26 I Folly Ilill ____________________________ _ 

97 49 16 Fort Lee. 

177 44 48 Co<l<lon _______ -------------- ___________ _ 

241 25 4I 

138 29 24 

206 39 13 

167 22 4I 

294 08 I3 

185 I4 44 

289 32 38 

157 02 28 

207 5 I 51 

257 08 34 

321 05 35 

253 41 59 

336 44 26 

226 42 35 

!76 46 56 

96 oS 25 

169 00 45 

340 02 00 

61 05 25 

90 33 01 

192 IJ 17 

305 33 36 

48 41 I8 

2(i7 07 42 

320 56 03 

301 45 55 

314 21 52 

274 00 20 

333 35 09 

278 27 26 

294 I4 35 

283 13 51 

342 06 15 

80 IO 24 

I5 05 53 

82 41 46 

I49 19 52 

270 02 II 

283 I2 33 

286 3I 05 

346 28 25 

24 II 20 

287 50 IO 

Orne. 

Co<ldon. ----~--------------··------ ------

Legg Ilill. 

Co<ldon ------------------------·---------
Fort Lee. 

Cod<lon ______ ---------- ---- - _ ---- ---- ----

Fort Lee. 

I Coddon ____ ------ ------------------------

1 ~:~~~:i~l~-- -----·--·--------------------

! ~:~~~~ ~~~~l~s. ---------------· -----------

1 ~:~~!~~ ~~~~!~~----· ------------------------

! Fort Lee. 

I ~:~~Oil~:;;-- -------- ------ ------ ------ --- -
! I-oily !111! ______ --------------------------

Fort Lee. 

Cod<lon ·--- __ --------------------------

Legg Ilill. 

Coddon ____ ------- ---· -----------------

Baker lsland light-house. 

Orne_ ------ -- ---- ------ - - - - - - - - - - --- - ----

Folly Hill. 

Cocldon --------- --------------·----------

Folly !Jill. 

Orne _____ -----.----- - -- -- - - -- ------ -- --- -

Coclclon. 

Co<l<lon ----------------------------------
Fort Lee. 

Cocldon ___ _ ----------------- ·-----------
Beverly Rocks. 

Cod<lon ----··----------------------------
Folly !!ill. 

Co<ldon -----------------------------

Legg Hill. 

()inc -----------------------------------

Co<lclon. 

Orne _____ -- ---------------------------· 

Folly llill. 

Coddon ------·-- ·------------------------

Orne. 

567 

Distance. Logarithm. 

------- ----
1lldres. 
3 830·5 3·583 25 

I 851 ·o 3·267 40 

3 348·4 3·524 84 

IO 162•5 4·007 00 

I 499·8 3·176 C·3 

4 566·6 3·659 59 

I 119·6 3·049 07 

I 5I8°2 3·181 34 

I I03'4 3·042 75 

I 836·8 3·264 07 

I 685 '9 3·226 83 

5 102·3 3·707 77 

5 Ill'4 3·708 54 

5 661·5 3·752 93 

3 526·1 3'547 30 

4 955·9 3·695 12 

I 967•2 3·293 84 

3 083·5 3·489 o~ 

3 715·5 3·570 02 

3 4I7'0 3·533 65 

4 957·0 3·695 22 

I 697·1 3·229 72 

2 397·5 3·379 76 

3 049·7 3•484 26 

2 090·7 3·320 30 

5 222·3 3'7I7 86 

9 6o8·6 3·982 66 

8 480·5 3·928 42 

2 767·1 3·442 03 

IO OI9·6 4·000 85 

IO 195·5 4·008 41 

2 488·3 3·395 90 

3 279·9 3·515 86 

5 345·4 3·727 98 

3 577·1 3·553 54 

6 684·8 3·825 09 

6 716·5 3·827 14 

6 941·3 3·841 44 

4 494'4 3·652 67 

2 773'3 3·442 99 

15 595·5 4'I93 00 

6 710·1 3·826 73 

6 686·4 3·825 19 

9 220·8 3·964 77 
4 242·8 3·627 65 

7 697'3 3·886 34 



568 UNITED ST.A.TES CO.A.ST AND GEODETIC SURVEY. 

SALEM AND VICINITY-Continued. 

-- --
I I 

Station. Latitu<le. I Seconcls in 
1 

Longitude. Seconds in 
metres. metres. 

-··--· -·· ----1-·---- ----·--·· 

0 I II 0 I // 

Tinker Island, pole on house. 42 28 57·71 1780·8 70 50 0]"28 166·3 

Church spire summer house. 42 28 55·14 1701 ·5 70 53 03·45 78·8 

Summer house on high rock. 42 28 05·06 156·2 70 56 48·86 II 16·1 

I : ! 

CAPE ANN AND VICINITY. 

Railcut. 42 37 42·872 1322 ·7 70 38 58"400 1330·6 

Pool Hill. 42 39 24·690 762·0 70 38 05·772 131 ·6 

Andrews Point. 42 40 58·98 1819·9 70 37 46·80 1065·4 

Lanes Cove, white spire. 42 40 41·55 I 282'·1 70 39 15·88 361·5 
1849. 

Chmite. 42 39 55 ·52 I 713 "2 70 45 40·80 929·1 

Ipswich light-house. 42 41 06·81 210·1 70 46 07·32 166·6 
1849. 

Ipswich Beacon. 42 41 07·56 233·3 70 45 59·91 1363 ·9 
1849. 

Ipswich, tall dark spire. 42 40 53·18 1641 ·1 70 50 I 1·70 266·3 

Butler Hill. 42 39 29·50 910·3 70 40 18·33 417·5 

Burnham Brown, flag. 42 39 32•00 987·4 70 49 25·88 589"5 

Burnham Essex, flag in tree. 42 39 01 ·50 46·3 70 47 04·48 102·0 

Annisquam Harbor light-house. 42 39 43·02 1327'4 70 40 55·29 1258·1 
1834-1849. 

Annisquam, pole on rock. 42 39 26·92 830·7 70 40 39·62 902·4 

Straitsmouth light-house. 42 39 43·65 1346·8 70 35 22·52 512·9 
1849. 

Strait~mouth light-house. 42 39 44·37 1369·0 70 35 19·15 436·1 
1851. 

Twopenny Loaf, flag. 42 39 36·80 1135·5 70 43 08·84 201 ·3 

Rockport, red-top church. 42 39 28·80 888·7 70 37 09·70 220·9 

Dogtown '.\1ethodist church. 42 38 04 ·86 149·9 70 40 33·09 754·0 

Lufkiu Hill, flag. 42 38 16·08 49(>"1 70 44 40·86 930·9 



U.EPORT FOR 1894-P ART II. 

SALEM AND VICINITY-Continued. 

Azimut!i.. Back azimuth. To station. Distance. 

l·-·--------------··--·~-1-----------------1--------------

1 

o I II 

99 39 4o 

109 15 37 

212 16 55 

158 48 45 

241 53 24 

0 I /I 

279 37 22 

336 49 27 

289 12 20 

32 18 05 

338 48 01 

61 55 38 

Legg llill --------------------------------
Codclon. 
Orne ____ _ 

Coclclon. 
Orne ___ _ 

Legg Hill. 

CAPE ANN AND VICINITY. 

Mdrrs. 
4 715·3 

4 076·5 

7 038·2 

4 527·5 

4 143·7 

5 127·3 

569 

Logarithm. 

3·673 51 

3·61Q 29 

3·847 46 

3·655 86 

3·617 39 

3·709 89 

--------- - -- -- -- -------·----- -----------·---------------~------. 

74 JO 58·4 

113 15 06-7 

20 53 33·8 

57 20 06·2 

117 52 °3 

89 17 09 

40 07 29 

91 51 18 

294 01 26 

336 55 35 
344 38 59 

78 01 26 

340 01 03 

78 21 25 

311 37 23 

6 31 01 

331 OI 55 
42 54 4 1 

225 21 25 

304 20 44 

228 49 06 

314 02 40 

35 21 06 

103 25 49 

324 18 14 

40 19 23 

81 04 12 

125 17 43 

. 80 55 13 

124 25 05 

9 39 48 

99 29 15 

84 19 39 

163 07 15 

287 26 43 

187 19 55 

337 55 I I 

71 41 23 

254 07 41 ·5 

293 05 13·9 

200 52 58·1 

237 16 13·6 

297 43 04 

269 IQ 31 

220 04 24 

271 45 40 

11 4 °5 59 
156 56 51 

164 39 17 

258 00 27 

160 02 32 

258 20 21 

131 41 42 

186 30 35 

151 02 49 

222 52 18 

45 22 40 

124 24 32 

48 50 03 

134 04 52 

215 19 08 

283 21 19 

144 19 23 

220 17 15 

261 02 21 

305 16 05 

26o 53 20 

304 23 25 

189 39 21 

279 27 32 

264 19 01 

343 06 50 

w7 27 47 

7 2o 05 

157 55 46 

251 37 13 

Thompson __________ - - - -- - - -- - -- __ -- ____ _ 

Prospect Rowley. 

R::ulcut_ _______ - - - - - -- - - -- ------ ------- - - -

Thompson. 

Old Town------------·-------------------

Tilton. 
Thompson---- __ -· ---- -- -- --- ----- _______ _ 

Tilton. j 

Raiicut_ ____________ .--------- ------------· 
i 
I Thompson. 

Choate-----------------------------------

Tilton. 

Thompson ________ -- ---- ---- ---- - --- ------

Tilton. 
Thompson __________ ------ ·--- ------ ------

Brown Hill. 

Railcut_ ______ ---- ---------------·----- ----

Thompson. 
Tilton _· ____________ -··---- ------------ -- --

Thompson. 

Choate----------------------------------· 

Thompson. 

Thompson---- __ ------------------ --- -- - - -1 

Tilton. I 
R:i.ilcut_ ------- ---- - ---- - - - - ----- - - - - - - - - -j 
Thompson. , 

Pool Hill _____ - - - - - - - - - - - - - - - - - • - - - - - - - - - - I 
Andrews Point. 

~:~r::,'.:l ~~~1~:. ---- -------------- ---------1 
Thompson _______________________________ ; 

, I 
Choate. i 
Pool Hill_ __________ --- ------------------i 

Andrews Point. 

Railcut. _____ - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Butler Hill. 

Thompson ____ ---- -- --- ·------------ ·-----i 
llrown II ill. 

. -·- -- ------------------- - -·----- -------------·- -----·----

6 888·2 

21 667 ·7 

3 362·8 

9 297·4 

20 422·6 

13 380·8 

9 666·4 

I I 358·0 

IQ 039·2 

6 492·7 

2 281·2 

2 028·7 

8 721·2 

2 198·5 

JI 664·3 

7 686·5 

3 76o·6 

7 057·8 

3 564·6 

9 294·8 

2 532·0 

6 193·3 

6 849·8 

9 343'9 

3 953·0 

6 676·4 

3 764·1 

4 024·5 

3 843·2 

4 074·6 

5 474·0 

3 508·5 

I 283·3 

2 908·2 

2 261·6 

2 633·5 

3 135·2 

8 861 '9 

3·838 IQS 

4·335 812 

3·$26 702 

3·968 362 

4'31Q II 

4·126 48 

3·985 26 

4•055 30 

4·001 70 

3·812 43 

3·358 16 

3·307 21 

3·940 58 

3·342 13 

4·066 86 

3·885 73 

3·575 26 

3·848 67 

3·552 01 

3•968 24 

3·403 46 

3·791 92 

3·835 68 

3·970 53 

3·596 93 

3·824 54 

3·575 66 

3·604 71 

3·584 69 

3·610 09 

3·738 30 

3'545 12 

3·108 32 

3·463 62 

3·354 42 

3·420 54 

3"496 26 

3·947 52 



570 UNITED STATES COAST AND GEODETIC SUl-tVEY. 

CAPE ANN AND VICINITY-Continued. 

Station. Latitude. I 
Seconds in II Seconds in 

metres. . Longitude. metres. 

~~~~~~~~~~~~~-1.~~~~~~-l~--~-i~~--~~~ ~~~~ 
I ' I 0 I II I 

Londoner Beacon. 
1849. 

Essex powderhouse. 

Essex, red-top church. 

Beacon Hill I. 

Beacon Hill 2. 

Beacop l-1111 Magnetic Stati:>n. 1849. 

Thatcher Island. 

Salvage. 

Cape Ann north Jight·house. 
1834-1849. 

Cape Ann north light-house. 
1878. 

Cape·Ann ~outh Jight·house. 
1834-1849. 

Cape Ann south light-house. 
1878. 

Milk Island, flag. 

Salt Island, flag. 

Gloucester, east church. 

Gloucester Universalist church. 

Woodward Hill, flag. 

Clark Mountain, flag in tree. 

Tenpound Island light-house. 
1849. 

Eastern Point light-house. 
1834-1849. 

Gloucester Catholic church spire. 
1889. 

Gloucester city hall, dome. 
1889. 

O I I/ 

42 38 06·26 

42 37 59·96 

42 36 22·79 

42 38 10·94 

42 40 20·24 

42 38 21 ·29 

42 38 21 ·25 

42 38 12·82 

42 36 59·74 

42 34 49·14 

I 193·1 I 7° 33 59·33 i 
\ 591 ·2 ! 70 47 18·24 

I I 1850·1 

I 

I 

703·3 

337·5 

395·5 

395·5 

351 ·1 

205·5 

70 38 43·01 

70 38 46·85 

70 34 46·28 

70 34 05·94 

70 34 31·03 

70 34 31 ·05 

70 34 31 ·68 

70 34 31 ·78 

70 35 31·80 

70 37 26·60 

70 39 25·66 

70 39 57"58 

70 39 53·90 

1351 ·7 

1211 '2 

1o67·9 

1054·5 

135·2 

3·2 

1312·6 

1229·1· 

1115·4 

w97·3 



REPOH.T FOR ·1894-P ART TI. 571 

CAPE ANN AND VICINITY-Continued. 

--·· --- . - ----

Azimuth. Back a1.imuth. 
i 

To station. Distance. 
I 

Logarithm. 

I 
0 I II 0 I II Metres. 

83 59 02 263 55 J9 RailcuL ______ ··--- -- - --- ---- -------- ------ 6 852·4 J·835 84 

! 113 20 43 293 17 56 Pool Hill. 6 113·3 J'786 28 

175 33 02 355 J2 51 Tilton ---------------------------------- 4 766·3 3·678 18 

216 44 04 36 45 10 Choate. J 7w·2 3·569 40 

252 53 13 72 57 40 I ''"'I" H•li _. ________ ------------- --- -- - - 9 408·9 3·973 54 

299 51 08 !19 53 13 

~:~::::~~!~·---------------. ----·--- -· 4 835·3 3·684 42 

171 42 10 J51 42 00 2 4J0'3 3·385 66 -----
9.i 19 15 274 15 48 I Thompson. 6 997·9 J'844 97 

170 54 12 J50 5J 59 I ~~~:~:~;n·.-· - - --- - -- ·----- -------- - - - - - - - -
2 847·7 3·454 49 

I 97 31 25 277 27 55 7 138·9 3·853 63 

I 232 48 30 52 48 33 Beacon 1 hll 1 ____ . ______ - _ ---------- ---· - 109·81 2·040 64 
I 81 26 49 261 23 58 I Railcut --· ----· __ ------------------------ 5 809·3 3·764 12 

55 14 21 235 II 44 Beacon Hill 2. 6 447'7 3·809 40 

12 58 08 192 57 41 I Thatcher Island----- ---- ·----------------• 4 093·8 3·612 13 

72 35 49 252 33 06 I ~:::c~·:i~I~ ---------- ---------------------- 5 724'J 3'757 72 

79 00 49 258 57 48 6 2o6·4 3·792 84 

I il 49 OJ 291 46 J8 I Pool Hill. 5 268·1 3·721 65 

58 00 48 237 57 57 Beacon 11111 1 ______ ------ _____ ----- ----- __ 6 771·3 3·830 67 

111 50 05 291 47 40 I Pool Iii!!. 5 268·4 3·721 68 

81 22 42 261 19 41 
Railcut ____ . ____________ .. _____ ---- ______ 6 147'2 3·788 68 

114 28 16 294 25 51 Pool Hill. 5 357·3 3·728 95 

59 50 47 239 47 57 Beacon Ilill 1.---------------------------- 6 622·8 3·821 04 

114 29 05 294 26 40 Pool Hill. 5 355·6 3·728 81 

90 28 57 270 26 J7 Railcut ---------------------------------- 4 707·5 3·672 79 

56 56 22 236 54 15 Beacon II ill 2. 5 082·3 J'706 06 

114 54 59 294 53 57 Railcut ---------------------------------- 2 306·4 3·362 94 

41 44 50 ·221 44 01 Beacon Hill 2. 2 466·5 3·392 08 

84 J5 10 264 32 12 Thompson. ___ -------------- -- ------------ 6 033·0 3·780 53 

205 23 24 25 23 42 Railcut. I 448·8 3·161 02 

175 15 22 355 15 IO Butler Hill _ --------··-------------· ------- 5 011·4 3·699 96 

219 J2 JI J9 JJ IJ Railcut. 2 209·6 3·344 J2 

207 56 25 27 57 J8 Butler Hill __ -------------------·--------· 5 231·4 J'718 62 

252 41 17 72 4J 24 Railcut. 4 476·5 J'650 94 

143 37 28 323 34 50 "filton --------------------·-------------· 
8 956·9 3'952 I 6 

258 14 39 78 17 50 Railcut. 6 581 ·3 3·818 31 

204 25 45 24 26 25 Railcut ________ ------ -- -- - --- - --·--- -- - - -·- 3 26o·S 3·513 32 

265 00 51 85 or 44 Beacon Hill :?. 
J 8o6'J J'256 78 

228 21 47 48 25 15 Thatcher Island. - ------------------------- 9 377·6 3·972 09 

193 16 JI 13 17 09 Ra11cut. 5 507·9 3·740 99 

Il7 54 39 297 45 20 Prospect Rowley 2_ - .. - - . ----. - ------ ------ - 21 224·6 4·326 84 

138 01 15 317 53 39 Old Town. 22 841 ·3 4·358 72 

118 24 23 298 15 04 I Prospect Rowley 2 .• - --------------------- 21 344·2 4·329 28 

138 21 02 318 lJ 26 Old Town. 23 017' I 
I 

4 ·3(12 05 



572 UNl'fED STATES COAST AND GEODBTIC SUitVEY. 

COAST NORTH OF CAPE ANN: 
- --· -- ----------------------,------· 

I Seconds in I Seconds in I 
metres. 1 Longitude. metres. Station. Latitude. 

1------------------------1------- --- __ ! ________ _ 
0 I II I II 

Great Boar Head, N. II. 42 55 05·432 16r6 70 47 45·932 1041·8 

Seabrook, N. H. 42 52 29·586 913·0 70 49 o6·554 148·8 

Oki Town. 42 46 07·582 234·0 70 51 00·902 20·5 

1850-1890. 

Crane Neck. 42 46 13·667 421·8 70 58 31 ·748 721·8 

1850-1890. 

Tilton. 42 40 53·162 1640·4 70 47 34·478 784·9 
1849-50. 

Salisbury :'liarsh, monument. 42 52 18·702 577"1 70 49 14·678 333·1 
(Borden) 1834. 

Newburyport, Pleasant street Unitarian church spire. 42 48 38·418 u85·4 70 52 19·206 436·4 
1850-1889. 

Newburyport light-house. 42 48 28·994 894·6 70 48 48·384 1099·3 
(Borden) I 834. 

Newburyport light-house. 42 48 54·778 1690·3 70 49 10·344 235·0 
1878-1889. 

Indian Hill, flagstaff. 42 47 03·284 101·3 70 56 54·441 1237·4 
1878-1889. 

Little Old Town. 42 46 24·866 767"3 70 50 32·228 732·6 

1849-1889. 

Ox Pasture Hill. 42 44 1ro83 527"1 70 52 55·000 1251 ·1 
1850-1889. 

Rowley Congregational i;hurch, spire with turrets. 42 42 59·016 1821·0 70 52 42·379 964·3 
1849-1889. 

Byfield Congregat10nal church, square tower. 42 44 19·034 587"3 70 55 53·805 1223·9 

1849-1889. 

Crane l\" eek 2. 42 46 13·801 425·8 70 58 31 ·688 720·4 
1889-90. 

Prospect Rowley 2. 42 42 19·017 586·8 70 53 33·084 752·9 
1889. 

Bald Pate 2. 42 42 28·752 88?"2 71 00 56·022 1274·9 
1889-90. 

Isley. 42 46 34·856 1075·5 70 57 40·417 918·8 

Brake II ill. 42 46 46·883 1446•6 71 00 20·742 471 ·5 
1886-1889. 

Grape. 42 53 09·934 306·5 70 54 34·912 792·3 

. 
Bald Pate. 42 42 29·26o 902·9 71 00 56·455 1284·8 

1886. 

Beach. 42 52 18·256 563·3 70 49 04·361 99·0 

South Dock, monument. 42 52 or647 236·0 70 49 48·750 11o6·6 

---------



REPORT FOR 1894--P ART II. 

COAST NOR'IH OP CAPE ANN. 

I 
Azimuth. I Back azimuth. To station. lJ1stancc:. 

--[---~--- -- -------------- - - ----- --

. o I II 

-·-i·-----

! 11/dres. o I II 

193 56 II ·7 

242 33 32·4 

233 05 42·0 

84 II 25·5 

26 JO 38·5 

146 12 55·1 

316 47 00·5 

195 53 51·7 

296 29 39'7 

326 28 15·6 

332 31 49'7 

17 38 22·8 

8 10 49'9 

62 13 18·6 

325 59 26·8 

29 35 47'9 

25 58 39·4 

120 04 55 ·4 

282 02 18·5 

185 06 19·7 

88 13 46·4 

50 42 50·4 

Il5 II 39·4 

13 24 45·4 

298 57 48•3 

43 12 03·0 

243 16 35·3 

3J9 07 04·5 

18 22 

67 59 46·5 

129 47 12'0 

45 15 39·4 

162 30 10·1 

190 33 33·7 

275 J5 22·3 

209 50 32·5 

275 23 24·4 

46 22 29·6 

66 39 18·0 

167 21 5(>'7 

199 47 00·9 

86 15 18-0 

i 
I 

14 00 26·5 

62 40 59·1 

53 14 03·5 

I 206 08 55·2 

I 
326 09 19·0 

J36 50 2J'I 

I 
15 55 22'0 

116 35 29·4 

I 
152 38 48·0 

J97 35 27 '2 

188 09 59·7 

242 09 05 ·5 

146 06 07·0 

209 32 34·6 

- 205 57 24·3 

300 00 04·1 

102 06 18·5 

5 06 44·0 

268 08 20·8 

230 42 30·9 

295 07 50·7 

193 24 19·5 

119 01 17·1 

223 11 28•6 

63 19 54·1 

139 08 39·9 

J98 22 

247 51 03·4 

309 40 28·3 

225 11 

342 28 27·0 

10 34 29·2 

95 19 53·6 

:?<) 53 17·0 

95 29 44·(, 

226 21 18·9 

246 36 27'4 

347 20 23·2 

19 50 09·5 

:?66 10 22·5 

13 02 34·7 193 01 15·5 

s 23 5.,.5 188 23 06·5 

s7 56 01 ·o I 267 51 35·1 
__ .. ____ I __ ----

Agamcnticus _____________ . ____ --· 

~:::: :~ ~;}:~;: -- ---------- -- ---- ---- ------i 
Powow. Ii 

Prospect Rowley----------------- -------

Powow. [ 

~::::.~:~t Rowley ______________ ------- _____ 
1 

~:~:'.i'.;;;---- -------------------------- -1 

~~:~:~)l:~t-;<~~:.1~~: ---- -- --- --- -- --- ---------, 
Prospect Rowley ____________ ------ ___ _ __ -, 

Crane Neck. 
Raikut ____ ---------- ______________ .. -----

~~:;~~:,~~~~:'~!:~~ -- --------- ----·---------- _/ 
~~'~,·~~:"~~.~~c~e-1~): __ -- -- ---- __ -- ________ ----' 

~~~::,~ ~l~~~~~~)~ - - - - - - - -- - - - - - - - - - - - -- - - -I 
Old Town. i 

I ~:::11:e:e:~,~1:~~---------------- ----- ----1 
Tilton-----------------------------------! 

Prospect Rowley. I 
Old Town ________ - --- - - - - - - - - - - - - - - - - - - - -I 

I 

Prospect Rowley. / 

Crane l\eck ------------------------------1 

Holt_ _________ - ---- - - - - ------ -- ---- -----· 

Ayer Hill. 

Hult _________ .. - -- - - - - - - - - - - - - - - - - - - - - - - - -

Ayer Hill. 

Powow (Borden)---------------------------

Old Town. i 
l'owow (Borden) ---- ----- - ---- - - - - - - - - -- --1· 
Old Town. 

Powow (Borden)_ ------------------------

Eaton. \ 
Bran<lybrow -- -- - --- · - ---- - -- - --- - - - -1 
Pow ow (Borden). I 

Powow (llor<len) -------------------- - _I 

Ohl Town. \ 

34 954·4 

16 737·2 

20 860·3 

9 863·0 

7 853'3 

12 977·7 

9 925·o 

JI 016•7 

13 139·7 

9 297'5 

30 443·9 

19 410·7 

I I 82J'2 

. 9 572 '9 

24 035 ·8 

13 J21 '2 

5 738·6 

JI 238·7 

8 218·7 

9 103·0 

IO 907·1 

842·3 

8 46o•9 

3 740·9 

8 012·3 

I 687·2 

7 455 ·7 

4 891 ·7 

4·35 

18 964·5 

17 585·8 

JO 547'3 

II 471·7 

IO u5·6 

9 121·6 

11 038·9 

12 784 ·9 

3 256·5 

I) 198•4 

14 301·2 

18624·6 

9 881 ·9 

11 740·6 

11 231 ·o 

8 858·9 
~:~~:~,~~~;,~e~):----. -----------. --------· 1 

·------'----

573 

Logarithm. 

4·543 502 

4·223 682 

4·319 320 

3;994 007 

3·895 050 

4·1J3 J99 

3·996 732 

4·042 05J 

4·118 587 

3·968 368 

4·483 500 

4·288 042 

4·072 734 

3·981 045 

4·380 859 

4' 11 7 975 

3-758 803 

4·050 7J8 

3·914 803 

3·959 J83 

4·037 710 

2·925 46J 

3·927 4J5 

3·572 98J 

:no3 756 

3·227 172 

3·872 488 

3·689 459 

0·638 74 

4 '27,7 941 

4 ·245 J62 

4 ·023 140 

4·059 629 

4·004 992 

3·960 071 

4·042 927 

4·106 696 

3·5J2 748 

3·792 283 

4·155 371 

4·270 088 -

3'994 841 

4·069 689 

4·050 420 

3·947 382 



574 UNITED STATES COAST AND GEODETIC SURVEY. 

COAST NORTH.OF CAPE ANN-Coutinued. 

Station. 

North !Jock, monument. 

Pike, monument. 

Evans, monument. 

Bagley, monument. 

Morrill, monument. 

Hampton, N. H. 

Batt Hill. 

Amesbury Mills, tall white spire. 
1849-50. 

Bartlett. 

Salisbury Beach. 

Salisbury Marsh. 
1850. 

Salisbury Congregational church spire. 
1849-1889. 

Amesbury (formerly West Salisbury), powder house. 
1850-1889. 

West Salisbury church spire. 
1849-50. 

:vlorrill. 
1878. 

Mouth of '.\terrimac, chimney of house. 

:\' ewburyport, Belleville church opire. 
1849-50. 

:\'ewbury, Upper Green, tall church spire. 
184g-1851. 

Newburyport, Harris street church spire. 
1850. 

1' cwhuryport, Federal street church spire. 
1850-1851. 

Newburyport Academy. 

Newburyport, beacon on north pier. 
1850. 

Newburyport, east light-house. 
1850-51. 

---i ~=~-n-cl-s-in-, -------,,-
1
s--e-c-o~ds in-

Latitude. Longitude. metres. 1 metres. I 
I I ·---1---- ----· ·-· 

o I II I 0 I II 

42 51 53·109 

42 51 39·381 1215·1 70 50 53·612 1217"2 

391·0 70 54 14 ·547 330·1 

70 53 10·004 227·0 

42 56 33·94 1047"3 

70 53 32·60 739·9 

42 51 21·34 

539·6 

42 50 49·10 70 49 03·44 

42 51 06·89 212·6 70 50 11 ·66 

42 50 34·00 1049·2 

681 ·7 1166·0 

1223·3 70 55 01 ·22 27·7 

42 49 13·63 420·7 

42 49 06·77 

1049·7 

70 52 23·74 539·4 

943·1 70 5 I 59·57 1353·4 

981·3 

1520·1 

831·0 70 49 01 ·34 30·4 



REPOl~T FOR 1804-P ART II. 575 

COAST NORTH OP CAPE ANN-Continued. 

1~,~,.::~1 Azimuth, Back azimuth. To station. Distance. 

' ---------- ------------ ---------
I II 0 life/res. 

5 42 2J'4 185 41 s1·5 Old Town-----------·---------·------· 10 715·2 

90 53 20·5 270 49 12·4 Powow (Borden). 8 280·1 

4·030 000 

3·918 035 

o SS 39·2 180 55 34·2 Old Town _____ --------- __ ----------_____ 10 239·9 4·010 295 

94 16 JI ·6 274 12 30·4 Powow (Borden). 7 401 ·4 3·869 312 

337 55 55·o 157 58 33·8 01<1 Town __ ----------------------------- 14 136·2 4·150 334 

s2 59 45'9 232 59 18·3 Brier. I 1s1·9 3·061 422 
30 38 40·2 2IO 36 5(,.5 Lone Tree Ilill ____________________________ I 6 79S'3 3·832 208 

50 25 06·0 230 23 41·5 Powow (Borden). 3 6s8·4 3·563 286 

282 31 27·1 I02 34 14·2 Beach____________________________________ 5 711·s 3·756 750 

346 57 53·6 166 59 21·4 Old To\\'n. 13 013·7 4·114 400 

317 04 32 137 05 48 Great Boar Head ___________________ ------- 3 729·9 3·571 70 

59 36 12 239 33 19 Hampton Falls. 6 677'S 3·824 68 

174 32 48 354 32 35 Hampton Falls____________________________ 4 603·8 3·663 12 

81 IS 09 261 13 16 Powow. 3 817·5 3·581 78 

325 02 23 145 05 45 Old Town--------------------------------, 118IO·o 4·072 2.5 

348 48 33 168 50 12 Prospect Rowley. 17 OS4'S 4·231 84 

320 43 11 140 46 IO Old Town.-------------------------------- 9 439·5 3'974 9S 

30 S8 22 2IO 56 14" Crane Neck. 8 304·8 3·919 33 

178 42 06 358 42 03 Seabrook_----------------------- ____ --- -, 3 I01 ·8 3·491 62 
I 

102 oo 42 281 55 46 Powow. IO 104·2 4·004 50 

210 04 18 30 as 02 Seabrook ____ ---··-------------------- .... ! 2 949·2 3·469 70 

289 30 46 109 31 32 Salisbury Beach. I 643·1 3·21s 67 

3S3 59 29 173 S9 SS Old Town------------------------------- 8 266·1 3·917 30 

111 S9 08 291 55 58 Powow. 6 850·3 3·835 71 

118 30 18 298 29 18 Powow. --------------------------------- 2 258·8 3'3S3 88 

192 II 45 12 12 2S HamphJJl Falls. 6 3::,6·8 3·8os 28 

2S IS 20 20s 15 05 Bartlett--------------------------------- I 200·0 3·079 18 

143 34 S9 323 34 06 Powow. :! 966·9 3'472 31 
3S84514 1784518 OldTown _______________________________ 5805·8 3·76386 

12S 06 52 305 03 19 Powo\T (Borden). , 8 666·2 3'937 83 

22 08 34 202 07 24 Old Town------------------···------------: 6 197·8 3·792 24 

117 51 47 297 47 01 Powow. I I0801·1 4·03347 
s2 35 03 232 31 35 Crane Neck_______________________________ 8 785·4 3'943 76 

143 04 17 323 02 19 l'owow. 
1 

6 S73'1 3·817 77 

70 41 31 2so 36 S6 Crane Neck ___________ _..-----------------· 9 769·9 3·989 89 

139 s6 46 319 S3 41 Powow. 9 ~16·6 3·983 02 

63 02 4S 242 58 35 Crane Neck.----------------------------·· 9 386·2 3·972 49 

337 02 4S 157 03 41 Old Town. 4 829·3 3·683 88 

167 32 48 347 31 32 Hampton Falls.--------------------------- II 813·s 4·072 38 

205 16 06 2s 18 S9 Great Boar Ilead. 13 476·9 4' 129 S9 

170 42 os 3SO 41 09 Hampton Falls---------------------------- II 6so·1 4·066 33 

207 so 39 27 S3 s2 Great Boar Head. 13 740·4 4·138 oo 

352 so SS 172 51 14 Old Town-------------------------------- S 027·9 3·701 39 

131 19 43 311 1(1 26 l'owow. 8 777'7 3'943 38 

32 18 07 212 16 46 Old Town --· -------------------- --------. S 086·_4 3·706 41 

123 09 s~----=:~_0_4_s_6 __ _,__~'_o_wow. - ________ J~_' _8_62_·_9 __ __;___4_·_0_74-19 

I 



576 UNITED STATES OOAST AND GEODETIC SUIWEY. 

COAST NORTH OF CAPE ANN-Continued. 

Station. Latitude. I Seconds in I Longitude. Seconds in I 
metres. metres. 

----· ------- ;--·--: i 

0 I " 0 

I\ ewburyport, west light-house. 42 48 26·90 830·0 70 49 06·92 157·2 

1850-51. 

Upper Harbor, inner beacon. 
1878. 

42 48 40·74 1257·1 70 51 59·68 1356·0 

upper Harbor, outer beacon. 42 48 41·73 1287·7 70 51 55·22 1254·6 

1878. 

Bailey's wharf. 42 48 42·98 1326·3 70 51 56·52 1284·0 

Thompson's Hotel. 42 47 57·15 1763·6 70 48 48·56 1103·4 

Plum Island Magnetic Station. 42 47 59·94 1849·7 70 48 49·34 1121·1 

1850. 

!'lum Island 1. 42 46 37·02 1142·4 70 48 17 '7'.'. 402·8 

1849-50. 

Plum:Island 2. 42 44 27·80 857·8 70 47 33·78 768·4 

1849-50. 

Dummer Academy. 42 45 16·28 502·4 70 53 59·58 1354·9 
1850. 

"Wood's Hotel. 42 45 23·86 736·2 70 48 15·60 354·7 

Rowley i\larsh: 42 44 37·76 1165·2 70 50 16·33 371 ·4 

Ipswich Town Farm. 42 43 03·92 121 ·o 70 50 52·09 1185·3 

Proctor's barn. 42 43 02·03 62·6 70 46 51 ·51 1172·1 

Manning Hill. 42 42 30·27 934·0 70 48 23·32 530·6 

Stevens 2. 42 48 57·39 1770·9 70 59 25·58 581 ·2 
1889. 

Newburyport Federal Street church spire. 42 48 30·58 943·6 70 51 59·52 1352·3 
1886-1889. 

Newbury Congregational church spire. 42 47 58·12 1793·5 70 51 47·62 1082·2 
1886-1889. 

\\'est :\ewbury Second Congregational church spire. 42 47 49·57 1529·6 70 59 45·63 1037·0 
1886-1889. 

West Newbury First Congregational church spire. 42 48 35·71 llOl "9 70 57 06·19 140·6 
1886-1889. 

:Vlorrill Observatory. 42 51 32·39 999·5 70 54 49·26 1118·3 
1886-1889. i 

Moultonvillc :;clwolhouse, tower. 42 49 36·78 1135·0 70 54 02·24 50·9 
I 

i 

Newburyport Harris Street church spire. 42 48 32·38 999·2 70 52 22·38 508·5 I 
1886-1889. 

I Planting Hill. 42 48 18·00 555·4 70 55 46·12 1048·0 

I 
------------



Azimuth. 

II 

31 04 56 

123 30 20 

135 52 06 

228 15 33 

73 08° 46 

226 35 15 

46 01 04 

322 34 12 

41 40 10 

125 56 23 

40 47 09 

125 40 02 

354 42 00 

76 15 20 

0 08 23 

64 08 IO 

105 59 32 

353 42 47 

353 36 20 

51 45 20 

331 59 5 1 

46 19 50 

177 58 31 

69 21 43 

81 47 59 

135 17 25 

339 38 24 

87 14 38 

217 :.?4 OI 

294 30 17 

343 II 29 
65 17 16 

12 39 47 

70 42 04 

JOI 39 SS 

211 34 36 

298 48 01 

189 49 50 

349 03 00 

27 13 18 

102 13 30 

144 24 56 

337 28 5(, 

63 23 00 

173 44 5° 
301 .,s 17 

! 
I 

! 

-I 

I 
I 

! 

H.l~PORT FOH, 1894.-P ART II. 

COAST NORTH OF CAPE ANN-Continued. 

Back :izimuth. i To station. 

-----i--------
0 II 

211 03 39 

303 25 27 

315 49 IO 

48 I6 09 

253 08 43 

46 35 48 

226 01 02 

142 34 I3 

22I 38 40-

305 51 17 

220 45 40 

305 34 56 

174 42 29 

256 13 29 

18o 08 23 

244 04 06 

285 56 27 
1 73 43 05 

173 36 48 

231 41 44 

1_52 01 41 

226 17 36 

357 58 25 

249 I') 54 

261 43 27 

,115 14 3(> 

159 38 57 

267 I I 08 

37 26 08 

114 36 00 

163 12 09 

245 13 24 

192 39 01 

250 37 30 
281 37 24 

~I 36 57 
118 52 09 

9 50 22 

169 04 16 

207 10 47 

282 11 38 

324 23 23 

157 29 SI 

2.13 I<) 24 

353 4·1 28 

121 51 31 

1 

I ( Jl<l Town . _____ .. __ 

! J>owow. 

. --------· __________ \ 

Powow (Borden) _ .... __ . - - _ . __ . ____ . ____ _ 

Morrill. 
Cppcr II arbor, inner henrnn. __________ . _ -.- __ 

:\forrill. 

Cppcr Harbor, inner beacon ... -------------

Upper Ilarbor, outer beacon. 

Old Town------------------------·--------

J>oWO\V. 

Old Town--------------------------------

l'owow. 

Tilton--------------

Ole\ Town. 

Tilton . ----------------------------- ___ _ 

Prospect Rowley. 
Crane Neck _________________ -------- .. ___ _ 

P4·ospect Rowley. 

Tilton -------------- ------------ ___ _ 

Prospect Rowley. 
I 

Tilton .. -- - - - - - - - - · - - - - - - - - - - - - - - - - - -1 
Pro,pcct Rowley. I 
Old Town .. ------------------------ .. 

i Pros11cct Rowle\' · ----
1 -· ' 

: Prospect Rowley--------------------------! 

: Ole! Town. 

! 
0

11::~~~e·c·t-;{~~;I~~~-- ---- ----. ---- . -.. -----
1 · l'owuw (Borden) .. __ - . - - - - - - - - - · - - - - · - - - - -\. 

Old Town. 

Old Town-------------------------- ------1 
Idey. 1 

Ox Pasture Hill ________ · ----------- ' 

Crane Neck. 

Ayer Jlill -------------- · 

J>owuw (Borden). 

Old Town . _ . ___ - - - . - - - - - - · - - · - - - · - - · · · - _ J 
Powow (Borden). 

Ox l'ast urc 11 ill .. 

Crane Neck. 

Lone Tree l lill 2 -

l'owow (Bonkn). 

Ohl Town-----

Isley. 

J>owow (Borden)-----·----------. 

oJcl Town. 

---' 

i 
---1 

--------1 

S. Ex. 8, pt. '..!--37 

577 

------

Distance. Logarithm. 

----·-----
Metres. 
5 019·3 3·700 64 

I I 757'4 4·070 31 

8 446·2 3·926 66 

I 619·9 3 ·209 50 

105·7 2·024 26 

I 524·6 3·183 16 

99·7 1 ·998 48 

48·5 1 ·686 06 

4 525·4 3·655 66 

I2 623·5 4·101 18 

4 578·5 3·660 72 

12 558·8 4 ·098 95 

10 655 '9 4 ·027 59 

3 819·4 3 ·581 99 

6 623·2 3·821 07 

9 088·7 3.958 50 

6 437·1 3·808 69 

5 499·0 3·740 28 

s 405 •4 3·924 56 

9 201 ·3 3·963 85 

7 848·4 3·894 78 

6 192·1 3·79I 84 

5 670·9 3·753 65 

3 916·3 3·592 88 

9 234'9 3'965 43 

8 o59·7 3·906 32 

3 196°I 3 ·504 62 

7 059·1 :;-848 75 

6 982·5 .:;"844 OI 

12 610·4 .poo 73 

4 609".t 3'663 64 

s 530·8 3"930 99 

6 990·8 3·844 53 

9 735·1 ,)°988 34 

5 I 55 'I 3 ·712 24 

s 968·1 3·952 70 

9 477 ·2 3 ·976 68 

6 307 ·4 3•799 85 

13 (iS1 ·1 4•136 12 

11 058·1 4·043 (,g 

3 l'20·7 .nsz 14 

5 325 ·6 3'7 26 37 

4 8'6°6 ·' 3·684 54 

8 086·5 3·907 76 

6 802·1 3'832 64 

7 630·4 3·882 55 



578 UNITED STATES COAST AND GEODETIC SURVEY. 

Station. 

Emery. 

Adams. 

Noyes. 

Gerrish. 

Ambrose. 

Poverty Rock. 

Jewett. 

Evans. 

Amesbury-Salisbury, corner I. 

Amesbury-Salisbury, corner 2. 

:-\el\ bury-Newburyport, corner r. 

Newbury-Newburyport, comer 2. 

Newbury-~cwburyport, coiner 3. 

~ewbury-Ncwburyport, corner 4. 

Newbury-Newburyport, corner 5. 

Newbury-Newburyport, corner 6. 

Newbury-Rowley, corner I. 

Ipswich-Rowley, corner 1. 

Newbury-Rowley, corner 2. 

Newbury-Rowley, corner 3. 

i\ewbury-Rowley, corner 4. 

Newbury-Rowley, corner 5. 

Newbury-Rowley, corner 6. 

Newbury-Rowley, corner 7. 

COAST NORTH OF CAPE ANN-Continued. 

Latitude. 
I ~ec~~~;~i11. 

metres. 

\-· 
I II 

I 42 49 01·36 42·0 

42 46 53"96 
I 

I 
1665•1 

42 44 58·50 I 1805·2 

42 46 12·11 373·7 

42 44 30·24 9JJ"I 

42 4j 34·60 rn67·6 

42 42 21 ·66 668·4 

42 42 40·16 1239·2 

42 50 50·85 1569·1 

. 
42 50 16·46 507·9 

42 48 25·62 790·5 

42 47 45·53 1405·0 

42 48 05·83 179·19 

42 47 39·74 1226·2 

42 47 54·35 1677·1 

42 47 51·04 1575·0 

42 45 07·58 233·9 

42 44 rn·82 333·9 

42 45 04·68 144·4 

42 44 56·76 1751 ·4 

42 44 55 ·79 1721 ·5 

42 44 59·16 1825·5 

42 44 30·16 930·6 

42 44 07·32 225·9 

J,ongitude. 

·---- ·------
I /I 

70 56 28·32 

70 55 32·60 

70 51 46·02 

70 57 04·00 

70 54 04·06 

70 56 04 ·44 

70 52 48·92 

70 52 06·78 

70 54 01 ·22 

70 54 12·46 

70 49 05·88 

70 50 29·58 

70 51 48·48 

70 53 28·70 

70 53 54·48 

70 54 20·26 

70 48 03·17 

70 47 37 ·05 

70 48 16·76 

70 51 41·77 

70 52 12·34 

70 52 18·92 

70 54 03·45 

70 55 22·17 

Seconds in 
metres. 

643·4 

741·0 

1046·6 

9o·9 

92·3 

101·0 

1113·3 

154·3 

27·7 

283'0 

133·6 

672·2 

1101 ·7 

652·2 

1238·0 

460·4 

72·1 

842·9 

381·1 

950·0 

280·6 

430·3 

78·5 

504·4 



Azimulh. 

II 

83 00 49 

182 17 20 

173 36 37 

283 01 JO 

104 09 OJ 
173 39 29 

183 JO 09 

270 55 56 

234 JI 02 

350 07 18 

145 41 51 

2;3 03 42 

S5 21 25 

177 46 33 

71 37 43 

159 51 38 

68 _)2 JI 
123 13 27 

."l19 36 54 

349 15 43 

31 33 03 

77 01 00 

134 25 17 

220 06 " 

355 18 46 

70 44 15 

154 04 46 

309 50 44 

63 47 09 

6~ 41 24 

160 29 45 

55 18 29 

114 37 50 

66 57 59 

I 27 52 22 

54 38 37 

I 17 29 35 

119 00 08 

105 36 06 

216 14 44 

32 18 04 

157 06 55 

100 00 46 

323 23 14 

43 36 34 

REPORT FOR 18U4-P ART II. 

COAST NORTH OF CAPE ANN-Continued. 

Back azimuth. 

o II 

262 56 o+ 

2 17 26 

353 36 06 

103 04 15 

284 04 28 

353 39 Oi 
3 JO 21 

91 00 03 

54 13 06 

170 07 3q 

325 40 I I 

73 05 50 

265 20 55 

357 46 29 

25 1 36 44 

339 51 05 

248 30 39 

303 II 54 

139 38 II 

169 15 50 

211 31 45 

256 59 JO 

314 21 20 

40 07 05 

175 IS 47 

250 41 24 

334 02 50 

129 52 42 

243 44 01 

242 39 08 

340 28 25 

235 1.4 45 

294 35 49 

246 53 58 

307 50 04 

234 35 03 

297 27 44 

299 00 05 

285 31 48 

36 15 32 

212 17 39 

337 04 12 

280 00 46 

143 24 28 

223 36 05 

I 
To station. I- Di"M'' 

Md res. 
9 603·1 Ayer Hill ---------------------------·--

l'owow (Borden). 

l'owow (Borden)-------------------- _____ . 

Oki Town. 

Crane Neck __ -- - - - -------- - - -- --- --- -- ----i 
l'lem;nnl Street Unitarian church. 

I.one Tree Hill 2 ------ ..•. --··------------

Old Town. : 

Ole! Town--------------------------------! 

~:::e~ e:::v_l~~-:~ ------- _ --- _ -- --- _______ I 
Ox Pasture Hill. I 
l'rospe;-t Rowley 2.----------------
0x Pasture !Iii!. 

Prospect Rowley 2 ------- ·-. ___ ------

Ox Pasture I! ill. 

Lone Tree Hill 2 .•. -----------·----· ___ _ 

Powow (Borden). 

Pleasant Street lJnitarinn church_---· _______ _ 

:\1oultonville schoolhouse tower. 
Old Town ____ . ______ .. ___________________ . 

Newbury Congregational church. 

' l'owow (Borden} _ ..• - - - - - - - - - - - - - - - - - - - -. 

i\ewburyport hght·house, 1878-1889. 

:\'cwbury Congregational church _____ .. __ 

I slcy _ _ _________ - - - - - - - - - - - - - - - - - - -

Powow (Borden). 

Old Town ______ . --------------------
Crane Neck. 

Isley_ --· __________ . ---- ----------- ·----

l'owow (Borden). 

Prospect Rowley 2 •. -----------------·-----' 

Old Town. 

Prospect Rowley 2 _. ----------------------

Old Town 

Prospect Rowley 2 _ ·--------------· ----·· ---

Old Town. 

N <lyes . ______ - - - - - - - - - - - - - - - - - - - - - - - - - · -

Crane Neck _______ ------------------------; 
I 

Old Town. 
' 

Ox Pasture Hill .. ·----------------;-------: 

Pow<>w ( Burden). 

Ambrose_ ·--"·----------------------··----1 

5 427·9 

9 413·5 

6 340·0 

9 512·8 

6 827 ·9 

7 134·4 

s 256·4 

5 135·5 

4 I JO'O 

5 942·9 

4 504·5 

I 008·3 

3 564 ·5 

2 069·5 

3 185·5 

4 037"0 

3 732 '1 

3 971 ·5 

I 246·3 

4 998·0 

3 77 1 "7 
11 098·1 

2 794·3 

238·6 

6 o(wS 

8 831 ·4 

5 140·.z 

7 026·4 

5 121·1 

8 056·0 

9 131·7 

4 445·6 

8 Sor8 

5 871 ·4 

8 827"3 

4 206·9 

110·6 

8 955·7 

2 747·2 

I 535'9 

14 000·7 

14'1 

4 162·6 

I 394"1 
Prospect Rowl.ey 2 •• -----------------------1 
Poverty Rock. I 

-------- -----'-------_c__~--------------'---

I 

J 
I 

579 

I ,ogarithm. 

3·982 41 

3·7 34 63 

3·973 75 

yS02 09 

3·97831 

3·834 29 

3·853 36 

3·916 79 

3'7J058 

3·61384 

3·774 00 

3·653 65 

3·003 61 

.3"552 00 

3·315 87 

3·503 18 

3·6o6 06 

3·571 95 

3·598 96 

3·095 62 

3·698 So 

3·576 5+ 

4·045 25 

3·446 27 

2·377 60 

3 ·782 60 

3·946 03 

3"7 JO 98 

:rKi6 73 

.no9 36 

3·906 12 

3·96:l 55 

3·647 93 

3"944 72 

y768 74 

3·945 83 

3 ·623 96 

2·043 67 

3·952 IO 

y438 89 

3·18(J 35 

4·146 15 

1·148 09 

3·619 36 

3·144 30 



580 UNITED STATES COAS'f AND GEODETIC SUH.VBY. 

COAST NORTH OF CAPE ANN-Continued. 

Station. 

- ·----------------------

Ipswich-Rowley, corner 2. 

Ipswich-Rowley, corner 3. 

Ips\\·ich-Rowlcy, corner 4. 

Ipswich-Rowley, corner 5. 
Georgetown-:-O:ewhury-Rowley, corner. 

Georgetown-Groveland-:\ ewbury, comer. 

Georg down-Groveland, corner I. 

Georgetown-N cw bury-\\' e>t :!'.';'cw bury, corner. 

l'\ewbury-\\'e;t Newbury, corner 5. 

Ncwbury-\\cst :\cwbury, corner 4. 

Kewbury-\Vest :\cwbury, corner 3. 

Kewbury-\\'est Newbury, corner 2. 

!1."ewbury-\\'est :\ewbury, corner I. 

Newbury-?\ ewlmryport- \\'est l'\ cw bury, comer. 

Newburyport-\Vest Newbury, corner I. 

::'-lewburyport-\Vest Newbury, corner 2. 

Georgetown-Rowley, corner 1. 

Grovclancl-\Vcst l'\ewbury, corner 3. 

1 
Grovelan<l-\Vest :\ewbury, corner 2. 

Groveland-\\' est ]'\cw bury, corner 1, peg. 

Moulton's Ca>tlc, octagonal tower. 
1886-1889. 

Plum blan<l Hotel. 

Dummer Academy. 
1889. 

Xewburyport, Helleville church spire. 
1886-1889. 

?\ewburyport, north church spire. 
1886-1889. 

Stevens. 
1886. 

Latitude. 'Seconds in 

!----1--
0 I II I 

42 43 58·74 

42 42 36·19 

42 42 46·62 

42 42 23·00 

42 44 09·83 

42 45 14·02 

42 45 09·19 

42 45 30·04 

42 45 37· 10 

42 45 55 ·60 

42 45 58·82 

42 46 51 ·94 

42 47 15·q 

42 48 09·94 

42 43 34·46 

42 46 18·17 

42 46 22·81 

42 46 5o·G6 

metres. 

1812·5 

II16°7 

1438·6 

709·7 

303·3 

432·6 

283·6 

926·9 

1144·8 

1715·6 

1815·0 

266·6 

1602·7 

467'2 

299·9 

306·7 

w63 ·3 

560·7 

703·8 

1563·2 

132·4 

175(,·4 

1749·0 

214·8 

1256·5 

1772·5 

Longitu<le. 

0 I II 

70 48 00·02 

70 52 03·05 

70 52 33·55 

70 52 52·58 

70 55 28·66 

70 57 36·70 

70 57 57 ·47 

70 58 03·69 

70 58 01·19 

70 57 50·12 

70 57 35·83 

70 57 11·42 

70 55 36·34 

70 55 04·42 

70 56 16·44 

70 55 52·74 

70 56 20·03 

70 59 49· 16 

70 59 54 ·68 

71 01 OJ'IS 

70 55 24·58 

70 48 48· 18 

' 70 53 57·46 

I 70 53 25 '02 

70 52 28·07 

70 59 25·60 

0·5 

69·4 

763·4 

1196·7 

652·0 

834·6 

1307·0 

83·9 

27· 1 

1139·5 

814·6 

259·7 

826·0 

100·5 

373·5 

1198·4 

455·7 
1117·6 

1243· 1 

7~·' - .) 

558·2 

!094 ·9 

1306·8 

568·4 

637·8 

581 ·6 
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COAST NORTH OP CAPE ANN-Continued. 

! 

:,;mmh ~i--=' odmo•h 

0 I ti IJ 0 I II 

67 55 57 247 52 11 

134 02 33 314 00 30 

145 16 59 325 16 56 

24 26 07 

57 51 o<> 

296 24 23 

266 19 16 

322 25 39 

259 33 20 

314 14 0.) 

259 11 25 

311 05 42 

I 54 38 56 

194 48 53 
148 22 29 

194 5° 09 

120 30 00 

190 18 44 

109 49 52 

174 38 38 

94 51 47 

140 49 II 

233 45 54 
118 01 16 

182 28 58 

46 15 22 

157 20 14 

:Zll 08 47 

269 17 07 

310 44 42 

12 07 41 

318 46 28 

193 39 52 

276 52 55 

88 57 45 

160 32 44 

41 49 11 

125 57 18 

166 06 49 

:q I 2J 34 

329 22 13 

65 27 06 

337 14 49 

71 56 08 

189 39 42 

2~0 35 42 ___ I 

204 25 57 

237 50 26 

116 24 25 

86 2! 00 

142 26 57 

79 37 48 

134 16 48 

79 16 08 

131 08 41 

334 38 37 

14 49 or; 
328 22 08 

14 50 23 

300 :·9 32 

10 18 51 

z89 49 14 

354 38 35 

274 50 52 

320 48 51 

53 45 57 

297 58 19 

2 29 08 

226 15 14 

337 19 54 

31 08 51 

89 17 18 

130 48 57 

192 06 56 

138 46 32 

13 40 II 

96 53 24 

268 56 49 

340 32 07 

221 47 41 

305 52 12 

346 05 13 

61 25 34 

149 2.) 51 

245 22 23 

15; 15 48 

251 50 47 

9 40 09 

60 37 30 

-----------------~--------,----- -

To station. Distance. Logarithm. 

-------------_____ , _______ , _____ --------

) l'rospecl Rowley 2--------------------------

~~~~:~:'~~ ---------- ---------- ----- ------ -1 
Jewett-------------------------·----------

~'::~:;;c_t -~~:~!~~-~~ ________________________ I 
! Ox Pasture Hill ____ ----------------------· 

i ~~:~~:,:.~'o:~l~y ~·- ---- -------· --- _ ---- ----1 
· Prospect Rowley 2. 

Old Town ____ --------------------------

Prospect Rowley 2. 

Crane :-;'eek_. ___ - - - - - - ---------- --- _____ _ 

Isley. 

Crane Neck ______ -------------------------_ 

Isley. 
Crane K eek _____ ----·. -- • ----- _______ -----_I 

Isley. 

Crane :-;'eek_--------------·------------- --1 

~::~~Neck _________________ -------------1 
Isley. : 

Adams--------- -------- ---- -------------

~!evens 2____ . --- ---------------- ------

J.\lorrill Observatory. 

I·:mery _____ . __ - - . - - - - - - - - · - - - - - - - - - - - - - - -

I.one Tree JI i II ~. 

Planting II ill ___ . - -

!'overly Rock ____ _ --- ---------· ---··-·1 

Prospect Rowley 2 _ 

Bal<I !'ate 2. 

--- ---- -----------\ 

Gro"cl:rnd-\\'esl '.'\cwbu:·y. comer 3 -- . -------

Kimhall ________ -- --- --- ------------------

Brake !!ill. 

Lone Tree llill ---------------------------

! Powuw (Borden). 

Old Town-------------------·------------

Powow (Borden). 

Powow (Borden) _ - -- ---------- -----------

Old Town. 
Old Town ________ -----------------------

Hmke Ilill. 

Ohl Town _ - - _ - - - -

Brake II ill. 

! 

:~::~:'.;.~::-1-1~;1:- -- ----- ------------- ------1 

.lldres. 
8 179·2 

5 720·3 

149·0 

845·7 

I 600·2 

93' 1 

3 502·5 

4 313·6 

9 150·4 

7 7 38·0 

9 641·8 

7 984 ·7 
I 489·9 

2 069·0 

I 325 ·z 

l 843·7 

I 098·6 

I 231·2 

I 351 ·6 

I 117'0 

I 832·9 

I 043·6 

105-3 

6 721·4 

7 945·3 

373·3 

I 780·4 

290·7 

354'7 

II 297'4 

7 240·9 

190·6 

2 648·6 

971·6 

I 873·3 

3 692·2 

4 525 ·7 

12 635·7 

13 365·0 

4 572·1 

6 431·9 

JO 389·2 

5 124·0 

11 301 ·6 

5 409·3 

4 133·5 

3·912 71 

3·757 42 

2·173 20 

2·927 20 

3·204 18 

1 ·968 87 

3·544 38 

3·634 84 

3·961 44 

3 ·888 63 

3·984 16 

3·902 26 

3·173 15 

3·315 76 

3·122 28 

3·265 68 

3·040 82 

3·090 33 

3· 130 84 

3·048 07 

3·263 13 

3·01S 55 

2·022 28 

3·827 46 

3·900 II 

2·572 08 

3·250 51 

2 ·463 45 

z·549 86 

4 -052 98 

3·859 79 

2·280 06 

3·423 02 

2·987 48 

3·272 60 

3·567 28 

3·655 69 

4·101 60 

4·1 2 5 97 

3·660 12 

3·808 34 

4·016 rS! 

3·709 61 

4·053 14 

3·733 14 

3·616 32 

-- _i 
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Latitude. I Seconds in Longitude. i metres. Station. 

' 
I ----------

Curson. 

! Butler"s Toothpick. 

);ewburyport Bridge, center of draw. 

Newburyport Bridge, signal. 

Groveland- \Vest Newbury, corner 1. 

Hoxie. 

Newburyport Catholic church spire. 
1886. 

Newburyport Baptist church spire. 
1886. 

Lunt's house. 

Newburyport, flagstaff. 
1886. 

!'\ ewburyport, liberty pole. 
1886. 

Dark-colored dome. 
1886. 

West Newbury Catholic ~hurch tower, cross. 
1886. 

West Newbury, barn cupola. 

Tall chimney. 

First twin tree. 

Second twin tree. 

Centennial Hill. 

Dead Hill. 

Bear Hill. 
1890. 

Andrews Hill. 

Gage Hill. 

Russell Hill. 

Red Shanks Hill. 

0 I II I 0 I II 

42 49 24·08 I 743·1 70 56 06·26 

·I 
42 49 14·15 436·6 70 4(1 38·70 ' 

42 48 52·35 1615·4 70 52 18·96 

42 48 56·75 1751·2 70 52 24·16 

42 46 57"50 1774·3 71 01 04·48 

42 50 11 ·97 369·3 70 54 40·38 

42 48 32·32 997·3 70 52 27·40 

42 48 38·54 1189·3 70 52 24·33 

42 49 01·18 36·4 70 53 27·22 

42 49 04·65 143"5 70 53 34·14 

42 48 42·82 1321 ·3 70 53 07·99 

42 48 50·72 1565·1 70 52 56·24 

42 47 47·66 1470·7 70 59 46·90 

42 48 34·14 1053 ·5 70 57 44·82 

42 48 50·90 1570·7 70 52 58·72 

42 47 51 ·17 1579·0 70 57 48·73 

42 47 51·26 1581·7 70 57 48·72 

42 45 29·90 922·6 71 01 21·17 

42 44 29·34 905·4 71 03 33·57 

42 45 18·34 565·9 71 00 09·07 

42 42 21 ·69 669·3 71 04 38·84 

42 43 58·56 1807"0 71 05 38·34 

42 44 38·82 1197·9 71 07 25·45 

42 42 22·86 705·4 70 59 12·73 

·---··-----·---! .. -----·---· ·----

Seconds in 
n1etrcs. 

----

142·2 

8z9·1 

430·8 

548·9 

101·8 

917"1 

622·6 

552·8 

618·4 

775·6 

181 ·5 

1277·7 

I065·8 

!018·4 

1334·0 

1107"4 

1107·2 

481"4 

763·6 

206·2 

883·8 

872·2 

578·8 

289·7 



Azimuth. 

I II 

70 34 55 
I76 33 39 

17 59 07 

119 00 I3 

I36 20 07 

I58 47 I4 

136 I6 22 

I59 I2 I6 

352 OI 43 

84 37 37 

I45 27 46 

73 I2 58 

I40 I6 49 

337 5° 34 

72 23 33 

66 I4 32 

I44 2I 20 

65 I9 58 

I44 55 50 

70 03 OI 

IOO 03 08 

98 53 59 
14I 22 26 

I3I I5 42 

21I 32, I4 

46 58 03 

109 50 20 

98 54 4I 

I4I 41 20 

97 21 44 

I18 34 09 

97 20 32 

I18 33 07 

250 39 45 

354 09 13 

316 03 20 

I9 I7 37 

II 32 26 

72 00 36 

200 39 06 

267 31 03 

293 18 35 
5 56 02 

273 09 IO 

353 07 22 

94 25 52 

187 27 10 L __ 

IWl'OH:l' FOH 1894-PART II. 
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Back azimuth. 

o I II 

250 3I 52 

356 33 3I 

I97 58 II 

298 55 41 

3I6 17 24 

338 45 42 

316 13 43 

339 10 47 

172 01 44 

264 36 II 

325 26 39 

253 07 37 

320 14 I2 

I57 51 31 

252 18 09 

246 09 51 

324 19 24 

245 15 22 

324 53 58 

249 58 07 

279 56 16 

278 46 59 

32I 20 09 

JII 13 2I 

3 1 34 35 
226 56 I7 

289 46 36 

278 47 43 

321 39 04 
2 77 17 54 

298 30 28 

277 I6 42 

298 29 26 

70 41 40 

174 09 30 

136 05 07 

199 15 41 

19 1 3I 54 

251 58 17 

20 39 50 

87 33 34 

llJ 2I 47 

185 55 30 

93 II 47 

I73 oS 03 

274 24 42 

7 27 J8 

--

To station. 

Kimball_ ___ _ 

Powow (Borden). 

Old Town ____ ----------------------------

l'owow (Borden). 

l'owow (Borden)----·-·------------------

Grape. 
Powow (Borden) . --· _ ---- ________________ _ 

Grape. 
Groveland· \\'est :\ewbury, corner I, peg _____ _ 

Lone Tree lli!L ____ ·- ---- .. ···---------·---

l'owow (Borden). 

Brake Iii!!----------·-···---------·------

Powow (Borden). 

Ol<lTown __ ----------------

Brake I !ill. 
Brake I lill ___ . _ 

l'owow (Borden). 
Brake Hill _____ _ 

Powow (Borden). 

Brake I!ill _ 

llranclyhrow. 

llranclybrow . __ 

Powow (Borden). 

Bran<lyhrow .. ___ _ ____ ·-----------·-----

Powow (Bonlen). 

Brake I!ill ---------·---------- -----------

llran<lyhrow. 

Brandyhru\\' ·------ --· --------------------! 
l'owo w (Borel en). 

Ayer II ill .. __ _ 

Brnndyhrow. 

Ayer II ill _ 

Brarnlybrow. 

-·----------- --------- ----1 

Crane :'\eek 

Hald Pate 2. 

Bald Pate 2 . _. 

Holt. 
-----------------------

Bnlcl Pate 2 ______ ------------------------· 

Dead Hill. 

Dead Hill 

Bald Pate 2. 

Bald !'ate 2 _ . 

Holt. 

I 

~:~;'. Hill -- - - - - -- . --------------------- --1· 

Balcl l'ate 2 _____ -- -- ----- -------------

Crane Neck. I 

583 

Distance. Logarithm. · 

1lfetres. 
6 490·2 3·812 26 

4 730·6 3·674 92 

6 052·4 3·78I 93 

IO 383·2 4'0I6 33 

7 884·2 3·896 76 

8 526·9 3·930 79 

7 704·4 3·886 74 

8 35~·8 3·922 09 

213·0 2·328 46 

2 889·6 3·460 84 

3 938·9 3·595 38 

11 238·5 4·050 71 

8 218'I 3·914 77 

5 029·3 3·701 5I 

II 361 •9 4·055 45 

IO 270·7 4·011 60 

6 681·9 3·824 90 

IO 171 ·I 4·007 37 

6 503·4 3·813 I4 

IO 465·0 4·019 74 

I3 982·3 4·145 58 

I4 205·6 4·152 46 

7 364 '3 3·867 I3 

6 263·I 3·796 79 

9 033·2 3'955 84 

4 848·9 3·685 64 

7 95 2 '2 3·900 49 

14 149'I 4·150 73 

7 324·9 j'864 80 

7 768·7 3·890 35 

8 416·5 3·925 13 

7 768·7 3·890 35 

8 415·3 3·925 07 

4 o82'I 3·610 88 

5 618·9 3'749 65 
5 166·8 3'7I3 22 

II 811 ·4 4·072 30 

5 340·8 3·727 61 

4 890·7 3•689 37 

4 209·8 3·624 26 

5 075·7 3'705 50 

6 995·8 3·844 84 

IO 254·2 4·010 90 

5 282·6 3·722 85 

II 524•4 4·061 62 

2 357·8 3·372 51 

7 .~1·7 3·856 29 

···------- ___ l __ ------ --
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. ·-------· -----

Station. Latitude. I Seconds in Longitude. Seconds in 
metres. metres. 

-- --- ·----------· 

0 I II 0 / // 
Nason. 42 42 07·68 237·0 71 OI 23·89 543·7 

Orchard. 42 44 46·20 1425·6 71 02 42·28 rn98·1 

South Groveland Episcopal church spire. 42 44 25·61 790·3 71 02 42·90 975·8 
1890. 

Groveland, corner 5. 42 44 46·36 1430·5 71 02 55·83 1269·8 

Groveland, corner 6. 42 44 56·76 1751 ·5 71 02 42·09 957·2 

Groyelancl, corner i. 42 45 11 ·81 364·4 71 02 40·55 922·2 

Georgetown First Congregational church spire. 42 43 24·79 764·9 70 59 38·42 874·1 
11l90. 

Commissioner. 42 44 04·00 123·4 71 00 45·80 1041 ·8 

Commissioner, peg. 42 44 02·62 80·9 71 00 41·49 943·8 

Georgetown, corner 4. 42 42 03·00 92·6 71 00 00·52 11 ·8 

Georgetown, corner 6. 42 42 05·21 16o·8 71 00 41·22 938·2 

Georgetown, corner 12. 42 43 05·17 159·5 71 01 55·63 1265·8 

Georgetown, corner 13. 42 43 56·71 1749·9 71 02 06·50 147"9 

Georgetown, corner 14. 42 43 53·07 1637·6 71 01 38·99 887·0 

Georgetown, corner 15. 42 44 01·18 36·4 71 OI II ·61 264·1 

Georgetown, corner 16. 42 44 03·30 101 ·8 71 00 42·32 962·7 

Georgetown, corner 17. 42 44 06·95 214·5 71 00 35·88 816·2 

Georgetown, corner 18. 42 44 20·98 647·4 71 00 05·49 124·9 

Georgetown, corner 19. 42 44 46·54 1436·1 70 59 04·82 109·6 

Georgetown, corner :io. 42 44 55·42 1710·1 70 58 47"87 1088·7 

Georgetown, corner 21. 42 44 58·53 1806· 1 70 58 28·48 647·7 

Georgetown, corner 22. 42 45 04·61 142·3 70 58 14·62 332·5 

!\"ason, peg 1. 42 42 0)·44 1987 71 OI 27·98 636·8 
Nason, peg 2. 42 42. 10·74 331·4 71 01 30·57 695·8 

Nason, peg 3. 42 42 12•44 383·9 71 or .l4"02 774•3 
Nason, reg 4. 42 42 16·61 512·5 71 or 36·35 82r3 
Georgetown, corner 7. 42 42 06·03 I86·r 71 01 26·90 612·2 
Georgetown, corner 8. 42 42 11 ·32 349·3 71 01 30·52 694·6 
Georgeto\\ n, corner 10. 42 42 17·r2 528·3 71 OI 35·88 816·6 



Azimuth. 

o I II 

145 59 34 

224 17 00 

63 12 38 

235 44 55 

95 42 33 

223 07 48 

335 19 42 

58 32 18 

240 56 05 

54 08 51 

252 48 20 

334 4I 38 

342 58 57 

45 36 31 

308 I6 40 

4 31 3° 

113 25 32 

52 52 38 

I22 IO 58 

155 07 I9 

254 51 47 

70 09 15 

139 23 07 

116 57 IS 

I99 43 o6 

113 I4 52 

I87 43 I6 

352 54 3° 

89 15 40 

318 04 I3 

43 4° 36 

18 22 07 

93 08 17 

123 53 38 

195 37 13 

110 57 58 

188 37 46 

104 58 I4 

I78 09 40 

99 IS 37 
169 38 37 
247 38 36 
301 52 38 

336 02 34 
303 4I 02 

337 36 IO 

233 22 22 

3 47 08 
34 20 20 
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Back azimuth. 

O I II 

325 58 06 

44 17 I9. 

243 12 07 

55 45 54 

275 4I 59 

43 08 43 

155 19 5I 

238 31 52 

60 57 00 

234 08 16 

72 49 I4 

I54 42 49 

I62 59 I4 

225 35 38 

I28 I7 26 

184 31 23 

293 25 29 

232 48 I7 

302 IO 20 

335 07 09 

74 52 47 

250 07 24 

319 22 OI 

296 56 19 

19 43 37 

293 13 34 

7 43 28 

172 54 41 

269 12 39 

138 04 14 

223 40 32 

198 21 33 

273 05 56 

303 52 54 

15 37 35 
290 57 03 

8 37 57 

284 57 o6 

358 09 38 

279 14 I9 

349 38 25 
67 38 39 

I2I 52 43 
156 02 36 

123 4I 04 
I57 36 12 

53 22 24 

183 47 08 
214 20 20 

····-··------------------~-----~------

To station. Distance. 1.ogarithm. 

-------------1------ ----------

Dead Hill ___________________ --------------

llah.I Pate 2. 

Dead Hill __ . __ --------·-----------------· 
Centennial 11111. 

Dead Hill ...... ____ --------··-------------

Centennial llill. 

South Gro"eland Episcopal church _____ .. ___ . 

Dead Hill. 

Centennial llill ______ -------- --------------

Dead Hill. 
Ccn•ennial 1 lill ______ _ 

Bald Pate 2. 

ReJ Shanks llill .. ____ -------------------· 

Bald Pate 2. 

Georgetown First Congregational church-----

Bald Pate 2. 

Commissioner .. _ ... ___ ___ : ____ ------. _. _. 

Holt _____ . ___ ... ___ . - - - - - - - - - - . - - - . - - - - .. 

Bald Pate 2. 

Bald Pate 2 _______ ------------------------

Red Shanks Hill. 

Andrews Ilill ____ -------- ·---------------

Dead Hill. 

Dead Hill _________ ----------------------· 

Centennial Hill. 

Dead I-lill _____ . ---·-·-------------------· 

Ccr1tennial Hill. 

Bald Pate 2 __ • __ • _ ... _ • __ - - - - - - - - - - - - - - - - - · 

Gage Hill. 

Commissioner, peg. __________ - -----. --- ----

Commissioner, peg ________ -- - ---- --- --- --·--

;~:~~ ~~:~1.2 _ ----------. --------- ·- -- -----· 1 

Bear Hill _____ ... __ ----- ---- ------ --- _; ___ I 

Crane Neck. 
i 

Bear Hill _______ -··-------------·---- -----·i 

Crane :'\eek. 

Bear Hill_ _________ ··--------------------· 

Crane :\"eek. 

Bear llill_ __________ --· -----------------· 

Cmne Neck. 

Nason---· --- -----·-··------------------· 
Nason··-··----------·-·----------·--------
Nason, peg I. 
Nason, pe.;: 2 ____ ----. -----· --- -----------

Nason, peg 3 ----- ·------ ---- ------------
Nason ____ --- - --- - - - - - , - - - --· - - · - -- -- - · - -
Nason, peg 2 ____ - - ..• - . - •.. - •.• - • - - - - - - - - - . 

Nason, peg 4- - - - - · · - - - - · · · - - - - - - - - - - - - -

Afetres. 
5 274 ·o 

908·3 

I 154·1 

2_396·4 

I I58·2 

2 718·6 

704·7 

I 006·4 

2 rn5·0 

I 444 ·5 
I 889·4 

5 565· 1 

I 998·3 

2 471·3 

I 952·8 

2 948·2 

Io6·83 

io 982·0 

I 492•4 

800·6 

2 086·4 

3 949·I 

3 422·2 

2 222·0 

3 054·8 

2 836·5 

3 015·2 

2 874·2 

6 068·3 

28·rn 

184·89 

3 648·9 

4 740·0 

I 76o·3 

2 791 ·8 

I 977·6 

2 442·2 

2 36r9 
2 3I9·6 

2 63r2 
2 °I66·3 

IOO"S 
179·0 

I45 ·27 

94·45 
139·20 

85·4 
I7·8o 

18·95 

3722 I4 

2·958 25 

3·062 24 

3·379 56 

3·o63 77 

3·434 35 

2·847 98 

3·002 78 

3·323 26 

3·159 72 

3·276 33 

3·745 47 

3·300 66 

3·392 ~3 

3·290 66 

3·469 55 

2·028 70 

4·040 68 

3·173 89 

2·903 41 

3·319 40 

3·596 50 

3·534 30 

3·346 74 

3·484 98 

3·452 79 

3·479 32 

3·458 5I 

3·783 07 

1·448 70 

2·266 9I 

3·562 I6 

3·675 78 

3·245 58 

3·445 88 

3·296 I4 

3·387 78 

3·374 37 

3·365 42 

3·421 I4 

3 ·335 72 
2·002 36 

2·252 77 
2·I62 I8 

I ·975 2I 

2·I43 64 

I·931 37 

l ·250 35 

1·277 53 
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Station. 

Powow. 
(C. & G. S. & Bdn. ), 1834-1889. 

Ayer Hill. 
(C. & G. S. & Bdn.), 1834-1890. 

Poplar Hill. 
(Borden.) 

Gumpus, N. H. 
(C. & G. S. & Bdn.), 1834-1886. 

Lowell church spire. 
(Borden), 1834. 

Marsh and Jones, N. H. 
(Borden), 1834. 

Brandybrow, monument. 
(C. & G. S. & Bdn.), 1834-1886. 

· Brandybrow. 
1886. 

Lone Tree Hill. 
1886. 

Lone Tree Hill 2. 
' 1888-89. 

Kimball. 
1886-1889. 

Eaton. 
1886. 

Silver Hill, tower. 
1886-1889. 

Spicket; "N. H. 

Midlake. 
1886-1889. 

Brier. 

Lawrence Hill. 

Parsonage Hill. 

Titcomb, N. H. 

Reservoir Hill. 

Sutton's castle. 

Chair, N. H. 

Bear Hill. 

------------------------'--

Latitude. Seconds in Longitude. metres. 

0 , ,, 0 ' ,, 
42 51 57'111 1762·4 70 56 18·756 

42 48 23·288 718·6 71 03 27'818 

42 44 06·220 191 ·9 71 15 22·104 

42 43 32·914 1015·6 71 21 46·580 

42 38 48·030 1482·1 71 19 06·714 

42 42 43·810 1351 ·8 71 18 11 ·185 

42 50 00·025 o·8 71 03 16·194 

42 50 01·473 45·5 71 03 14·181 

42 50 03·184 98·4 70 56 47"051 

42 so 02·958 91·3 70· 56 46·642 

42 48 14·068 434·1 71 00 35·638 

42 51 50·26o 155o·9 70 58 45·609 

42 46 22·605 697"5 71 o6 00·628 

42 47 12·477 385·0 71 II 20·815 

42 47 53·370 1646·8 71 04 11·168 

42 52 49·727 1534·4 70, 55 35 ·039 

42 42 2r8o6 858·0 71 11 10"216 

42 48 37"588 1159·9 71 07 21 ·072 

42 53 24·458 754·7 70 55 03·154 

42 39 20·994 647·8 71 17 31·422 

42 40 45·162 1393·5 71 o6 40·581 

42 52 55·975 I 727'3 70 56 29·656 

42 44 59·413 1833·3 71 10 04·386 

--- ----------

Seconds in 
metres. 

425·8 

632·1 

502·9 

.1059·8 

153·0 

254·5 

367"8 

322·0 

1068·6 

1059·4 

809·8 

1035·3 

14·3 

473·1 

253·7 

795·2 

232·4 

478·8 

71 ·6 

715·8 

924·0 

673·0 

99·8 



Azimuth. 

O I II 

317 59 21·8 

348 03 53" 2 

309 39 57"8 
12 23 11·2 

310 25 21 '2 

243 53 53·4 

250 09 54·8 

294 03 40·7 

157 31 29·2 

271 57 54·6 

9 5~ 48·6 

107 II 59"4 

II 22 57"2 

5 03 23·2 

249 14 21 ·9 

293 20 59·9 

38 44 06·0 

312 42 48·6 

190 II 13·8 

312 43 12·4 

220 15 44·9 

322 49 44•6 

266 21 25·7 

320 49 04·4 

222 59 19·2 

2 09 36·0 

244 42 11·4 

272 57 03·4 

198 07 44·4 

291 22 13·6 

31 26 07·2 

67 01 46·7 

178 25 44·4 

241 31 02·7 

245 12 05·4 

322 23 07·6 

284 03 oo·o 

337 46 25"9 
143 15 23·8 

210 03 42·2 

8o 07 2c·2 

104 10 37·4 

260 35 46·9 

352 14 34·4 

235 03 11·5 

245 07 33·3 
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Back azimuth. 

o I II 

138 11 08·0 

168 05 45•7 

129 46 41 ·5 
192 21 11·1 

130 31 25·4 

64 01 58·5 

70 22 20·9 

114 14 05·6 

337 29 40·8 

92 o6 30·8 

189 51 11·0 

287 09 33·3 

191 20 49·1 

185 03 15·2 

69 19 04·4 

113 29 18·1 

218 41 40·8 

132 46 43·8 

10 II 32·8 

132 47 07"3 

40 18 39·6 

142 51 08·7 

86 23 05·6 

140 50 25·0 

43 01 03·0 

182 09 19·6 

64 47 42·1 

93 04 31 ·7 
18 08 23·1 

111 24 50·1 

211 25 37"5 

246 59 37"0 

358 25 37"2 

61 38 23·6 

65 14 53·2 

142 27 28·7 

104 07 04·1 

157 49 10·6 

323 12 30·8 

30 07 53·6 

259 59 59·1 
284 00 23·0 

80 37 05·0 

172 14 41·8 

SS 07 40·8 

65 10 18·8· 

To station. 

RailcuL _. __ .. ___ • ____ . -- - -- ----. ---------

Prospect Rowley. 

Prospect Rowley-------------------------

Holt. 

Holt.·-----------------------------------
Ayer Hill. 

Ayer Hill 

Holt. 

Gumpus. ___ . ___ ·------- ---------· __ . -----

Holt. 

Lowell church (Borden).------------------

Gumpus. 

Holt. __________ ---------. 

Ayer I-lill. 

Powow (Borden) __ -·---------------------
Old Town. 

Brake Hill-------------------------------
Old Town. 

Powow (Borden)-------------------------
Old Town. 

Powow (Borden) .. -------- ---------------
Crane Neck. 

Powow (Borel en) ------. _. ___ -----

Lone Tree Hill. 

Ayer Hill ______ . ----- -------- ---- .... ----

Holt. 

BrandybrO\V -----·-------------·----------
Brake Hill. 

Brandybrow •. ________ . ___ --~- ------ ------

Brake Hill. 

Powow (Borden) . ___ ----- _ ---- ____ .. ------

Eaton. 

Spicket ____ ---··- ------------------------
Brake Hill. 

Brandybrow -------·---------------------
Bald Pate 

Beach----------·-----------------·------
Old Town. 
Gumpus _________________________________ _ 

Spicket. 

Reservoir Hill·--------------------------

Gumpus. 

Grape _________ .--------------------------

Powow (Borden). 

Ayer Hill ____ .• ·-··-----------------------

Silver Hill, tower. 

Distance. 

Metres. 
35 421 ·5 

18 227·3 

17 582·3 

18 8o4·7 

16 077·3 

18 073·1 

26 540·4 

22 996·8 

9 514·3 

17 366·7 

7 384·5_ 

5 129·9 

21 78o·3 

2 996·7 
10 085·1 

,18 158·8 

7 763·2 

10711·0 

3 579·o 

IO 699•4 

9 022·6 

4 661·8 

3 3.io·3 

4 262·0 

5 092·2 

14 654·5 
12 224•6 

15 024·5 

4 159·6 

5 624·7. 

I 902·8 

4 698·7 

8 787"5 

16 796·7 

6 176·9 

14 341 ·2 

8 395·0 

14 56o·7 

9 703·9 

16 815·7 

15 047"3 
21 26o·2 

2 639·3 

I 833•2 

10 993·0 

6 108·3 

587 

Logarithm. 

4·549 267 

4·26o 722 

4·245 075 

4·274 266 

4·206 213 

4·257 032 

4·423 907 

4·361 667 

3·978 376 

4·239 717 

3·868 321 

3·710 113 

4·338 o63 

3·476 641 

4·003 68o 

4·259 087 

3·890 040 

4·029 828 

3·553 758 

4·029 359 

3·955 333 

3·668 553 

3·523 789 

3·629 609 

3·706 904 

4·165 972 

4·o87 236 

4·176 799 

3·619 051 

3·750 102 

3·279 398 

3·671 975 

3·943 865 

4•225 223 

3·790 774 

4·156584 

3·924 022 

4·163 183 

3·986 945 

4·225 716 

4·177 458 

4•327 568 

3·421 491 

3·263 209 

4·041 115 

3·785 920 
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Station. Latitude. Seconds in Longitude. Seconds in 
metres. metres. 

0 I II 
I 

0 I II 

Jeremy Hill, N. H. 42 44 47·710 1472·2 71 21 21·793 495·6 . 

Harris Hill, N. H. 42 51 43·918 1355·2 71 02 54·687 1241 ·5 

Clark Hill, N. H. 42 44 35·483 w94·9 71 14 38·178 868·4 

Williams Hill. 42 42 39·735 1226·1 71 12 57·582 1310·5 

Poplar Hill, stone monument. 42 44 11·552 356·5 71 15 20·304 461·9 
(C. & G. S. & Bdn.) ~834-1886. 

Temporary signal. 42 44 09·867 304·5 71 15 23·610 537'1 
(Borden.) 

Leslie, monument. 42 41 50·330 1553·0 71 17 43·321 986·0 

Marsh and Jones, N. H. 42 42 45·038 1389·7 71 18 06·293 143·2 
1886. 

Eaton 2. 42 51 47·454 1464·3 70 58 43·518 987·9 
1886. 

w ard Hill. 42 45 27·011 833·5 71 06 39·907 907·5 

A yer Village. 42 47 30·088 928·5 71 10 35 ·422 805·0 

tkinson, N. H. 42. 49 20·619 636·3 71 09 14·285 I 324·5 
1886. 

I 
erley, monument. 42 52 07'945 245·2 70 58 03·093 i 70·2 

A 

p 

T hompson, monument. 42 50 55·429 1710·3 71 02 43·534 988·4 

R andall, monument. 42 53 06·376 196·8 70 55 48·371 1097·7 

s mith, monument. 42 43 34·006 1049·3 71 16 06·956 158·3 

p ine tree, boundary stone monument. 
(C. & G. S. & Bdn.) 1834-1886. 

42 41 50·266 1551 'I 71 19 22·004 500·8 

s trongwater, monument. 42 44 14·648 452·0 71 10 56·234 1279·2 

R ogers. 42 51 20·495 632·4 71 01 12·533 284·6 

J anes, monument. 42 51 33·710 1040·2 71 01 54·131 1228·9 

1 ewksbury. 42 50 50·283 1551 ·6 71 00 08·552 194·2 

\ Vebster, monument. 42 44 47·573 1468·0 71 13 27·568 627·0 

N oyes, monument. 42 44 41 ·837 1291 ·o 71 14 16·552 376·4 

I 
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---------------------------------------·-- ·-· ------

Azimuth. 

O I I/ 

251 50 22'1 

332 29 59·o 

267 22 09·0 

339 06 06·9 

222 47 26·5 

309 45 49'5 

147 21 32·3 

194 3S 42·S 

224 15 50·9 

232 22 35'9 

235 19 23·8 

343 03 3o·4 

356 38 02·4 

119 47 05·8 

342 47 24·9 

106 26 34·9 

245 41 52·S 

264 48 16·S 

20S 46 16·0 

21S 44 10·7 

260 22 14·3 

351 22 02·S 

2S2 3S 02·6 

321 16 52·2 

247 56 23'2 

27S 01 29·1 

12 05 50·1 

2S 01 39·5 

329 30 12·9 

17 53 o7·0 

S9 46 55'8 
107 3S 52·1 

133 55 32'9 

224 17 00·5 

97 16 42·9 

174 11 10'7 

249 26 52·1 

260 21 24·2 

264 33 01 ·4 

293 21 06·5 

225 29 19·7 

24S 24 39·6 

212 47 26·9 

324 03 41 ·9 

220 39 55·3 

314 16 27·6 

Back azimuth. 

O I II 

71 57 10'2 

152 32 35·2 

87 26 3S·3 

1590751·5 

42 49 40·5 
129 48 10·6 • 

327 20 24·0 

14 39 4S·5 

44 1S 33'5 

5:2 23 04·5 

55 19 26·0 

163 03 31 ·4 

176 3S 10·5 

299 44 20·S 

162 47 40·5 

2s6 24 05 ·5 

65 44 42•0 

S4 49 55'3 

2S 4S 34·4 

3S 46 21·2 

So 27 04·8 

171 22 23·9 

102 41 5S·1 

141 19 03·S 

67 58 44·9 

9S 02 40·1 

192 05 20'0 

207 59 25·6 

149 30 22'0 

197 5z 46·3 

269 43 05·4 

287 35 18·5 

313 53 54 ·S 

44 17 4S·5 

277 14 12·3 

~54 10 54'0 

69 31 22·6 

So 24 44·0 

S4 36 49'5 

113 21 34·S 

45 30 16·1 

68 27 15·9 

32 48 53·0 

144 05 15· 1 

40 41 54·6 

134 18 34·0 

To station. 

Spicket _____________ _ 

Reservoir· Hill. 

Powow (Borden) 

Brake Hill. 

Spicket ---------- _____ . -----· ___________ _ 

Lawrence Hill. 

Clark Hill ______ -------------------------

Spicket. 

Spicket ---------- ____ --------------·----
Clark Hill. 

Poplar Hill, monument_-------------------

Poplar Hill (Borden). 

Reservoir Hill ____ ------------------------

Gumpus. 

Leslie ___ ---- -----
Gum pus. 

Grape ___ . ___________ ----------------------

Powow (Borden). 

Brandybrow (Borden)---------------------

Ayer Hill. 

Ayer Hill----··---------------. 
Bear Hill. 
Ayer Hi II _ _ _ _ _ _ . __ . __________ . - ___ . - - - - _ 

Silver 1-lill, tower 

Grape __________ -------------------------

Powow (Borden). 

Ayer llill ---- ------------------ ----------
Silver Hill, tower 
Brier ________ .. _._ 

Powow (Borden). 

Gumpus -~-------- ----------·-------------
] eremy Hill. 

Gumpus _____ ------------------------ -----
Mar~h and Joiles (Borden). 
Clark Hill __ , ______________ ----------------

Spicket. 

Grape ______________ ------------------- __ _ 

Powow (Borden). 

Powow (Borden) __ . _ ------ - - -- . - - - --- - - -

Rogers. 

Eaton _____________ - -------- -- ---- ---- - - - -

Powow (Borden). 

Spicket ----------------·- --------------

Lawrence Hill. 

Spicket ______ . ___ . _ .. - . - .. - - - . - - - - - - - - - - -

Lawrence Hill. 

Distance. 

life/res. 
14 375·S 

11 363·5 

s 997'2 

9 810·3 

6 6o3·5 

6 157·0 

4 242·1 

8 699•1 

7 79S·9 

I 209'7 

91 '4 

117·653 

4 616·0 

6 376·9 

I 767·2 

5 225 ·5 
6 190·0 

3 299·7 

9 612·S 

6 975 '2 

9 S54·S 

4 702·7 

8 067·7 

7 038·6 

5 097'4 

2 391·9 

4 801·3 

9 535·6 

596·2 

2 245•9 

7 726·9 

7 514·2 

4 567·0 

2 308·2 

5 089·1 

5 515·7 

9 636·4 

6 764·4 

7 647·6 

I 028·7 

2 640·3 

5 609·9 

5 319·6 

5 325 '9 

6 129·6 

5 922·6 

Logarithm. 

4· 157 631 

4·055 513 

3·954 106 

3.991 682 

3•819 771 

3·789 367 

3·627 577 

3'939 476 

3•892 032 

3·0S2 692 

1 ·961 106 

2·070 6o3 

3·664 265 

3·So4 6oS 

3 ·247 295 

3·71S 132 

3·791 693 

3·51S 470 

3·982 S49 

3 ·S43 555 

3·993 649 

3·672 347 

3·906 751 

3·S47 486 

3·707 346 

3-378 740 

3·681 356 

3'979 348 

2·775 421 

3•351 3S6 

3·888 008 

3·875 8S4 

3·659 627 

3•363 268 

3·706 643 

3·741 603 

3·983 917 

3·830 228 

3'883 527 

3·012 279 

3·421 66o 

3·74S 958 

3 ·725 8~1 

3·726 394 

3'787 435 

3·772513 



590 UNITED STATES COAST AND GEODETIC SURVEY. 
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Station. Latitude. Seconds in Longitude. Seconds in 
metres. metres. 

0 I II 0 I II 

Wilson, mgnument. 42 42 41·011 1265·5 71 16 46·214 1051 ·7 

Proctor, monument. 42 48 58·617 18o8·8 71 08 54·021 1227·2 

Harris, monument.· 42 44 33·392 1030·4 71 14 45·330 1031 ·o 
" 

Farnsworth, monument. 42 51 52·284 1613·4 70 59 52·464 1191·0 

Hoyt, monument. 42 51 42·371 IJ07'5 71 01 00·232 I 5 ·3 

Lovers Lane, monument, 42 48 22·8o7 703·7 71 03 53·700 1220·2 

Foote, monument. 42 49 19·418 599·2 71 08 01·235 28·0 

Captain's Pond, monument, 42 48 32·196 993·5 71 IO 01'744 39·6 

Poor, monument. 42 47 2r589 851·3 

I 
71 II 11 ·907 270·6 

I 

70 58 39'44 895·7 Moulton. 42 50 26·95 831·6 I 
I 

Hughes. 42 49 36·22 1117'7 70 59 3~·16 866·8 

Amesbury-Merrimac, comer r. 42 50 41 ·75 1288·2 70 58 49·08 I 114·5 

Am61ihury-Merrimac, corner 2. 42 49 29·99 925·4 70 58 14·82 338·4 

Haverhill-Merrimac, corner r. 42 48 42·26 1304·0 71 00 10·72 243·5 

Haverhill, powderhouse. 42 46 21 ·20 654·2 . 71 03 22·89 520·4 
18S'-1889. 

Woodman, N. H. 42 S2 35·86 1106·6 70 56 59·99 1361·6 

French. 42 52 25·40 783·8 70 57 20·88 474·1 

Batch's house, cupola. 42 52 .33'63 103r8 70 56 48·58 1102·6 

Palmer's (Mrs. Rebecca) house, chimney. 42 52 35·08 1082·5 70 56 57'64 1308·3 

Lone tree. 42 50 02·88 88·9 70 56 49·81 1131·3 

Merrimacport", church spire. 42 49 33·80 1043·0 70 59 12·34 28o·3 
1886. 

Merrimac church, tall white spire. 42 50 06·51 200·9 71 00 13·83 314·1 
1886. 

East Haverhill flagstaff. 42 48 35·o6 1081 ·9 71 00 09·54 216·8 

I 
1886. 



Azimuth. 

O I II 

270 24 43·2 

39 44 °7'2 

2ss SI 49•3 
287 22 04·0. 

223 2s 4S '9 
32s 02 J4'6 

308 37 so·4 

6I 39 JS'O 

298 00 24·3 

2:! 28 39'5 

9S 32 SS'J 

I96 2s 30·7 

2s8 42 s7·8 

296 S4 2s '2 

2IS
0 

48 30·9 

306 os 46·8 

2I7 27 OI 'I 

23 28 23·6 

228 S5 SS 
286 06 3I 

226 08 48 

2s8 OJ 43 

23s 43 00 

334 23 4° 
I62 2I 08 

243 03 36 

203 56 s2 

24s 30 2s 

299 03 so 

IS 5I II 

32I 56 S9 

59 36 OJ 

23s 44 39 

30J 4S J7 

329 00 I2 

63 I6 II 

323 00 35 

6o 34 J4 

3I2 27 00 

38 24 48 

I88 J2 03 

2S4 37 32 

27J J3 49, 

I 27 38 

220 OI S7 

4 2I 36 

REPORT FOR 1894-P .A.RT II. 
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Back azimuth. 

o I II 

go 27 J8•3 

2I9 43 28·s 

7S S5 4o·3 
I07 2s I6·2 

43 28 04·8 

I4S 03 27 7 

I28 39 s6·s 

24I 38 20·5 

II8 03 I6•4 

202 28 3I ·1 

27s 30 34·2 

I6 2s s7·6 

78 46 I3'0 

II6 S7 OI'6 

3S 49 03·2 
126 08 30·6 

37 28 2J'O 

203 28 J 7'S 

48 S7 31 
Io6 07 48 

46 II 03 

78 03 38 

SS 44 42 

IS4 23 47 

342 20 5I 

63 04 36 

23 S7 I4 

6S 30 S6 

II9 IO 31 

I9S 49 08 

I4I S7 27 

239 34 49 

SS 44 S3 
I21 4S S9 

149 00 32 

243 I4 SJ 

J43 OJ 02 

240 33 OJ 

J32 30 57 
218 22 2s 

8 J2 2I 

74 39 II 
91 16 IO 

I81 27 33 

40 04 34 
184 21 28 

To station. 

Williams Hill _________________ -~_. ____ .. __ _ 

Leslie. 

Brandy brow -------- ___ . ---· _ --- --- _. ___ .. 

Midlake. 

Spicket ------------~- --------------- ___ _ 
Williams Hill. 
Lone Tree Hill _________ _ 

Rogers. 

Lone Tree Hill _______ . ___ -------- __ ·- ·--· 

Rogers. 
Parsonage Hill ________________________ ·---

13 andybrow. 

Brandybrow __ ------ -----. ____ . _______ ----

Midlake. 

Atkinson ______ .. _____ --------- _____ ------

Silver Hill, tower, 

Atkinson---------------------------------
Spicket. 

Powow (Borden)-------------------------

Lone Tree Hill 2. 

Powow (Borden) ____ . ___ -------- _________ _ 

Lone Tree II ill 2. 

PowO\~ (Borden)---------·---------------
;\1oulton. 
Moultrm ____________ ,_,. _____ ---------· ___ _ 

~:::r:~ _1_1~~1~:· ___________________ .. _. ___ -I 
Stevens 2. I 
Prospect Rowley 2 _________________ .. _______ ; 

Holt. 

Powow (Borden)------------------·------
Eaton. 

Woodman-------------------------- . ___ _ 

Powow (Borden). 

Powow (Borden) ·--- ___ ---- __ -------- ----

Eaton. 

Powow (Borden)-------------------------

Eaton. 

Old Town--------. ·-- ---- - - -- ---- ---- ----
Brake Hill. 

Eaton ________________ ---------· ---- -- ----

Lone Tree Hill. 

Lone Tree Hill _____ . ---- -- -- - -- - ___ .. -· ----

Drake Hill. 

Powow l Borden) ---· ____ ---------- --------

Brake Hill. 

Distance. 

Metres. 
s 203°I 

2 033·s 

7 959·4 
6 734·8 

6 761 ·8 

4 279·0 

s 390·6 

2 o6s·s 

6 SI2'9 

73o·s 

4 733·8 

3 174·2 

6 648·0 

s 863·0 

I 842·6 

6 783·9 

4 394'I 
so8·4 

4 236·0 

2 666·6 

6 277·I 

3 982·I 

4 I30'0 

so6·4 

I 844 '7 
2 246·4 

I 822·0 

I 126·7 

IS 357'I 
IS I76·8 

I SI8'S 
2 780·0 

S73'7 
I 658·4 

I 3I4'7 

2 974·s 

I 46ro 

2:8I4·2 

l-0 7SI'O 

7 7I6°8 

4 2s4·2 

3 422·2 

4 697'4 
6 I62·3 

8 I45'0 

3 347'8 

591 

Logarithm. 

3'7I6 2s9 

3·308 234 

_3·900 882 

3·828 328 

3·830 061 

3·63I 338 

3·73I 638 

3'3I5 034 

3·8J3 774 

2·863 624 

3·675 .206 

3·50I 63s 

3·822 694 

3·768 II8 

3·26s 433 

3 831 478 
3·642 869 

2·706 200 

3·626 96 

3·425 95 

3·797 76 
3·600 II 

3·6I5 95 

2·704 48 

3·26s 92 

3·35I 49 

3·26o s6 

3·osI 82 

4·I8631 
4·18I I8 

3·I81 42 

3·444 04 

2'7S8 66 

3·2I9 69 

3·1 I8 83 

3·473 42 
3·166 42 

3·449 3S 
4·03I 4S 

3·887 44 
3·628 82 

3'S34 31 
3·67I 86 

3·789 74 

3·910 89 

3·s24 76 

L...--·--------------~---·-----------------'----·-- ·-------J 
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Station. 

Golden Hill. 

Nichols' Castle. 

Haverhill, north church spire. 
I886. 

Haverhill, new Baptist church spire. 
I886. 

I laverhill, ]\"orth Parish church spire. 
I886. 

Ilaverhill, West Parish church spire. 
I886. 

Lawrence Reservoir. 

Lawrence Reservoir, north base. 

Lawrence Reservoir, west sub-base. 

Ilaverhill, water tank. 

Brechin Hall. 

Bartlett chapel. 
1886. 

Chapel church spire. 
I886. 

Bradford, church spire. 
1886. 

Silver Hill, poplar tree. 

Haverhill, St. James church, cross. 
1886. 

Ayer Village, church spire. 
I886. 

Bear Hill, dead tree. 

Bear Hill, wood. 

Methuen, flagstaff. 
I886. 

Methuen, stone church spire. 
1886. 

Emery's barn, cupola. 

Williams' barn, cupola. 

Latitude. Se~onds in I 
metre£. I 

! 
··--------- -----

O I II 

42 47 18·02 

1457·I 

42 48 54 "OI 1666·6 

42 42 23·34 720·2 

702·9 

42 47 I6·53 5IO"I 

702·9 

42 47 14·85 

42 45 04·05 125·0 

42 45 OO"I5 

42 43 52·31 

42 43 45 ·32 

42 42 03·08 95·0 

1239·8 

L------------ ---------------------

Longitude. 

O I II 

71 03 2I 0 I6 

71 04 41·33 

7 I 06 0976 

7I 08 OI"32 

7I IO 55·78 

71 10 58·20 

71 10 57·55 

71 04 20·86 

7I 08 00·37 

71 08 02·44 

7I 04 35·43 

71 06 00·94 

71 05 05 ·71 

71 10 05·57 

7I IO 00·04 

71 II 30·28 

7I II 11"24 

71 II 11·70 

7I I3 02"I4 

Seconds in I 
metres. 

----! 

939·4 

22I "7 

30·0 

1324·5 

1309·7 

474"I 

1335·I 

55"6 

805·6 

2I"4 

161 ·2 

0·9 

68S·9 

255·7 

266·3 
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I 
Azimuth. I Back azimuth. To station. Distance. Logarithm. 

I 
0 I II 

I 
0 I II Metres. 

128 00 33 307 57 50 Parsonage Hill ____________ ---------- __ --~_ 6 918·0 3·839 98 

177 44 00 3S7 43 55 Ayer Hill. 3 819·3 3·s81 98 

230 01 00 50 06 08
1 

Powow (Borden) ---- ------------- _ -------- 13 414·7 4·127 S8 

281 19 08 101 21 31 Brake Hill. 4 887'1 3·689 os 

132 SS 09 312 S3 21 Parsonage Hill ________ -------------------- 4 956·1 3·69s 14 

209 39 45 29 40 3S Ayer Hill. 3 375·2 3·528 30 

132 51 14 312 49 24 
Parsonage Hill ____________________________ 5 008·6 3·699 72 

208 46 12 28 47 Ol Ayer Hill. 3 382·0 3·529 18 

284 25 55 104 27 45 Ayer Hill-------------------------------- 3 799'4 3'S79 72 

72 38 22 2s2 37 34 Parsonage Hill. l 697'6 3·229 84 

199 3i o6 19 37 33 
Parsonage Hill ____________________________ 2 723·2 3'435 08 

251 06 29 71 09 35 Ayer Hill. 6 568•3 3·817 4S 

s8 02 47 237 s8 19 Reservoir Hill---------------------------- 10 620·9 4·026 16 

176 20 58 356 20 41 Spickct. 8 940·1 3'9SI 34 

344 20 17 164 20 19 
Lawrence Reservoir ______ ------·----.------, 

203·75 2'309 IO 

77 54 °5 257 S3 S7 Lawrence Hill. 279·9 2·447 08 

118 16 35 298 16 26 Lawrence Hill ____ -------- ___ ----- ________ 327·4 2·515 IO 

176 05 19 3s6 05 I9 Lawrence Reservoir, north base. 214·3 2·331 06 

121 25 51 301 23 49 Parson~e Hill-------~-------------------- 4 798·9 3·681 I4 

210 19 2s 30 20 01 Ayer Hill. 2 386·8 3'377 82 

147 30 13 327 28 04 Lawrence Hill---------------------------- 8 041•9 3·905 36 

199 13 49 19 16 53 Ayer Hill. 18 802·7 4·274 2'2 

146 40 58 326 38 48 Lawrence Hill ____________________ -------- 7 938·9 3·899 76 

199 15 52 19 18 S6 Ayer Hill. 18 649•2 4·270 66 

146 50 36 326 48 29 Lawrence Hill ---- -------- ------ ---------- 7 813·8 3·892 86 

199 36 41 19 39 47 Ayer Hill. 18 590·9 4·269 30 

142 03 30 322 01 38 Parsonage Hill ______ -----------------'----; 6 120'7 3'786 So 

199 18 32 19 19 I8 Ayer Hill. 4 646·3 I 3·667 II 

I56 21 46 336 20 52 Parsonage Hill ______ ------------ _____ - ---- 4 541·2 3·657 17 

223 05 12 43 06 s6 Ayer Hill. 5 093·1 3'7o6 98 

139 27 04 . 319 25 32 Parsonage Hill _____________ --------------- 4 730·9 3·674 94 

215 II S9 3S 13 05 Ayer Hill. 3 858·8 3·s86 45 

256 51 3S 76 56 06 Ayer Hill_:_ ____________ -·----------------- 9 316·4 3·969 25 

359 09 42 179 09 44 Bear Hill. 4 179'7 3•621 15 

81 56 Ol 261 52 56 Clark Hill ________________________________ 6 262·4 3·796 74 

156 39 30 336 38 39 Spicket. 4 316·5 3·635 13 

77 00 20 257 00 17 Bear Hill_ ______ ------------------------- - 101·5 2·006 32 

244 55 37 64 58 20 Silve~ Hill, tower. 6 oo8·8 3·778 79 

87 36 46 267 29 48 Gum pus ____ -----------------------------·· 14 034·0 4·147 18 

181 59 37 l 59 43 Spicket. 6 l8o0 6 3·791 03 

88 32 31 268 25 20 Gumpus---------------------------------- 14 459·7 4·16o 16 

178 03 00 358 02 54 Spicket. 6 395·9 3·8o5 90 

59 59 16 239 54 59 Reservoir Hilt---------------------------- 9 988·5 3·999 50 

182 32 Ol 2 32 02 Lawrence Hill 764·0 2·883 07 

44 57 o6 224 54 04 Reservoir Hill'------------------·---------- 8 680·8 3·938 56 

97 48 44 277 42 48 Gumpus. 12 043·7 4·080 76 

S. Ex. 8, pt. 2--38 
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Poplar Hill. 
1886. 

Poplar Hill (Spofford). 
1886. 

Station, 

Pacific Mills chimney, ~tr~igh~ top, 

Pacific, Mills chimney, swell top. 

North Tewksbury, flag: 

North T~wksbury, chu~c'1 spire. 
1886, . 

Jumb\l chimney. 

Lawr~l)C~ Mills, new chimney. 

Robbin!'· 

Hillsip~. 

Fort Uil~. 

Signal A. 

Pawtticket, c)iurch spi~. 
1886. 

Hillsiq11, church spire. 
1886. 

LawreJlC• Mills, chimney, 

LoweJl court-house. 

Hamqto11- 1'iills, tower. 

Highlii.nd ~chool-house, tower, 

Merri!llac ?4anufacturillg Company's bell tower. 

H. K, ~o. J. 

Lowell, St. Patrick's churq4 spire. 
1886. 

Navy,y;i.rd, chimney. 

Cupola w~fl~ flag. 

Latitude. 

O I II 

42 44 08·03 

42 44 o6·74 

42 42 13·52 

42 4'2 20·62_ 

42 39 ~4'40 

42 39 01'12 

4'2 39 JQ'74 

4~ 35 06·4p 

4~ 37 5q•54 

4~ 39 S3'SJ 

42 38 33"1'Q 

42 37 59•36 

42 39. 5:;·1io 

Seconds in 
metres. 

417·2 

752·9 

108o·e 

34·6 

331·4 

18o8'S 

1559·5 

470·0 

1018·3 

1831 ·7 

1681·1 

8o8·s 

Longitude. 

71 09 55·10 

71 09 40·80 

7• 18 45·30 

71 18 55·20 

n 21 55·42 

7·~ 17 44·43 

7.1 20 03·66 

71 19 57'66 

71 19 02·35 

71 18 32·59 

71 18 41 ·92 

71 19 54·12 

71 J9 18·93 

71 J9 15·32 

Seconds in 
metres. 

501·6 

1254·2 

108·4 

II07'V 

1031·9 

125'1'5 

1263·1! 

974·7 

~01:;i·3 

1313·5 

1294·0 

53·5 

955·0 

1233·2 

884·3 

431·1 

174·7 

6Q5·1 

1..__-.. -.-.. -.-~ .. -.--.-.• - .. -.=--~=-~=-=--~-·~·--= .. ~~~---=--=--~-=--~·~-= ... =--~-·~··~·~-·-·=-=·-~~~~-~. ~~_.!.~~~~~~!--~~--· 
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MASSACBUSET'l'S AND NEW HAMPSHIRB BOUNDARY-Continued. 

Azimuth. Back azimuth. To station. Distance. Logarithm. 

0 I II 0 I II Metres. 
1$.03 28 rg,8 02 02: Re~ervoir Hill ---- ---- -··-- ---- ---- ---- ---- 9 3IS'6 3·969 21 

82 SS 30 262 s• II Gumpus. 8 7s6·3 3·942 32 

I8. 28 51 198 27 u Reservoir HiU --·------------------------- 9 296'I 3·968 30 

83 I3 54 263 09 33 : Gumpus. 8 809·9 3'944 97 

6.i. 54 45 242 49 36 Resen;oir Hill---------------------------- II 674·0 4·06t 22 

98 40 I8 :?78 3.2 I6 Gum pus. I6 374·2 4"2I4 I6 . 
6::a. 41 33 24,2 36 14 Reservoir Hill,-------------------·-------- I2 o63'7 4·o81 48. 

I65 50 02 345 48 S4 Spicket. 9 288·8 3·967 96 

8ll I2 23 . 26,8 IO 44 Re~ervoir :tlill; ·-·------------------- ------ l 342'3 3·s24 04 

I99 24 38 19 27 IO Spicket. IS 3I6°2 4'I8S rs 

U4 o3 oI . 3r.3 ss 18 .. 
GuIDpus __________________________________ 

13 230·6 4"12'I S8 

I96 28 30 I6 JO SI Spicket. 16 6s3·3 4·221 so 

~53 48 s8 333 46 ss: Gumpus_~--~-----------·----------------- 9 347·2 3·970:68; 

249 57 46 69 58 36 Reservoir Hill I 790·9 3·253 o6 

154 I6 IO 3311- 14 I4 Gumpus.-.-~- ---------· ------ ---· ·--------- g, 9~1 ·7'. 3"9SJi36 
i 

I89 33 I4 9 33 47 Marsh and Jones. 6 7os·s 3·826 43 

18Q. 44 I7 0 44 u. Gumpus _______ ---- ---- -----· ---------- ---- IS 638·7 4·194 20. 

:Z~j'; 23 s2 37 26 SI Reservoir Hill. 9 900·8 3·995 6'[. 

67 33 42 247 3I 48 Reservoir Hill_·--------------------------- 4 IS5"2 3·618 59 

229 IO 46 49 I3 IO . Law.rence llill. I 6 393·2 3·8os 72 

I5I 54 00 331 51 I6 Gumpus----------·-----------------------. 11 696·3 4·o68 05 

i86, 38 S6 6 39 os Re~ervoir Bill. 2 559·2 3·408 I I 

I67 30 I2 347 29 02 
Gumpus __________________________________ 

IO 82I·3 4·034 28 

~.I 09 39' s,1 II 22 Reservoir Hill. 4 4S1'7 3·648 S3 

163 26 59 343 zs 4S Gumpus -------- ·---··------- -----·· -------- 8 699·2 3"939 48 
~6o. 2I 30 80 2J 09, Reservoir Hill, 3 378·8 3'S28 76 

297 I6 s8 117 17 S6 Reservoir Hill ------------.. ·----~--------- 2 I88·7 3·34019 

33S. 02 57 15,5 03 4() Fort Hill. 3 9Io·3 I 3•592 2.1 

IS6 03 46 ' 336 01 SS Gumpus ______ -------------- -------------- 9 209·2 I 3'964. 22 

:u4 36 44 34 4I 57 Spicke.t. 18 467·6 4•266 41 

ISS 45 s2 33S 43 40 
Gumpus __________________________________ 

IO 7Sl'8 4·03148 

2.I4 28 04 3fl. 28 45. Rese~voir H_iU. 2 461·6 3"3!tI 22 

ISS 3S I3 33S 33 08 . Gumpus ____ ---- -------------------------- IO I64•6 4·00709 

227. I8 I8 42 I9 06 · Resei;voir Bill. 2 I84•6 3'339 l8 

166 02 2s 346 OI 09 · Gumpus _____ ------· --- ------------------- IO 6o6·o 4·025 SS 

~J,2 12 59 s,2 14 36 Reserv.oir Hill. 4 Il2'4 3·614 IO 

I53 34 OI 333 JI 54 Gumpus _____________________ . --------·--- 9 s95·8 3·982 08 

24,I 56 47 6I 57 33 Rese.i:voir Hill. I 739•6 3·240 44 

273 44 38 93 4,5 SI Reservoir Hill ---------------------------- 2 453·7 3·389 82 

315 I7 2I 135 I7 44 Jumbo chjmney. I 089·2 3·o37 09 

157 56 20 337 54 32 Gumpus.---------·----------------------- 9 625·2 3·98J 41 

242 23 33 62 24 38 Reservoir Hill. 2 473·7 3'393 34 

I54 53 45 334 52 IO Gumpus ___ 
----------------~------------- 7 507·8 3·875 5I 

290 23 33 110 24 5I Reservoir Hill. 2 798·0 3·446 84 

327 31 21 I47 3I 31 Reservoir Hill ---------------------------- 4 404·8 3·643 93 

239 42 I7 3I9 40 34 Gum pus. 5 32I'2 3·726 or 



5~6 UNITED ST.A.TES COAST AND GEODETIC SURVEY. 

MASSACHUSETTS AND NEW HAMPSHIRE BOUNDARY-Continued. 

Station. Latitude. Seconds in I Longitude .. 
Seconds in 

metres. metres. 

0 / // 0 / // 

Croquet. 42 39 08·57 264•4 71 19 21·14 481·6 

Stone monument. 42 39 13·18 4o6·7 71 19 18·12 412·7 

H.K. No. 2. 42 39 27·02 833·8 71 19 18·21 414·7 

H.K. No. 3. 42 39 29·84 920·8 71 19 12·83 292·2 

Dracut, old yellow churdl spire. 42 40 10·35 319·4 71 18 13·40 305·1 
1886. 

Suffolk, chimney. 42 39 00·19 5·9 71 19 02·34 53·3 

Sargent. 42 47 55·53 1713·5 71 07 19·11 434·2 

Salisbury Point, church spire. 42 50 30·30 935·0 70 SS 28·45 646·0 
1886. 

Stone monument. + 42 39 13·11 

I 
404·5 71 19 18·1 I 412·5 

Dan. 42 39 10·73 331 'I 71 19 21 ·93 499·6 
I 

I 

WORCESTER AND MIDDLESEX COU:NTIEIS. 
-

Hasnebumskit. 42 18 05·114 isr8 71 53 50·811 1163·8 
(Borden.) 

Fay Mountain. 
(Borden.) 

42 14 23·786 733·9 71 37 42·540 975·3 

Mugge!. 
(Borden.) 

42 08 02·120 65·4 71 57 26·236 6o2·6 

Watatick. 42 41 48·553 1498·1 71 53 34·870 793·7 
(Borden.) 

Hatchet. 42 01 39·6o 1221 ·8 72 04' 46·74 1075·2 
(Borden.) 

Chandler Hill. 42 16 15·20 469·0 71 47 11·43 261 '9 
(Borden.) 

Tuft Hill. 42 19 01·54 47·5 72 05 04·56 104 '4 
(Borden.) 

Hawes Hill. 42 27 26·43 . 815·6 72 07 07·17 163·8 
(Borden.) 

Pepperell. 42 42 12•64 390·0 71 35 12·59 286·5 
(Borden:) 

Watatick, State line. 42 42 40·93 1263·0 71 53 55·73 1268·2 
(Borden.) 
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MASSACHUSETTS AND NEW HAMPSHIRE BOUNDARY-Continued. 

Azimuth. Back azimuth. To station. Distance. Logarithm. 

0 , II 0 I ,, 
Metres. 

185 19 03 5 19 04 H.K. No. I-----------------------------· 546·3 2·737 42 
261 16 14 81 17 28 Reservoir Hill. 2 528·5 3·402 86 

177 21 IO 357 21 09 H.K. No. 1 ---------------- ·- ------------ 402·4 2·6o4 65 

296 27 50 116 28 12 Jumbo chimney. 835·1 2·921 72 

274 21 59 94 23 II Reservoir Hill -------- -------- ------------ 2 439·6 3·387 31 
6 41 14 186 41 12 Croquet. 573·0 2·758 16 

16 05 25 196 05 19 Croquet---------------------------------- 683·2 2·834 55 
50 57 18 230 57 14 H.K. No. 1. 178·8 2·252 26 

327 52 47 147 53 15 Reservoir Hill ··---~------------------- ---- I 798·2 3·254 83 

38 59 36 218 58 50 Croquet. 2 452·4 3·389 6o 
121 07 59 301 07 46 Croquet---------·------------------------ 500·4 2·699 28 

154 47 35 334 47 24 H.K. No.1. 887'3 2•948 05 

26o 43 15 8o 45 52 Ayer Hill-------------------------------- s 325·1 3·726 33 

76 25 41 256 22 57 Spicket. s 651 ·7 3·752 18 

22 47 54 202 47 28 Curson_·--------------------------·------ 2 216·5 3'345 66 

156 54 38 336 54 04 Powow (Borden). 2 912·1 3·464 21 

·177 21 IO 357 21 09 H.K. No. 1 ------------------------------ 404·36 2·6o6 77 

229 48 47 49 48 50 Stone monument +------------------------ 113·9 2·056 41 

WORCESTER AND MIDDLESEX COUNTIES. 

239 36 08·5 60 08 10·2 Holt _______________ ·---------·----------- 75 169·6 4·876 042 

278 27 55·5 98 59 30·6 Blu~ Hill (Borden). 65 353'2 4·815 269 

273 59 30·2 94 20 13•4 Blue Hill (Bonlen) ------------··----------- 42 534·6 4·628 742 

330 14 03·6 150 21 25·8 Beaconpole (Borden). 30 567'4 4·485 258 

188 18 25·2 8 21 15·0 Wachusett_ ___ ---- --·. ---- ---- -- ---------- 39 873·9 4.6oo 688 

194 51 10'2 14 53 35·0 Hasnebumskit. 19 250·0 4·284 430 

358 48 56·7 178 49 10·8 Wachusett ---------------·--------------- 23 078·5 4·363 207 

275 13 04·5 95 45 02·6 Holt. 64 741·2 4·81 I 181 

206 17 02 26 24 22 Hasnebumskit_ ______ ---- -------- ________ .:._ 33 931 ·2 4·530 600 

271 34 57 91 47 41 Alumpond. 26 272·3 4·419 498 

284 42 59 104 49 22 Fay Mountain.---------------------------- 13 485·4 4·129 863 

42 53 31 222 46 38 Mugget. 20 745·5 4•316 924 

220 18 51 40 26 50 \Vachusett ·------------------------------ 25 082·6 4·399 372 

. 276 22 23 96 29 56 Hasnebumskit. 15 528·8 4•191 138 
' 

91 22 49 271 13 19 Packard ----·----------------------------- 19 287·6 4•285 278 

143 15 31 323 05 53 Mount Grace. 32 483·4 4·511 662 

46 05 29 225 53 17 Wachusett ---------------------------··--- 34 279·5 4·535 034 

88 24 2~ 268 II 56 Watatick. 25 099·7 4·399 669 

271 51 06 92 03 48 PeppereJJ. ____ ------ -------- - -------- ------ 25 575·5 4·407 824 

92 13 32 271 56 22 Warwick. 34'576·3 4·538 778 
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CONNBC'l'ICUT RIVER VALLEY. 

; 

Station. Latitude. Seconds in Longitude. Seconds in 
metres. metres. 

0 / // 0 / // 

Mount Grace. 42 41 29·137 899·1 72 21 20·803 473·5 
(Borden). 

Packard. 42 27 40·636 1253·9 72 21 11·087 253·3 
(C. &.G. S. & Bdn.) 

Mo~ Hill. 42 27 53·041 1636·7 ?2 47 02·631 6o·1 
(Borden.) . 

Jilson. 42 44 18·050 556·9 72 52 45·496 1034·8 
(Borden.) 

Colonel Mount. 42 14 09·353 288·6 72 13 58·354 1338·0 
(Borden.) 

Hilliard Knob. 42 18 20·229 624·3 72 30 38·374 878·8 
(C. & G. S. & Bdn.) 

Mount Lincoln. 42 21 49·379 1523•6 72 25 24·533 561·4 
(C. & G. S. & Bdn.) 

Proven Mount. 42 05 04·486 . 138•4 72 42 1r176 394·8 
(C. & G. S.& Bdn.) 

Hitchcock. 42 05 07'392 228·1 72 15 35·428 814·2 
(Borden.) 

Dug Hill. 42 12 25·341 
(Borden.) 

781·8 72 56 27'159 623·0 

\Vinchell Mount. 42 03 29·137 899·0 72 54 o8·oo6 184·1 
(Borden.) 

-
Peaked Mount. 42 02 50·935 1571·5 72 20 26·198 602·5 

(C. & G. S. and Bdn.) 

High Ridge. 42 26 55·123 1700·9 72 43 06·613 151 •I 

(C. & G. S. & Bdn.) 

Mount Esther. 42 27 10·190 314·4 72 39 54·642 1248·5 
(C. & G. S. & Bdn.) 

Hatfield, north base. ·42 28 46·149 1424·0 72 36 43·569 995·2 
(C. & G. S. & Bdn.) 1832. 

Hatfield, south base. 42 22 20·843 643·2 72 36 50·973 I 166·2 
(Borden) 1832. 

Rock Rimmon. 42 14 23·142 714·0 72 26 29·066 666·4 

Facing Rock. 42 IJ o8•840 272·8 72 27 34·996 802·7 

Feeding Hills. 42 03 52·203 1610·7 72 40 53·754 1235·9 

McCarthy. 42 04 13·049 402·6 72 30 17'177 394·9 

Brush. 42 09 03·891 120·1 72 39 39·619 909·7 

Crafts. 42 12 46·510 1435·1 72 38 20·46o 469·3 

Shingle Hill. 42 23 23·355 720·6 72 41 59·471 136o•3 



Azimuth. 

O I II 

300 08 27"-7 
268 56 16·8 

265 13 52·2 

179 30 15·6 

270 28 23•11-

~34 14 46•6 

2rj6 45 06'5 

345 32 45·2 

225 14 28·7 

255 09 35·0 

196 29 36·4 

128 13 25·3 

48 o6 01·3 

110 49 51·4 

213 04 51·5 

171 IJ J5'3 

156 26 58·0 

J87' 34 55·3 

252 42 49·3 

204 14 47':.i 

259 43 42'J 

J69 04 46·2 

130 24 J2'2 

153 57 05·2 

345 54 04·9 . 

312 47 36·5 
296 22 08·9 

322 03 2J'5 

309 34 24·2. 

336 34 37'0 
273 28 2J ·7 

18o 48 53·9 

338 39 ll'J 

'90 51 39·2 

332 38 2r8 

CJ9 J6 27'0 

273 43 01'4 

t87 51 49·5 
28o 30 22'1 

148 05 32·s 

293 21 39·7 

241 25 18·5 

306 34 38·0 

259 34 36·4 

300 53 52·0 

345 34 08·7 

Back azimutl1. 

o I II 

J20 27 29·3 

89 J5 06·4 

85 32 44·7 

359 30 09·0 

90 45 50·9 

54 32 09·8 

97 06 24•9 

165 36 37'3 

ll-5 28 27'2 

75 23 07•2 

16 35 53·0 

308 02 21'8. 

228 02 29·9 

290 35 15•8 

33 12 40·8 

351 IO OJ'J 
336 20 22'J 

7 36 00·5 

73 00 10·8 

24 21 07'4 

79 51 38·4 

349 ci3 12•8 

310 II 48·1 

333 50 1'4 ·2 

165 56 54·3 
132 56 oo·S 

116 31 55·7 

142 09 36·4 
129 42 02·3 

156 38 43'.2 

93 36 04·3 

0 48 58·9 

158 43 14·6 

270 43 17'7 

J52 43 15·5 

279 08 49·9 

93 56 43'7 

7 53 09·2 
JOO 36 58·0 

327 59 44·9 
ll3 34 33·0 

61 34 og·s 
126 46 38·6 

'19 42 34'5 
J2J OJ 30·8 

165 36 u·9 

REPORT FGR 1894~:.ART II. 

CONNECTICUT RIVER VALLEY. 

To station. 

\Vachusett-------------------------------
Watatick. 

Wachusett--~- ------ ------ -----·· ------ ___ _ 
Mount Grace. 

Packard,. .. _.,,._···----------------_.; _______ _ 

Mount Grace. 

Mount Grace --"--------------------------
More Hill. 

Wachusett_ .. ___ ,--------------------------
Hasnebu111skit. 

Mount Grace --"------------------------··-
Mote Hill. 

Hilliard Knob-"-------------------------
More Hill. 

Hilliard Knob-"-------------------------
More Hill. 
Mount Lincoln-"------ ____ :. ______________ _ 

Colonel Mount. 

Hilliard Knob -•------------------ --------
More Hill: 

Proven Mount·----------------------------

Dug Hill. 

Mount Tom --··-'. ------------------------
1 Jilllard Knob. 

Mount Tom ---"--------------------------
Hilliard Knob. 

Mount Lincoln-"-------------------------
Hilliard Knob. 

Mount Lincoln _._ ------· ------- __ -------
Hilliatd Knob. 

Mount Lincoln _ _,_. _______ ------------------

Hatfield; north base. 

'I>eaked Mount -"--------------------------
Mount Torn. 

Peaked Mount--'-----------------------· --

Mount Torn, 

Peaked Mount--'-------------------------:

Mount Torn. 

Peaked Mount----------------------------

Mot1Jtt Tom. 
Peaked Mount----------------------------

Rock Rimrnon. 

Peaked Mount --------------------- ------
Rock Ri11lmtm. 

Iiilliard Knob----·-----------------------

M(!Unt Tom. 

Distance. 

Metres. 
44 545·8 

37 926·2 

38 434·0 

25 565·5 

35 450·4 

43 248·9 

43 202·4. 

31 382·9 

40 ou·7 

28 614·2 

44 707·3 

28 623·7 

9 657·6 

31 731·1 

29 323·7 
42 73o•J 

33 739•0 
16 869·6 

37 151·7 
3J 406·6 

16 604·0 

16 849·9 

33 385·7 

31 930•0 

23 67p 

23 354·8 
22 223·2 

20 720·6 

20 158·7 

21 042·0 

J5 736·8 

JI 890· 1 

22 925 ·3 

17 105·5 

2J 458·1 

15 798·5 
28 290·3 

19 8!j<j•9 

13 822·8 

22 464•4 

28 894·5 
20 640·6 

30 764·4 

:i6 $84·6 

18 18o·1 

t6 966·1 

59~ 

Logarithm, 

4•648 807 

4•578 939 

4·584 715 

4·407 654 

4·549 6h 
4·635 975. 

4·635 508 

4·496 693 

4·6o2 295 

4·456 s82 

4·650 378 

4·456 726 

3·984 869 

4·501 485 
4·467 219 

4·630 fa4 

4·528 i32 

4·227 164 

4·569 979 

4·497 021 
4·220 212 

4·226 597 
4·523 560 

4·504 i99 

4'374 328 

4·368 375 
4·346 8o6 

4·316 403 

4·304 463 

4·323 6'86 

4·196 918 

4·075 J84 

4·360 315 

4·233 136 

4·331 592 

4·'1~8 615 

4·451 638 

4·298 654 

4•140 597 

4·351 496 

4·46o 816 

4·314723 

4·488 048 

4·219 705 

4·259 595 

4·229 581 
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CONNECTICUT RIVER VALLEY-Continued. 

Mount Warner. 

North Warner. 

Amherst College, chapel. 

Dickinson. 

Mount Tom. (Borden.) 

Walnut Hill. 
(Borden.) 

Bear Mount. 
(Borden.) 

Warwick. 
(Borden.) 

Leyden and Guilford. 
(Borden.) 

Rattlesnake. 
(Bordtn.) 

Sec11ndary signal. 
(Borden.) 

Boundary Rock. 
(Borden.) 

Connecticut line, signal. 
(Borden.) 

Rattle, flag in tree. 

Wigwam. 

Dumpling. 

Fish Rock. 

White, fiag in tree. 

Station. 

Long Meadow, Congregational church spire. 

East Long Meadow, Congregation'al church spire, 

Feeding Hills, Congregational church spire. 

Feeding Hills, Methodist church spire. 

Holland's (H.) house, chimney. 

Springfield water shops, tower. 

Latitude. 

42 22 55·991 

42 22 15·291 

42 14 30•80 

42 39 o6•03 

42 35 13·62 

42 43 21·57 

42 43 55·29 

42 01 59·59 

42 02 23·04 

42 01 53·84 

42 01 55·98 

42 01 59·08 

42 06 26·00 

42 IO 35·96 

42 12 02·27 

42 03 51·49 

42 05 05·04 

42 05 51·94 

Seconds in 
metres. 

1493·1 

971'5 

950·3 
186·1 

420·3 

1661 'I 

1822·8 

8o2·2 

754'7 

I 109•5 

70·0 

1818·5 

155'5 

16o2·6 

Longitude. 

o I II 

72 34 22'124 

72 34 17'930 

72 38 55·12 

72 46 29·42 

72 24 45·10 

72 20 27·90 

72 47 57"78 

72 29 47'53 

72 34 56·24 

72 40 44'54 

72 33 50·44 

Seconds in 
metres. 

5o6·1 

410·2 

159·4 

009·5 

749'9 

179·9 

1061 '4 

659·5 

1036·2 

1326·1 

1090·5 

1293·3 

1045·6 

1024·0 

342·2 

u59·1 
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CONNECTICUT RIVER VALLEY-Continued. 

Azimuth. Back azimuth. To station. Distance. Logarithm. 

0 , ,, 0 , ,, life/res. 

9S SS 49·6 27s so 4I '3 Shingle Hill-----------------------------· IO SI7'S 4·02I 9I4 

22 IO 42·2 202 07 38·s Mount Tom. I6 s76·9 4'2I9 so2 

94 36 SS'7 274 3I 44·6 Shingle Hill------·----------------------- IO S91'5 4·024 9S8 

22 10 48·9 202 07 42·3 Mount Tom. 16 830·3 

I 
4·226 091 

354 so 26·6 174 50 45·9 Hilliard Knob ------------------------ ·--- 7 282·3 3·862 266 

98 04 10·4 277 s6 so·6 Shingle Hill. 15 074·5 4·178 243 

I 09 17'8 18I 09 09·9 Hilliard Knob---------------------------- 13 309·2 4·iz4 152 

98 31 19·2 278 22 46·4 High Ridge. I7 56o·6 4·244 539 

273 43 IJ 9J 4J IJ Mount Tom (C. & G. S.) -------~----------· 1·519 s O'I81 70 

2 05 27 182 os 02 More Hill·------------------------------- 20 779·0 4'Jl7 624 

262 JI 58 82 48 58 Mount Grace. J4 6J7'2 I 4'5J9 54J 

JJ6 49 J6 156 52 3J Packard---------------------------------· IS 20I'I I 4·181 875 

65 20 01 245 05 29 More Hill. 32 424·9 4·510 879 

39 42 05 2I9 40 J9 Mount Grace _____________ ---------------- 4 5o8·2 J 0 654 000 

305 57 45 126 15 2I Wachusett. 44 023·0 4·643 68o 

280 51 JO IOI OJ 04 M:ountGrace------------------------------ 2J 7J4'9 4'J75 388 

312 24 I6 I32 J2 S9 Bear Mount. 2J 8J6·5 4'377 242 

I03 IO 15 282 58 19 Proven Mount --------- ------------------ 25 22J'4 4·401 804 

I64 21 55 J44 I7 47 Hilliard Knob. 3I 424·6 4·497 269 

170 14 25 :3so I2 52 Dug Hill_ __________ ------------------··--- 18 857'J 
I 

4·275 479 

252 58 4J 73 o6 39 Proven Mount. 17 o82°J 4·232 546 

107 12 20 287 09 J4 Peaked :Mount------·--------------------- 5 965·5 3·775 644 

189 23 JO 9 2J 59 Hitchcock. 6 OSJ"7 3·782 023 

230 2J JO 50 26 58 Hitchcock------ ___ ----------------------- 9 26g·4 3·967 05J 

270 J5 55 go J8 54 Boundary Rock. 6 158·9 J'789 505 

117 19 00 297 15 07 McCarthy-------------------------------· 9 017'4 J'9SS o8 

IS3 58 09 74 00 s2 Peaked Mount. s 80I 0 6 J'763 SS 
I70 48 09 350 46 59 Rock Rimmon ---- __ ---------------------- I4 9I3'9 4•173 59 

JI8 05 I6 I38 08 09 Peaked Mount. 8 9I3'3 3·950 04 

13I 40 ·01 Jll 35 58 Rock Rimmon ----. ------ ----- ------------ II 085·I 4·044 74 

359 5° 24 179 50 25 Peaked Mount. I3 992·7 4'I45 90 

2J9 44 56 59 5I 01 Mount Tom. ---- ---- -~---- ---------------· 14 404·6 4·158 50 

295 46 19 IIS 58 II McCarthy. 27 075·7 4'4J2 58 

110 06 02 289 59 S5 Mount Tom ______________ ---------------- I3 J67'5 4·i26 05 

235 s6 J 2 55 s8 01 Facing Rock. I 3 668•6 ' 3·564 50 

208 20 08 28 25 04 Facing Rock·------------··-------- -- ------ 21 J22'6 4'J28 84 

250 49 JJ 70 52 40 McCarthy. 6 79I'9 I 3·831 99 ' 
90 08 46 270 01 59 Feeding Hills_----·----------------------- I3 981 ·7 i 4·14s 56 

150 22 34 J30 17 C'6 Mount Tom. 22 702·3 4'J56 07 

27 I8 57 207 18 51 Feeding Hills.-------------------------··-· 414·9 2·6I7 9J 

268. 51 09 88 58 IO McCarthy. I4 447'1 4•159 78 

45 3J 07 225 JJ OI Feeding Hills_----------------------· - - -- - 29ro .2·472 77 

. 268 I2 47 88 I9 48 McCarthy. I4 429·8 4'I59 26 

205 48.47 25 50 JI Brush·----------------------------------- 8 18.rJ 3'9I3 I4 

320 I8 I6 I40 19 IO Feeding Hills. 2 920·6 n65 47 

69 I4 56 249 IO I2 Feeding Hills.----------· ----------------- IO 407'8 4'0I7 J6 

126 28 JI 306 24 37 Brush. 9 970·3 3·998 7I 

. 
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CONNECTICUT RIVER VALLEY ""-Continued. 

Statioo. Latitude. Seconds in Longitude. Seconds in 
metres. metres. 

0 I II 0 I II 

Springfield, Florence street Methodist church spire. 42 o6 01'11 34·2 72 34 03·72 85'5 

Springfield, Hope Congregational church tower. 42 06 38·69 1193·8 72 33 55·63 1278·1 

Springfield; State Street Methodist church. 42 06 19·18 591·8 ']2 34 53"36 1226·1 

Springfield Arsenal, clock tower. 42 06 26·48 81ro 72 34 54·70 1256·8 

Springfield, South Congregational church tower. 42 06 08·04 248·1 72 35 OO'IO 2·3 

Springfield, First Baptist church spire. 42 .06 rn·88 335·7 72 35 04·19 96·3 

Springfield, North Congregational church spire. 42 06 21'77 671·7 72 35 13·45 309·0 

Springfield, court-house tower. 42 06 01 ·48 45'7 72 35 21'02 483·0 

Springfield, St. Michael's church spire. 42 o6 15·20 469·0 72 35 05·10 117"2 

Springfield, St. Joseph's Catholic church spire. 42 06 06·63 204·6 72 35 10·64 244·5 

West Springfield, Park Street Congregational church spire. 42 06 23·52 725·7 72 37 11·54 265·1 

West Springfield, First Congregational church spire. 42 06 52·18 1610•0 72 37 31·94 733·8 

Chicopee, Catholic church spire. 42 o8 40·26 1242·2 72 36 20·25 465·0 

Chicopee, town hall spire. 42 08 54·65 1686·2 72 36 25·94 595·6 

Chicopee, French Catholic church spi~e. 42 08 49·11 1515·2 72 35 34·15 784•1 

Chicopee, skating rink spire. 42 08 50·25 1550·4 72 36 36·77 844·3 

Chicopee Falls, Catholic church spire. 42 09 42·82 1321 ·2 72 34 51·06 I 17iz•2 

Chicopee Falls, Congregational church spire. 42 09 25·06 773·2 72 34 ~1'70 1186·9 

Chicopee Falls, new Baptist church spire. 42 09 26·08 Son 72 34 54·10 1242·0 

Chicopee Falls, Methodist church spire. 42 09 25•30 786•8 72 35 00·37 8·5 

Holyoke, St. Jerome's Catholic church spire. 42 12 34·10 1052·1 72 36 31·76 728·6 

Holyoke, Second Congregl!-tional church tower. 42 12 18·36 566·5 72 36 39·50 go6·2· 

Holyoke, Second Baptist church tower. 42 IZ 24·78 764·6 72 36 48·58 1114•4 
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CONNECTICUT RIVER VALLEY _;Continued. 

Azimuth. Back azimuth. To station. Distance, Logarithm. 

0 / /I 0 / // Metres. 
67 09 2s 247 04 so Feeding Hill$·-------------------·----·--- 10 229·4 4•009 ss 

126 II 46 306 08 01 Brush. 9 ss6·7 3·98o 31 

311 48 34 131 51 00 ~icCarthy -------------------------------- 6 738·0 3•828 53 

61 S4 44 241 50 04 Feeding Hills. IO 896·8 4·037 30 

301 29 II 121 32 16 McCarthy ----- -----------------·---- -----. 7 445·8 3•871 91 

61 20 01 241 15 S9 Feeding Hills. 9 443'4 3·975 13 
126 36 16 306 33 05 Brush·-----------------------------·----- 8 149·3 3·9n 12 

IS9 4S 30 339 42 49 Mount Tom. IS 928·9 4·202 19 

298 35 32 118 38 42 McCarthy -----. ------------ -------------- 7 407'5 3·869 67 
62 4S 2s 242 41 28 Feeding Hills. 9 14s·8 3·961 22 

61 59 46 241 SS s2 Feeidng Hills_---------------- ____________ 9 102•9 3·959 18 

130 10 'S7 310 07 S3 Brush. 8 277·7 3·917 91 

S9 29 28 239 25 40 Feeding Hills_-------------------·---- ____ 9 081·6 3·958 16 

160 08 06 340 06 00 Crafts. 12 623·5 4'101 18 

62 29 05 242 25 22 Feeding Hills _____ ·----------------··-- ____ 8 625·8 3·935 8o 

161 46 20 341 44 19 Crafts. 13 158·3 4·119 20 

61 II 42. 241 07 49 Feeding Hills-------------------.---------- 9 148·1 3·961 33 

129 33 38 309 30 34 Brush. 8 175'8 3·912 53 

297 2s 40 117 28 S7 McCarthy-----------------------~-·------ 7 6o1·0 3·880 87 

62 17 27 242 IJ 37 Feeding Hills. 8 910·7 3'949 91 

171 01 46 351 00 36 Mount Tom.------------------------ ____ -· 15 221·2 4·182 4S 

172 22 48 3S2 22 02 Crafts. II 922·3 4·076 36 

39 S3 23 219 SI 08 Feeding Hills_------------------------ ___ . 7 235·2 3·859 4S 

144 II s2 324 IO 26 Brush. 5 011·3 3·699 95 
99 04 06 279 OJ s2 Brush ______ ------------··---. ___ ,,_---- ____ 4 635 ·s 3·666 ro 

23s 26 36 SS 32 28 Facing Rock. 14 627·8 4·16s 18 

33 2s 33 213 22 34 Feeding Hills_---- ____ -------- __ _. ___ ------ II 177'9 4•048 36 

93 41 04 273 38 S4 Brush. 4 456·4 3·648 98 

94 38 S4 274 36 09 Brush _____ • ________ ----------· ---- ________ 5 654•7 3·752 4t 

152 29 31 332 27 40 Crafts. 8 259·6 ' 3·916 96 ; 

95 44 26 275 42 23 Brush.---~---------------------------~---
I 

4 :119•4 3·625 25 

161 SS 4S 341 54 36 Crnfts. 7 668·3 3·884 70 

79 44 58 259 41 44 
Brush. ___________________________________ 

6 732·9 3·828 20 

139 43 38 319 41 17 Crafts. 7 430·4 3·871 01 

84 23 08 264 19 SS Brush .••• -----------------------·---~~--- 6 642•6 3·822 34' 

142.23 44 322 21 24 Crafts. 7 847'8 3·894 7S 

142 34 33. 322 32 14 
Crafts ____________________________________ 7 789•1 j•891 49 

234 39 3S SS 44 30 I Facing Rock. · 12 197·2 4·086 26 

143 30 17 323 28 03 1 Crafts .•••.• •----------------------------- 7 7i6·8 3·887 44 

23S s8 02 s6 03 01 Facing Rock. 12 326·2 4·090 83 

98 44 o6 278 42 53 Crafts._._--·--·-----.------ -- ---- ---- -- _. 2 s2:z·7 3·401 86 

137 37 29 317 3S S3 Mount Tom. 4 875·3 3·688 00 

IIO 33 S9 290 32 51 Crafts. ___ •• ..: -- - • _ -- -- --- . -- -- -- ----- -- - - 2 4~3·4 3·393 29 

142 44 S7 322 43 26 Mount Tom. 5'13s·1 3·710 SS 

101 38 49 .. 2~7 37 47 Crafts-----·--------------------------~--- 2 211 ·6 3·344 71 

143 17 13 323 IS 48 Mount Tom. 4 851·::1 3·68S 85 

' -· ~ --·· 



604 UNITED STATES CO.AST .AND GEODETIC SURVEY. 

CONNECTICUT RIVER VALLEY-Continued. 

Station. Latitude. Seconds in Longitude. Seconds in 
metres. metres . 

0 I II 0 
., 

II 

Holyoke, French catholic c hurch spire. 42 II 56·88 1755·0 72 36 23·26 533·7 

Holyoke, engine house tow er. 42 12 46·50 1434·7 72 37 3r98 · 733·6 

Holyoke, First Congregatio nal church belfry. 42 12 41·16 1270·0 72 37 49·36 1132·3 

Holyoke, Windsor Hotel to wer. 42 12 23·07 711·8 72 36 22·72 521·2 

Holyoke, city hall tower. 42 12 24·32 750·4 72 36 28·10 644·6 

I 

Baptistville, First Baptist ch urch spire. 42 II 42•04 1297'1 72 37 49·05 u25·4 

East bench mark. 42 12 53·96 1664·9 72 36 10·22 234·4 

East tidal bench mark. 42 12 53·95 1664·6 72 36 10·40 238·5 

West bench mark. 42 12 44·22 1364•4 72 36 14·10 323·4 

South Hadley Falls, Cathol ic church spire. 42 13 13·03 402·0 72 36 05·58 128·0 

South Hadley Falls, Metho dist church spire. 42 13 00·92 28·4 72 35 56·42 1294 'I 

South Hadley Falls, Congre gational church spire. 42 12 58·25 1797·2 72 35 56·56 1297'3 

South Hadley Female Semi nary, observatory. 42 15 21 ·78 672·0 72 34 40·88 937"1 

South Hadley, Congregation al church spire. 42 15 31 ·59 974·7 72 34 31 ·26 716·5 

Wilbraham, Rich Hall, tow er. 42 07 2]'68 854·0 72 25 55·10 1265·6 

Wilbraham, Congregational church spire. 42 07 16•48 508·5 72 25 54·87 1260·4 

Indian Orchard church spire 42 09 32·02 . 988·0 72 30 07·04 161·6 

Indian Orchard, French Ca tholic church spire. 42 09 33·30 I027'4 72 29 59·96 1376·5 

Indian Orchard, Congregati onal church tower. 42 09 24·98 770·7 72 30 25·45 584'3 

Jenksville church tower i. 42 09 31·91 984·6 72 29 06·70 153·8 

Jenksville church tower 2. 42 09 30·19 931·5 72 28 5S·94 1353·1 

Wilson's (Foster) house tow er. 42 I2 50·94 I 571 '7 72 38 08·34 191·3 

Ludlow, Congregational chu rch spire. 42 II 30'41 938•3 . 72 27 37·86 868·7 



Azimuth. 

o I II 

119 40 28 

143 46 12 
90 01 30 

149 22 SI 

I03 Ol 32 

•SS S9 S2 

2S4 43 22 

263 I7 so 

104 s2 s2 

I39 II 47 
I6o os 32 

2S9 IO 44 

24 09 27 
128 20 16 

8S 36 s2 
128 22 27 

13I 42 4S 

196 32 S7 

7S I2 24 

I2I 42 23 
82 2I 08 

124 06 so 

83 4S 06 

I24 SS 03 
46 26 38 

74 SS 02 

4S SS II 

72 47 38 

4S 06 I4 

98 S9 09 
IOO 00 08 

I68 04 2I 

127 19 IO 

207 3I 44 

126 so 08 

206 33 I8 

II9 44 45 

209 30 18 

115 20 33 

197 26 40 

IIS I3 46 

19S SS 3i 

63 4S 50 

16o 49 44 

I8I 13 S7 

109 46 36 

REPORT FOR l,894-P ART II. 

CONNECTICUT RIVER VALLEY-Continued, 

Back azimuth. 

o I II 

299 39 09 

323 44 30 

270 00 S7 

329 21 SS 
283 01 II 

33S S9 08 

74 so OI 

83 23 44 

284 SI 37 

3I9 IO 08 

340 OS II 

79 I7 36 

204 09 IS 
308 18 2s 

26s 35 25 
308 20 36 

311 40 S7 

I6 33 00 

25S 10 S3 

30I 40 29 

262 I9 3I 

304 04 so 

263 43 29 

304 S3 03 
226 24 11 

2S4 S2 II 

22s s2 37 

252 44 41 

225 03 I9-

278 49 57 
279 so 55 
348 03 I4 

307 13 IS 

27 33 26 

3o6 44 09 

26 34 55 
299 39 26 

29 32 I3 

295 14 2I 

I7 27 4I 

295 07 29 

I5 56 27 

243 4S 42 

340 49 I2 

I 13 59 
289 39 01 

To station. 

Crafts __ ---· ____ ------··- .: __ - - - ________ ----

Mount Tom. 
Crafts ________ • _________ ------ ___________ _ 

Mount Tom. 

Crafts ______ ---- ___ • _____ ----------------_ 

Mount Tom. 

Rocle Rimmon ---------------------------· 
Facing Rock. 

Crafts-----------·------------------------
Mount Tom. 

Crafts·--·-------------------------------·-
Facing Rock. 

Holyoke, city hall------------~-----------
Mount Tom. 

Crafts---- __ ·-----·----------·-----·---'--· 
Mount Tom. 

Mount Tom_-------------------- ·--- ------
East bench mark. 

Crafts·----------------------------------· 
Mount Tom. 

Crafts ·----- ---- ------------------ ---- ----
Mount Torn. 

Crafts----------·--·----------------------
Mount Tom. 

Crafts------------------------------------
Mount Torn. 

Crafts.---·------·------------------------
Mount Tom. 

McCarthy --------------------------------
Brush. 

Brush------------------------------------
Facing Rock. 

Mount Tom.------------------------------
Facing Rock. 

MountTom·------------------------·-----
Facing Rock. 

Crafts·----------------------------·------
Facin Rock. 

Crafts.-----------------------------------
Facing Rock. 

Crafts·--·-----·--------------------------
Facing Rock. 

Crafts-----·------------------------·-----
Mount Tom. 

Facing Rock·-------------------·---------
Mount Tom. 

Distance. 

llfdns. 
3 094·0 

5 889·0 

I I I2"I 

3 740·3 

732·3 

3 703•4 

14 109•8 
12 186•8 

2 666•9 

s I56·6 

2 11s·8 

14 338·7 
I 002·3 

4 8I8·8 

2 992·I 

4 8IS"4 

4 943·7 

313·s 

3 200•7 

4 567"1 

3 333·7 

4 947·0 

3 22o·s 

4 991·0 

6 949·8 

6 03s·6 

7 3I9"0 

6 33I "7 

8 so4·7 
I9 166·8 

19 228·7 

II 112·2 

IS 222•6 

7 s44·8 

IS 327·8 

7 436·0 

12 549·3 

7 937·8 

14 054·3 
7 0I6°2 

14 238•4 

7 OI5'8 

310•0 

3 262·1 

3 037•7 

16 499•9 

605 

Logarithm. 

3·490 52 

3·770 04 

3·046 16 

3·572 91 
2•864 70 

3·568 6o 

4·149 s2 

4•08s 89 

. 3·426 00 

3·712 36 

3·32s 48 

4·156 51 

3·000 98 

3•682 94 

3"47S 97 
3•682 63 

3·694 05 
2·496 2I 

3·so5 25 

3·659 64 

3·522 93 

3·694 34 

3"S2I 2I 

j·698 19 

3·841 97 

3·780 72 

3•864 4S 
3·801 52 

3·929 66 

4·282 SS 

4·283 9S 

4·045 So 

4·I82 49 

3•877 6S 

4•185 48 

3•871 34 
4·098 62 

3·899 70 

4•147 81 

3·846 IO 

4 "IS3 46 

3·846 o8 

2·491 32 

3'Sl3 so 

3•482 54 
4·217 48 
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COJSQQTIC"CJ'.1.' :aIV!l:S V .ALLl:Y-Con~inu.ed . 

.. .... 

Station. Latitude. Seconds in Longitude. Seconds in 
metres. metres. 

i 
0 I II 0 I II 

Ludww, Methodist c}\urch tower. 42 II 29·10 897·9 72 27 09·72 :z23·0 

Pal~eJ', Uni~ersalist church spire. 42 09 28·o6 865·8 72 19 35·91 824·4 

Thrc;e Rivers, F~ench Catholic church spire. 42 I I 0072 22·;i 72 21 21·30 488•8 

Gra~ ~ C1>ngregation11l <;b.utch spire. 4.a 15 2:r81 705'6 72 31 04·12 94'4 

BelcJu:n.own, high school tower. 42 I~ 37'90 1169•4 72 24 11·95 273·8 

Belcbe~_own, Baptist c:hurc;h tower. 42 ~6 40·81 1259·2 72 24 o4·66 1o6·8 

Belch~t1PWn, First Congrega.tional church tower. 42 ~6 4~·6S 1316•9 72 24 05·98 IJ7'0 

Belcli.erto.wn, MethodiJt church tower. 42 16 42·u 1299·6 '/2 24 10·26 235·1 

East H:i.mpt.on, Williston mill tower. 42 16 :zr69 854·4 72 39 33·42 765"9 

East H~pton, Metho.dist church tower. 42 16 15·79 487·:2 n 40 22·28 5l0'6 

East tte.IDJltOn, Williston Semin~, gymnasium tower. 42 16 13·85 427·4 72 40 16·00 366·7 

East li~mptc:m, first Congregational church seire. 42 16 20·74 639·9 72 40 17·24 395·1 

East H!Pnp.ton, Payso11 Cong_regat,ional church spire. 42 16 12'.02 370·9 72 40 22·78 522·0 

' 
East. ~ll~pt.on town hall, tower. 42 16 16·66 514•-I 72 4p 21·85 500·7 

East 1JeJI1pton, Willis.ton, Knight & Co's chimney. 42 16 00·90 27·8 72 40 11·40 2p1·3 

West. Rampton, .Congtesational ·church spire. 42 18 16·57 511 •3 72 46 32·39 74•'9 

NorUlaDlpio11, F\rst Co~egational chun:h spire. 42 19 09·25 285·4 72 37 53·14 1216·9 

Northampto11, s,cond Congregational church spire. 42 19 04·62 142·6 7~ .\8 04·32 98·9 

North~iµpton, Catholi,c. <;hur.cli tower. 42 19 38·61 1191·3_ 72 38 02·98 68·2 

Northllmpton, Iu,natic asy1qm tower. 42 18 52·16 1609·4 7.:z 38 51·00 J 168·0 

N ortbamptoti, Methodist c)111r.ch spire. 42 19 10·72 330·8 7.2 37 59'58 J364·3 

Nortli.amptoJJ, Episcopal church spire. 4~ 19 16·38 505·4 72 37 42·57 974·8 

NortpamptoP, Round Hm, flagstaff. 
1885. 

42 19 ~7"51 849·4 72 38 ~2·38 5 J:Z'4 

. --·-· ··-··· ·--· 
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CONNECTICUT RIVER V.ALLEY.,....Qontinued. 

Azimuth. Back azimuth. To station. Distance. Logarithm. 

0 I II 0 I II Mdns. 
109 10 42 289 02 49 Mount Tom __ ----------------------------- 17 121 ·8 4·233 SS 

169 19 S4 349 19 37 Facing Rock. 3 131·s 3"49S 7S 

s 23 32 18S 22 S8 Peaked Mount ------·-------------- ___ ·---- 12 3o6·9 4•090 IS 

14S 33 27 32s 32 s2 Dumpling. 2 109•8 3·324 24 

312 22 s8 u2 23 34 Dumpling ---- -------- -------- ---- ------ __ l 6S9"4 3·219 95 

131 31 4S JI! 28 18 Rock Rimmon. 9 42s·8 3·974 32 

3~Q 4S 31 130 47 52 Facing Rock·---------·------· _______ ----· 6 331·8 3·8o1 53 

4S 22 21 225 16 3S Brush. 16 631·1 4·220 92 

79 07 04 2s8 S7 10 Mount Tom.------·--- -- --- ----- ---------· 20 618·6 4·314 26 

130 06 s8 310 00 II North Warner. 18 126·8 4·2s8 32 

69 51 12 249 41 38 Crafts._---· ____ ·----· ______ ---- ------ ---· 20 909-S 4·320 3S 

37 s6 33 217 S4 S6 Rock Rimmon. s 385"3 3·731 21 

7& 47 27 258 37 29 Mount Tom·-·-------------------·----·-· 20 78o·7 4·317 66 

136 49 58 316 4S IS Amherst College chapel. 14 079·9 4•148 6o 

78 47 04 ~8 37 08 Mouni Tom_-------------------- ·---.-- -- -- 20 681 ·4 4·31s 58 

137 IO JO 317 os 40 Amherst College chapel. 14 02s·2 4·146 91 

227 II 24 47 17 os Alllhetst College chapel_ ________ .-----,-----· IS 796• l 4•198 SS 

346 17 23 166 17 49 Mount Tom. 3 712·4 3·s69 66 

214 12 44 34 16 46 
Mount Warner ____________________________ 14 6s4·1 4·16s 96 

328 18 27 14!S 19 26 Mount Tom. 3 806·9 3·s80 S7 

228. 22 26 48 28 36 Amherst College chapel-------------------- 16 8os·8 4·22s 46 

329 43 44 149 44 38 Mount Tom. 3 681·4 3·s66 01 

2l4 10 30 34 14 29 Mount Warner __ ·------------------- ------ 14463·1 4·16o 26 

330 s6 39 lSO S7 34 Mount Tom. 3 879"9 3·s88 82 

213 S9 41 34 03 44 Mo.unt Warner---------------------------· 14 757"1 4·169 00 

327 12 S7 147 13 s6 Mount Tom. 3 714·6 3·569 91 

214 14 23 l4 1.8 25 Mount Warner------~--------------------- 14 626·s 4·165 14 . 

328 38 47 148 39 4S Mount Tom. 3 824·6 3·582 59 

212 2s 41 3.2 29 36. Mount Warner---------------------------- 14 901·:.r. 4·1;3 22 

327 48 01 147 48 52 Mount Tom. 3 285·1 3·516 SS 

303 34 o6 t2J 39 14 Mou,nt Tom ------------------------------ 12 583·5 4·099 8o 

308 19 17 128 36 49 Peaked Mount. 45 910·3 4·661 91 

144 18 16 324 15 30 Shingle Hill·--·------------·-------------- 9 65r2 3·984 85 

215 31 06 3S 33 28 Mount Warner. 8 309·4 3·919 S7 

216 21 12 36 23 4Z Mount Warner._------ -- ------------------ 8 S75"3 3·933 25 

7 50 24 187 49 50 Mount Tom. 8 s28·1 3·930 85 ' 

:i~ 46 46 4,0 49 15 Mo.unt Warner---------------------------- 7 73S"7 3·888 so 

142 03 10 322 00 31 Shingle Hill. 8 796·7 3•944 32 

239 24 52 59 30 05 Amherst College chapel_ ____________________ 12 333·4 4 ·091 08 

0 39 28 180 39 25 Mount Tom. 8 o64'7 3•906 S9 

144 51 SS 3~ 49 J4 Shingie Hill -- ------------------------.-- -- 9 534·5 3;979 30 

238 s2 18 s8 S6 56 Amherst College chapel. II 029·4 4·042 SS 

14.2. 22 22 32¥ 19 i9 Shingle Hill ... ------------··--------------- 9 62s·o 3•983 40 

21s 01 27 3S 03 42 Mount Warner. 7 290·1 3·902 SS 

22_1 33 38 41 36 ~o Mount Warner __________ _: _________________ 8 285·0 3·918 "31 

242 30 SI 62 3S 44 Amherst College chapel. II 23o·s 4·oso 40 



608 UNITED STATES COAST AND GEODETIC SURVEY. 

CONNECTICUT RIVER VALLEY-Continued. 

Station. Latitude. Seconds in Longitude. Seconds in 
metres. metres. 

0 I ,, 0 I II 

Nonotu:k Hotel~ tower. 42 16 47·86 1476·7 72 37 15·19 348·1 

. 
Connecticut River Lumber Company's chimney. 42 17 29·65 914·8 72 37 14·30 327·6 

Mount Holyoke Hotel, flagstaff. 42 18 02'12 65·4 72 35 17'62 . 403·6 

South Amherst, Monson's barn cupola. 42 20 36·78 1134·9 72 30 24·64 564·0 

South Amherst church spire. 42 20 25·45 78S'J 72 JO 13·94 319·1 

Smith's (Edwin) barn cupola. 42 20 56·34 1738·4 72 33 10·66 244·0 

Hadley, First Congregational church spire. 42 20 30·88 952·8 72 35 20·81 476·4 

Hadley, Sei:ond Congregational church spire. 42 20 33·90 1046·0 72 35 47·72 1092·3 

New Braintree, Congregational church spire. 42 19 01·16 35·8 72 07 35·90 822·1 

Florence, engine house tower. 42 20 04·52 139·5 72 40 19·43 444·8 

Florence, Catholic church spire. 42 19 56·78 1752·0 72 40 07·03 16o·9 

Florence, Congregational church spire. 42 19 54·16 1671 ·1 72 40 30·00 686·8 

Florence, schoolhouse tower. 42 19 51·98 16o3·8 72 40 33·41 764·9 

Florence, Methodist church spire. 42 20 07'18 221 ·5 72 40 25·22 577·4 

Florence, Cosmian Hall, clock tower. 42 20 09·26 285·7 72 40 26·55 oor8 

. Florence Manufacturing Company's mill, tower. 42 19 53·57 1652·9 72 40 44•64 1022'0 

Hatfield, Congregational church spire. 42 22 13·68 422·1 72 35 50·97 1166·2 

Hatfield, Smith Academy, tower. 42 22 15·68 483·8 72 35 44·70 1022·8 

North Hadley, Congregational c;hurch spire. · 42 23 19·71 6o8·2 72 34 52·02 1189·9 

Haydensville, Catholic church spire. 42 22 22·87 705·7 72 41 53·70 1228·6 

Haydensville, Congregational church spire. 42 21 15·34 473·3 72 41 39·08 894·4 

Amherst College Hall. 42 22 22'02 679·4 72 31 14·42 329·9 

Amher5t, Williston Hall, tower. 42 22 17'76 548·0 72 31 06·59 150·8 
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CONNECTICUT RIVER VALLEY-Continued. 

Azimuth. 

O I II 

15I 57 I6 

I99 35 25 

201 49 39 

223 37 30 

I37 IO 32 

I88 IO 44 

I26 47 27 

I62 I9 52 

I27 SI I8 

I60 I8 3I 

IIO 36 02 

I54 41 24 

I20 I7 45 

I97 33 25 
I2l 36 46 

205 15 25 

30 38 05 

7I 49 I9 

I59 32 42 

252 15 01 

236 06 48 

350 41 06 

237 24 20 

347 41 26 

347 10 50 

163 12 19 

160 23 43 

239 03 37 

16o 27 36 

253 03 30 

345 50 28 

165 II I4 

242 12 25 

131 07 17 

147 51 26 

241 52 50 

135 49 00 

236 09 06 

175 57 26 

344 17 34 

192 17 42 

343 I3 55 

36 00 30 

IOO 44 44 

6 2I 56 

IOI 56 49 

Back azimuth. 

o I II 

33I 54 05 

I9 37 21 

21 5 I 35 

43 41 37 

3I7 o6 02 

8 II 21 

3o6 44 47 

342 I9 24 

307 48 3I 

340 I7 55 

290 30 06 

334 40 36 

300 13 16 

17 34 04 

30I 32 36 

25 16 23 

210 29 27 

25I 36 37 

339 3I 35 

72 21 13 

56 10 40 

170 41 54 

57 28 28 

167 42 30 

167 II 56 

343 II 21 

340 22 40 

59 07 41 

340 26 34 

73 09 47 

165 51 42 

345 IO 24 

62 13 25 

311 02 23 

327 48 37 

61 53 46 

315 45 36 

56 12 05 

355-57 22 

I64 19 34 

12 18 52 

163 15 45 

215 55 20 

280 42 38 

186 21 56 

281 54 37 

S. Ex. 8, pt. 2-39 

To station. 

Shingle Hill ____ -- - - _ ------------- ---- ----
Mount \\'arner. 
Mount \Ynrner ____ ---· ------ _ ·- __________ _ 

Amherst College chapel. 
Shingle Hill ______ -- -- -- -- - - -- -- -- _______ _ 

Mount Warner. 

Mount Warner __ ---------------------- ___ _ 

Amherst College chapel. 

Mount Warner----------------------------

Amherst College chapel. 

Shingle Hill-----------------------------

Mount Warner. 

Shingle Hill----------------------- -----

.Mount Warner. 

Shingle Hill ____ -··------------------------

Mount Warner. 
Peaked Mount_ - ----- -·----- - --- ___________ _ 

Rock Rimmon. 

Shingle Hill----------------·--------- ___ _ 
Amherst College chapel. 

Mount \Varner-----·------·----.---------

Mount Tom. 

~ount \\'arner ----------------------------

Mount Tom. 

Mount Tom_ .. ----·----------------- ----- -

Shingle Hill. 
Shingle Hill-----------------------------

Mount \Varner. 

Shingle Hill--------------·-··------------

Amherst College chapel. 

Mount Tom_---· -- - - ------ ---- ---- -- -- ----

Shingle Hill. 

Mount Warner -- .. ---- ------------ · -- . ----

High Ridge. 

Mount ·Esther - . - ---- ----- -- -- -- -- ---- - ----

Mount Warner. 
Mount Esther _____ ------------------------

Dickinson. 

Shingle Hill ---·· ---- ---- ---------- -- -----

Mount Tom. 

Mount Esther_ ... -· -------· -------------

Mount Tom. 

Mount Tom_------------------------· - ----

Mount Warner. 
Amherst College chapel_ _____ - -----· -------·· 

Mount Warner. 

Distan~e. 

Mdres. 
13 829·9 
I I 808·6 

IO 596·2 

12 181·8 

13 522·3 

8 923·8 

6 784·1 

3 190·1 

7 190·8 

3 599·6 

12 922·3 

3 824·8 

IO 56o·9 

4 450·3 

9 984·8 

4 589·0 

34 764·8 

27 346·4 

6 548·2 

13 272·7 

9 504·7 

10 192·5 

9 989·6 

IO 211 "5 

IO I62·7 

6 813·0 

6 425·8 

9 685 ·o 

6 354·9 

I3 384·7 

IO 270·7 

6 695·8 

2 297·6 

13 215 ·4 

10 735·0 

2 I4I ·9 

9 92I·8 

7 304·5 

I 870·9 

I5 I29"3 

II 207·0 

13 035 ·3 

I7 963·9 

4 370·8 

76·6 

4 572·3 

609 

Logarithm. 

4'I40 82 

4·072 20 

4·025 I5 

4·085 7I 

4·13I 04 

3·950 55 

3·83I 49 

3·503 80 

3·856 78 

3·556 26 

4"1II 34 

3·582 6I 

4·023 70 

3·648 39 

3·999 34 
3·66I 72 

4·541 14 

4·436 90 

3·8I6 12 

4·12296 

3·977 94 
4·008 28 

3·999 55 

4·009 09 

4·007 01 

3·833 34 

3·807 93 

3·986 10 

3•8o3 II 

4·I2661 

4'0II 6o 

3'825 So 

3·361 28 

4·121 08 

4·030 8o 

3·330 8o 

3·996 59 

3·863 59 

3·272 04 

4·179 82 

4·049 49 

4 ·us 12 

4·254 40 

3·640 56 

1·884 29 

3·660 I3 



610 UNITED WfATES COAST AND GEODETIC SURVEY. 

CONNECTICUT RIVER VALLEY-Continued. 

Station. Latitude. Seconds in Longitude. Seconds m 
metres. metres. 

0 , ,, 0 , ,, 
Amherst, Walker Hall, tower. 42 22 18·21 561 ·9 72 31 02·82 64·5 

Amherst, Episcopal church spire. 42 22 2976 918·2 72 31 09·06 207·3 

Amherst, Congregational church spire. 42 22 32·07 989·5 72 31 oo·6o 13'7 

Amherst Agricultural College, drill hall tower. 42 23 17'06 526·4 72 31 43·56 996·4 

Amherst Agricultural College, flagstaff. 42 23 21·69 669·3 72 31 42·64 975·4 

Amherst Agricultural College, belfry. 42 23 26·31 811·8 72 31 46·50 I063·6 

Amherst, Lawrence Observatory. 42 22 17·06 526·4 72 31 10'05 229·9 

Amherst City, Methodist church tower. 42 24 50·34 1553'2 72 30 32·79 749'7 

Pelham church spire. 42 23 32·30 996·6 72 24 17'34 396·6 

North Amherst, Congregational church spire. 42 24 36·74 u33·6 72 31 52·29 1195·7 

Dickinson's (Charles R.) barn cupola. 42 25 23·87 736·5 72 31 49·77 u37·8 
! 
i 

Deacon Elihu's barn tower. 42 26 06·46 199'3 72 35 22·8o 521·1 

Whately, Congregational church spire. 42 26 17·07 5267 72 38 07'34 167'8 

Conway township, southeast comer. 42 27 30·25 933·4 72 39 28·34 647·5 

Chestnut Hill. 42 24 34·29 I058·0 72 39 40·12 917·4 

Battlecock. 42 23 02·75 84·8 72 46 25·47 582·7 

Leverett, Congregational church spire. 42 27 07·8o 240·7 72 30 o6·90 157'7 

Sunderland, school.house tower. 42 28 02·32 71·6 72 34 44·74 1022'1 

Sunderland, Congregational church spire. 42 27 57'91 1786·9 72 34 49·70 l 135:4 

Mount Toby. 42 •29 16·32 503·6 - 72 32 16°28 371·8 

Shutesbury, Congregational church spire. 42 27 u·85 365·6 72 24 37'34 853·2 

Shutesbury, Baptist church. 42 27 10'31 318·1 72 24 36·46 833·1 

Shutesbury house, chimney. 4Z 27 42·20 1302·1 72 24 41·61 950·7 



REPORT FOR 1894-P ART II. 611 

CONNECTICUT RIVER VALLEY-Continued, 

i 

Azimuth. Back azimuth. To station. Distance. 
i 

Logarithm. 

0 I II 0 I II Metres, 
IOI 33 34 28I 3I J9 Mount Warner-----------·--------··------- 4 653·9 3·667 82 

I87 53 3° 7 53 54 Dickinson. 6 020·6 3·779 64 

353 51 42 J73 5J 43 Amherst College chapel_ ______ ---- ______ ---- 449'J 2·652 32 

97 25 58 277 23 48 Mount \Varner. 4 454·0 3·648 75 

J5 43 02 J95 42 58 Amherst College chapel_---------------- ____ 537·7 2·730 54 

96 J5 J4 276 J2 58 Mount Warner. 4 637·6 3·666 29 

3J 2J 50 211 J7 00 Mount Tom_---- _____ .·-------------------- I9 008·2 4·278 94 

79 35 20 259 33 36 North \Varner. 3 590·7 3·555 J8 

338 16 30 J58 J6 54 Amherst College chapel_ ____________________ 2 205·6 3 '343 52 

77 25 42 257 23 57 North \Varner. 3 6397 3·561 07 

337 33 55 J57 34 22 AmheM College chapel_ ___________ , ________ 2 370·8 3·374 89 

74 53 59 254 52 J7 North Warner. 3 587'9 3·554 84 

105 37 40 285 35 34 North Warner. ______ · ___ ----- ---- -------- 4 463'J 3·649 64 

J89 23 J8 9 23 47 Dickinscn. 6 080·8 3·783 96 

55 36 00 235 33 28 North Warner_---------------------------- 6 242•J 3"795 33 
186 J8 04 6 18 08 Dickinson. I 277'1 3'J06 24 

50 20 48 230 JO 58 Mount Tom ____ --- ---· --- ---------------- 26 137"3 4"4J7 26 

85 23 33 265 J6 47 North \Varner. J3 784·I 4"J39 38 

27 24 42 207 19 58 Mount Tom ______ ------------------------- 21 053·8 4·323 33 

105 32 45 285 25 10 High Rirl~e. 15 995·2 4·203 99 

36 36 34 216 34 54 North Warner .. - __ . ___ . ___ --------- _______ 5 68J"j 3·754 6o 

262 56 42 82 57 38 Dickinson. I 914·5 3·282 06 

61 00 49 240 56 22 Shingle Hill ___ . ____ -------- ---------- --- IO 372'7 4·015 89 

107 35 36 287 32 33 Mount Esther. 6 516·3 3·814 00 

277 33 55 97 39 05 Dickinson---------------------------· ____ IO 624·0 4·026 29 

319 45 54 J39 48 29 North Warner. 8 J24'7 3·909 81 

3J9 59 JO J40 02 39 North \Vaniu .... ------------------- ------ JI 044·3 4 ·043 I4 

44 09 32 224 09 14 Mount Esther. 862·5 2·935 78 

55 31 54 235 30 20 Shingle Hill------------------------------ 3 866·2 3·587 28 

132 39 07 312 36 48 High Ridge. 6 416·2 3·8o7 28 

264 00 39 84 03 38 Shingle Hill ----- _____ ------ ---------- ____ 6 118·0 3·786 61 

326 48 44 146 53 48 Mount Tom. 18 865·6 4·275 67 

36 28 33 216 25 44 North Warner ___ . ___ ---- - -- --- ---- ---- __ -- 9 659·6 3·984 96 

88 48 5~ 268 40 10 High Ridge. I7 821"7 4·250 95 

356 17 JO ·J76 J7 28 North Warner __ . ___ -------. -------------- 9 472·0 3·976 44 

79 47 5J 259 42 J2 HLh Ridge. 11 653·1 4·066 44 

355 32 J9 175 32 40 North \Varner •• ----_----- --- ---- ---------- 9 344·2 3·970 54 

78 05 46 258 02 20 Mount Esther. 7 J2J 'l 3·852 55 

13 20 26 193 19 04 North Warner_ --------------·------------ 12 060·4 4·08J 36 

69 39 19 249 34 10 Mount E'ther. · II 170·7 4·048 08 

73 36 47 253 25 04 Shin,;le !Iill ------. ----- ---- •. __ ---- .. ---- 24 846•2 4'395 26 

89 56 46 269 46 27 Mount Esther. 20 96o·4 4•321 40 

73 43 54 253 32 11 Shingle Hill __ ···-----------··---··---------- 24 853·1 4'395 38 

90 04 36 269 54 J6 Mqµnt Esther. 20 980·2 4 ·321 81 

56 13 19 236 06 50 North Warner._ -- ... --------- -------- 15 86J ·3 4·200 34 

71 29 35 251 J7 55 Shingle Hill. 25 034·6 4•398 54 



612 UNITED STATES COAST AND GEODETIC SURVEY. 

CONNECTICUT RIVER VALLEY-Continued. 

I 

Station. Latitude. Seconds in I · Longitude. I Seconds in 
metres. metres. 

I 
I 

0 I II 0 I II 

Boyden's (Colonel) barn cupola. 42 28 58·00 1789·6 72 36 51"15 1168·3 

South Deerfield, Congregational church spire. 42 28 44"71 1379·6 72 36 27'16 620·4 

Sugarloaf Hotel, south chimney. 42 28 13·00 401·1 72 35 32·98 753"4 

Sugarloaf Hotel, north chimney. 42 28 13·30 410·4 72 35 33·08 755·7 

MASSACHUSETTS, NEW YORK, AND CONNECTICUT BOUNDARY. 

Saddle Mount. 42 38 14·125 435·8 73 09 58·908 1342·1 
(Borden.) 

Becket. 42 18 06·712 207'1 73 08 46·817 1072·3 
(Borden.) 

Alander Mount. 42 05 15·057 464·6 73 30 18·725 430·4 
(Borden.) 

Seymore Hill. 42 03 27·856 859·5 73 06 14·729 338·7 
(Borden.) 

Jackson Hill. 
(Borden.) 

42 10 20·198 623·2 73 oo 5o·w9 1150·1 

Spruce Hlll. 42 40 12·597 388·7 73 04 09·889 225·2 
(Borden.) 

Berlin Mount, N. Y. 42 41 31·596 974·9 73 17 10·504 239·1 
(Borden.) 

Clarksburg. 42 44 03·571 110·2 73 09 33'739 767·5 
(Borden.) 

Haines, N. \". 41 54 37'741 1164·5 73 34 08·072 186·0 

-- ·~ •' 

Prospect Hill, Conn. 41 58 45·109 1391 ·8 73 23 06·278 144·5 

Northwest corner of llfassachusetts. 42 44 45·25 1396·3 73 15 54·17 1232·1 
(Borden.) 

Williamstown, Congregational church. 42 42 48·76 1504·6 73 12 36·94. 840·6 
(Borden.) 1837. 

Washington, spire. 42 21 57'78 1782·7 73 08 39·78 910·2 
1874-1876. 

Connecticut line. 42 02 58·78 1813·6 73 29 42·92 

I 
986·9 

(Borden.) 

Southwest corner of Massachusetts. 42 02 59·61 1839·2 73 31 18·72 430·4 
(Borden.) 

Brace Mount monument, N. Y. 42 02 39·91 1231 ·4 73 29 34·88 802·4 

Iron Bolt. 42 02 58·&, 1810·2 73 29 42·62 980·1 

Ryant Bush. 42 03 04·05 125·0 73 28 56·63 1302·3 



Azimuth. 

0 I I/ 

51 34 43 
66 l I 14 

344 38 12 

58 25 02 

350 02 31 

76 59 25 

44 40 ll 

76 56 24 

244 23 09·6 

301 16 03·2 

124 33 50·2 

212 37 01 '2 

254 51 24·0 

231 06 28·0 

100 21 u·6 

172 40 46·2 

77 27 05·2 

142 49 56·9 

354 30 28·6 

65 20 16·3 

277 44 10·6 

301 45 19'7 
314 00 24•4 

3 02 39·1 

278 25 49·1 

207 49 42·6 

311 46 39·1 

63 27 59'2 

278 25 05 
0

326 08 30 

292 36 43 

69 05 53 

107 31 58 

176 33 56 

168 55 36 

221 28 19 

198 15 36 

270 39 05 

308 58 39 

22 56 37 

310 35 IO 

21 35 58 

314 42 34 

24 41 02 

REPORT FOR 1894-P ART II. 

CONN.ECTICUT RIVER VALLEY-Continued. 

Back azimuth. To station. Distance. 

0 I II /lfetres. 
231 32 39 Mount Esther ____ ·--------------------·--- 5 351 ·4 

246 07 00 High Ridge. ! 9 378·4 

164 39 39 Korth 'Warner .. ------------------------ ___ J II 158·1 

238 22 42 Mount Esther. 5 565 '.7 
170 03 22 Korth Warner_-----------------· ·--·- ---- 9 930·7 

256 54 19 High Ridge. lO 639·5 

224 35 50 Shingle If ill -------- ---- ---- ·--· ---- __ ---- 12 571·6 

256 51 18 High Ridge. IO 639·5 

MaSSACHTJSETTS, NEW YORK, AND CONNECTICUT BOUNDARY. 

64 34 50·2 

121 31 33·9 

304 24 22·9 

32 41 24·2 

74 54 18·0 

51 20 55·7 

280 07 57'9 

352 39 04·1 

257 IO 12°8 

32.Z 44 36·5 

174 31 45·3 

245 16 19·8 

97 52 59·8 
121 50 12·2 

134 04 04·0 

183 02 22·0 

.98 39 37·2 

27 55 09·8 

131 53 05·5 

243 20 36·9 

98 29 23 

146 12 31 

112 42 27 

249 02 48 

287 22 25 

356 33 03 

348 55 12 

41 30 49 
18 16 16 

90 40 09 

129 02 59 

201,53 35 

130 39 35 

201 33 00 

134 46 28 

204 37 34 

Jilson ____ -· ______ ------------ _ ----· __ ----

More Hill. 

Perry Peak ______ -----·-------------···---· 
French Hill. 

Bald Peak--------------------------------
Becket. 

Bald Peak _____ ---- __ ----- --------- ------

Becket. 

Bald Peak·-----------------------------·· 
Becket. 

French Hi!L __ ------ ---- ---- ---- ---- __ -- - -
Saddle Mount (Borden). 
Spruce Hill__------- ______________ ---- ___ _ 

Saddle Mount (Borden). 
Spruce Hill _______ ---- ____ ~ _________ -----. 

Saddle Mount (Borden). 

Ivy ____ ------·--------------------------
Bald Peak. 

IvY-----------·---------------··----·----
Haines. 

Clarksburg_·----- ---------------
Saddle Mount (Borden). 

Spruce Hill.------·--.------··-------------
Berlin Mount. 

Perry Peak.-----------------------------· 
Grey lock. 

I 

Alander Mount_ _____ -- ---- ---- ---- - --- ____ , 

Bald Peak. / 
Alandcr Mount_ _____________ --------------i. 
Connecticut line. I 

Prospect Hill------·----------------------/ 
Haines. ! 
Prospect Hill·--- ----------···----·-------[ 
Haines. [ 

Prospect Hill--------------------··-------
Haines. 

26 068·6 

36 786·1 

23 375·2 

16 555·7 
6 180·0 

38 019·9 

27 665·0 

27 340·2 

35 522·1 

18073·9 

27 096·2 

8 750·1 

17 939·2 

II 564•5 

IO 253·1 

10798·1 

28 911·1 

24 067'6 

17 884·7 

17 047'9 

8 748·3 

14 527·9 

12 507'8 

6 666·1 

20 355·8 

30 179'4 

4 284·5 

1 765 ·s 
4 401·0 

2 203·3 

II 508·2 

16 151·5 

12 015·5 

16 619·8 

11 349·8 

17 188·3 

613 

Logarithm. 

3·728 47 

3·972 13 

4·o47 59 

3·745 52 

3·996 98 

4·026 92 

4·099 39 
4·026 92 

4·416 117 

4·565 684 

4·368 755 

4·218 949 

3·790991 

4•580 OII 

4·441 930 

4·436 801 

4·550 499 

4·257 051 

4·432 908 

3·942 012 

4·253 802 

4·063 128 

4·010 854 

4·033 346 

4·461 065 

4·381 432 

4·252 482 

4 ·231 672 

3·941 92 

4·162 20 

4·097 18 

3·823 87 

4·308 69 

4·479 71 

3·631·90 

3·890 17 

3·643 55 

3·343 08 

4·061 01 

4·208 21 

4·079 74 

4·220 63 

4·054 99 

4·235 23 



614 UNITED STA.TES COAST .AND GEODETIC SURVEY. · 

MASSACHUSETTS, NEW YORK, AND CONNECTICUT BOUNDARY-Continued. 

Station. Latitude, Seconds in Longitude. Seconds in 
metres. metres. 

0 I II 0 I II 

Ball Peak (or Mount Riga), Conn. 42 00 43·33 1336·9 73 27 57"84 1330·8 

Comer stone, N. Y. 42 02 58·38 1801·2 73 29 15·96 367·0 

Pittsfield, First Congregational church. 42 26 56·1 1731·1 73 15 og·6 219·3 
(Borden.) 

- -----



REPOHT FOR 1894-PART II. 615 

MASSACHUSETTS, NEW YORK, A~ CONNECTICUT BOUNDARY-Continued. 

Azimuth. I Dack azimuth. To station. Distance. Logarithm. 

0 I II 0 I II Metres. 
298 29 53 u8 33 08 Prospect Hill _____________________________ 1 63r8 3·882 97 

37 07 10 217 03 03 Haines. 14 139·4 4·150 43 

37 22 17 217 22 04 Brace Mount, monument_ ___________________ 717·0 2·855 53 

336 39 53 156 40 45 Ball Peak. 4 537"5 3·656 82 

73 35 ·4 253 30·2 Perry Peak_---- __ -------------- ____ ---- - 10 944 4·039 16 

198 41·5 18 45·0 Saddle Mount (Borden). 
' 

22 090 4·344 19 
; 

0 



11 



(J. S. Coast cm.<l Ge<>detic Sur,,. t. /Or 189~ _ Part 11. Avoendix 10. 

11°55' so' 45' 40' 35' 71°30' 25' 20· 15' 10' 05' 71" oo' 55' 50' 

1· 1--- l I- I .. I 

43·10· 

os·~ 

u·ooL-
1 

i ssl-
1 
I 

' _/.~ 

!"~·(

! 

A 

-~-

U.S.COAST AND GEODETIC SURVEY 

1894 

+ + SKETCH SHOWING TRIANGULATION IN 

NORTH EASTERN MASSACHUSETTS 
+ 

+ + 

""°""~/in=,obsen'ed irL both diredi.on.s 
~ ~ di.rtt1imt, 

+ 

+ 

State bowub:iry lines 
prin.cipaL ot/iust.ed. •ta.tion.s 
su.bordin.abe wuu!justLd na.W>ns 

+ 

------------------

_L--~~ 
.------i 

-------~------

+ + 

1843-'90 

INCLUDING 

STATE SURVEY BYS.BORDEN 

1832.138 

AND CONNECTION WITH ADJACENT STATES 

Scale i5o'.ooo 

Statute.Miles 

• • • • • • 7 • • 
.Kilometzee 

101lf:J466'78&H>1112:'3l I 

+ + + 

~ 

II + + + 

\ 
\ 
\ 

+ + + 
/ 

/ // 

" 

---P 

\ 
\ 

-r\ 
\ 

--'!-

~,../ 
~~~ 
~~ .-

---

~ 

~
/ 

\ 

~ 
'" + 

\\ 

\ 
\\ 

""· ... ... 

+ 

+ 

+ 

+ 

" '"-...."... 

,.s·1- + + + I + / + + II + \\ 

I 
! 

\\ 
\ 

- ___ -\1-·· --
\\ 

i / --r - - - - - - - .::::: ..... ,..:; ... ,,.,,,.,,./£ .. ,,,,/£ I / --~------ ------- '\ \ 
i - - - - - - - - - - - - - ,i - •. ~-- \ \' 

' --:;-:-~-~ - - - - - _,/_ - - - - ---'-"""!!!! - - - - - - - - \ 
w•;:::.____ / / • - - - - - - - -\- - - - - ""'\ 
~~ ------ I / \ 
I ~ --1------- \ 

- I 

~ 

+ 

-~---~ 
+ 

+ 

+ 

~':,"'~ 
I '•. -............. , 

+ + 

--------~------~-~------ ---------------------~ ~c;;;;;;,;- -

+ 

\ 

+ 

+ 

_,,/\. 

., .. , ••.• ~~·,., "p 

~~----

\ 

\ 
I 
\ 

~ 

~~ 

----------~~----

\+\ 
\\ \ 

\ \ 
\ \ 

\ \,.~~ 
\ /, .. 'fj -···-..-"'-'-- ' .. ~ 

I I 1111 
' /;;/ 
\ ;/ I 

I \ /; I 
I I I 

.------~ 

/ 

~ 

45' 

I 

// 

+ 

+ 

40' 

~AGAMCNt1cus 

I 

~ 

+ 

\ 
~\ \ 
" '~ \ \ 
,~' 

-----:::__-.._~ I .• 
~-:-:::--..._ 

~"':.~ 

! 
I 

I 

i 

I 
I 
! 

./ 
I 

_j_/ 
1/ 

+ 

\ 
\/ 

\/ 
' r·\ "... I 

I i \\ 
~ 

./.:::::::. :: . ~ 

10•35' 

.+ 

+ 

\f + 

+ 

+ 

' T 

.No.11 

l 
I 

~43·10' 

os' 

~]LAa·oo' 

i ••. 1 

I 

~ 50' 

_j !-t5' 

I 

i 

I 
\ 

i 
' i 



----------------

/ 

/ 
,/ 

/ 

-----

T 

+-

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

I 
I 
I 

' I 
I 

- --------- ----g--- .. ----- -- ---- -- -~- - --

0 ----------·-·-----· ----·-·--- ~------- -

' \ 
\ 

\ 
\ 

+ 

. . . .. . 
-- ~ : • i 
: ~~ 

~ ' "i 

~ 

/ I ! 
. r' --- i r 1--,_ 

r ,r 

I ' I 

I 
1 I I I I I 
r I / 
I I I 
I I I ' I I 
II ' i 

I ; 

II 
\-+ 
\ ' 

I 
I 

'\ 
'\ 

\ " 
' I 

' ' '. \ 

I ' 
I 
' 

i. 
1; 

I! ,./ 
. r 

- / : 
', ' 

II , . 

\ 

' ' ' 
' 

' " 

/ 
I 

/ 
/ 

' 
/: 

I I 

\ 

/ 
I 

+ 

' 
' 

\ 
1, 

+ 

'N 

" -----, 
I 

+ 

+ 

+ 

-~ 

\t 

II 
I 

/ 
I 

• 

--. 

I 
I 

I 
/ 

I 
/ 

/ 
/I 

\ 

I 
I 

I 

--------:'-.,, ________ ---,}---------------- --- .. 

M ~ 

" " 

" 

+ 

' \ ~ . 
\ ' 

' 

\-t--
\~ 

! 
./ 

I 

I 

I 
I 

I 
I 
I 

_U / 

-11 / 
// 

} 
//j 

+ 

+ 

/ 

il' ', 

" ' o r 

~ 

' I 

\ 

" 

" 

+ 

__ i__ 
I 

+ 

/ 

\ 
r I 

_I t 

/ 
I 

/ 
I 

I 

I 

·-----

./I 
/ I, 

_J 
f -- . - --.. 

/ 

-
' 

---r-

' ~ : 

~ -------------rr=--1-- ~ -. ~ 

/ 

' ' 

/ 
I 

I 

/ -f-

\ 

---

I 
I 
r. 

/! 

--

I 
I + 

/ 

I 

_.· + 

/ 
/ 

": 

/ 

/ 

\ 
£ l 

I 
I 

' 

~t 

0 

" 

I 
I 

-+\ -~ \ 

I 

+I ~ 

' '' ,, 
I. 
I\ 

' 

'1 
I 

I -L'°) I --r· rO , 
I r: i 

'1 
I 

\ 
I 

--------- - -----------------~----------------- ------------------------------ ---

_ 1 I 

s 
-~ 

.. l 



12 
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