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TREASURY DEPARTMENT, 
OFFICE OF THE SECRETARY, 

I~.’~s/’z i)zgtO>l, 16, ZQOI. 
SIK: It affords iiie pleasure to approve the publication of the discussion of the 

Eastern Oblique Arc of the United States, herewith presented to the public. 
It appears that the value of this arc to geodesy is very great, but that the results 

are only incidental to the inimecliate piirposes for which the triangulation vas macle. 
’ The results, however, could not have been obtained ‘if the general plan of the Coast 
Survey hac1 been less systrniatic or comprehensive. Thus, in applied science, as well as 
i i i  many other things. the far-sighted wisdom of our earlier statesmen, who pave clirec- 
tioii to our beloved cou.iitry’s policies. has borne fruit. 

Respectfully I 

L. J. GAGE. SFc*rcfm:ii. 
Mr. 0. H. TITTMANN, 

s z t j ~ ~ i j ~ t L - ~ z d c 2 z t  const n)za ~ ~ ~ d r c i r  S W T V ~ ~ .  I ~ ’ n s ~ i l t g t c ~ ~ ~ ,  D. c. 
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LETTER OF SUBMITTAL. 

TREASURY DEPARTMENT, 
OFFICE OF THE COAST AND GEODETIC SURVEY, 

I~'icshi)igfo~z. D. C.. ]zlbi r6, r9or. 
SIR: I have the honor to submit to you for publication the matiu.script of Special 

Publication No. 7, giving the results of the completed nieasurenients of the Eastern 
Oblique Arc of the United States. 

This is the second of the publications intended to give the results of the principal 
arc measurements made by this Service, aiid like the first,. wliicli relates to the Trans- 
continental Arc of the Thirty-ninth Parallel, it was prepared by Assistant Charles A. 
Schott. wli0.se knowledge, mature experience, and ability fittecl him especially for the task. 

The Eastern Oblique Arc, though treated separately, intersects the Traiiscontinental 
Arc, and the two triangulations have several lines in 'conitiion. The former estends 
from the Bay of Fundy to the Gulf of Mesico, and parallels the Appalachian niountain 
system, while the latter crosses the axes of the great mountain systems of this country, 
and extends from the Atlantic to the Pacific Ocean. 

I Invaluable as the Transcoiitiiieiital Arc is as  a contribution to geodesy and the 
geography of our country, it does not in itself contain the data for determining the figure 
of tlie earth. 

The Oblique Arc, however, contains within itself all that is necessary for deterininiiig 
the dimensions of a spheroid which corresponds most nearly with the esisting geoid 
within the area covered by triangulation. I t  is unique in that it is the first one which 
utilizes on a grand scale n xiieasurenieiit oblique to the meridian. The peculiar power 
of an oblique arc for determining the compression of the earth was pointed out by Tobias 
Mayer (,1733--1762). but the first practical application of such an arc to geodesy was 
macle by Bessel. This was before the introduction of telegraphic longitudes had made . 

it possible to utilize such an arc to its fullest estent. 
The results of previous discussio~is of parts of this arc led to the abancloiimeiit by 

this Survey. in ISSO, of Bessel's spheroid of reference and the adoption of Clarke's (:of 
rS661, and the final cliscussioii of the complete arc here presented sustains the grounds 
on which the change from one spheroid to the other was made. 

Taken in coiiiiectioii with the Transcontinental Arc of the Thirty-ninth Parallel, 
this discussion has enabled the Survey to decide upon the retention of the Clarke's 
spheroid aiid to adopt geographic coordinates for the whole' extent' of this country 
based on a uniform system. Further information as to these standard coordinates for 
geographic purposes, which differ slightly from those here published in connection 
with the Eastern Oblique Arc treated independently of other triangulations, will be 
published in due time. 

Very respectfully, 
0. H. TITTYANN. Szrpriiiifmdmf. 

The SECRETARY O F  THE TREASURY. 
7 
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'THE EASI'ERN OBLIQUE ARC. OF THE UNI'I'ED STATES, FROM MAINE 'I'O 
IAOUISIANA. Is.,;-IYQs. . C  

INTRODUCTION. 

The general course of this inclined arc is iiidicated in the title. and is shown 011 a 
projection with ellipticil outline :I: facing Part IV of this publication. The triangulation 
upoii mliich it is based begins at Calais. Maine, 011 the St. Crois River, opposite the 
Canadian boundary, in latitude 45' I I' og'"4? and in longitude 67' 16' 57'"g west of 
Green~vicli, and, folloiviiig the trend of the Appalachian chain of mountains. reaches 
the Gulf coast at I)anpliin Islancl, near Mobile Bay, and teriiiinates at New Orleans, 
Louisiana, in latitude igo 57' q'"-+* and in longitude goo 04' q'"4 west of Greenwich. 

The geodetic line covers 25' 30' 57", and its total length is. 2 612.5 kilometers, or 
I 623'2 statute miles, with an azimuth of 37' 30"7 at Calais atid of 223' -1"s at New 
Orleans, as counted froin south around by west. Its estremes cliffer 1 5 O  13' 45'"o in 
latitude and azo  47' W . 5  in longitude. and in its course it traverses sixteen States. f 

Near the middle of the arc the triangulatioii crosses the thirty-ninth parallel, and 
for soiiie distance in Maryland and Virginia the same triangulation is usecl in discussing 
the oblique arc as was einployed in the cliscussioii of the arc of the thirty-ninth 
parallel, mi iiiiportaiit feature, as  will appear in  tlir following pages. 

Looking at tlie gradual clevelopiiieiit of this arc, extending over two-thirds of a 
century, it can be seen that in its liistorical aspect it is readily divisible into several 
well-clefinrcl groups, and as a whole it will appear that its esistence iiiust be ascribed to 
necessity rather than to any preconceived idea of iiieasiiririg such an oblique arc. 

Previous to the iiiventioii of the telegraphic niethod of determining differences of 
longitude, first eniployed i n  October. I Q G .  by the U. S. Coast Survey, in deterniining 
the differeiice of longitude between Washington and Philadelphia, and up to a somewhat 
later epoch, when the great accuracy of the niethod had been fully demonstrated, oblique 
arcs as well as flrcsof h e  parallel-were held in small esteem by geodesists, for the reason 
that tlie earlier methods did not determine differences of longitude with a degree of 
accuracy comparable with that obtained in observatioiis for latitude. Consec~uently 
their attention was alniost exclusively confined in practice to the measlire of niericlional 
arcs from which to deduce the earth's magnitude. Compared with an arc of the 
parallel, an arc i~iclinecl to the ineridiaii is less favorably conditioned for discussing the 
figure of the earth on account of the greater effect of any uncertainty in <he measure of 

* A  Lambert equivalent zetiitlial projection exteoded o\-er a planisphere. tSee Map A (ill pocketj. 
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2 0  THE EASTERN OBLIQUE ARC. 

azimuths, and greater accuracy is deniaiided in the latter case than is required when 
the arcs follow a iiieriilian or parallel. 

Oblique arcs shonlcl 110 longer be regarded with any special disfavor, and while 
they entail very much more labor, coniparatively, when they are .utilized in deterniin- 
ing the figure of the earth, they are well adapted, when'of sufficient estent. for the 
deterinination of an osculating spheroid for the region covered b y  them. ,The esisteiice 
of the arc discussed in this pul~licatioii is the result of the necessity for a main triangnla- 
tion binding together the detached surveys, of the harbors on the Atlantic coast and 
forniiiig a base upon which all siilm-clinate trianpnlatioii along the coaSt coulcl be brought 
into accord. 

The iiiiniecliate object of the iiiaiii triangulation was thus to secure uniformity aiicl 
systematic treatment for both the astronomic and geodetic measures in the preparation 
of the geographic position of the trigonometric stations. This was a leacling idea from 
the beginning of the Survey ~inder its first Superintendent, and when fully developecl 
resulted iii the work iiiider discussion. 

There ,could be no doubt of tlie iiecessity of firnily binding together in this way the 
siiiall tertiary triaiigulatioii and traverse iiieasures along the coast which wind. unbroken, 
following the indeiitatioiis of the coast, from the Canadian bounclary to Cape Florida 
aiid thence into the Gulf of Mexico, following the coast to the Mesicari boundary. 

The iiieasureruent of the oblique arc was thus identical with the progress of the 
ordinary operations of tlie Snrvey in this portion of the country. 

The first period, covering. the years 1Sj3  to 1S44, witnessed the esecutiun of the 
work from central Loilg Islaiid. New Yor$. to the head-waters of Chesapeake Bay, 
uuiting 011 the way tlie surveys at New York, New Uork, aiid Philadelphia. Pennsyl- 
vania, aiicl this work was nearly all conipletecl wider Superintenclrnt Hassler. 

During the second period Superintendent Bache, pursuing the saiiie general plan , 
had the work carried froiii Rhode Island to the Canadian boundary, at Calais, Maine, on 
the St. Crois Ricer, and this work was coinpleted in 1S5g. 

In 1565 the branch primary triangulation across the State of Coiitiecticut, connect- 
ing the niaiii scheme with some older work in this region, was completed. This period 
clo.sec1 iii IS7 I: when the Potomac River was reached and crossed. 

' In the third period, covering tlie years 1S73-1S77, the work was estended to the 
Atlanta base. in Georgia. 

Tlie fourtli period begins in 1S85 and extends to IS~S, and cluriiig this time the 
work was extended to Mobile, Alabama. 

The triangulatioii hetweeii Mobile and New Orleans, Louisiana, was dolie between 
1S4h and  IS^+ 

While tlie field work. as completed, appargiitly covers a very long period, the first 
measures dating back to the year 1533 and the last measures being macle in rSgS, as has 
been stated, this interval contained niaiiy years when no work was done upon this arc. 
The slow rate of progrkss was thus only apparent. as it depended upon and was subor- 
dinate to the orclinary requirements of the Survey on this part of the coast, and of the 
general operations of which it \vas only an incidental feature. 

Part I deals inainly with the base lines aiicl Part I1 with the intervening triangu- 
lation. 

The astronoiiiic determinations of latitude, longitude, and azimuths are numerous 
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atid well distributed over the whole arc. There are available. for the cdiiputatioii and 
coniparisoii of geodetic aiid astronomic positions. results at 7 I latitude stations, at  17 
longitude, aiid at 55 azimuth stations. , The latitiides depend aliiiost exclusively 011 

obsercatioiis with zenith telescopes. arid the ioiigitudes on telegraphic traiisiiiissioii of 
time. The azimuths depend iipori a variety of methods. using the pole star most 
frequently. Abstracts of the incliviilual and final results of tlie astroiiomic iiieasures 
are presented in Part I11 of this publication. The  clistrihution of the astronomic 
stations over tlie region covered by the arc is shown oii Map B (in pocket ),  aiicl the 
two maps A nncl B have tlie saine scale as the siniilar niaps accoiiipaiiyiiig U. S. Coast 
and Geodetic Siirvey Special Publicatioii No. + containing the discussion of the trans- 
contiiieiital arc of the parallel in latitude .jg" N. 

Part IV coiitaiiis the coniparisoii of the geodetic and astronomic iiieasiires and the 
detenniiiaiion of an osculating spheroid for the region covered by the arc. 

Preliminary piil>licatioii of tlie greater portion of this arc has already been made in 
the followiiig reports of the Survey: Report for iS6.5. Appeiiclis No. 21, pp. rS7-203, 
" Resiilts of the primary 'triaiigulatioii of the coast of New England from the iiortli- 
easterii Imoaiidarg to the vicinity of New York;" Report for rS66, Appendis No. S, 
pp. 49-54, " Report on the geodetic coiiiiection of the primary base lines in New York 
and Maryland, their degree of accordance aiid accuracy of the primary triaiigulatioii 
intervening, with the resulting angles and distances :IS filially adjusted. " aiicl Keport for 
I S ~ S ,  Appendis No. S ,  pp. 92-120. "On the acljustment of the primary triangulation 
l,et\veen tlie Kent Islaiid aiid tlie Atlanta base lines. " These reports contaiii also 
more or less coiiiplete accounts of the six base lines located in the arc. 

Other refereiicrs \\7ill be given in their proper place. The prese~it pLiblication is 
coiiiplete iii itself. atid while no important facts or statements are omitted, much simpli- 
ficatioii has been effected by referring to the piiblicatioii above ~iientioiiecl. covering .the 
transcontinental arc of the parallel, the sane  general treatiiieiit and method of reduction 
of the triangulation lia&ig been etnployecl in rGducing that arc as is used iii the 
following discussion of the oblique arc. 
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THE BASE LINES AA1\TI) BASE NETS. 

A. GENERAL REMARKS. 

The unit of length is the same as that used from the begiiiiiiiig of the Survey until 
I S S ~ ,  viz, an ,iron liar. I meter long, standardized at  Paris .in 1799 and brought to this 
country by Mr. F. R. Hassler in 1So5. Its use was discontinued after the receipt of the 
ne117 prototype platiiium meters in November. rSS9. This meter, kiio\iw on the Survey 
as the Committee Meter, is an end nieasure and is represented by an iron bar with square 
end surfaces, now slightly defaced by corrosion and perhaps by use. I t  will suffice to 
refer the reader to the full account given of this meter in Part I of the “Tran.scoi~ti- 
tleiital Triangulation mid the American Arc of the Parallel ” across the United States iu 
the vicinity of latitude 39”, pul>lishecl by the Coast aiid Geodetic Survey in 1900. In 
tliat publication, after some historical notes, the results of the numerous coniparisons, 
direct’ aiicl indirect, 1)). clifferelit observers, I y  different iiiethocls and at different times, 
are completely set forth, and .the filial conclusion is reacheci tliat this Ilar at oo C. repre- 
sents so nearly the’length of the prototype meter that no reliable value of the difference 
can be stated. The weighted mean of all coinparisoils gave the result r”’+o--?~c+o*hp, 
arid ill all compiitatioiis depencling upon this standard it has ljeeii taken as eqnal in 
length to the prototype meter with a probable error of about three-quarters of a niicron. 

There are six base lilies irregularly distributed along the arc. and they are described 
in the order of location, beginning in the estreiiie northeast and ending on the Gulf 
coast. For each line all needful inforinntion is given in connection therewith, such as 
positioii, physical features, elevation above sea level, apparatus used for the measure, 
iiaiiie of observer. computation of length and filial result, with its probable error. 

A sketch of each base net is presented, and it i s  followed by the abstracts of horizon- 
tal directions, observed atid adjusted, for each station forming part of the net. These 
abstracts contain the following information: County and ‘State, date of measure, instru- 
ment used a i d  observer’s name, and also, in the first colmnn, the iiuniber of each direc- 
tion. These numbers. when in parentheses, indicate the corresponding corrections as 
given by the net acljusttiient. In the great majority of cases d i l ~ ~ - f i o n  theodolites were 
employed. aiid for these Bessel’s method * of reduction at the station was used. When 
1rprt7iiug tlieodolites were usecl the station acljustment followecI the ordinary methocl t of 
combination witli the introduction of relative weights. Below the abstracts of directions 
resulting from station adjustinelit there is given the prolxhle error of a single observa- 

. . .. . . . . . . . ~- 
*See ’y.  W. Wright’s “Treatise on the Adjustinriit of Obsen*atioris.” Xew Tork, IS%. pp. 315-p. 
t Ihid.. p. 13y mid foll.; also p. 217 ani1 fall. 
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A'=h +Ah 
a'= 1x +An+ I800 

~ 

*When special weights are introduced for the several directions at a station. they are deduced froin the roiigh 

expression of the square of the probableerror giveii b? c V = - ~  where [xx] represents the diagonal coefficieiit cf 

the direction ill the normal equation. 

@'qq .+A= ' 

J [=I 

also h=s  cos cy. B.. 



EPPING BASE. VIEW OF LINE AS GRADED FOR MEASUREMENT. 



EPPlNG BASE. PLACING APPARATUS OVER A MARK. 



27 BASE LINES AND BASE NETS. 

B. THE BASE LINES OF THE EASTERN OBLIQUE ARC, THEIR MEAS- 
UREMENT, RESULTING LENGTH, PROBABLE ERROR, 

.4ND ADJUSTMENT OF BASE NETS. 

I .  THE BPPING BASE LINE AND BASE NET, 3IAIWE, 1857 

Lomfioir , mmio-c i i r c i i f ,  mid )-twdti)zg k q g f h  thr Eppi~iy bnsc k i i i t y ,  AAzi~t . ,  1857.. 

The site of this base is 011 Epping Plains, near Cherryfield, Wasliingtoii County, 
Maine. A recoiinaissance of the locality was niade in 1Y53, aiid the iueas~ireiiient of 
the base followed in July and August, I Y57, under the iinmediate direction of Superin- 
tendent A. D. Bache. The Annual Report for 1S65. Appendis No. 31, pages ~Yg-~gr ,  
contains a full account 'of the nieasiire arid of the result. I t  will therefore suffice to 
present here only tlie'salient p i n t s  of tlie operation. 

The nieasure was niade with the Bache- Wiirdeniaiin contact-level compensating 
apparatus, and is the sisth primary line where this apparatus \vas eniployecl, the Dau- 
phin Island Imse, Alabama, being the first, an account of which isgiven further 011 (,q. v. j .  
The apparatus is fully described with illustrations in Coast Survey Report for 1S54, 
Appendis No. 35, atid reprinted in Coast Survey Report for 1873~' Appendis No. I 1. 

The essential part of the apparatus consists of two G-meter bars, one of brass and one of 
iron, placed parallel to each other, one being above the other and firnily connected at 
one end. At tlie opposite or free end is the lever of compensation, so proportioned in its 
arms with respect to tlie actual and differential esp,ansion and contraction with changes 
of temperature that the end of the apparatus remains at a constant distance from the 
opposite end. The spirit-level contact piece tertiiiiiates in an agate, ground to .a knife 
edge, whereas the agate at the opposite presents a slightly coiives surface. The appa- 
ratus was standardized by ineaiis of a standard 6-meter iron bar, the length of which 
was determined at different times in terms of tlie Coniniittee Meter. 

i h e  length of this base is about S.72 kilometers (,or 5.42 statute miles,), its midclIe 
point is ill latitude 44' q Y ' S  aiicl in loiigitiicle 67O 53'01, with a mean azimuth of 106' 
54'. Much labor had to be spent preparing the grouiid for tlie measlire by leveling it, 
removing bowlders, and overcoining other obstacles, tlie handling of the apparatus 
cleniaucli~ig a wide and fairly smooth roadway. The  average height of the tubes almve 
the mean tide level of the,Atlantic was 76'45 meters. The 6-meter base bars or tubes 
mere conipared with the staridarcl 6-meter bar just before and immediately. after the base 
nieasure. Taking the length of the latter aiicl its coefficient of espansion as deterniinecl in 
rS6o and published by Assistant J. E. Hilgard in Coast Survey Report for 1861, Appendis 
No. 26, viz, 5-999 941 meters. and 0.000 or I 54 for the centigrade scale, the following 

results for the lengtli of the tubes were obtained: Three .sets of z j  coinparisons, niade 
with Saston's reflecting comparator* (311 J ~ l y  16th a i d  17th. gave tube No. I shorter than 
the standard (:at rSo.3C. ) I 3m'~divisions of the coniparator and tube No. 2 shorter I 0SY-7 

f1'0 f 2.2  

m 

z t 2  f 4  

~ 

* The iiistriinieiit is kiiowii as Saxtoil's pyrometer. aiid i t is  described i i i  detail, with illiistrations. in the Report of 
'the Sii]>eriiiteiideiit of Weights and Measures for 1956, aiid the Report of the saiiie biireau for I& contaiiis. on page 249. 
a general description of it. t h e  tiirii of the screw equal?; 357'1 I scale divisions and one scaledivision equals 1'36 iiiicroxs. 
The head is divided into 100 divisioiis. 
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divisions: again, after the base measure. on August 6th and 7th. froni 4 sets of 27  com- 
parisons, tube No. I shorter than the standard (at 2 I "'oC. ') I 41 I 'S divisioiis and froni 

4 sets of '3 coiiiparisoiis tube No. 2 shorter I .  195.3 divisions. Having regard to the 

weights. the above comparisons give the. values for length of tubes, 

f 3'3 

f2'9 

for No. I = ,  5 . 9 9 ~  459 o iiieters.:k 

for No. a.  5'999 750 6 meters. 
f . 4 9  

f 4 9  

Although the comparisons of the tubes with the standard bar were made with rising and 
falling temperatures. there remained an iiiicertainty respecting the indication of the 
theriiioiiieters iii air giving the temperature of the metallic bar even within !i O .  Further, 
sonie ak~wance had to be Inade for ally defect in the niechanical compensation, for yJCJS- 

sible error iii making contacts and transfers to tlie ground, and for other snlall uiicertain- 
ties in connection with the base measure. and this was arbitrarily fixed as f 9.7 p. The 
probable error of the length of a tube during the tiieasiire was taken as ,/( 4.9 ): + ( 9.7 ) e  

= f ~ o ' g  E.( ,  hence that for the whole length = I 455 ?.. 10.9 = o~o15S"'. ~vhich 
equals rB+r;aa part of tlie length. In this case, as in that of the other bases of this arc, 
escept the Atlanta base. tlie siitg/c measure fails to provide proper ineaiis for a iiiorr 
relial>le value of .the probable error of tlie length. We have for the length of the Epping 
base : 

I 453 talJes of iiieaii length. 
One @lid tube. No. I .  

Correction for inclination of tuhes. 

Reduction to half-tide level of ocean. 

S 711""4262 
+5'9594 
--2*So40 

-0'104~ 
Defect o f  last  tube at East Base, + 1.42 jo 

Resulting length of bast.. s 715""9J21 A O'"'OI5s 

And its logaritlini, s.g40~1434 f r ~ o c ~ x o 7 9  

Thc ki/iii!/ bnsc ? i ~ t  tllltl! iz.szrlts c?' its ntjtjrtstiizt-it f. 

As sliowii on the following sketch, this iirt of triangles is inclucled within the 
primary quadrilateral Humpback. Mount Desert, Howard, and Cooper, and involves 6 
geodetic. points. The figure is a very strong one and cleiiiaiids that 35 geometric coii- 
ditivns be satisfied. The reduction uf this base net is complicated on acconiit of the 
employment of hotli direction and repeating theodolites, five of the stations having been 
occupied with the latter instruments. 

An account of the adjustment of this base iiet is con .ainecl in Coast Survey Report for 
1S64, Appendis No. 14. and iiiay be referred to for particulars; the results are here 
transcribed, except that the notation has beqi chaiiged for one more convenient. 111 
connection with the station abstracts there is added a colwiin containing the approsi- 

* Coinparing these values with the corresponding values of r Q 7  (Dauphiii Islarid base) aiid of 1S72-75 (Atlanta 
base). i t  will be see11 that the leiigtlis are not invariable. hut it should be noted that one of the agates of tulx I was acci- 
deritnlly broken i n  iS55. mid after the new agate was siibstituted the tube was foulid to be o a o  iuillimeter shorter than 
before. 
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mate value of the probable error of a resnlting clirection, clepending on the formula 

E 2 =  In case of repetitions the prob- 

ahIe error will depend upon the cornparisori of a resultirig angle with each of its 
20 nieasures (each of 3 repetitions direct and 3 repetitions reversed') from which an 
average and approsimate value'of the probable error of a siiigkt- ineasiire of .an angle 
and of a clirection has been derived, as well as the probable error of a )-csii/fi)ig clirec- 

0'455 83= in case of direction observations. 
1 s (diag. coeff'tj 

No. 2 
tion. We haoe approsimately 
from the 20 nieasiires of each 
angle the probable error of a 
single observation of an angle 

L'L = O'S45 . "hence 

the probable error of a single 
observation (3  D. a t k  3 R.) of a 
clirection e, = cL IJZ, also ap- 
prosimately for a resulting 
direction E~ = t * , / J z Y  "lie last 
coluriin of the abstracts con- 
tains the final adjusted direc- 
tions, tlie first direction having 
agairi Ixen inacle zero by sub- 
tracting tlie correction to the 
initial direction from each of 
tlie corrections to the other 
directions, as given in the 
pricecling column. t 

In tlie adjustment of the 
base net special weights were 
assigned to tlie directions, as 
esplaiiiecl at length in Coast 
Survey Report for 1564. If 

[v 
.J;z ( 9 8 - 1 1 )  

we deduce the probable error of a direction froni the closing errors in tlie'suiii of the 
angles of the 46 triangles, we find from the sui i i  of the squares of these errors the tilean 

closing error of a triangle = ='* I " . o ~ ,  hence the probable error of a direc- 

tioii = 0'674 X I '091 \/6 = f o'"30. 
On the other hand, the'average value of the probable error of observation of the 

I 16 directions in the net is about f o'"24, whence the triangle conibination error 
= J(0.30)'- (0 .34 ' )~  = f o " ' r 7  (:nearly:), and the square of this was aclaed as a 

co)rsfmr.( to each of the previously deduced squares of the observing errors. We then 

have 6' = E,'+ aiicl the weight to any direction fi =-!- The values of f i  thiis have 
€=. 

' 46 

*The half bracket indicates suiii of similar quantities. dinregarcling their signs. 
tThe iiieaii of the .I value.; of PI derived from a single nieasuti ID. and R.) with the i sm theodolite is r 1'1'aq 

ana 'he triesii of the s values of E, derived from a single measure I.*. aiicl jR.) with the a c n l  repeating theodolite is 
f i"'i6, or oiie tneasure with the firstiiistriiment is almut equal in accuracy to three with the latter. 
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smaller range than they 'would have had without the additioii of the constant; still 
the masimum weight is to the minimum weight as 5.4. to I .  The effect of the intro- 
duction of weights is small in cases like the present, a base net of great complesity 
and fair measures. 

There was 110 special necessity for a reduction of the horizontar measures to sea 
level on account' of the elevation of the signals sighted. The following table gives the 
approximate heights of the ground at. the stations: . 

S 
g 
IO 

11 

12 

Meters. 
Epping East Base, 77'6 
Epping West Base, 72'9 
Burke, 129'5 
Tunk. 350'5 
Pigeon, 9.5 '9 
Humpback, 45 I 
Mount Desert. 464'9 
Howard. S2'0 

Cooper, 224 

Epping East Base 0 00 00'00 Zko-rg O'OOO m-tm 

Pigeon 6.r 55 as.30 0 ' 2 0  +0'951 Og.251 

Burke 89 03 11-75 0 ' 2 5  --0'322 I1 3 2 s  

Tunk 13s 04 57-OS 0'23 -0'122 56.958 
Humpback 217 36 jS.06 0'24 $0'551 3S.611 

The largest reduction for latitude 45' and (r  = 4.5' ( nearly that of the line Epping 
East Base to hlount Desertj would amount to only 0''.025, a correction so sinal1 that it 
iiiay be neglected. 

Adsfroils ~ z f  )-csidtinZ Iiorizo~rfd cfil-ecfions ohst-ra-d aiio' ndjiisttd 17f  stirtio)is/orini)I~r fhe base w t ,  

Eppimg Easf Bast. Washington County. Maine. 

,OF* .C-^ 
1 L9-7 v-l VJ y.  

September 17 to Septetnber 19. ISSg. 25L"' repeat- 
ing theodolite No. 43. C. 0. Buitelle. observer. Telescope 14 meters above ground. 

N O .  of 
direc- 
tions. 

1 

2 

3 
4 
5 
6 

7 

Objects observed. 

Mount Desert 
Burke 
Tunk 
Epping West Base 
Humpback 
Howard 
Pigeon 

Resulting direc- 
tions from station 

adjustment. 

0 )  / I  

0 m rn.M 

'3 34 42.40 
39 21 25-46 
65 1 1  55-30 
92 52 56-31 
235 22 32-46 
329 07 59:So 

h p p ro x i - 
iuateproh- 
able errors. 

I I  

*c! -1; 

0 -2s 

o '27 
o -31 
o '28 
0 '25 

o '29 

Corrections 
from base 
uet adjust- 

iuent. 

!I 

-0 '556 
+ I '03.5 
-0 '476 
-0 '157 
-0 .SS' 
-0 -87s 

Final 
seconds 
in triaii- 
golation. 

I /  

wvw ^^ .--- 
41 
26 '495 
54 '824 
56 '1.53 
31 'b7S 
58 -922 



No. of 
direc- 
tions. 

Objects ohservetl. 

0 I / I  I ,  

13 Huriiyback 0 M W3'ix:l +0*32 

14 Epping West Rase 35 so 5s.63 0'36 
15 Cooper 62 44 36.70 9-33 

17 Howard 105 30 16'64 0.33 

19 Mount Desert 236 q 1 3 % ~  "-34 

~6 Epping East Rase 75 10 31.4s o-- 35 

IS Pigeon 176 58 si.3~1 0'34 

20 Tunk 315 37 52'99 0'34 
Probableerror o f  a single obsrrvatioii (3D.  and SA'. ) o f  a direction. cI = f. o".54. 

ailjirsted. i 4. 

21 

22 

23 
"4 
25 
26 

Ykrtk.  Haiicock County, Maine. 
C. 0. Boutelle. observer. 

Octoher 27 to October 31. 1S59. 25s'u repeating theodolite No. 43. 

0 I I /  I ,  / I  

Huiiipliack 
Eppiiig West Base 
Eppiiig East Base 
Burke 
Pigeon 
Mount Desert 
Saunders 

Prolmble errnr of a single observation (3D. and 3 R. of a clirectioii. e*r = & 1"*37. Number of angles 
i d j u s k d ,  12.  

Piqcoi~, \Vasliington County, 
C. 0. Boutelle, obseryer. 

27 

2s 

' 29 
30 
3' 
32 

33 

Rlount Desert 
Saunders 
Tunk 
Burke 

1 Huiiiphack 
Epping West Base 
Epping East Base 
Howard 

Maine. October 19 to 25, 

0 

0 

45 
74 
9" 
92 
104 
123 

I 76 

rS5g. 25- 

/ / I  

00 00'00 

00 12'99 
19 02% 

I:! $3.14 
09 19.50 
56 400'61 

57 37'17 
41 31.69 

repeating 

// 

f.0'27 

. 0.29 
0'27 
0.25 
0'36 
0.26 
0-27 
0.25 

theodolite 

/ I  

O'OOU 

-0'326 

+0'177 
-0.03; 

+I .4s2 

+0'303 
$0'536 

Probable error of a single observation (319.  and j R .  ) of a direction, cl = & I / / . I I .  Nutnberof angles 
adjusted', 14. 



NU. of 
direc- 
lioiie. 

Objects observed. 

Coupe' 
.lziniuth Mark 
Ho\var,l 
Ep,.iiig East Rase 
Eppiiig West Base 
Pigeon 
Burke 
T L I I I ~  
Mourit Desert 
Ragged M~ou~itaiii 
Saululers 
Mount Harris 

Corrections 
from hase 
iiet adjii+ 

iiieiit. 
r r  

. . . . .  

. . . . .  
+0.605 
+o. 1 . 5  

+O.OS4 
-0'2.23 

f n ~ ~ 9 3  
to.779 

-0'0% 

. . . . .  

. . . . .  

. . . . .  

Final 

iii triaii- 
yulatiuii. 

SeCQIldS 

/ I  

r n ' r m  

40.403 
46'990 
ro'Sj6 
4S.135 
56576 

25.195 
I I '551 
5 I Ti56 
. . . . . .  
. . . . . .  
. . . . .  

Number of  positions of circ1e.V. 

JA?!/it/ D:.sr.l-l, Hmcwk Coality. 31yi:ip. 

ProhaMe error of a single observation of a direction, L', = f u".gr. 

:y"' ,.lirwtim t!ieoi'o!ite Angnst 14 to October I:. 1x56. 
No. T. A. n. liaclie arid G. 117. Dean, observers. 

Isle au Haut 
Ragged Mountaiii 
Mount Harris 
Sauriclers 
Xxiniutli Mark 

Hutlipback 

Tullk 

Burke 

Cooper 

Eppiiig East Base 

Howa ril 

Pigeon 

I f  

t O ' l 4 1  

0' I os 
i l '  121 

0.103 
0.95 
0'07s 

0.107 

0.14s 

0 ' 1  15 

0.132 

0.132 

0'110 

r r  

. . . . .  

. . . . .  

..... 

. . . . .  
O'OlXI 

+0*206 

- 0'299 

+0.06S 

-0'062 

+0.756 

t-0.390 

I r  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  
. . . . . .  
oli'Ocw3 

24'9j.2 

49'1S5 

34'346 

26'420 

47.22s 

49'35Y 

Nuriiber o f  positions of circle,V. Prolxable error of a single observation of a direction, e', = f o".S6. 



No. of 
direc- 
tiims. 

55 

56 

57 

5S 

49 
so 
51 
52 

53 
54 

Ilo\van-l 

Mouiit Desert 

Rurke 

Ilutiipliack 

Olijects observed. 

Pigeon 
Mount Desert 
Rurke 
Eppiiig East Rase 
Humpback 
Cooper 
Aziniuth Mark 

D 

0 

I 

22 

33 
57 

I os 
113 

Trescott Rock !73 43 51'973 0.191 . . . . . . . . . .  
Grand Maiiaii rSg 3S 45.543 0'161 . . . . . . . . . .  

Nuniber Of positioiis of circle, V. Probable error o f  a single observation of a direction, i, =C I '"19. 

75"" direction tlieollolite CLW/WI; \Vasliingtoii County, Maine. :ingust 30 to September 16, 1859. 
No. I .  A. D. Bache and G. W. Dean, observers. 

Cllanlcook 
Prince Regents Redoubt 
Grand Mailail 

Trescott Rock 

I .I ..\ziniutli %.lark 

Nuinher of positioiisof circle, V. 

I 

I1 
111 

I V  
\' 

I 

00 

36 
40  

43 
56 

47 
50 

00 

I 1  

15 

16 

'3 
16 

12 

/ I  

. . . . .  

. . . .  

. . . . .  

. . . . .  
O'OOO 

S0.641 

+0.57s 

--o.gS7 

. . . . .  

.,I 

. . . . .  

. . . . . .  

mwxi 

52.045 

3 I '91s 

33'042 

59'577 

Prohahle error of a single obser\Tttioiiof adirection, c, =f r".r9. 

~ I ~ ? - - N o .  7-02-3 
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V I  
VI 1  

VI11 

I S  
s 

S I  
S I 1  

S l I I  

SIV 
SV 

SVI 
S V I I  

XVIII 
S I X  
SS 

S S I  
S S I I  

S S I I T  
SSI v 

s s v  
S S V I  
SSVII 

S S V I I I  
S S I S  

SSS 

SSSl 

S S S I I  
X S S I I I  
S S S I V  

sssv 
['l'he log differences for I" are given iii units of tlie fifth place of deciinals.] 
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The reciprocals of the weights introduced for the several directions are as follows: 

Ui r' 
I 
7 

'I 
5 
6 

S 
I 

Uir's 
P I  

32 

"3 
, 24 
25 
26 
37 
2s 

5 0.070 19 0.144 ' 9  1~054  39 o'ogn 45 u.og0 
IO O'Og3 20 v.r.16 30 @ q S  40 0 ~ 5 1  5n 0.062 

pp. 1;~-136.2: the resulting corrections to the several directions are as follows: 
'The correlate aiicl iiljriiid ecluatioiis iiiay be fnand in Coast Survey Report for 1Sh4, 

P ,  I lie prdmble error of a clirectioii of unit weight is therefore' 0.674 , / - !  = 
1. 

Distaiice i r i  bg. din- 
taiices. meters. 

*With chaiigerl iiotatioii. the present one being iiiorc coiireiiieiit for priiitiiix a4 well as for writing. 
t I t  is lint qiiitc rxact. forthe reasoii that after the griieral figure ailjiistriieiit hanl beet1 made the third rleciriials of 

0 1 1  page the correctioiis tu the directiuiis were iiot assured aiid hntl to he further treated : w e  Report f i x  i$G, p. r j j .  
156 of that report cimehtc sxs i  for ?4.<~+.j read ~ p g 3 .  

piiblisliud iii  ciast snrvcy I<clBrrt f8-w isli.5, pp. is;-iqs. 



3'0. Stations. 

-? 

'4 

Tunk 
Eppiiig West Rase 
Burke 

'runk 
Eppiiig East Base 
Burke 

Eppiiig EHSL Base 

Pigeon 

Eppiiig East Base 

Pigeoii 

Epping East Base 

6 Burke 

. .  
I 

7 [ Tutik 

' Epping West Base 

Pigeoii 
9 [ Tunk 

Eppiiig West Base 

Pigeoii 
10 1 Tunk 

Burke 

Hmiiphack 
Eppiiig East Base 
Epping West Base 

Huiiipback 
Eppiiig East Base 
Burke 

Huiiiphack 
Epping East Base 
Tunk 

I HUliip1JaCk 

14 Eppiiig East Base 
Pigeon 

Currec- 
tiuri. 

-0 '039 
-1-0 .3m 
+o '503 

-0 '945 
+ I  '59' 
+o .zs3 

--I 'IS0 

+0'95r 
$0 .402 

-0'174 
- I .a05 
-1-0 .--7 3-2 

$0 '629 
+n -084 

+I "J'3 

+ I  '006 
--o -925 

-1 '373 

+I  '.so9 
$0 '990 
-I '073 

+ O ' s 0 3  
+ I '029 
+U '733 

-0 '05 I 

+ O ' j ? O  

-0.551 

- 0 ' 2 2 0  

$0 - 4 m  

+o '609 

-0 '042 

- I  *192 
j - o  '070 

-0 '35s 

+o '335 

+o '721 



N O .  Statioiis. 

15 

16 

17 

IS 

Humpback 
Eppiiig West Base 
Burke 

Huiiipback 
Eppiiig West Base 
Tunk 

H unipl,ack 
lipping West Base 
Pigeon 

€1 uiiiphack 
Burke 
Tunk 

21 

i\lount Desert 
Burke 
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Efifiitt;~ JZasl B~m~.--'l'lie statio11 is in Washington County, Maine. at an angle in 
the road froin Epping village to Columbia. and directly upon the edge of the ewarp- 
nient of the Eppiiig Plaiqs. 

~ 1 1 e  snbsuj:/ircc Irrnrsi. is the intersection of cross lines 011 k copper bolt in granite 
block 3 feet long, set 3.5 feet below the surface of the grouncl. A platform of concrete 
aboiit 5 feet sqiiare ancl I foot thick was prepared above this, with an opening in tlie 
center, through which the subsurface mark coiild be seen. This formed the fouiiclatioii 
for the sw.-/kt  1rini-k. R large granite block, 3 feet square. carefully clressed? and. when 
in place. projecting ahout 6 inches above tlie surface of the ground. with a.copper bolt 
niid cross lines in  its. center. Upoii this was placed a monument of niarble 3-25 feet 
high ancl 1.64 feet square. resting upoii three feet, each about 3 inches in diameter and 
. I  inch high. The inscriptions on the sides are as follows: north face, "U. S. Coast 
Survey;" south "rS57;" east, "Base No. 9:" west, "A. D. Baclie, Supt'." The apes 
is 4 iiicliesabove its sides, aiicl 011 its four faces are the letters, N,  E, S, Sr W, respectively. 
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A perpendicular to the base at the center of the iiioti~iiieiit passes through the interset- 
tioiis of cross lines in copper bolts in  tops of two granite reference iiioiiLiiiietits. 3-5 feet 
long and I foot scliiare. set at. distance of 36 and 72 meters north of station. 

When the statioii was visitecl in  I S S ~ .  these reference monu&nts were found 
undisturbed. also a third. not described, with 2 Iiolr clrilled ill top. IO.? meters !lorth of 
the station. The marble iiioiimiieiit was then fouiicl overturiied ancl ljrokeii, but the 
granite surface mark remaiued undisturbed, except that the head of tlir copper bolt hac1 
been haiiiiiierecl so that tlie cross lines were no longer visible. 

Epjiig Jl.'>.d Bnsr.-This station is about 1 miles west of Scliocsdiac Hill, and has 

The sni-fi7c'c. ~ilai-k is the intersection of cross .lines oii a copper bolt in a iiiotluiiieiit 
feet square, iiiacle froni the solid leclpe by cutting away the rock to a cleptli of 6 or 8 

inches around it. 
Similar marks I foot square were iiiade north and south of the center in a line per- 

peiidicular to the base, with copper 1:mlts aiirl cross lilies placed i i i  position. 
Over the snrface mark was placed tlie monuineiit of marble of saiiie rlinieiisions as 

that clescribecl for Epping East Base. 
When visited in I SS4 the marble ~iioii~iiiieiit n n s  fouiicl overthrown atid broken. 

while tlie copper bolt had been hanimered so that no cross lilies were visible. ' The inark 
south of the center \\'as in perfect condition. The one to the nortli liad been destroyed 
l)y vniiclals, h i t  tlie remains of the liole in which tlie copper bolt 1i:id been placed could 
be distinguished. 

/3n~%-r.-Tliis statioii is 011 the ~outlieriiii~ost oiie of a range of rocli?. hills al>out 3 
iiiiles west of Cherryfield village ancl ahout 20 rods north of the line ljrtween h<ou!it 
Steuben and Cherryfield. I t  is ~ izo id~d  hy hole in a granite ledge at tlie north eiicl of a 
sinal1 hollon~ i)ii the suminit of the hill, and it is almit 3 feet I~elciw highest part of ledge, 
\vhich is too tiarrow for a signal. 

Tznirk.-This stntioii is on a iiiomitain of the same iiame, the most commancling 
riiountaiii (,escept Mount Desert) east of the Pen&scot River. It is abi>nt I mile north 
of tlie stage road from Ellicvtt to Cherryfield and about 3 miles west of the nearest house 
in Cherryfield. I t  is ~iitii-kcd by R imle drilled in a granite ledge about 150 feet south- 
west of the liigliest part of the summit and about 4 feet below it. 

P&m.-This statioii is uti the highest. part of a hill close to the oce;ln on the 
\vesten: sick of the nutlet of Xarrag:qps River. It Coliilli8ildS the co:~.';: frotii French- 
iiiaiis Bay to Head Harbor Island, and is g iiiiles froiii Cherryfielcl. I t  is mni-kcd by a 
liole drilled in  n flat rock.. In range to Mount Desert, 5 3 . a ~  feet distant; to Sautiders. 
56--15 feet distant: to Humpback, 35'33 .feet distant. ant1 to Mitten Mountain, 3 6 3 3  
feet distant. there are holes ancl piles of stone. 

H/tiiz~6ac-k.-Tliis station is on the riiouiitaiii of the same name. near the western 
line of Brewster Tcnviisliip. The highest point of tlie mountain is abont 400 feet nortli- 
east of the statioii and is 4 or 5 feet above it. I t  is marked by a hole clrillecl in the rock. 
Range marks, coiisistiiig of holes drilled in the rock and heaps of stones. were made 
towarc1 Harris- Saunders. aiid Mount Desert. distniit 14, I 7 . 4 ~ ~  niicl 13.50 feet, respectively. 

Ahwizt Dt..wr.f.-This station is marked by. n copper holt in a ledge which is in the 
center of a siiiall clepression in  the large 11ai-e rock nnil 2 2 f i  iiiclies easterly froiii the 
southeast corner of a crevice. 

l lC l  S l ! h l O . 7 ; 7 C ~ '  Illi7Tk. 

The distance from the station to these marks is nlioiit 10 meters. 
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Single range marks, consisting of a hole in the rock, were macle toward Peakecl, Blue, 
and Ragged mountaiiis, distant from center 53'17. 17'52, and 2 1 ' s ~  feet, respectively. 
Toward Saunclers and Harris there were two such marks. distant, in the first instance, 
35'92 and 142'50 feet. while in the latter. 19.92 and 136.60 feet froin the center of the 
station. 

Hmwd.--This statiou is 011 a steep. precipitous hill, about 6 miles below Machias- 
port and near Bucks Harbor. Range marks 
were established toward Mount Desert, Humpback. and Cooper, distant 33.67, 66'25, 
atid 21 '30 feet, respectively. 

Coe~c~-.-This station is on the northern end of the summit of Western Ridge, about 
one-fourth iiiile west of the road running through the village of Cooper and about 
three-eighths of a iiiile 'iiorthwest of Cooper Church. I t  is inarkecl by a drill hole i n  a 
broad. flat granite ledge. Range marks; consisting of drill holes in the rock. were iiiacle 
toward Mount Desert ant1 Humpback, distant ?-.'So and 19'65 feet, respectively.. 

I t  is marked by a drill hole in a rock. 

When visited in I S S ~ ~  tlie station was recovered. 

2. THE MASSACHUSETTS BASE LINE, BIBSSACHUSETTS, Is44. 

Lmzfioii , mcasuwm-n 1. lzmf rcstdf i i t ,~ h i g t h  (f thc ~l/czssnch.i(s~-fts I1tz.w / i . l rc .  .il/czss~~rh iist-lis. 
r Q j .  

This base was the third and last one nieasured with the Hasslrr apparatus and 
followed within a few iiioiitlis the measure of the Kent Island liase. I ts  site is oil the 
Boston and Proviclence Railroad, in Bristol County, Massachusetts, and about I 2 kilo- 
meters (7 ,!:; statute miles) to the northwarcl and eastward of Providence, Rliocle Island. 
Aiiaccount of this base is gioen in the Coast Survey Report for'1865. Appetidis No. 2 1 ,  

page 189. niid little need be 'said here respecting the 'apparatus, a drscription.of which 
can be fmiiicl in tlie account of tlie ni&meiiient of the Fire Island am1 Kent Island bases. 
Its iiiiddle point is in latitude 41' gS"g and in longitude 71' 15"3, the tiieaii azimuth is 
27' 49''?, and its leiigth 17,:.;$ kilometers (,or nearly  IO?^ statiite miles 1. There are h i t  
two 1)ases iii the Uiiitecl Statis ( ,~>o t~ i  in ~alifornia '  ) w~i ic~ i  esceecl this lenpt~i. 

The liiie n u s  iiieasured by Assistant Ediii~iid Blunt during Septeinber, October, and 
November, 1Y44. As in the case of the two I~ases previously iiieasiirecl by the Survey. 
but one iiieasure was iuacle. The length adopted for the compound 8-meter bar rests 
upon tlie comparisons of 1S44-45, with the resulting length of 7'999 S716 iiirters at 0" C. 

(see account of the Kent Island base ). T.he mean temperature of the bar during the 
iiieasurement was r4"'g:! C. (,or 5S0'S5 F. ) : the average elevation of the apparatiis 
above the half-tick level at Boston Harbor was ++""S3. The record at  this base is defi- 
cient in details. 

The resulting leugth of the base is as follows: 

=I= 55 

2 16s 1JOSeS 17 3qm.7221 
Correction for excess of temperature, i- 3'2333 
Correction for inclination - 05629 
Fractional part of a 130s at Northeast Rase + 3'9999 
Correction for IO' differencc of teinprrature for above - O'UOC,:, 

Additioual length measurer1 by scale 4- o'Io12 

Reduction to half-tide level -- 0'1220 

17 .j2411''37h3 
-- 

Resulting length of base 
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To form an estiiiiate of the accuracy of this measure? me find, from the probable error 
assigned to the base bars, that of tlie base to be + ~ “ O I  19. With reference to tempera- 
ture, 702 boxes were laid with rising and 579 with falling temperature, and for the rest 
of the hoses the temperature was stationary. The assunied prihable error from this coii- 
ditioii ‘and probable lag, and f r o x  graduation error is f o””o33~, arid the probnble error 
from instability of the microscopes is taken as f o””oo5g. Combining these three 
independent values. we get for the probable error of the base + o””0358. which equals 
z;4dTB6 of its length. We have. therefore. the final result for the length of the 
Massachusetts base 17 326’3763 meters, and its logarithni 4‘”38 70774. * ‘0;gY f 90. 

I 

Thr t -~vi j~rt-f io~i  01‘ thr ,lfassiic.hnsc.tt,F(scffs baa: wifh  fht. nicriji f r i c r i i g r t h f i m .  

Tlie Massachusetts base is connected with the iiiaiii triangulation in an unusual 
way-that is, with a base net so simple as to render a special adjustment of it ~ii i~~ecessary.  
The coiiditioiial equations. therefore, which subsist between the three northern base 
lines were exteiidecl to reach directly to tlie h’1as:achusetts base without any interven- 

Nu. 5. 

Stamre Miles 
10 0 10 20 

10 0 10 10  30 40 

- - - - I  

tioii of a special base net acljustment. 
The ciiagraiii shows the direct coii- 
iiectioii of tlie base with tlie triangula- 
tion of the New England States. the 
quadrilateral Beacon Pole, Copecut, 
Maiioiiiet. and Blue Hill bring an 
integral part thereof. One advantage 
which the base possesses o\7er the 
other two is its great length. 

The foliowing table gives the ap- 
proximate elevation above the Atlantic 
of the stations adjacent to the base: 

MeLeI’s. Feet. 
Massitcllusetts Sooth Base. . . . .  3 j  IOS 
Massachusetts North Rase. . . . .  j n  231 
Beacon Pole.. . . . . . . . . . . . . . . . .  167 545 
Great Meadow . . . . . . . . . . . . . . .  %>.j 264 
Copecnt.. . . . . . . . . . . . . . . . . . . . .  : q ’ 5  j 5 j  
3fallonlet . . . . . . . . . . . . . . . . . . . .  I20 3% 
RlueHill . . . . . . . . . . . . . . . . . . . .  1% 635 

1Jcst~ri)fiivis t?f sfirticvrs. 

The descriptions of these old stations are \:cry meager. The following iiiforination is 
all that coulcl Le gatlierecl: 

Mcrsscr.rh~isc~tts S m t h  Birsc, IS#+ .-The station is locatecl on the Boston and Providence 
Railroad. iii Hristol Count?;. Massachusetts. For a grouiid mark a stone of the follon7- 
ing cliiiiension.s was buried: Length, 4 feet 7j.i inches: base, 1 2  inches square; t o p  6 inches 
square. A copper bolt, on which there is a cross iiiark ( + 1 ,  driven in t?ie stone defines 
the starting point of the measure. The stoiie is Y feet from the easteni rail of the Boston 
and Providence Railroad, there bring but w e  track laid. ’ * Aiiother stone is placed 
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on the west side of the road iii the line toward Beacoripole Hill, 6 inches being above 
ground, and distant 33 feet from the teriiiiuation of tlie base." :j: 

Masstrzhzrsrffs North Btisc. zS++.-Tlie station is marked by a brick tower, stated by 
G. Bradford to be 44 feet in'height. when reoccupied October IS. I Y Y ~ .  Tlie center of 
the station is iiidicated by a b r a s  bolt in the center of a st~)iie, thus +. I t  is central 
with t'he tower. 

BmL-oiijo/c, IS#+'. -This station is located about 3 miles northeasterly from the village 
of Ciiinberland Hill. The station mas visited and reoccupied in September, IS%+, by 
Assistaiit G. Bradford, who remarks: " FOLIII~ here, guided by E. H. Pickering, an 
old resident, a copper (,brass? ) bolt set in lead and filling a hole drilled iii a ledge of 
rock solile 30 feet in diameter, which occupies the summit of the elevation." A tripod 
signal was built over the station in ISQ. There is  also a description of 1Sg6 by H. B. 
Wood, of the " Survey of the Commonwealth of hhssachusetts. ' '  

Cojcmf .  rQ#.--Statioti on Copecut Hill between Fall River and New Bedford. Assist- 
ant G. Bradford found here in Noveiiilxr, I S Q ,  a copper bolt in a rock, presuiiiably 
the center of the station. A large Pile of stones was fouiicl about the bolt, covering it. 
The place is surrounded with bushes and small trees. sild is difticiilt to find without a 
guide. A tripod signal 'was 
built liere in IYQ 

( k a t  M m z ' o w ,  rS#5.-Tliis is oiie of tlie Bordeii Survey stations; abo& 3 iiiiles north 
of west of Rehoboth village, 7 miles fronl Taunton, and I z from Proviclence. Rhode 
Island. Assistant G. Braclforcl, in September. ISS.+* found here a hole in tlie rock, 
where, a11 old resident says, the signal once stood. Tlie trees have grown up, and are 
now to  the northward aiicl westward soiiir 40 to 50 feet high. The following clescrip- 
tioii is by Assistant C. H. Van Ordeii, in I Y S ~ :  " The hill is well known and is called 
Great Meadow Hill by tlic people about North Relioboth. I t  is best approached from the 
south side. I t  is a large Aat hill, with a growth of timber on the east and west sides. 
Directly ~iorth of the station is an open lot or meadow. noticeable froin a distance." 

A4ssista~~t c. 0. Boutelle states. in 
his record of the .latitude observations of J~ i ly ,  1S67: " Tlie triangulation station at 
Manomet has been inore perinaneiitly marked by clrilling three holes, foriiiing an equi- 
lateral triangle arouiid the copper bolt, and each hole is distant 6 inches from it., The 
two holes sontli of the bolt are east and west from each other mid the thircl hole is north 
from tlie bolt. In 
September, 1877, Assistant G. A. Fairfield writes: "Visited this station and found it 
undisturbecl; had 110 difficulty in finding tlie rock with copper bolt and three drill holes. " 

Bhc Hi//. rS45.-Fiear Dedliain. Massachusetts. ' Tlie Coast Survey station is 
distant from tlie Border1 survey station of Blue Hill S.337 meters, atid the azimuth of 
the Borclen station is I I O  16', as deduced from computation of December, rSS+ The 
Borclen station \.vas located in the middle of a square inc1i:)s;urc. of stones. 1x1 November, 
1SS6. A'ssistant C.  H.  Van Ordeii \:kited the station aIid founcl the Coast Survey copper 
bolt (outside the old Borden iiiclosiire) in good order. Borden's " Blue Hill " is /ozl f t -r  

the stone t!>wer of the "Blue Hill Obser\-atory." 
The private iiieteorological observatory at this place was established by Mr. A. I,. 

Rotcli in 1SS5. 'It is a two-story circular tower. I-? feet in  clianieter inside and 15 feet 
high, built of the broken stone found 011 tlie hill. Esteiidiiig southward froin this 

' 

The cap stone (,of 1 ~ 4 4  had a iiiean diameter of 0.32 meter. 

The road to it through the woods is estreiiiely rough. 

' rl f irnornsf ,  18~5 .2Near  Flymouth, Massachusetts. 

Each hole is five-eightlis of an inch in diaiiieter and I inches deep." 

.- . . _- . - . - -. .- - .-. 

* t'ruiii origiii:tl record o f  the hase tiieasiirriiieiit. 
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tower is a one-story, hip-roof house, built of stone, with a wooden shed attaclieii. (See 
hcliotype in Annals of the Astronomical Observatory of Harvarcl College, Volunie SS, 
Cambridge, 1Sg6'). There is also a description of rSg6 by H. B. Woocl of the i'Surcey 
of the Comnioiiwealtli of Ma.ssachiisetts. " A sketch shows the Coast Surrey station 
with referelice to the towei.. 

3. THE FIHE'ISLAND BASE LINE AND BASE NET, NEW TOKK;, ISC;4. 

. bc . t r f i cv i ,  i ) i ~ . c 7 ~ z o - ~ ~ ~ ) i ~ . ) i ~ .  crmf rrsi i / f iny h g f h  fhr Fiir Ldr)id Bast- Li i ic ,  NCW J ;vsl., r8-?+. 

The site of this base is on the southern shore of Lorig Islaiid, New York, 011 the 
narrow Fire Islaiicl beach between the Great South Bay and the Atlaiitic Ocean, and 
distant nearly So kilometers. or 50 statute miles. to the east froiii New York City. I t  
\ifas the first and only primary base ineasurecl by Superiiiteiideiit F. R. Hassler, and the 
measurement was macle with an apparatus of his on'n design. He has left a full descrip- 
tion, with illustrations. iii detail. of this apparatus iF the Transactions of the American 
Philosophical Society, Philaclelphia, Pennsylvania, new series,. 1S25. Voluiiie 11. pages 
273-2SSh. The essential parts of the apparattis are enumerated in No. 12 of his cata- 
logue of iiistrumeiits, which probably dates back to the year rSr6. These parts appear 
to have been macle by Troughton, of London, in I S I ~ .  Tu70 other primary base lines 
\\'ere iiieasured with the saiiie apparatus. viz, the Kent Island aiicl the Massachusetts bases. 

The beach over which the ineasiire estended is sandy, interspersed with low hum- 
mocks and ridges, and subject to changes from storms, which caused the west end of the 
base to bc finally lost, Iiotwithstaiidiiig 3 strong timber protection surrounded the hillock. 
The eastern terminal point was further removed from the beach, which caused a beiid 
in the line close to the monument. and necessitated tlie measure of an angle at  the bend. 
The insecurity of this exposed base and the dailger of its loss cnuserl the transfer of 
its length, a few years later, to be made to a primary line located on the central hills 

The base net, therefore, in this case consists simply of a quadrilateral. 
The central 

poiiit is in latitude i o o  3S"g. and in lciiigitude 73' d . 1 .  The nieaii of the forward and 
backwarcl azimuths is ;?@ 56"s. For convenience of reference, a brief drsriptioi! of 
the Hassler base apparatus is repeated here froni his description. and further remarks 
on this suliject will lie fouiicl in connection with the Kent ~ s ~ a t i i ~  1)ase. I t  makes use 
of oile i::easuri:ig bar and of optical contact. The bar is Y meters i n  length and is 
composed of four s-meter iroii bars placed in contact lengthwise. These pieces are of 
square section 2: aiid are firmly held together by means of collars clamped over the bar 
ends and britigitig them together by nieaiis of screw bolts. The whole or compound bar 
is suppot-tecl on 15 rollers, resting on a wooden beam, itself adjustable upon another 
siriiilar support. There are 
eight thermometers, two placed on the upper surface of each of ' the sitigle bars to 
ascertain their teniperatnre. A sector for measuring the iiiclinatioii is attached to one 
elid of the supporting beam, and all required niechanical appliances for the adjustment 
and aligrinient of the bar, as well as for the manipulation of tlie micrometer micro- 
scopes, are provided. The trough itself rests upo~i five trestles. The two microscopes 
are likewise mounted upon trestles. For alignment of the base the trough or bos 
carries a t  one.end a small telescope aiid at  the opposite end a short vertical pin to 

' of Long Islancl. 
The length of tlie base is about 14 kilometers (,or S T i  statute miles ) .  

. 

The whole is placed in the bottom of a woodeii trough. 

*The saine as that of Llie Cotiiriiittec Meter. 
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define the asis of the appnratus and the'direction of the line of measure. . The niicro- 
scopes adinit of acljustnient for verticality of axis. Their objectives are composed of 
two half lenses of different foci, one for pointing 011 spider threads stretched across 
small central half-circular notches cut vertically into the end faces of the protruding 
iiieasnring bar, the other focus serving for a verification of the steadiness of the optical 
asis, the pointing being inacle upon cross lines ruled 011 an ivory plate resting 011 the 
susport IAow the microscope. 

For the staiidardizatioti of the nieasuriiig bar repeated comparisons were niade at 
clifferent t h e s  by different observers and by different means. The Hassler double end- 
meters, known as bars A, B, C, and D, were first compared in February aiid March, I S I  j 9  

with tlie Committee Meter and a statidarclizecl iron 2 bozrt meter by Lenoir. In the saiiie 
year Hassler deteniiined their coefficient nf espaiision aiid found it (3.000 006 963 for 
Fahrenheit's scale or 0'000 012 534 for the Centigrade scale, a 17alue somewhat large yet 
probably applying to these particular bars, but this could not be verifiecl, the bars having 
long since lxen lost. In  Map. 1Y34, ancl March, rY35, in coiitiection with the Fire Island 
base? comparisons were macle involving tlie Troughton brass scale and. the Coiiiinittee 

' Meter. The last comparisons clate froni 1344-45, and  ere maclewith a Bessel le\d-contact 
comparator, usiug the Lenoir iron meter. The results were, for the combinecl length 
at o°C: 

From comparisons of rSr7 
Froni cornparisoils of 1S;+35 

Froni comparisons of 1Q4-45 

B = 7""999 9506 
S * c m  oqq* 
f 242 

7.999 Sj16 * 55 

When the coniparisons in 1835 in coiiiiectioii with the Fire Island base had been 
After cleaning them macle an esaniiiiation of bars A and B showed them to be rusty. 

they were again coiii- 
pared, arid the new 1S35 
value 8= j"'-ggg g 764 re- 
sulted. The last obser- 
vations indicate a clecidecl 
apparent s h o r t  en  i 11 g , 
wliich has not beeti ac- 
counted for satisfactorily 
escept it be due to the 
iiiauiier in which the 
S-meter bar was built L I ~ .  
Upon the whole.- it has 
been thought best to adopt 
the Hassler value of 
1834-35 for the reduc- 
tion of the Fire Island 
base as representing the 
cwnditions then esisting. 

But one nieasiire of the base was made, owing probably to the labor and time 
required to measure such a long line. .The measure was made durii~g the months of 
.August; September, and October, 1S34. The above diagram shows the condition at 

No. 6. 

*The value foiiod in  cnnllection with the Fire Islaiirl hn+e. 
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the eastern end. The distances -7 to 3- 3 to 4q and 4 to 5 were measured with the base 
apparatus, aiicl the angular horizontal directions of the fine and heavy lines at  the 
points I .  2 ,  3, 4. am1 5 were obtained by means of a theodolite., Calling West Base 
No. 6, the points 6.  5 ,  4, and 3 were placed in line. For reduction of the nieasured 
length of the base to sea level. the average height of the liar above the lia!f-tide level 
of tlie Atlantjc was taken as 2-75 nleters. The iiieaii temperature of the liar durjng 
measurement was 2 6 O . 6 0  C. (or j9@'90 F.'). The resulting length froin West Base to 
East End was as follows: 

' I j q  boses 13 #' ioc '"'QjIJ  
' -t ~'bo:, I Correction for rscess of temperature over o°C 

Correction for inclination 
Reduction to half-tide level of ocean 

Resnlting len.gtli 

Siniilarly me have the short nieasitres at the eastern 
Line riieasurecl 2 to 3 

Nurnl~er of buses 14 
Corrrs~ndir~g Irngth I I 2'" mm6 
Correction for espaiisioti -to'on16 
Correctioii for inclination --0-c6gcl 

Defect of last bos at eastern end i-o.Szoj 

Resulting length r r 3 y 7 7 j  

In tlie acljustmeat of tlie linear and angular measures, it has been assuiiiecl that the 
former reqiiire no correction: the figiire adjustment of I ,  -7. 3, 4, and 5 involves two 
angle, two side. aiicl two distance or length ecpatioiis,:i: and the resulting length for line 
5 to If West Base lie designatecl as 6. then by the kno~vn clis- 
taiices 6 to 5 aiicl I to 5 ancl the known angles. the aiigle at  6 between gast  End aiicl 
East Bnse is found equal to 36' .+1'"3. mheiice tlie final length West Base to East Base 
becomes 14 05.1;'9709 meters and its logarithm 4.147 953 53. 

Til ascertain the probable error of this result, we estimate that of the line 6 to 5 as 
f c~"'.ooo 0242 for each bos, hence for thewhole distance =k o""o.+r7. Respecting the tem- 
peratlire of the l:m3 455 lioses ljeing placed with rising temperature, 553 with stationary 
tempernture, and 7 I 7 with falling temperature. aiicl assuining a possilile error in temper- 
ature of '=, tlie 1.irubable error of the base migi?t be i o' ! ! 'oq.  . The effect o f  tile gradu- 
ation error is estiniatecl at  f o""o-73 or f ~1'"~0371:1 for combinecl effect. The probable 
error arising from instability of iiiicroscopes was assuiiiecl to he f ~'" 'ooo 127 and the 
total effect f o""clo~~. These are the principal sources of error an51 when combined 
produce =!= o""o57 for the line 6 to 5.  To obtain the probable error for tlie line 1,etween 
the mouuinents + o""oI3was adileil, hence tlie probable error of the base as  estiiiinted is 

was 334.752 meters. 

\ / (o 'o5~)=+ ( ' O ' O I j  )= = f 0 " " o ~ S g .  
I 

This equals -- part of the whole length, the corresponding value in tlie loga- 

Consequently, the final restilt for the 

240 270  

J/'V 
rithtii of tlie length + 7 = o*ooo 001 S07. 

1 4  o5S'9709 4-=47 953 53 
f I S I  meters, ancl its logarithm f '05S5 length of the Fire Islalid base is 
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yht .  Fiw 1shircf h s l .  ncf lrird rcsidfs (I/' ifs n4iwfnie)rt. 

In this net we inclucle tlie quadrilateral which transfers the measjurecl base to the 
so-called mountaiii base. arid the two other cluadrilaterals, one within tlie other. which 
start from this derived base. The line Wooster to Saiidford will l x  tlic coiiiiectirip link 
with the iiortlieastern triangulation, and the line ii7est 
Hills to Bald Hill will form tlie link for the south- 
western hrancli. 

Tlie elevations of the stations above the sea level 
are very iiioderate aiid the horizontal clirectioiis needed' 
but very siiiall corrections, tlie iiiaxiniiiiii being less. 
thaii ~ " w ,  hut i i c ~  account uf this was taken when 
less than r3'"oo~. The approsimate heights of tlie 
trigonometric stations are as follows: 

Meters Feet. 
West Hills 1 1 7  353 
Riilaiii-1 104 341 

I3alrl Hill 196 643 

Snnrlforrl 273 Y95 

n,siltl:l c 1 ~ 5 . 3  . 6,s 

IVoOSteI- joj 1 CCIO 

The elids of tlie base are between -7 am1 5 meters 
above tlic sea. 111 this figure we have a combination 
of very old work with later wwk. The I I ~ E . I I ~ C S  of 
liorizoiital aligles by Superintendent Hassler date from 
1S3j and were macle with a 60"" theodolite. first e m -  
ployed at station Weasel in 1SI7. Subseqneiitly he 
.used the 7s"" theodolite, first employecl at  station \\'est 
Hills i n  rS36. , This last itistr~iment \\.as i n  coiltinu- 
ous:use till November. rS73, when it met with an acci- 
dent at station Sawnee, Georgia. I t  was struck by 
a toriiado and, notwithstaiidiiig its weight of 300 
pouncls. was Iiurlecl from its staiicl ancl irreparal,ly 
claniagecl. 

No. 7. 

Sandf0i.d 

b- 

Fire IsLuLd West Base 

Kilometers 

10 0 10 20 30 
Statute ICiles 

5 0 5 1 0 1 5 2 0  
c-- - - 

In coiisecliieiice of the u7ork added between rS62 ancl 1S65, and the reoccupation of 
three of the old stations, a new adjustment of the base net became necessary. Weights had 
to be introduced in consequence of tlie unequal values of the resulting directions clue to 
tlie relatively siiiall number of series in the olcler work. I t  was done by the same riiethocl 
as already explained in connectioti with the acljustiiieiit of tlie Eppiiig base net. From 

the closing .of 17 triangles we have the iiiean error of a triangle J:? = f ' o'"84 and of. 

o'sg 0.49 * 
3 .  an angle - = f o"'4p and the probable error of a direction 0.674 >: F= 

The approximate average probable error of R direction froiii station adjustment result- 
ing from 36 directioiis is c,= f 0''' 19. hence tlie sqiiare of the triangle conibiiiatioti 

-- 

b 

4 3  - 

* Ucrived frotil spirit lerels. 



45 THE EASTERN o r u g m  ARC. 

error (.'< equals (0'23)~--(:0.15)'  or L:, = f o'"i3. that is, the combination error is but 
slightly less tliari the observing error c,>. If PC is added to each value of Po we get 
the weight of each direction p = I/(.F~PC+P~). . Ami;ng the values of e,, there was one 
exceptionally large, and, omitting it, we find co = + O"*IS. lieiice = J ( O * Z ~ ~ ) ' - ( O - I S ~ ~  
= f. 0.144 and f l  = I / [ ( , O . I ~ ~ ) +  t-,,'I , aiicl in order to make the average sum of the recip- 
rocals of the weights nearly unity, the values of I/) were multiplied by 13. The range 
in these relative weights is still large, the ratio of the greatest to the least being as 16 
to I .  but it would have heen as 144 to i had not the equalizing device been introduced. 
Comparing the old with the present results they are found to be nearly the sanir. For 
the side Wooster to Sandford we have old log. distance (Coast Survey Report for 
1S65~  pages m1-?02') 4'669 171 I ancl by the present' adjiistnieiit 4.669 171 0, which 
log. difference corresponds to a linear difference of but 2 centimeters. For the side Bald 
Hill to West Hills we have old log. distalice (:Coast Survey Report for 1S66, page 52.) 
4.64s 135 3, and by the present adjustment 4.64s 135 6 ,  corl-espoiiding to a linear 
difference of 4 centimeters. 

A preliminary publication of results of the triangulation about this base aiicl vicinity 
was niade in ISS I in the Coast Survey Report of that date. pages 233 ancl following. A 
second publication will be found in the Coast Survey Report for rS65, pages 201-202. 
These results are iiow superseded. 

4 

6 
5 

Abs:r~m-fs of- luw-i:oitlol dirwtioirs d sfdiorts forttziit.q fhc Firr Zskritd E m .  s W .  

October I to October S .  1537. 
circle used in VI positions. 

fS.?3-fS65. 

F. R. Hassler, Firt, Zsllzntf E d  BKW, Suffolk C~ti i i ty .  New Tork. 
75"" direction theodolite NO. I. observer. 

Fire Island West Base 0 Go cn3'ooo t o '32 + u .426 00 '426 

Rulaiid* ' 1 1 2  32 52'403 0 '22 4- 0 '330 5 2  '755 

West Hills 44 4s 25'129 o '27 - 1 .os6 2J '04 j 

+ 0 ' 0 2 1  

I 

z 

E r u  1dir)rd I!ht Bcrst', Snffolk C o ~ i t y .  New Tork. October 16 to Clctober 24, r S j 7 .  F. R. Hassler, 
observer. 7jc"' direction theodolite No. I .  Circle used in VI positions. 

West Hills 
Ruland* 

j 1 Fire Island East Base '13 49 SJ.571 o '29 + 0 '15s 51 '729 
- 

*The correctioii for tcceiitricity. as indicated. refers to K u l a i i d  of is65 ailice the station occupied i n  1865 does not 
perfectly agree with the vld station of 1557. 
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A1Ssfrozfs t!f hoi-izoirfnf dirci-fioirs i r f  sfnfiows-foi~iiiir,~ fhr Fin- Lsfniid h7.w iwf. 1S;3-rS65-continued. 

Rrt/nid, Suffolk County, New York. F. R. Hassler, observer. 
' 75"" direction theodolite No. I. Circle used in VI positions. June 11 to July 27. 1565. G. W. 

August 19 to September 16, rS37. 

Dean, observer. Same instrument. Circle used in V positions. 

v) 

( Fire Islaiicl East Rase 

Wooster 

li, 

- % '  

0 f I I  I /  

o 00 o o ~ m  co-14 
27 17 02'651 

+om65 
7s 54 02'221 

+0.114 

0 00 oc)'OOO &Omg 

61 26 2S.oog o*oS 

73 59 43'262 0'07 
+ O W 7  

' 4-0'047 

+0'047 
IO1 19 14'917 0.9 , 

Wooster o GO 01~'ooo -c0-06 
Aziiriutli Mark 7 26 21 ' j q Y  o -06 

Tashiia 21 35 o6'4S5 0.05 

Sandford 33 55 36'554 0.0s 

Ruland S9 14 4-+'S1g 0.07 

i-0 .STO 

-0 'oog 

-o '023 

-@ .07s 
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.-lbsfrarfs of hoi-izoiifiil dirr-ifions ( i f  sfaficiirs~f~wrir i i t z  flit Firt- Islaird blrse r i d .  f~-~-i-rS65-continuea. 

No notice is taken of tliose measures of 1 S36, which are superseded by I I ~ W  measures of rS65. The 
corrections for eccentricity are indicated; instead of increasing the direction to Rularid by o"'136 this 
arnouiit is subtracted frcmi the measures of the base enrls. 

15 

16 

17. 
IS 

' 19 
20 

Wooster 0 00 "'ooo 
Aziniu'.h Mark 7 26 21 '76s 
Tashua 21 35 06'476 
Saiidford 33 5s 36'537 
Rulanrl s9  14 44.741 

,Fire Island East Base 122 36 15 '675 
Fire Island West Base 143 gS 00 '6s  
Harrow 265 r j  04.256 

Ap- . 
pros1- 
mate 
proh- 
ahle 

r r  

error. 

&o '06 
0'06 
o -05 
0.d 
0 '32 

0.33 

o .16 
0 '33 
o ' 25  

0 

30 
31 

32 

33 

29 

Rediic- 
tioii to 

sea 
level. 

/ r  

-0 '003 

j-o.nO6 
f o  u14 

. . . . .  

. . . . .  

..... 

..... 

Ruland 0 00 oo'ooo +_o.os . . . . . . . . . . .  +O'@S2 m.oS2 

\Vest Hillst jS  2 0  4 2 ' 5 2 2  0.09 . . . . . . . . . . .  +o'ciSs 42.630 

Bald Hill: 96 34 59'433 0.44 +o.006 59.444 +o.o7S 59'522 
Wooster 13s ~2 49'096 0'06 -0'015 49-oS1 -0.241 . IS*S-~ 
Goid Hill 200 12 56.S3.i 0.08 . . . . . . . . . . .  . . . . . . . . . . .  
Sandford 249 56 26.327 0.06 +o'o17 26.344 +0'107 26'451 
RIount Carnie1 259 24 22'M37 0 ' 1 2  . . . . . . . . . . .  

4-n m2; 

. . . . .  

. . . . .  
-0 '003 

Secoiidr 
reduced 
to sea 
level. 

r r  
-- 
59 '997 

06.4s2 

36 '545 

. . . . . .  

. . . . . .  

. . . . . .  

...... 

. . . . . .  

. . . . . .  
01 '913 

iiieiit, 

I /  I /  

$0 '169 00 ~ 6 6  
. . . . . . . . . . .  

-0.099 06.39- c 3 

-0nS9 36'456 
+o '226 44 '967 
-0'400 15'275 
+o'406 ox .214 

. . . . . . . . . . .  

. . . . . . . . . . .  
-0.123 O I ' j F  

21 

22 

23 
24 

New Haven County. Connecticut. September 9 to November 4, 1S62. 6. W. ,Dean. 
observer. 75c"' direction, theodolite No. I .  Circle used in \' positions. 

0 I I I  I /  t r  I r  1.. I ,  - 
Rulaiid 0 a3 m ' m  + O ' l l  . . . . . . . . . . .  --0264 59.736 
West Hills t 23. 2.1 41 '547 0 ' 1 2  . . . . . . . . . . .  +o'4S2 42.037 

Tashua 42 36 gS.413 0 ' 1 2  +o.orr 5-5'424 -o ' j jo  $3-094 
Wooster 69 03 33'113 0.24 + o m g  33'122 +0'356, 32'47s 

+o 'OOS 

Aziniutli Mark 85 20 30.246 0 . 1 5  . . . . . . . . . . .  . . . . . . . . . . .  
IVY 147 34 .47'646 0 . 1 5  . . . . . . . . . . .  . . . . . . . . . . .  
Mount Toni 190 og 54.551 0 .12  . . . . . . . . . . .  . . . . . . . . . . .  
Bos 2 1 1  37 22.062 0.10 . . . . . . . . . . .  . . . . . . . . . . .  
MUuiit Carinel nG 46 oSS5j2 0.44 . . . . . . . . . . .  . . . . . . . . . . .  

*'rhe results are iiieaii rallies deriver1 differeiitially froiii Tashrra and Kulaiid. 
i Crmrectiuii for eweiitricity iiidicated. 
1 hleaii value dediiced froiii difiereiices with West Hills and Kuland in 18s and 1%. 
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25 
26 

27 
25 

..1 bstrn,-ts of liorizon tn l  diwct ions ot stat ioiis  .hw)niii.gr f lic Fin- Iskr mi bizst- r w  1 1S-;-?-186j-~onti nued . 
11.imsftv.. Fairfield Couiity, Connecticut. July 14 to .October IO, is64 G. W. Dean. observer. 

75~111 direction theodolite No. I. Circle used in V positions. 

I V Y  
Sandforcl 
Tashua 
Ruland 
West Hills* 

. .  

All-. Correc- 
Resulting di- proxi- ~ , e d u c  Seconds tiori 
rections froin mate tioil to reduced froin 2:' 

station ad- v o h -  .sea ;zc 11;?$:- ol,ds, 
justmeof. able level. 

error. tilent. 

O I  ,I ,I I /  I /  I /  / I  

o 00 m*oc10 +0'07 . . . . . . . . . . . . . . . . . . . . . .  
53 47 59.205 0.07 .+omcog 59.217 -0'06g 59.145 
95 57 47'652 0.0s - o m g  47'643 fo.285 47'92s 

124 51 35.93s 0.0s . . . . . . . . . . .  fox105 45'943 
154 IO 3S.493 o-oj  . . . . . . . . . . .  -0.147 3S37S 

- . _. .- + 0.032 

Connecticut. July 23 to August IS. 1S33. F. R. Hassler, ohserver. 

34 
35 

36 

I 
I1 
I11 
I \I 
v 
V I  
VI I 
VI11 
IS 
S 

SI 
S I 1  
XI11 

XI v 

' sv 

XVI 

................ ...... ____. - 
*Correction for eccentricity indicated. tCorrectioii to reter the old to the iiew statioii of rSg. 
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I 1-2 

2 0.9 
3 1'6 
4 1.4 
5 1.4 
6 0'7 
7 0'5 
s 0'9 
9 1'9 

'9 ''7 

21 0'4 
22 0'5 
2.- 0.5 
24 1.0 

25 0.3 
26 0.4 
27 0.4 

20 2'1 

5'4 f .3 '0  +3'3 
6'0 - 1'8 

5.6 -3'5 -3'5 . -3'5 -5.5 

5'1 +3'5 +O'S +j'5 +3'5 
4'9 +3'5 +0'6 +3'5 

18 -0'9 +0'6 +0'6 

1'3 -0'7 
4.9 -u'7 - ~ ' 7  i l ' j  

2.0 +0'7 
6'7 +?'3 

11.9 

c,3=+0 '07.50 
c,4=-o ~oso7 
C&=-o '0361 
Cz6= -0 '0563 

Probable error of 
an observed direc- 
tion. 



KO. 

- 7+ s 
- 4f 6 
7 2 i -  3 

-19+20 

- 4 f  5 
- I +  3 

- rS+2o 
- s+ 9 
- I+ 2 

-1S+r5 

- 7+ 9 
- s i -  6 

-304-3 I 

- 9+13 
-1rh4-1S 

-27f2.S 

- 9+" 
-Is+ IS 

-26+27 

-30+33 
-11+12 

-26-(-2S 

-15+16 

- 2 I +22 

- 9-l-'3 
-17+1s 

- 2 2 f 2 j  

- 164- r7 
-29+31 

-214-23 
-12fI3 

-31.I-33 

-29fjo 

-22+24 

- 1 5 f  I 7  

-25f2S 
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Reswlfiiy ttrig-ks r i m '  sitits o j  fha  Fin Isliind bnsr. r i d .  

Stations. Observed angles. 

0 I / I  

Zulaiid 27 17 02.716 
?ire Island East Base I I Z  32 52 '425 
%-eIslaiid West Base 40 IU 05 '353 

Nest Hills 21 ? I -  45.133 
?ire Islalid East Base 44 $3 25 '125 
FirrIslandWestBase I i j  49 51 '571 

West Hills 54 43 16.067 
Zulaiiil 5 1  36 59.619 
Fire Islalid West Base 73 39 46 '2 rS 

West Hills 33 21 30'934 
Kulallrl 7s 54 0 2  '33.5 

l'asliua 35 20 42.545 

W r ~ t  Hills 67 39 jS.259 

\VoosLer 29 IS 52'5S7 
Rulaiid 61 26 2S.033 
\Vest Hills s9 14 44 '744 

Wooster 2s 53 55'295 
Tasliua 135 32 49.0S1 
Knlaiirl 12 33 15'263 

\\'ouster 55 I2 S"'SS2 

Tash11;l ~c~i i  1.2 06 '536 
West Hills 7-1 35 u6.4ss 

Kulallll I01 i y  14 .968 

Fire Island East Base 67 44 27 .2Q6 

Kulallll 73 59 43'301 

Saiid fort1 23 24 41'555 

West Hills 5-j 16 CIS .196 

Sa i d  ford 19 1 2  16.S65 
\Ve;iL Hills 12 23 30.06: 
* *  1 asliua 145 24 1 6 ' 2 0 1  

Saiirlforrl 42 36 5Sy2.1 

'rash ua I I O  03 3; '651 
Kulaiicl 27 19 31 '667 

Sa iirl f orcl 45 3s 51 '56; 
West Hills 33 55 36.54: 
Wooster Ia3 22 39.30: 

I.og.dis- Distances i i r  
tancer;. iiieters. 



5-1 

NO. ' 

-21 +24 
-11+1; 

-25+27 

-23+24 
-t 29--33 
-25-1-26 

-34+35 
-3o+32 
-- 10-1.- I' 

- .;s + 36 
- ?+lo 
-14+1S 

-34-i-34 
- 3 I f 3 2  
-14+16 

Stations. 

Sanrlford 
Ruland 
Wooster 

Sanilford 
Tashua 
Wooster 

Ball1 Hill 
Tasliua 
Rulanrl 

Bald Hill 
Ruland 
West Hills 

Rnlil Hill 
Tasliiia 
West Hills 

Correc- 
tion. 

I /  

+u '621 
4-0 '152 

$0 '074 

+n -6S6 
$0 '34s 
+o '355 

+ 1 '536 
-0 '004 
-0 '265 

-I .646 
--o '135 

$0 '345 

-0 .I In 
-u 'W7 
+o '024 

Spher- 
ical 

angles. 

33 '743 
47 .os2 

44 '795 

35 '3% 
37 '611 
48 '7S1 

14 '3SS 
59 '440 
4s .650 

26 '33 I 

54 .25' 
43 'I77 

40.719 
I 6  .sy2 

04 m.; 

Spher- 
ical 

excess. 

I ,  

2.540 
2 '540 
2 '5-10 

0 '59' 
0 '592 
9 '592 

o S26 
o S26 
o .S26 

I '253 
I '"53 
I '253 

0 '735 
u '735 
0 '734 

Log. dis- Distances in 
taqces. meters. 

Dt*sii-ipficws (?f h s c  iwf sfafiows. 

Fin- 1sfa)rd I l h t  enst, Long Island, New Sork. The base !vas located in a most 
insecure position, close to tlie heach of tlie narrow strip of laiid know11 as Fire Island, 
and with its western terminus not far froiii the Fire Islanil Light-House. The locality 
is subject to total changes of aspect, clue to drifting sands aiicl inundations aticl erosions 
from high tides. This being well kiiomn. Superintendent Hassler coiiiiectecl it directly 
with the h i e  Rulancl-West Hills, which he called his " Mountain base. " This coiiiiec- 
tioii was iiiade l q  iiieaiis of a qiiarlrilater31 of which all angles were measured. 

It appears that the station WRS origiiially marked by a red sandstone post, with 
cross lines upon its upper surface. 

It has beeii reported that the station is destroyed. 
Fin 1shi.ird Eust Gost-, Long Island, New Uork. This end of the base of 1S34 was 

subjected to the same physical coiiditioiis of ,exposure which rendered the opposite eiid 
insecure. 

Nothing is known as to the date when the station succumbed to the destructive 
iiifluences surrounding it. . 

Rufmd. Suffolk County, New York. This station was located by Superinteiicleiit 
Hassler in rS33, 0x1 Rulaiicls hill, in Siiiithtowil, Long Island, about halfway between 
the iiortherii and southerii tiirnpike at Patchogue. I t  is On the highest hill in tlie 
neighliorhood. The point is on the sumnit (,about 20 feet in cliarneter) ~ the ground 
slooiiig cIocvii all aromicl the station. It was marked I>y a stoiieware crock. with its top 
16 iuches below the surface. Oyster shells are scattered about the place to assist in 
finding it. 

The place was visited by A\sistant C. 0. Boutelle in 1S60, who re-marked the 

I t  \das oiigiiially marked with a stone post. 

In 1537 the statioii was found in good condition. 
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station for greater security. Fonr stone posts were placed to tlie north, south. east, and 
n7est of the center stone post. On tlie upper surface of th: center stone post the inter- 
section of two lines ~iiarks tlie position of the center point of the Hassler crock of 1Sj3. 

. ~ r o u i i c ~  'each post coim-etc was placec1 to secure i t  firiiily in position. ~ipoii  the 
ceiiter stone was placed a stout stub of locust ~ \ ~ ~ o c l  into the top of which. level with 
the ground. a copper tack was driven. inarking the center point. .I fuller description 
is given in the record of 1Y6s. wheii the station was reoccupied. 

This station \\'as established by Suprriii- 
teiident Hasler  in 1836. I t  is marked by n red saiidstoiie pout. 4 feet high and I 

foot square, snnk iii the grouid, with stuiies 1j7ell packed around it: tlie intersectioii c l f  

diagoiial cross lines upoii tlie top inarks the station point. -1 crock. which had before 
ser\7ed as station mark, u7as placed upoii tlie post mid a nail in a woode~~ peg driven cen- 
trally tlirongh it marks the station. LJpon tlie side of tlie post facing Harrow were cut 
the initials U. S'. C. S. 

' 

FFIL.st I fdfs .  Suffolk County, New York. 

The station \vas reoccupied in rS65, am1 agaiii dc-scribed. 
The place is 4 miles from Huntington and 7 miles froiii Farniingdale railroad sta- 

tion. An  esaiiiination had bee11 iiiade i n  ~ S d o ,  
when the stone post appeared not to have heen disturbed, but the crcxk was broken aiit:l 
the stub decayed. 

' To mark the point more securely, posts arranged about the ceiiter post, north, south. 
east, aiicl west of the station, were s.unk to a l e ~ l  with the surface of the grotuirl. 
stout \voocle11 stub, with a nail driven into it, was placed over the center of the old post 
to mark tlie station. 

This station is located in 'frnmbull town- 
ship, Fairfield Cotuity , Connecticut. I t  was esta1,lishecl ai111 occupied by Superintendent 
Hassler in rS33. The station was reoccupied i n  156.3 by the party of Superiiitendent 
Bache, by wlioiii the following description is given: , 

" The station point is marked by a copper bolt inserted in the top of 'a granite post 
sunk 2 feet below the surface of the ground. Four similar posts. S inches scl~iare and 
z;..< feet i n  length, were adjusted 6 feet distant to the north, east, south. a i d  west of 

The tops of the posts are marked hp two lines iiitersectiiip at right 
aiigles aiid the letters U. S. C. S. Four directions to signals visible from the station 
are iiiarked 1.y copper tacks driven into hickory stubs at distances 171 feet 3 inches 
toward Rulancl. 121 feet 7 inches toward West Hills. 73 feet o inches toward Wooster, 
and 70 feet j iiiclies toward tower in Warren." 

This geodetic point is located 
on the highest and iiiost western summit of Saiidford Mountain. 5 feet from a pile 
of stones which iiiarks the lmuiiclry line betweeii 14c-w Haven and Bethany townships. 
The point is marked by the center of n half-inch drill hole i n  tlie top of a granite post 
~l1icl1 is 2,t.i feet in length and I foot square at the upper surface. Two cross lines 
and tlie letters 11. S. C. S. are cuton its top, which is I;,; feet below tlie general surface 
of the ground. For greater security four granite posts, each ?;.< feet long and 6 inches 
scliiare at  the top, were sunk into tlie ground at points about 6 feet to the north, east, 
south, aiid west of the station. The tops of these posts were flush n7ith the ground. 
To thisdescription Assistant G. W. Dean adds the followiiig: " The top of the stone post 
iiiarking the station was sunk, 20 inches below tlie plane of the four surruiincling stones. 

The point is on the sutiimit of a hill. 

Soiiir further reiiiarks are given in the 156s rle.wriptioii. 
Tashm, Fairfield County, Coiinecticut. 

. tlie center point. 

Srr.ll@bJi?, New Haven County, Connecticut. I 562. 
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A copper bolt was driveii into.the central stone and the center accurately iiiarked by 
intersecting lines. A cedar stull was placed irnnietliately over tlie center of the granite 
post, the top of which was flush with the ground and firiiily secured with earth. The 
station point w\'~s further marked by a coinpsition nail driveii into the top of the cedar 
stub. " 

This station was estal>lished in I S33 by 
Superintenrlent Hassler aiicl occupied lly him in that year. 

The 
station was \Tisited 11y Assistant Farley iii I S6S, who foLlllc1 fragiiieiits of mi earthenware 
crock ( of the patter11 of tlie Hassler crocks. or coiies. as he called them'). and niarks cut 
on three rocks, h i t  he was iivt able to identify the marks owing to the (,apparent! loss of 
tlie original description of tlie station liy Superinteiident Hassler and 1:ry Assistant Bluiit 
i n  Wia t  tnade the search at the place iiiore difficult was tlie fact that rock blasting 
liail I ~ e i i  going CJI~ tliere for some time. , A secoiicl visit iii 1S69 elicited no certaiu 
iiiformation from want of applicatioii uf proper iiieans. The place was nest  esamiiied 
by Assistaiit G. Bradford i n  rSY-. ant1 IS+ when, by iiieaiis of tlie deteriiiiiiatioii of a 
temporary signal. the location of tlic crock (cone.) placed by Assistant Blunt in 1866 
 as rwdily cli.scovered. It is assullied that this crock occupies tlie position of the 
Hassler .crc~ck, l~wxiise Assistant Blunt is said to have put it in the place of tlir frapiiieiits 
cjf the older I ~ C .  

This ststiim was esta1:)lislieil in 1S64 by 
tlie V;irt>' of Superintendent Haclie. I t  is located in Kidgefieli! Ton.nsliip, al?out 4 miles 
soutliwest of Danlmry. on Wooster Moiintain, kiiowri to the residents in tlie vicinity as 
Pine Hill. 

The station p i n t  is marked 1~y a. copper lxrlt, aiid is located o i l  the highest point 
of  yiiriss which crops out near the summit of the nioutit:iiii. Tlie top of the ledge is 
quite limited. its length east and west beiiig about 25 feet. 

B~dd  Hi//, Fairfield Coutity, Connecticut. 

The hill is situated i n  Wiltori Township, about 4 iiiiles south of Ridgefield. 

The station appears to have i:reeu recuvered. 
I l . h ~ s k r ,  Fairfield County. Couiiecticut. 

4. THE G E N T  ISLANLl I3ASE LINF:, lihSB NET AND RSTENSION, MARSL.4NI3. IS44. 

~ - , O i l I f i c l J l ,  ~ J l ~ ~ ~ 7 S l ~ ~ ~ ' l ~ ~ ~ l l f .  1 7 l l l f  h ' S l L / f i J l ~ ~  / l ' j l ~ f h  t!f fht' / i - t 'Jlf  /S [&?l l f  h S t '  l illt' ,  ~ ' f ~ I ) ~ Y / l 7 N l f ~  lS ,!J.  

&ill: Island. in Queen Anne County. Maryland, on tlie westcrii sliore o f  which tlie 
I ~ s e  \vas measui-cil. is situated on tlie east side of Chesapeake Ba?.. :iiid is iiearly oppo- 
site A h i i a p o h  Harbor. Origiiially it was intended as a check on the iliain triangulation 
~~1i icI1 esreiiclc-d from tlie Fire Island base soutlirvarcl aiid westwarcl. but its position near 
the latitude (.If 3 5 1 ~  reiidered it  desirable to iiicorporate it in tlie easterii part of  the 
traiiscotitinental triangulation. 

AII acconiit o f  the mcasure am1 length of this bas6 is contained in the Coast Surrey 
Keport for tlie year 1 ~ 6 6 .  suppleiiieiit to AppeticIis NO. S .  page 140~  aiic~ again in 
Special Publicatioii No. 4, ' I  Tlie Transco!itinental Triangulation. " 

Tlie middle point of the hase is in latitude 3s" 56"1, alii1 in longitude 76" 1?1"3. tlie 
iiieaii azimuth is 14' 35"4 aiid the length S - 7  kilometers (or 5.4 statute iiiiles,). Tlie 
surface of this part of the island is slightly unclulatiiig, and tlie line crosses cultivated 
fields, with some portions covered by swamps and woods. The elevation is very little 
above tlie siirface of the hay. The shore is subject IO erosion, iu coiisequriice of which 
tlic teriiiiiial iuonuiiients. each coiisistiiiy of an upright stone siirfnce iiinrk with a copper 
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bolt in a piece of slate below the surface, the whole being protected by rublde masonry, 
have disappeared. 

Tlie base wi s  measured 1 1 ~ 7  .\ssistant J. Fergusoii. in M a y  and Jiiiie, 1344. by 
means of the same apparatus as mas used for tlie measure of the Fire Island base ten 
years before. I t  is known as the Hassler base apparatus?:!: aiid consists of four rectaii,gi- 
lar iron bars each 2 iiieters long, put together etidwiso ani1 aligned in a wooden trough. 
The protriicling ends o f  this S-meter bar have semicircular notches across 

ii~cleprr~de~it stand, a11 adjustable iiiicroiiieter microscope, by iiieaiis of which the measure 
was held while tlie bar was brought forward into a riew position. All iieedecl adjust- 
ments for the apparatus were proviclecl for arid the temperature of the bar was read froiii 

therinoiiieters attached to tlie top of tlie ,?-meter bars placed in the bottom of the trough, 
which is siipposecl to have been covered with cativns. .It the end of a dkiy's work or 
at  other times w~leii necessary. the encl of t l i i  last bar- laic1 was transferred to tlie prouiic~, 
geiierally by a pluiiimet. Only one measure \vas made. atid the total time coilsunled 
\vas a little over one month. 

The four ?-meter bars iiiacle by Troughton. uf Loiiclon, about I ~ I  3 were staiidardized 
in 1S17 by Hassler. by using tlie'Committee Meter, in 1S34-35 by using the Troughton 
brass scale, and fiiially, iii 1S44-45, by Superiiiteiident Baclie, J. Sastoii, a i d  W. 
Wiircleiiianii, by using :I Hessel comparator, with the following results: 

' 

whicli was stretched a spiller thread; over this was iiioiinted, 011 all  

111 1S17 8=7""ggg 5j06 tit C P  c. 
IS.i.4-3s S ' r n  0414 " 

I S 3  t 7 '999 976-1 * '  
IS44-45 7'999 S j I b  

c 5s 

This last value, after verification in Joly, 1S54, was finally adopted for tlie two bases 
iiieasured witli this apparatus in I S44. Tlie coefficient of espaiision of the bar which 
was cleterriiiiied i i i  rS17 by Hassier at Ne\v:irk. uiz, o'ooo 012 534 foi- tlie centigrade 
scale, was adopted aiid. though somewhat large. niay nevertheless be true for these 
particular h r s ,  no\v lost. The iiieaii temperature of the bar during iiieasureiiieiit of the 
lwse was 2j'"lS C. (or 75O.33 F;'). 

Excess of last lws over eiirl iiiark nt South Base, as iiieasurrl-1 I J ~  Ear D aiid scale 

The deduced length of the base is as follomlj: 

I os6 IJGSCS .T;bS7"''ytj& 
- 2 ' O y s  

Correcticlir for L ' S C ~ Y S  (~,".JJ C. ) of teniperature o f  bars over 0'' C. and graduation error #.If 

Correction for iiiclinatioii G f  buses 
tlieriiioiiieters ( --oo'qs C. ) -I- 2 '7424 

- I .c@il7 
-0 ' d g  Retliictioii to hdf-tide level o f  bay for  surface elevation ail81 height of hoses ~ ' " ' o  
-- 

Resulting Ieiigtli o f  base S6S7"" 54.16 

The proba1)le error of this value can only be estimated, siiice the base was meas- 
ured but once. Supposing the combinecl Ieiigtli d tlie four 2-meter bars sullject to 
f m p ,  tlie effect 011 the ba.w u7ill be fo""o22; an assiuned error of f iii part in  the 

~ ~ ~~ 

* F o ~  a rlescriptioii. with illnstratians,of the apparatus. see the Transactions of the Ainericari Pbilusqirlrlrical Society, 
See also the precediill: accoiiiit of the Fiie Islaiid base Pliiladclphia. Pennsylvania. for the year i S q .  pp. 2734%. 

iiie~sii reiiieiit. 
f Kesiilt of wiiiparisoiis made after clexniiig ~ W U  m>f the 2-tiieter I-ars which were fuiiiid rust? wheii rxaiiiiiirtl. 
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coefficient of exp i s ion  wo~ild produce + o""055 : again, the effect for imperfect tempera- 
ture correction. for inequality in niuiiber of boses laid with rising aiicl with falling 
temper:itures, nlay l x  taken as f o""oj4: other minor uncertainties may 13e omitted. 
Conibining t,he several \ d u e s  for probable error gives f o""orjS, equal to 5i;Qpu of the 
length nearly. This may be taken to represent the .ikasuriiig error, and to include the 
probable error clue tcJ our practical unit of length, the Coiiiiiiittee Meter, taken as =t= 3ip.  

Resulting length of Kent Island base. S 6s 7'5446 meters aucl its logarithm, 
=t.'ohSo 

3'938 897 CIS 

40 
hyiif Z.s:Fl(riili ~ I S C .  r i d  (7irti' i>w:Flf.< I?- l r d j i i s f ~ i i t * ~ i f .  

The following abstracts of observed and adjusted directions at the nine stations form- 
ing the 1JaSe net p-oper, as \vel1 as flie coiiditioiial equations am1 results of its acljustment 
with resulting length of triangle sides, were copied from Part I. Special Publication No. 4, 
' * The Traiiscoiitirieiital Triangi!lation, " and from Part I11 of the same publicntioii the 
results of two triaiigles:;: to the northward of the net a i d  of 35 triangles to the westward 
and south~~m-cl of the base.+ The triangles of this last extension areshown on the follow- 
ing sketch: 
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The heights of the stations above the half-tide level of the ocean are small aucl 

approsimately as follows: 
Meters. 

Kent Island North Base 5 
Kent Island South Base 5 
Taylor 2 9  

BIarriott 76 
Linstid 4s 
\vebh 73 
Swan s 
Poolrs Island 4 
Finlay 150 
Oshornes Ruin 90 
Turkey Toirit 25 

The approximate heights of stations along the Blue Ridge estension are as follows: 

Hill 
Sciper 
Stebler 

Meters. 

Q 
J 43 
I74 

' Peach Grove '59 
Sugar' Loaf ,390 
Marglaiiil Heights 4.14 
Bull Run 4x9 
Mount l\larshall I 02s 
Fork I 17.1 
Clark 334' 

' Hurnpback I I 1 0  

Spear 492 
Tobacco Row $95 

No corrections to the observed horizontal directions on account of altitude were 
appliec1,'as they are too small in coniparison with the angular corrections required by the 
net ac1jUstnient to be consiclerecl. 111 latitude 390 the correction to a direction for lieiglit 
of station sighted beconies ~ ' " O O O  066 sin 3 ~ . h ,  hence the niasimuni correction woLild 
still lie less than O'"OS, whereas the net acljustment in this region in several instances 
calls for aiigular corrections esceecling I ". 

The results of the triangle side coinpiitations between. the Gent Island and the 
Atlanta base lines, published in Coast ancl Geocletic Survey Report for 1S7Y. pages 94-1 I 2, 

are iiow superseded. A portion of this work was readjusted in reclucing the transconti- 
nental triangulation and the resiilts are reprocluced in this publication. 
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A0sfi-irc.l~ qf r.millirig /iurizoiiftr/ dirrsfiuris. ufst.i.ivd tiiid ni(jrr.sfd. n l  IRc sftiliuiis fiwiiii>ig fJie:basz 

/i>itf  Zslirrrd Surrlh Biist.. Queen Anne C o ~ l ~ t y ,  Maryland. j o L '  repeating 
(Observations in IS* by J. Fergusoi~ supersec-led by 

nrf, 7Sf f-fS97. 

May 30 to June 4. ISJj. 
theodolite No. X I .  

above. ) 
E. Blyit. observer. 

I 

z 

.; 

Number of 
directions. 

Marriott 0 00 00'00 +o '0; 00 '03 
Taylor 5s 53 46.24 -fo .06 16 '30 
Kent Island North Base 1 1 1  4 1  IS.2.5 -0 'og rS.16 

Object observed. 

4 
5 
6 

j 

Resii I t i fig d irec- 
tioiis froti1 sta- base iiet adjust- szz& 

t ioii ad jiist tileti t . 
Corrections froiii 

tiieiit. 

Kent Island South Base 0 '  00 00'00 +0'19 . 00 '19 
Marriott 50 05 05'36 -0 '47 04 '.s9 

-@'I2 36 '79 Taylor SS 35 36.91 
Liostirl I21 0 2  04.35 fn.16 04 .49 

34 
35 
36 

Kent Islalid North Base o 00 Oo'rn -0 '23 59'77 
Liiistiil 56 0s 5i.92 + O ' j 2  ' 5s .41 
Pooles Island ' 169 16 25-51 -0 '29 25 '22 

I:! 

g 

Marriott 119 3 2  44'32 -ko '53 44 '55 
Liiisticl 247 1.2 54 '29 -0.66 . 53 '63 

31 
32 
33 . 

Swan Point 0 00 00'00 $0 *so 00 '30 
Liristid 36 22 15'13 + O ' V  15.30 
Finlay - r r 6  06 54-93 -0 '47 54 '15 
Osbornes Ruin 170 3.1. 06.56 . . . .  . . . . .  
Turkey Point 225 05 01 5 6  . . . .  . . . . .  
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Absfrt7sl.s oj rtwt ffitzg horizotifczl dirt*rfiolis, obstnvii i z t i d  crrljzdt-d. 0.4 fhc sf(7fiotzs Jiv-ttiitig tht. hnsr* 
tzt.1, rSff-rS97-continued. 

lf.>bb, Anne Arundel County, Maryland. July IO to August 14, IS@ 66"' direction theodolite No. 2. 

A. D. I3aclie. observer. A. D. 
Bache. ohserver. September IS to 25. 156s. 75C"' direction theoclolite No. I .  C. 0. Boutelle, 
observer. 

October ZI to Decetnber 2. ISSO. 75<'" direction theodolite No. I. 

13 

14 

15 
16 
17 

Nuinher OF 
directinns. 

26 
27 

25 

Nunil 

Hill 
Soper 
Webh 
Aziniuth Mark 
Liiistid 
Taylor 
Gent Island North Base 
Kent Islarid South Base 

Object observed. 

15' 

19 ' 

20 

21 

22 

23 
24 

Liiistid 

Finlay 0 00 00'00 +o '70 00 -70 
Pooles Island 46 42 57'73 -0.1s 57 '55 
Clough 69 13 07'73 . . . .  . . . . .  
Swan Point 77 13 16-97 -0 3 2  16 '45 
Hope 102 a7 23'10 . . . .  ..... 
Kent Island North Base 140 56 37'60 -0-26 37 '34 

Marriott 2 q  40 I1 '2s -0 '50 IO .p5 
Webb 275 55 53'59 +o '02 53.61 

Taylor 175. 43 02.43 +o '75 03.1s 

Final 
seconds. 

Resiilting direc- Correctioiis froru 
base net adjost- 

tion adjustitlent. ment. 
tions from sta- 

0 1 /I / I  / I  

0 00 00'00 - 0 '02 59'95 
Marriott 76 16 06-19 + 0 '25 06 '44 
Hill 
Soper 

5s '53 129 26 gS.53 0 .OOt 

17s 32 04'72 0.00* 04 '72 
Stabler , 1% 55 11-56 -0 ' 0 2  * 1 I '54 

Finlay 2s9 44 43-01 - o -23 42.7s 
. . . .  ..... Aziniuth Mark 275 40 01 '37 

Probable error of a single observation of a direction (D. and R. 1, t-, = c off.%. 
r of positions of circle in IS@. S S S I I I ;  in 1S50 and 1S6S. V. 

Mart-io/L, Anne Arundel County. Maryland. November IS to Decetnber g, 1%6. jot" repeating 
&I1' direction theodolite May IS  to June IS, 1S49. theodolite No. 11. E. Blunt, observer. 

I1 of 

0 I f I  I f  I f  - 
0 00 00'00 - 0 . 2 9 ~  59 '7' 

32 06 10'36 +o*35* 10 -74 - 36.93 
..... 
4s .64 
32.64 
16 '70 
54 '3' 

=& o"'67 and of 
a direction in. and R.) in rS49, L., =& ~ '"IO.  Number of positions of circle. SI. 

70 Os 37'17 -0 '24 
S2 23 4 S . M  . .... 

125 56 32.54 -0 ' 2 0  

I47 53 I 6 . s o  -0 ' IO 

166 06 54-12 , +0'19 

107 33 4S.30 -1-0'34 

direction ( 6  D. and 6 R. ) in 1846. 

~~ 

*From adjustment OF Kent ISlaIld extension. 
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A6sfr~icfs qf i-csrtffiri,kr hor-izoriflil dirccfiorrs, o6sw:wi' arid cdjrtsft-tf, af  fhc sflrfivrrs fin-rriing the bast 
r r c f  I ~Sd-~SYj-coii tinued. 

Finln-v. Baltimore County, Maryland. 

G. .A. Fairfield, observer. 

Augost 29 to September I I ,  1S4.1. 60~"~ direction theodolite 
No. 2.  J. Ferguson, observer. October '5 to Decernher 27, 1Sg6. 30';"' repeating theodolite 
No. 16. Telescope ahore grnuiid 'I '5 rneters. 

Nuinher of 
directioiis. 

29 

29 
30 

Resultiiig direc- 
tions froiii sta- 

tion adjiistiiient. 
0 1  nject observed. 

0 I I /  

Oshornes Ruin 0 00 00'00 

Still Pond 30 & p"95 
Pooles Island 4s 03 34.15 
clougll 55 53 2 0 %  

Linstid IOI 36 01.26 

Webb 127 19 37'46 

Corrections from 
base net adjost- 

illelit. 

I /  

. . . .  
. . . .  

+o -4s 

-0.72 

+o '25 

.... 

Final 
secolldS. 

I /  

..... 
. . . . .  
34 '63 

00 .s4 
37.71 

..... 

IJrolxible error of a single observation of a direction (1). and R. ) in rS4.1, c, =c 1"'52 and of a 
direction ( 6  P. and 6 R. ) in 1Sg6. (I, =C o'"65. Nuinher of positions of circle in 1S44. VI. 

I 
I1 
111 
IV 
V 
VI 
VI I 
V:iI 
IS 
S 
SI 
XI1 

SI11 
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The correlate and noriiial equations, when established aucl solved, gave the follow- 

ing values of corrections to the angular directions: 
/r / I  /I r/ 

( I )=+0 '031  0 ( IO)=f0 '359  9 (Ig)=-Cc"IY4 9 ( 2 Y ) = f 0 ' 4 7 5  s 
( 2 )  +0'059 7 (11)  - -o 'q2  2 (zoj -0.51s o (29) - 0 . j z 4  7 
(3)  -0'0g0 7 ( 1 2 ' )  + o y g  I ( 2 ~ )  -0.254 5 ( 5 0 )  +0.249 o 
(4 )  + O ' ~ S ~  7 ( I . ? )  -'3'239 4 ( 2 2 )  +0'747 4 (.31; +0'295 7 
( 5 )  -0.471 6 (14)  $-0'341 1 (2.3) --b'W 6 . ( 3 2 )  S 0 . 1 7 3  o 
(6)  -0'116 7 (15) -0'195 4 (24) +o'016 6 (33) -0.4665 7 
(7 )  +o'r64 z (,16) -0.101 1 (25) - i : i~zjo I (34 )  -0'127 6 
(SI  $ - 0 3 7  3 ( 1 7 )  f o . i g 4  Y (26) - o u 2 1  3 (35)  +o 'g i6  I 

(9) -0'656 S ( IS)  +o'703 o ( 2 7 )  +0'251 4 ( 3 6 ) '  -0'2SS 5 

Checks: Sui11 of -k corrections 55 -35 and B /w? = ,+ 4 .S67 
- B X C  = + 4 S72 SUin of - corrections 55 ' j z  

Mean error of an oljservecl direction in, = C 0" '61 where it = number of conditions. 

Meail error o f  t i n  angle n r L  = i i ir ,/< = f o" 'S7 and probable error of the same c 0" '59. 

EXTENSION OF T H E  GENT ISLAND BASE N E T ' T O  T H E  ,NORTHWARD. 

Ahsirads qf i-Lwdiiir.kr lroi imrial  lfirL.ciioirs, a/m*iwd lliid lzdjrrsicd af slntioirs io fhr iror-ih g- fhr  irt-i. 

0sBoi.itcs Rniir, Harford County, Marylancl. &"I clirection tlieorl- 
olite No. 2. J. Fergusoii. observer. August 17 to September 20. 1Sg6. 36"' repeating tlieorl- 
olite No. 16. G. A. Fairfielil, observer. 

September 23 to October 2, 1S44. 

Telescope 14'17 meters above ground in 1896. 

Object observed. 
Correctioii 
froiii figiire Results of local 

adjust iiieii t. adjostnierit. secollcs. 

a I / r  / r  I t  

Turkey Point 0 00 00'00 +o 'I I 0 0 ' 1 1  

I~ooles Island SI 27 17.53 4 '06 17'47 
Fiiilay ' 15s 56 33.29 --i; '09 j; '20 

I'riiicipio 324 49 48.33 . . . .  ..... 

Probable error of a single ohservatioii of a direction ( D .  arid R. ) in 1s4.1, e, =f 1/'*53 and of a 
direction ( 6  D. and 6 R.) iii rSg6, e', =z!=o"'35. Number of positioiis of circlein I S A ~ ,  VI. 

TrtrkqJ Poiiit9 Cecil County, Marylantl. May 31 tu June 1 7 ~  1845. 6Oc" direction theodolite No. z.  
;5"" direction theodolite No. IO. J. Ferguson, observer. 

J. Nelsoii, observer. 
September 30 to Octoher 19. 1Sg6. 

Telescope 1.0s meters above grouriil in 1596. 
0 I / I  / I  I /  

Pooles Island 0 00 00'00 t o  '65 00'65 
Oshornes Ruin 44 0 1  48.72 --o '44 4s .2s 
Principio 131 14 41.24 . . . .  . . . . .  

Probable error of a single observation of a direction (,D. and R.) in IS&, e, =& 1"'4g and of 

Number of positions of circle iu rs45, VI; and iii rSg6, SII .  
a direction .in 1Sg6, L-, =c oIj.62. 



Hill, Prince George County, Maryland. June ' IS to J~i ly  15.. 1S46. 60Cm direction theodolite Nu. 2: 

A. D. Back .  observer. August S to October 4, ISSO. 75"" rlirection theodolite No. I. A. D. 
Bache and 4. A. Huniphreys, observers. October g to November 12, rShS .  75'"' direction 
theodolite, No. I. C. 0. Bontelle. observer. Telescope 16.76 meters above ground in 1S6S. 

Objects observed. 

Peach Grove 
Causten 
Sugar Loaf 
Stabler 
Soper 
.4ziinuth Mark 
Webb 
Marriott 

Correction from 

inen t . figure adjust. s:z:7& Reslllts OF local 
adjuatmciit. 

I 

00' 

54 
4s 
16 
I4 
os 
os 
4s 

I I  

00'00 

28.96 
42'47 
57 '50 
40.71 
23 '97 
24 '1.2 

56 '12 

I /  I /  
__ 

-0 '30 59 '70 
. . . .  . . . . .  

+o ' IO 42 'k7 
$0 '20 57 ' io  
-0 '3 I 40 ' 4 0  

.... . . . . .  
+0'12 24.24 

$0 ' 2 0  56 '32 
Probable error of a single observation of a direction ( D .  and A'.), L.,= C O " ~ .  Niitnber of positious 

of circle in 1S46 and ISSO, 1;: i n  1S6S, VII. 

So/m, Montgomery County, Maryland. Jwie 19 to July 23, ISjo. 75c1n 'direction theodolite No. I. 

.A. D. Bache, observer. 
0 I / I  I I  / I  - 

Webb 0 00 oo"o0 -0'0s 59 '92 
Marriott 39 41 37'0s . -0'17 . 36-91 
Hill . ' 75 or 10'92 ' $0'24 ' r1.16 

Aziinuth Mark 89 30 15 '00  .... . . . . .  
Causte11 122 09 57'30 .... . . . . .  
Stabler 233 17 . . . . .  .... 09.98 

I'robnblc error of a single 011st.rvation of a direction (U. and I\'. ), c, = +o'/.gi. Nuniber of positions 
of circle, V. . -, 

Shzblci-, Montgoniery County, i\.larylantl. July 17 to SeptenIber 3. 1869. 75c1" direction theodolite 
No. I. ' C. 0. Boutelle, observer. Instrun~ent 16'76 meters above ground. 

0 I /  / I  / I  

Hill 0 00 00'00 -0 24 59.76 
Peach Grove 63 40 03'06 --0 '37 02 6 9  
Bull Rnn ' 87 11 16.57 +o .04 1661 
Maryland Heights 131 27 54'59 +0'06 . 54'65 
Sugar Loaf 134 og "42.34 +o -4s 42 'S2 
Webb 297 19 37'6s . +o ' 0 1  37 '69. 
Soper '342 1.7 . :+I 'I7 0 '00 - '17 

Probable error of a single observation of a direction ( D. and K. 1, el= -C 1"*0s. Number of positions 
of circle, VII .  . .  





BASE L I N E S  AND BASE NETS. 
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PCRCJZ Gr@:v. Fairfas County. Virginia. October I I to November S, 1569. ani1 July 2s to August 15, 
1S70. 75"u direction theodolite No. I. C. 0. Boutelle, observer. Telescope 13'72 nieters above 
ground. 

Mount Marshall 
Rull Run 
Maryland Heights 
Sugar Loaf 
Stabler 
Causten~ 
Hill 

:bl,jects observed. Kesults of local 
adjiistiiieiit. 

0 I I /  

0 013 00'00 

4 36 29'66 
5s 32 34.06 
79 59 52'76 

I43 47 23'.55 
rS7 26 02'7s 
194 50 24% 

Correctioii froiii 
figiire'adjust- 

iiient. 

I /  

. -0 '36 
+ O . I S  

-0 '50 

+o .06 
+o '35 

+o '27 

.... 

Final 
seconds. 

,I - 
59.64 
2 9  .SJ 

33 56 
52 .s2 
24 ' 2 0  

. . . . .  
35 ' 1 2  

Pro1)able errorof a singleobservation of adirection ( D .  arid K. ) .r ' ,= c I / /  ' 02 .  Nurnber of positions 
of circle. VII. 

S t t p r  / A J ~ ! / ,  Preilerick County. Maryland. 
No. I 13. 

August IS to November 19, 1879. 56"' di:ection theodolite 
C. 0. Boutelle, F. D..Granger. and J. €3. Routelle. observers. 

0 I ?I I /  I ,  

12efrrriice Itlark 0 00 00'00 . . . .  ..... 
I3nl l  Run 45 27 15.79 . t . o .72  16.51 
3Iouiit &rsIialI 65 36 50.72 --0 'I  I 50 . b I  

31arylniid Heights 120 27 5438  + O . l O  54 .AS 

Stabler 306 43 36'06 -0.46 35 6J 
Hill 325 05 39 .=5 
Peach Grove 352 26 27.18 -0 '26 26 '92 

Number of positions 
of circle. SI. 

..... .... 

Probable error of a single observation of a direction ( L). arid R. ), 5, = zk 0" -60. 

Mottiif Ahzrshdl, Rappaliaiiiiock County. Virginia. 
A. T. . theodolite No. IO. 

Fork 
Maryland Heights 
Sugar Loaf 
Rull Run 
Peach Grove 
Clark 
Peters 

July IS to September 
Mosman , observer. 

0 / / I  

0 00 00'00 

1 s ~  15 49-56 
202 41 37'50 I 

225 17 06.7s 

229 31 29'99 
311 50 33.9s 
336 20 36'44 

7, rS74, 35c" direction 

I I  / I  

. . . .  . . . . .  
-0 '26 49 30 

+O.I9 06 '97 
-0 '28 29.71 

+o .36 37.236 

. . . .  ..... 

. . . .  . . . . .  
' Probable error of a singleobservationof a direction (D.  arid R. ). e'l= zk 1'' '29. Numberof positions 

of circle, SI. 

4103--N0. 7-02-5 



' Objects observed. 

Azininth Mark 
Clark 

' Fork 
Mount hlarsliall 
Marylaiid Heights 
Sugar Loaf 
Stabler 
Peoch Grove 

Results of local 
adjustiiieiit. 

0 / I I  

0 OCI 00'00 

I 07 09'35 
33 03 17'51 
53 39 05'53 

157 2 0  07.15 
,190 54 06'98 
225 12 03.95 
242 29 57'85 

Correction froin 
figure adjust- 

nieiit. 

/ I  

. . . .  

.... 

Filial 
secollds. 

/ I  

..... 

..... 

+o 'I I 

+o '49 
-0 *6S 
f o  'OS 

n'oo . 

05 fj'l 
07.64 
06 '30 
04 '0; 

57 'S5 
Probable error of a single observation of adirection (U.ani1 R. ),cZ = _C 1~l.09. Nuiiiber of positions 

of circle. V I I .  

ilfaryltzrid 'H&q/ifs, Wasliiiigtoii County, Maryland. September 16 to October zS, 1S70. 
tioil theodolite No. I ;  C. 0.' Boutelle, observer. ' 

. -0 I I I  II 

su&r Loaf . . 0 0 3  m'oo -0.1s: 

Aziiiiutli Mark o 57 03.66 . . . . .  
Stabler 3 33 53'32 -0 '24 

Peach Grove 30 31 14.53 +o 'Yq 
131111 Kull 71 25 27'26 . -0 '50 
Mouiit 3~11arshall 106 43 12.67 f o  .os 

75"" clirec- , 

I I  - 
59 :s2 

53 u s  
15'37 ' 

25.76 

12  '75 
Prolxhle error of n single o1,servatioii of B direction (D.,aiid h'..), e,  = Co"'93. Nuiiilier of positions 

of cii-cle; 1 7 1 1 .  

Cltrr-k, Orange County, Virgiiiia. 

Spear 
Peters 
I3 ulllpback 
..lziiiiuth itlark 
Fork 
Mount Marsllall 
Bull Run 

July 24 to September s9 1S71. 
C. 0. Boutelle, observer. 

75"" direction theodolite 

0 I / I  I f  

0 00 00'00 --o 'I2 

I1 21  47.m .... 
24 og 37'37 -1 '35 
55 29 20.96 . . . .  
78 26 10.17 +o '97 
122 25 05-12 +o '02 

163 19 47'57 +o .48 

No. I .  

II -- 
59 .ss 
. . . . .  
36 '02 

... 

, 

of circle, VII. 
Probable error of a single observationof a direction (U.  aud R, ), c', = 3= 1.05. Number of positions 



Fork, Madison County. Virginia. October I z to December 24, 1S74. jg"" Jirection theodolite No. IO. 

A. T. Mosman, +server. Same July IS to August 6, rS79. 5oC"' direction theodolite No. 114. 
observer. 

Pt.akea-1 
Slate Springs 
bluiuit Marsnall 
Bull Run 
Clark 
Peters 
Spear 
H ~ i i i p l ~ ~ ~ k  
Elliott Knol) 

Correctioir froirr 
figure adjiist- 

iiieirt. 

I ,  

. . . .  
+O '9s 

$0 '39 
-1  '01 

-a -S6 

-@ 'IO 

-G '20 

+o .so 
Proljallle error of a single oliservatioii of a directioii ( 11. ani1 A'. I ,  t', = & I"'ZJ. Number of posi- 

tions of circle, SI in 1S74 tind ill rS7g. 

Hirrripi~iic-k. Nelwii County, Virgiiiiii. June Y to 29. isis. 35'"" dirc.ctioii tlieodolite No. ro: A. 'I*. 
Same olxerver. 

A. T. Mowiaii and TV. R. Fairfield. 
Mosiiian, ul)server. 
Angiist IS to 2S, rS79. 
oliservers. 

Way I I to June 6. rS7S. 5u"" direction tlieorlolite No. 114. 
50~"' direction theodolite No. 114. 

I, I I /  / I  I /  

Jiiriiiiiii u Clcl C r 3 . 0 3  .... . . . . .  
Clark 24 30 2V.J6 + I  '37 21 .ss 
Peters j 1  +I 01.24 .... ..... 
S1," I 26 I 4 25 w +o '44 25 '46 
J,ong RIouiitain I54 41 57'1C' . . . .  ..... 
T ~ I ~ ~ ~ ~ c ~ - ~  ROW 173 06 lJ7 '6s -0 'Y7 1.16 'SI 
I h l r l  T<iinl) 23n 26 .q%j fO.17 24 '82 

Elliott KIIOIJ 265 35 n t  '15 --I :o; c o  ' I O  

Slate Springs 300 os 53 pg -@ '57 53 '45 
*? .- Fork 357 2s 32'1s t o  '33 J- > I  

I'roI,mlde error of a single ohservatiow of a direction ( D. .wid A'. ), t., = & 1"'4.i. Number o f  
positions of circle. SI. 
.y&*17#., Buckingliaiii Cuunty, Virginia. Jnly 50 to Augnst 29. tS75. 355"' direction thecdolite No. IO. 

A. T. Mosriian, observer. 
il I I /  / I  r /  

\Villis 
Long Mnuiitaiii 

Flat rill) . 

Tobacco Row 
Humpl,ack 
Fork 
Peters 
Clark 

positions of circle, SI. 
Probable error of a 

.... cI a i  00~00 

113 14 26.50 .... 
150 15 15.49 
160 17 43.42 +o '22 

233 59 0 2  .so -@ '44 
266 0 7  r 4 . 1 1  +o '05 
2 S j  15 22-59 .... 

.... 

zSY 05 31 '91 $0.17 

single observation of a direction ( U. a i d  I?.), = & '"'37. 

... 

... 
..... 
43.64 
02 '06 
14.16 

32 'chS 

Number of 



THE EASTERN OBLIQUE ARC. 

.Jbstrasfs qf rtm(fting hoi-izoiifc7f cfirrctioiis obscrcw! lll1Cd rrdjitsftd cri fhc* sfafions f &ring f h t  t.lrfevsioir 
n f  ffie A'eaf ISfi7lfd bast, ircf f o  fhc wesfxiaid a d  s~~ir.ih~~~c7icf-continuecl. 

~0bi7CCO Row, Aniherst County, Virginia. 

. .  
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Septemher 14 to 23, rS75. . 35c1" directioii tlieodolite No. IO. 

A. T! Mosnian. observer. September 6 to 9. rS7g. soc"' direction theodolite No. 1x4. Same 
. observer. 

Objects observed. 

Flat Top 
I M d  Knob 
Huiiipliack 
Spear 

Keslllts of Correction' from 
figure adjust- &&:As, 

tiient. atljnstmeiit. 

' Q .  I - I /  I /  / I .  

54 3' 49'35 ' -0 '65 '70 
0 a3 00'00 . . . .  . . . . .  

140 52 i3.35 +Q %6 24 '24 
200  19 2s *so -Q '21 2s '59 

Long Mountain 272 56 37'39 . ... . . . . . .  
Smith 31s 30 40.14 . . . .  . . . . .  
Callas 345 42 24'62 . . . .  . . . . .  

Probable error of a single observatioii of a direction (D.  and R.). r',= c '"-43. Number of Gositions 
of circle in 1S75. XI. 

NO.  Stations. Ohsen-ed angles. 

Taylor 
I i w t  Island North Base 
Kent Island South Base 

Miirriott 
.Taylor 
Kent Islaiirl North Rase 

Mnrriott 
Taylor 
Kent Island South Base 

Marriott 
Kent Island North Rase 
Kent Islwirl Soiitli Base 

Linstid 
Kent Island North Base 
Taylor 

Uiistirl 
Taylor 
Marriott 

Linstid 
Kent Island North Base 
Marriott .. 

/ I  

52 '37 
36 '9' 

43.96 

32 '01 

44 '32 
31 '55 

21 '2s 

51 '95 
46 '24 

37 '32 
05.36 
IS 2 5  

24 '83 
27 '42 
05 '7' 

os 'S5 

09 '97 
44 '54 

33 '69 
5S"97 
2 s  .SO 

Correr. Spher- Spher- Log. dii& 
tio,l. ical ical tames angles. excess. 

I /  

-0 '59 
-o '3 I 
-0 '15 

f o  '09 
+0'17 
+o .36 ' 

+o '39 
$0.76 
+o .03 

+o "9 
-0 '66 
-0 :I2 

+ I  .Ol 

+o .2s 

+.I u2. 

--I -25 
--I 'IS 
-0 '54 

-0 -24 
+o '64 
-0 *M 

I /  

0.0s 
0.0s 
11 .os 

9 "5 
0 ' I 5  

0 '15 

0 a 2 1  

0 '22 

0 '22 

0 "4 
0 '15 
0 '15 

0 '09 
0 '09 
0 a g  

o -13 

0 :I3 
o -13 

0 '37 
0 '37 
0 '37 

Distances in 
meters. 

s 6S7 '545 
13 916.37 
I I  os7 '07 

I I  c+7 '07 
25 SoS.67 
1.3 471 '34 

13 916'47 

1s 471 '34. 

S 687 345 

21 303'16 

21 3 9 ' 1 6  
2 5  80s *6S 

1 1  087.07 
1 0  427 '93 
17 922 .4S 

IS 471 .34 
26 179'19 

Io 427 '93 

25 ' 80s '67 

17 922 -4s 
26 179'19 



No. Stations. 

Webb 
Linsticl 
RIarriott 

Fiiilay 
Liiistiil 
\Vebb 

Pooles Island 
Liiistirl 
Finlay 

Swnn Point 
I h i t  Island North Base 

I2 

Swan Point 
1.i iistirl 
Pooles Island 

Osboriies Ruin 
Pooles Islaiil'l 
Fiiikiy 

Tmkry Point 
Pooles Islantl 
Usbornes Ruin 

Hill 
Wehb 
Marriott 

Soper 
Webl, 
Marriott 

IS 
Soper 
Marriott 
Hill 

Stabler 
19 1 Webb 

Soper 

Observed angles. 

0 / /I 

76 16 06.19 
66 IS 42.31 
37 2s I I  '13 

25 43 36'20 
SJ 01 06 '41  

70 I5 16-99 

79 44 39'79 
46 42 57'73 
53 33 27.11 

56 0s 57'9' 
60 0 7  41.14 

63 43 20.6; 

1 1 3  07 27'59 
30 30 19.24 
36 '22 1 5 . 1 3  

77 29 15'76 
54 27 1 2 . 1 1  

4s r13 54 '6.3 

44 0 1  4s.72 

5-1 3CJ 5 . 5 ' ~  
SI 27 17'5.3 

Correc- 
tion. 

/I 

+o '27 
$0 '52 

+o -5s 

+o '97 
+o '69 
+c* '2 I 

-0 '64 
-0 '59 

$0 '74 
+o '07 
+o '26 

--o'SI 

-1 '20 

-0 ." 1 33 

-0 '1 2 

-0 *oL) 

--I 'LO 

--o '17 

- 1  '05, 

-t- I . I  9 
-0.17 

Spher- 
ical 

excess. 
I/ 

0 '33 
0 '33 
0 '34 

0 .$9 
0 .49 
0.49 

ti .64 

0 '63 

o '25 

o '25 
0 '26 

D '23 
0 '23 
I:, .24 

O '37 
o '36 

i i  '63 

CJ 3 6  

0 '39 
0 '39 
'0 .40 

$0 'os 

-to '29 

- - o  'lq 

O'UO 

0 'MI 

-0.3s 

+o '52 

+o .43 

t o . 4 1  
+0%7 
f o  '5 I 

0'00 

-0'01 

-0 ' 0 2  

.... 

4'392 324 7 
4'37.; 719 5, 

4 .443 7" I 

4.392 3-24 7 
4 '577 013 I 

4'376 775 6 

4'44.3 721 J 

4'337 076 I 

4'376 775 s 
4'373 719 9 
4'337 076 2 

4'577 0 1 2  3 

4.376 775 7 
j.691 BS2 4 



NO. Stations. 

Stabler 
2 0  [ Webb 

Hill 

Stablei 

Sugar Loaf 
Stabler 
Hill 

Sugar Loaf 
Stnhler 
Prach Grove 

Sugar Loaf 
Hill 
Peach Grove 

Maryland Heights 
Sugar Loaf 
Stabler 

Maryland Heights 
Sugar Loaf 
Peacll' Grove 

Maryland Heights 
Stabler 
Peach Grove 

Bull Run 
Mary-land Heights 
Sugar Loaf 

Bull RUII 
Maryland Heights 
Stabler 

I 
29 I 

I 
I 

31 

32 

Bull Ruli 

Maryland Heights 
Peach Grove 

Bull Run 
Sugar Loaf 
Stabler 

Observed angles. 

0 I I I  

62 40 22'32 

59 51 26'62 

, 1.7 46 18 'S3 
15s 15 ..... 

3 57 43.2' 

51 03 01'00 

63 40 03-06 

57 2s '3'03 

65 16 57-50 

IS 23 . . . . .  
134 og 42.34 
27 2s 15.03 

4.5 42 51'12 
70 29 39.2s 

63 47 31 '09 

27 20 ..... 
37 1s 42'47 

11.3 so 32.09 

3 33 53'32 

2 41 47'75 

30 31 '4'53 
12s 01 27.20  

21 37 rS.70 

26 57 21 .21  

173 44 Is'j2 

67 47 51 '53 
ss 14 49'79 

33 33 59..93 

75 00 3s.59 

67 51 56'So 

67 51 33'91 
44 16 3S.02 

Sg oq 50.70 

4u 54 '2'73 
53 56 04*40 

34 17 56.97 
9s 43 39'73 
46 5s 25'77 

71 25 27.26 

Correc- 
tion. 

/ I  

-0 '26 
-0 ' 02  

-0 'OS 

-0 '245 
.... 

-0'514 

-0 'OS 

-0 -13 
+o '50 

+o '73 
$0 '10 

+o '20 

$0 'S5 
+o '30 

.... 
4-0 .A0 
+ 0 ' 2 2  

-0 '059 
f o  '562 
+0'419 

+ I  '02 

+0'36 . 

-to056 

+ I  'OS 

+o v 3  
i o  ,S6 

--I '16 
-0.31 
-0 '62 

-0 .40 
-0 '26 
$0.02 

-0 '19 
- 1 '33 
-0 '6s 

+0 -76 
+ I  7s 
+o -44 

Spher- Spher- 
ical ical 

angles. excess. 

!I / I  

22'06 0 ' 5 3  
13.01 0.54 

26'54 0.54 

IS'5SS 0.0j4 

5 8 S 2 0  0.033 
42.696 0'034 

00 '92 0'62 
02-93 0.62 
gS.00 0'61 

03'65 0.62 
43.07 0'61 
15'13 0'62 

51 '32 0'95 
40.13 0.94 
31 '39 L"Y5 

47.66 0.95 
4237 0.95 
32 '3' 0 -94 

53'261 0.104 
IS'SS2 0.104 
4S.169 0.104 

'5 '55 0'79 
27'56 0.79 
19.26 0'79 

22-29 1'63 
51.96 1 '63 
gu-65 I '64 

gS.67 I '20 

26'95 I ' 2 0  

37'97 1.19 

56.40 2.70 
33.6s 2.71 
3Y.04 2-71 

50.21 1'77 
11.40 1.75 

03.72 1'7s 
57'73 I '62 
40.91 I -61 
26'21 I '62 4'699 SSI 6 50 067 '00 



?IO. Stations 

33 

34 

35 

36 

Hull Run 
Sugar Loaf 
Peach Grove 

Bull Run 
Stabler 
Peach Grove , 

Mount Marshall 
MaryIai111 Heights 
Sugar Jmf ' 

Momit Marsliall 
Marylaiid Heights 
Bull Run 

Mount Marshall 
Maryland Heights 
Peach Grove 

I\Iount Marshall 
3s 1 Sugar Loaf 
' Rull  Run 

I\Iount Marshall 
Sugar Loaf 
Peach Grove 

Mouiit Marshall 
null Run 
Peach Grove 

Clark 
Moiiiit I\.Iarsliall 
Bull Ruii 

Fork 
Mount Marshall 
null Run 

Fork 
43 I Mount Marshall 

Clark 

44 

45 

Fork 
Bull Run 
Clark 

Humpback 
Fork 
Clark 

Spher- Spher- 

angles. excess. 
c~iI>servcd aiiclcs. ' 'Orre* ical ical 

0 I I I  

51 35 SO'S7 
53 aJ 4S.61 
75 23 23.10 

17 17 53'90 
a3 31 13.51 

139 Io 51.19 

IS 25 47'94 
106 43 12'67 
5-1 51 03'66 

41 01 17 '22  

35 17 45 '41 
103 41 nr 6 2  

45 15 40.43 
76 1 1  5S.14 
gS 32 34.06 

22 35 2g.3s 

20 09 34'93 
137 15 01'45 

26 49 52'49 
73 10 23.54 
79 59 52-76 

J 14 23.21 
171 og 07.6s 

4 36 29'66 

40 54 42.45 
S6 33 27.01 
52 31 56.29 

24 J I  24.02 

134 42 53 '03 
2 0  35 4S.13 

S7 51 JS .o6 
$3 09 26'02 

43 5s 54'95 

63 IO 21'04 
31 56 aS.16 

s4 53 37'40 

gS 41 4 2 2 s  
27 01 $3'2S 

54 16 3250 

/ I  

51 '55 
49 '59 
22 .gs 

53 'S? 
13 '92 

54 '37 

4s 5 6  
12 '93 
03 'S7 

17 '67 
45 '98 
0 2  '00 

40.42 
57 3 s  
33 '9' 

29 'I I 

34 'IO 

00 '67 

51 .S6 
23 '69 

53 '17 

22 '742 

07 '791 
30 '192 

42 '9' 
26 *76 

56 '53 

52 .s4 
47 '61 

43 .SI 
26 '07 
54 '01 

21 '19 
os '92 
36 '92 

49 '32 
42 '95 
35 '12 

22 '62 

/ I  

1 '37 
I '37 
1 -3s 

o '70 
o '70 
0 '71 

' 1  '79 
I .7s 

I '79 

I .SS 
I .S8 
1 'sg 

3 90 
3 '91 
3 '90 
I '29 
I '29 
T '30 

2 '91 
2 '91 
2 '90 

o '242 

0 -241 

0 '242 

2 '07 
2'06 

a '07 

I '02 

I '03 
I '02 

I '29 
I '30 
I '30. 

2 '34 
2 '34 
2 .-- 53 

2 *46 
2 '47 
2 -46 

71 

Distances i n  
meters. 

40 546 '91 
41 32Y.S2 

50 CJ67 ' 0 1  

30 793.34 
1 1  32S'S3 

67 69453 

29 203'35 
SS 469 '41 

75 530'49 

51 021 '49 

41 9x5 -93 
75 530'47 

62 894.26 
Sg g5s.24 

75 530.49 

50 or57 '01 

44 9'5 9 4  
SS 469 .41 

40 546 '9' 
Sg gSS.25 
SS 469 .41 

41 32s.s2 
S5 gSs'24 

44 9'5 '93 

41 9'5 '93 
6s 461 %I 

54 435 '63 

44 9'5 '93 
76 414 '75 
37 S27.72 

54 435 '63 
40 581 .40 
37 827 '73 

65 461 '61 

76 414.75 

40 5Sr '39 
8s - -7 1 ' 2 2  

40 5SI '39 



No. Stations. Gharrred angles. 

0 / I /  

Spear 32 Os 11.61 
12s 45 52.84 

Fork 19 06 or '45 
46 1 Hunipback 

47 I ?t:pback 
54 06 29'41 

IOI 44 04.56 
I Clark 24 09 37'37 

45: 

49 

Spear 1 1  55: 1 7 S o  

Clark 75: 26 1 0 . 1 7  

Fork 79 35 40.5:3 

Tobacco ROW 59 27 0.5'43 

Spear 73 41 I 9 . d  

Humpback 46 51 42.66 

Correc- 
tion. 

It 

+o -49 
+o . I  I 

-@ 'IO 

t o  .61 

-0 '93 
- 1  ' 2"  

+o . I2 
$0 '77 

, + I 'OS 
- 1  'OS 

--I '31 

-0.66 

Spher- 
ical 

angles. 
/ I  

I2 ' IO 

52 '95 
01 .3j 

30 ' 02  

03 '63 
36.14 

17 '9' 
41 6 3  

I I .25 

04 '34 
41 '35 
I S  .42 

Spher- 
ical 

excess. 
I /  

2 '13 

2 . I 4  
2 '13 

3 '26 

3 .27 

3-26 

3 '59 
3 '59 
3 '55 

1 '3;  
1 ..- .?I 

1 '37 

Log. dis. Distances in 
taiices. Illeters. 

~t~fci'iiriiinfioit fhr jn)bob?c tww ?f fh(- h y f h  cf fhr sid-s Osbwr1c.v Rttiii fo  T v I ~ ; I ~  Plv'irf, 

clitd TObc7.1I1~ k O X '  f0 s/i'l?J'. 

In cotiiiectioii with the Kent Island base net the probable error of the side Linstid 
to Fitilay was ri.corously computed, and was found to be f 0.33 meters; which rcliials 

There are three triangles between this sick atid 
the side Osbornes Ruin to Turkey Point: hut. instead of cotiiputiiig the additioiial prob- 
able error arising froiii their measure separately. it will suffice, when ' estimating the 
probable error of the chain of triaiiKles between the Fire Island and Kent Islntid bases 
to include these three triangles as part of the chain; otherwise, the probable error of the 
line may be taken as atlout iBblTiTb part of the length. 

For the esteiisioii southward the probable error of the side Webb to Marriott was 
rigorously computed and found to equal f 0.22 meters. which is about ii9!3irii part of 
the length. For that part of the triangulation lying between Web11 to Marriott and 
F'ork to Clark the probable error was found to be Tv3!gUg part of the length, and the 
s i n e  fraction niay be used for the estensioii t!ience to the line Tobacco Row to Spear. 

Descriptions of the base-net stations are given in the accoiiiit of the Transconti- 
nental Triangulation, etc. Special Publicatioti No. 4. Washington, 1900. 

part of the length of the side. 

5.  THE ATLANTA BASE A N D  RASE NET, GEORGIA.  1872-73. 

Loa1 fioir , i i t l ~ ( ~ s t ~ i . t ~ i i z t ~ i i f ,  c 7 i t d  i-csri?fthg ?cii.gfh ?/ fhe .4f?nirfo bast liii.c, 1872-73. 

The Atlanta base is located on Peach Tree Ridge, Georgia, about 24 kilometers 
(or 15 statute miles) northeast of the .city of Atlaiita. . It is the seventh and last base 
measured with the Baclie-~'7iirdetiiaiiii apparatus. aiid is the only oiie measured with it 
more than once. I t  is 9fj  kiloiiieters (or  SI statute miles) in length and was meas- 
ured three times. There is a oery full description of the operations in Coast Survey 
Report for 1S73, Appeiidis No. 12,  pag& 123-131, atid the description of the apparatus 
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is given in Coast' Survey Report for 1854, Appeiiclis No. 35, and in Coast Survey Report 
for 1S73, Apperidis No. I? .  Further reiiiarks will be fouiicl in the account of the 
Dauphin Island and the Eppiiig bases in this publication. I t  will also appear from 
the seven values collected on page 131 of tlie Report for rS73 that the average accuracy 
reached with this apparatus is about 5VT!UTB part of the length measured. In view of 
the complete publication already made, it will suffice to give the preseiit account in an 
abbreviated form. 

The iiiiddle point of the base is in latitude 33' 54"4 and longitude SqQ 16"5* with a 
meaii azimuth 5'' OS'.?. The nieasureiiieiits were made by Assistant C. 0. Boutelle. 
Tlie first and secoiicl riieasiires were made in opposite directions in November aiicl 
December, 1S72, aiicl in January. rS73, aiicl the third mas made iti July aiid August, 
1s73.  Tlie three measures were accomplished in I 7* 13. and 14 morking clays, respec- 
tively. In connection with these several iiieasures the tubes:!: were frrqueiitl!; roiiipared 
for length with the standard bar. which was immersed in .glycerin cluring the July and 
September comparisons. 

The  summit of the ridge is iiarrow and crooked. hut the slope of tlie iiieasiireiiieiit 
was confitiec~ wit~iin the niasitiiuiii iiicliiiation tlie tulxs wc,ulcl bear, iiamely. 5 0 .  A 
gulch near the southwest eiicl was crossecl'oii trestlework consisting of two separate 
structures. The approsiiiiate elevation a1JoVe sea level is j z o  meters. The teriniiials 
are ninrked by granite iiioiiuiiieiits aiicl the subdivisions of the line by small granite posts. 

Tlie length of tlie 6-meter staiidarcl bar is 5""999 941 at oo C., and its coefficient of 
* 2  ' 

espaiisioii o*ooo o I I 54. The iiuiiierous comparisons iiiade for standardization of the 
= t 4  

tubes and for testing their coiiipeiisatioii showed that the latter was still close: that is. 
about 2 I parts of 22 reniained compensated I3etweeii tlierange of temperature oo to 22" C., 
but between tlie temperatures from 32' to 38' C. the tulles coiiipeiisated oiily about I O  

parts in I I .  The coiiiparisonswere iiiacle with the Sastoii reflecting coiiiparator No. I ,  

for which we have for the period Noveiiiber. 1 8 ~ ~ .  to January, 1S73, one division at 
4;4 O C. equal I '$4 microns and at 19' C. I '37s  microns. values answering for the case 

of the first atid secoiid base measures In coiiiiectioii with the third measure, olxerca- 
tions iii J d y  and September, 1S73. gave I iliv. = I -376 p. We have also I turii of the 
screw at tlie temperatures 4*. ' g o ,  and ? S o  C. equal to 550.9. 352-3, aiid 353.06 scale 

cli visions, respectively . 

of tlie tubes, in which the, iuicertainty from tlie length of the staiiclarcl is included:. 

+ 3  ' f 3  

f ' I S  

As the result from the above comparisons we have the following values for the length 

*Before rriakitig the coiiiparisoris tube KO. i was supplied with a irew agate. The Borda scale or differeritiai 
thertiioiiieter as applied to the tubes is shown on plate No. IS in the Coast Survey Report for 18:;. 
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The minimum temperature a t  which the tubes were used was - 7O.7 C., aud many 
were laicl with temperatures below the freezing point; the masimum temperature at 
which the tnbes were used was 41 "'7  C., and iiiaiiy were laicl with temperatures above 
3 S . O  C. The three tliernionieters attached to each tube were read atid the iiieaii values 
were corrected for graduation errors. The niasimum iiicliiiation of a tube laid was 4 O - 7 .  
aiicl there were a great many with inclinations of 4O. .  The ruggedness of the ground 
causecl the sum of the inclination corrections for the whole base to mount up to  IO""^^ I 2 

in the first and to ro".o375 in the last measure. Fractional parts of a tube at the base 
nioiiuiiieiits aiicl iiiterniecliate niarks were measured with the brass Lerioir meter of the 
Survey. which is of staiidarcl length at 13O-6 .C. 

The following table shows the temperature of the tubes during the measures of the 
several parts of the base, their lengths as nieasured. corrected for inclination, but iiot 
reclucecl to sea level. aiicl exhibits the difference of the individual nieasures from the 
mean of the three measures: 

Siihdirisiuiis 
of hse .  

-- 

S\\' tu 1 
I to I1 
I 1  1 0 1  Y 
31 to I\' 
IV to v 

ttJ %'E 
\Vholr Iuse  

Srcoiid. Third 
measiirr. iiiensure. 
- _ _ _ ~  

! Discrrlioiicies. 

Srcoiid Third 
inirasiire.1 iiiraaure. 

The freqiient changes of sign i n  tlie above cliscrepaiicies nlay be taken as a favor- 
able indication that the lengths of the tubes were correctly determined. In order to 
obtain the data required to recluce each part of the base to sea level, two lines of spirit 
levels were carriecl over it. double zenith distances of Stone Mountain were measured 
for difference of height at Southwest Base, Middle Base, and Northeast Base. and 
reciprocal observations were iiiacle at Stone Mountain. A line of spirit levels was 
carried from Stone Mountain, in rS73-74, to Augusta, Georgia: between this place and. 
Port Royal the railroad levels were utilized, and tlie elevations refer to Atlantic half 
tide at  Beaufort, South Carolina. The resulting height of Stone Mountain is 5 13""95, 
arid allowing ~ " " y  for the elevation of the tubes above the ground, the average eleva- 
tion of the tubes above the half-tide level becomes 3~1 ' ' ' ' 5~  and the reduction of the lase 

h l  to sea level - -- = - o""4710. 
P 

M'hence we get for the length of the base the values 

9 33S""4SSo 1 
47'5 1 
.+So-. . mean g 335.479 g meters. 

Combining the mwiz  of the two winter nieasures with the value' of the summer 
measure, we get g 335'477 S. meters. We have also the distance Southwest Base to 
Midclle Base 4 51-1'"'447~ aiicl fmnl Middle Base to Northwest Base 4 8-16'03-1 meters. 
The horizontal angles nieasurecl at  these three base stations and at  Stone Mountain 
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afford a check 011 the measure. Starting with the first or shorter distance and iisiirg 
the acljustecl angular measures, the length of the base thus trigonometrically deduced 
conies out y 3.;s""50~, or -??'. in excess of the direct linear measure. 

For the probable error of the measure of tlie base we lime the following data: 
Probable error from uncertainty in length of tubes in I 556 tubes. I 556 2: 14.0 /.I = 
f O"'.O? I .  7s. For mere measuring error we have, after forining the values B 6,'. B d?', 
B CY;?, etc., where the 8 ' s  are taken from the preceding table of differelices from the 
mean of three measures, assumed of eqiial weight. the probable error of the base froiii 

)?'''. where 12 = 33 ' hence the these nigasures = =t 0'674 -. . 

result = o""ooj S5, which includes errors arising from defective compensation. errors 
cf contact, of transfer to groiind or to nioiiiiineiits, of alignment atid inclination. etc. 

Supl%osiiig an uncertainty in Ir  of I meter, the recluction to sea l e d  changes 
f l"""'46. 

Coinhiniiig the values we get the probable error of the base 

- z &,= +2 d"= +z 6,- + . . : 
(. ' n(n - I )  

J ~ ~ . ~ S ' F + ~ . S ~ ; ) =  + (,I'.4rjj= = -J= 23"1111-2, 

which equals iy+Buii part of tlie length. 
The resulting length of the base is y 338.477 S meters, and its logarithm 3.970 276 09 * 2 2 2 '  f r  03 

. ~ l ~ ~ ~ . T t l l i r ~ l i t  llf thl' - - l t / [ I l i t l?  b17Se' I Z d .  

The base is cr,niiectecl with the principal triangulation by a rather complex systeiii 
of triangles, which made the placing of  tlie boundary of the net to some estent ail 

arbitrary act, escept i i i  so far as the labor involved set a limit to it. The net as it had 
been selected and adjusted in rS76 is here retained as satisfactory. The only change 
that coulcl be niacle woulcl lie the iiitrodiictioii of the siiiall corrections to the horizontal 
directions for height of abject observed upnn9 which it was not customary to introduce 
at that time. 

The heights of the I O  statiolis involvecl are as follows: 

A-lp/u-rwimi/c h t*<~hts  o/' st~rticiris nbo:v /hi. .-lfkilifir c)rrarz. 

Atlanta Southwest Rase 
Atlanta Northeast Base 
Atlanta EIirlrlle Base 
Stone Mountain* 
Academy 
Kenesa\r 
Sweat Moiintaiit 
Saw nee 
Pine Log 
Grassy 

Meterr. Feel. 

3JS.5 1 C y 5  

326 I 070 
$25 J 068 
514 I 656 
346 ' I 136 
551 I sog 
516 I 694 
600 1 967 
713 2 340 

1 0 0 3  3 290 

*6leratioii from spirit levels. 513n1'95. 



76 T H E  EASTERN OBLIQUE ARC. 

This reduction of tlie directions to sea level, a masiiiiuiii iii the case of line Piiie 
Log to Grassy, is less than o’”07, atid in general it is less than one-half of this amount. 
I t  is therefore fully covered by the olxerving error of the directioiis which on tlie aver- 
age amounts to * or 0’’‘rg; besicles, a iitiiiiber of directions require corrections in the 

77 
figure adjustiiieiit of more than I”. 

As shown i n  the diagram. the net comprises IO stations which were occupied between 
1872 and 1S74; two observers were engaged in the work and three differeiit iiistruments 

No. 12. 

.- 

wnee 

were employed. m e  being a 
repeating theoclolitr. The ad- 
just iiieii t of the olxervations 
of directions at a station was 
macle 1>y Bessel’s methocl. and 
the results are presented in 
the abstracts, where, for coii- 
venience, the resulting cor- 
rections due to tlie figure or 
iiet adjustiiieiit have heeii add- 
ed. The latter computation 
involved 29 coiiclitioiis which 
liad tu l ~ e  satisfied. Here 
weights to the clirections were 
introduced, depriidinn upon 
the saiiie principle as es -  
plaitied in the case of the ad- 
justiiieiit of the Eppiiig base 
iiet. 111 accorclaiice with tlie 
iiiethod of application of 
weights to tlie directions in a 
iiet adjustment, we derive the 
mean error of a triangle froiii 
the slim of the squares of 
the closing errors of the 30 
triaugles involved aiicl find 

J$L - f1”‘74; hence also 

the probable error of a direc- 

tion, 0‘674 4% = fo”’@. Further we have the average value of the probable 

error of a direction derived from tlie measures aiicl given in coluinii 4 of the ab- 
stracts of directions= fo’” 19, whence the square of the triangle combination error 
eL*= o’”4S 12- ( 0’” I 9 )‘= 0’” 20 nearly. This value was added as a constaiit to each 
previously deduced qua re  of the observing error: hence 6 ‘ = ~ ~ ‘ +  E,‘ and the weight of 
each direction,$ = ,. The reciprocals of these values after divisioii by 0.22 for the 

sake of coiiveiiieiice are tabulated further on. 

I 

€- 
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3 
I 

77 

Atlanta Northeast Base 0 03 ~ ' 0 0 0  f O ' I 2  -0 '07s 59'922 
Stone Mountain So 14 q ' 3 S 1  0 '14 $0 "93 23 '574 
Atlanta Southwest Base 1% w 0 c l ~ 3 j  , ) ' I 2  -0 . I  I5 59 '932 

- 

.-lbsfriirfs huri=ortfnf dirrdim.s 171 s f l t i i u r t . ~ . ~ ~ ) - r ~ i i ~ t ~  flt t .  . - l f / i i ) r fa  6ose rt t - f ,  zS,"~-ZS~J.  

Af/nrrfir Midd/t*  st*,* De Kalb County, Georgia. January 1.1 to 30. 1873. C. 0. Boutelle. observer. 
75'" direction theodolite No. 1. Circle used in VI1 positions. 

5 
6 

4 

7 

Xnmber of 
directions. 

Kenesaw 0 00 W'OOO f0.15 
Sweat Mountain 34 24 39'332 0 '14 

Atlanta h!liclclle aase and North- 
east Rase 11s 38 10.s42 0 .I2 

Stone I\loiuitain IS4 22 33.046 0 'I1 

Atlanta, City Hall spire 271 16 31.46 . . . .  
Atlanta, Capitol flagstaff : 273 14 57 *os . . . .  

Objects olisrrveil. 

I 2 

S 

g 

I I 

13 

IO 

Resulting direc- Approximate Correction Final tions from station probable from figure 
adjiisttucnt. error. adjustment. seco'lds ' 

Stone Moiliitniii o 00 03'000 - ~ 0 ' 1 5  fo'oS2 00 'OS2 

Atlanta !Middle Base and South- 
west Base S2 49 01.32s 0'13 +o'j71 01 '699 

I<enesaw 1.9 23 2S.311 0 *I4 -to '904 2 9 2 1 5  
Sweat Mountain 156 57 34'651 0 . 1 5  +o '070 31 '72 1 

Sawnee 222 15 52s40 , o '17 -0 '601 52 '239 
Acadeuiy 293 13 $3.560 o '16 -0 .Y26 57 '731 

C. 0. Boutelle, observer. 

!I  I I  

$0 '026 00 '036 
-0.130 39 '152 

-0 * I  14 IO '728 
+0'21g . 33'265 

..... ...... 

..... ...... 



7s THE EASTERN OBLIQUE ARC. 

16 

I j 

15 
14  
rS ' 

19 

Final Resulting direc- Approximate Corrtctiaii 
Niiniher of 1:Ihjects ohserrerl. tioiis from statioii prohahle Fro~ri figure 
directions. adjiistiiieiit. error. adjiistiiiciit. seconds. 

Sweat Mountain o 00 OU'CQO 3 ~ 1 ' 2 o  +o.o45 
Sawnee 4 36 07'630 0 ' 2 0  +o.rro 
Xthnta Northeast Rase 50 03 37'342 0 '28 +0'226 
Atlanta Southwest Base 64 50 55'613 0 '27 +o .2gil 

Stone NIountain 66 35 1 1  903 0 . 2 4  -I -056 
Carries 224 2 0  15'036 0 '36 . . . . .  
Lavender 252 07 00.675 0 '$4 . . . . .  
Pine Log 303 37 . 21 -556 0 ' 4 1  -b '543 

/ I  

00.049 

07 '740 
37 '54s 

55*'903 
IO 'S47 
15 '063 
00 '702 
22'129 

S?tcwf d / # l t r l / i z i ~ t ,  Cobb County. Georgia. Septeinber IO to October 3, 1S73. F. P. Webber. observel.' 
Instruinelit as hefore. Circle used in V I 1  positions. 

c I r t  ,I I r r t  

22 1 Kenesaw ' 0  00 O0'm + O ' I I  to .016 00'016 

Carlies 
Pine Log 
Grassy 
Sawnee 

Atlanta Northeast Base 
Stone NLoountaiii . 

Atlanta Southwest Rase 

Acade1ny 

4.; '053 o .a6 . . . . .  
5 j  'S2j C) ' 2  1 -0'273 
24 '03.5 0.18 +0 '529  

56 '435 0 '21 +o ,449 
35 .S46 I> '27 --I 'I*;l 

42 '5'3 0 . 25 -1-1 'S35 
06.b16 0.15 +o'g16 
3s '2sg 0 . I S  -0'1S3 

Meail correction -0 '036 
Probable error of a single oherration o f  a direction ( D .  and R. ), ( 3 ,  = c I" ' 2 5 .  

.$/om. f l Z ~ w ~ t / t ~ i ~ i ,  Ut: Kalb County. Georgia. Dece~nher I I to Deceiiiber 2 0 ,  1Y73. C. 0. Routelle. 
observer. soc"' direction theodolite No. 3. Circle iiseil in S I  positioiis. 

3s 
36 
3 5 
35, 
3 7 
40 
41 

Spire near flagstaff 
Keiiesaw 
Atlanta Soutliwest Base 
Atlanta RIirlrlle Base * 
Sweat l\lountain . 
Atlanta Northeast Base 
Sawnee 
Acadetii y 

Alcova 

m 

54 
32 
0 2  

57 
58 
57 
43 
54 

/ r  ,I I ,  

M ' m  co.23 . . . . .  
49 '57s o -26 -0 '375 
I 1  %34 o '15 -0 '2A.5 

' 3  '204 0 '17 -0.314 
46 '579 o.24 +0'915 
4s '445 0 'IO -o '649 
45 '410 0.14 +0'627 
17 '505 0.20 -1-0 'I 19 

0 ' 2 1  ..... 55 '333 -- 
Meail correction +o '011 

Probable error of a Single observation of a directioii (1). and K. ), c, = & I ' ) . I ~ .  

/ I  

. . . . . .  
45 '205 
I 1  '551 
I 2 'S9U 

47 '454 
47 'S20 

46 '03 7 
17 '624 
. . . . . .  

* Reslilt reduced to Middle Uase in line. reduction = -o".ogz. 



S?x.vrcs, Forsyth County. Georgia. October 7 to,  November 12. rS73. C. 0. Boutelle. observer. 
75"" direction theodolite No. I .  Noveinber 26 to Deceriiber 4. 1S7j. Same observer. socm direc- 
tion theodolite No. 3. Circle used in VI1 aiicl I V  positions. respectively. 

Number of 
direction?;. 

34 
3' 
2s 

29 
30 
33 
3" 

Aeiiriath Mark 
Alcora 
Academy 
Stone hlouiitaiii 
Atlanta Northeast Base 
Keiirsaw 
Sweat Mountain, 
Pine Log 
Grassy 

Yonah 
Skitt 
Curraher 

Blood 

Kesii l t i i ig  dircc- Approxiriinte Correctiuu 
timis fruin stntiuii probalilr f i u i i i  figtire 

adjosliiieii t . errfir. ndjiistinciit. 

0 

0 

5 
13 
3s 
52 
93 
96 
142 

191 
240 
263 
273 
286 

Fiiinl 
seco11ds. 

/ I  

. . . . . .  

. . . . . .  
49'153 
37 'iJS4 

3 I '5s j 
41 ,939 
3 I 690 . 

25 '9lCI 
5s ' C J 7 1  

. . . . . .  

. . . . . .  

. . . .  

Ninety-two series were measured with theodolite No. I.  and 40 with theodolite Nu. 3. 
I'robable error of a single observation of a direction ( D .  and A'. ), t., -- _~r"'j4. 

Grnssy, I'ickens County. Georgia. July 13 t o  31, 1S74. C. 0. Routelle, observer. ~6~ direction 

44 
43 
42 
45 

.~ 
theodolite No. 3. 

Sawilee 
Sweat Mountain 
Kenesaw 
Pine  LO^ 
Johiis 
Coh utta 
R l o d  
Skitt 

Circle used in  S I  wsitioiis. 

0 OX G3"OSCI 0 '07 +'. -22s 

5' 39 33'335 o '23 - I  .+>s 
a% ~r 37.031 O ' l j  +0'753 

183 15 38'960 0 .IS . - _ .  . 
261 37 2S.061 0 ' I 5  ...... 

0 I / I  / I  ' / I  

13 29 35.631 0.16 +0.299 

3' 59 17.050 o '26 . . . . .  

297 i j  10'620 0 -16 ..... 
Mean correction -0 '032 

-- 

// 

MI '223 

35 'pjo 

37 '7% 
31 '527 

...... 

...... 

...... 

. .  

Probable error of a single observation of a direction (D. and A?.), e, = &o// '91. 



_. Piiiz Lqg, Rartow County. Georgia. July 29 to September 17, 1S74. F. P. Webher. ohserver. 
;diu repeating theodolite No. 32. 

Nutuber of 
directions. 

49 
4b 

47 
46 

Ohjects ehsen-ed. 

Cariies 
Indian 
Coosa 
Lavender 
Gulf 
Jolins 
Coliutta 
Grassy 
bawnee 
Sweat Mnu I I  lain 
Kenesaw 
Lost IVIountaiii 
Pine Mountain 

Kesiiltirlg direc 
tions from station 

adjustiiieut. 
O I  I /  

0 m 00'000 

22 30 33.597 
36 17 34'507 
46 2s 35'50s 
70 19 .5o.zSo 
s4 39 43.143 
141 29 12.s4g 
193 10 W'oog 
23s 15 3ti.125 
2S5 37 I I  $So 
30s 19 ;S05S6 
323 54 52.071 
3-17 59 11 '443 

Approximate 
probn bl e 

error. 

/ I  

f0'10 

0 '13 
0 ' 1 2  

0 .OS 

0 ' 1 2  

0 ' 1 2  

0 '1.1 

o '13 
0'11 

0 ' 1 2  

0 ' IO 

0 '15 
0 ' 1 - 1  

Correction 
from figure 
adjustnient. 

,I 

. . . . .  

..... 

..... 

..... 

...... 

. . . . .  

. .... 
-0 ,600 
+o '59s 
-0.541 
+O '542 

..... 

..... 
-- 

I Mean correction o '000 

0lJserval.iolis iria~le in sets of 3 D; and 3 R. tiieasures. 
Probable error of a single ohservation of a directiorl ( 6  repetitions). t., =&I" '23. 

Filial 
seconds. 

/ I  

. . . . . .  

. . . . . .  
. . . . . .  
. . . . . .  
. . . . . .  
. . . . . .  
. . . . . .  
39 'Jog 
36 '723 
I I '339 
35'12s 
...... 
...... 

. - l m f ~ r i i . s ,  Gwinnett County, Georgia. December 1. to IO, rS74. C. 0. Boutelle, ohserver. 
50'"" direction theodolite No. 3. Circle used in XI positions. 

0 I I /  I /  I I  I /  -_ I 
53 I Stone i~ountaiii o 00 m''ooo fo ' ro  -0'716 59.2S-I ' 

42 29 26.166 0.14 -+ I 'S37 2s .rn~ 

112 53 42.731 0 '22 --I '167 41 '564 
65 30 02'6S7 0.16 --on61 OP '626 

-- 
Mean correction -0 '027 

Prohahle error of a single ohservation of a directioii ( 1.1. and 11'. ), e-, =&o" '95. 

I 
I1 
111 
IV 
V 
VI 

VI1 
VI11 
IX 
x 



SI 
SI 1  
SI11 
SI\' 
s \; 
SVI 
SVII 
SVIII 
SIS 
SS 

SSI 

S S I I  

SSIII 

SSIV 

ssv 

SSVI 

SSVII 

XSVIII  

S S I S  

I 

7 7 
~ I ) = I  'iJ 





2 I 1  +0'499 

- 0 7 6  
+2 '25p6  

-0 '692 
-0 '692  

-0 '4751 7 
-0 'M5jI  
+6'37S7? 
+o '95026 
-0 '63456 
f 4  'S227 I 

+o 'jot; 
+0'306 

+0'2114j 
+0.1526g 
+o'ro526 

+o 'Ooalg 
- 2  YJr&o 
+ I  '7SSSi 

+ z'F.529 

+ 0'26278 
- 0'02717 

- 2'70072 

+ 0'151!$ 

+S6 '73579 

f 3'03127 + a.45607 

+ 3'96840 
+ 3'*9 
- 6'25.171 
+ 6.25471 
- 0.24247 
+ 2.5316 
- a.45607 
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RcsllCfi)lg. C~~~.E(CIh.~s. 

C, =-0'115 og C,,=+o'Os; 7s 
c, =$0'193 Is c,,=-o '350 go 
c, =-lJ '0' I J  44 c,,=--o.gs2 35 
c, =+0.110 00 c ' , , = - r  '305 71 
c5 =--0 '37s 51 C,5= --o $5 I 29 
c .  0 --o.-. - SJ7 13 Clb=-o '234 29 

Cz =--0 '36~ 70 C,~=-o'131 58 

C.u=+o '155 74 Cz0=--r '726 74 

c, =+0.050 Y6 C , , = + O ' ~ ~ S  52 

c, =-+o*411 93 c,p=+cJ .os0 0 1  

and resulting corrections to observed directions: 

ARC. 

(47) -0.5413 

We have the probable error of a direction of iiriit weight 0.674 JY= 
0'674 ,/a or + o"'63 nearly, and since the average reciprwal of the weights is 

1-07, the probable error of an observed direction is nearly f o"'65. 

- 

29 



No. Station*. 

Stoiic b1uuntaiii 
..\tl:iiiL:t Southwest Base 
Athrita Northeast Base 

Stoiic Muriiitaiii 
Atlniit:~ Southwest Base 
Atlaiita Middle Rase 

Stone Moruitaiii 
Atlanta Middle Rase 
Atliiiita Northeast Base 

Sweat Mountain 
Atlanta Northeast Base 
Atlanta Southwest Base 

Sweat Mo~intain 
S t o w  Mouiitaiii 
Atlanta Soutliwest Base 

Swen t Rlou I I te i i i  

Atl:iiit;i NorLlieast Base 
Stoiir RIouiitaiti 

Acadeiiiy 
S~oric- Moui~taiii 
~ t ~ : t i i t a  Nortlieast ~ a s e  

Acacle~iiy 
Atlanta Northeast Rase 
Sweat I\.Iouiitaiii 

Acacleiiiy 
Stoi ie Moo iitai 11 

Sweat Mountain 

Ice iiesii \v 

Atlaiita Northeast Rase 
Atlanta Southwest Rase 

I<ellesa\v. 
Atlaiita Northeast Rase 
Stone Mouiitaiii 

Olisrrretl angle+. 

0 I / I  

31 26 36.653 
65 44 22'204 
S2 49 01'32s 

14 30 01 .56S 
65 4.+ 2 2 . 2 0 4  

99 45 36.656 

16 56 35'265 
SCI 14 23'3S1 
s2 49 0 1  .32s 

74 os 35.323 
s4 13 31.520 

21 37 5 j  '366 

1 2  36 31:673 

749 57 53'724 

9 oi 23'693 
156 57 34'651 
14 @ I  0 1  '8gc 

42 29 26'1M 

7@ 44 29'036 
66 46 OI '44c 

23 MI 36.521 
136 16 23'905 
20 43 03.077 

65 30 02.6s; 

17 25 34'743 

84 4 j  30'92C 
29 44 26'77 

14 47 22'271 

46 34 26.56: 
11s 3.5 1o'S.I: 

16 32 34.561 
129 23 2S.31 
.3j 03 gS.Sg 

Keiiesaw I 45 12.291 

Stone Mouiitaiii 2 57 22-25: 

At1:uita Southwest Rase 175 37 26 '95' 
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so. Stations. 

13 

14 

1.5 

16 

I7 

IS 

Keiiesaw 
Sweat lkIouiitain 
Atlanta Southwest Base 

Keiiesa w 

Sweat Rfountain 
Atlanta Northeast Base 

Peiiesaw 
Sweat I\Iouiitain 
Stone Mountain 

Saw nee 
Acadeiiiy 
Stone Mountain 

Sawnee 
Stone iMouiitaiii 
.Itl:tiitx Nurtheast Bast 

sa\vnre 

Acadeiii y 
Atlanta Northeast Base 

Sawnee 
Atl:mta Northeast Base 
Sweat l\Iouiitaiii 

Saw nee 
Acadeiii y 
Sweat l\louiitain 

19. 1 

21 

22 

23 

24 

Saw nee 
Stone Mountain 
Sweat i%kxtntairr 

Sawiiee ' 

Stone NIouritaiii 
#eiiesaw 

Sawnet. 
Atlanta Northeast Base 
Keiiesaw 

Saw nee 
Keiiesaw 
Sweat Mountain 

57 03 
42 59 
79 56 

54 57 
63 0 2  

62 CIO 

4 1  40 

92 52 
45 27 

1 06 

4 36 
I73 17 

56'313 
$3 'S3 I 

09 '977 

07 '022 

55 .s32 
04 '273 

10.5jh 

24 '529 
29'712 

49.291 
a7.630 
03 36 I 

I,og. (lis- Distalices in 
tames. llleters. 



N O .  Stalioii. 

Pine Log 
Sweat Mountain 
Kenesaw 

l'iiie Log 
Sawnee 
Kenesaw 

Pine Log 
Swi i re  
Sweat i\rIoiuitaiii 

Grassy 

Sweat l\Iouiitain 

Grassy 
Sweat Muuntaiii 
Pine Log 

Grassy 

Pine Log 

I<enr?;aw 
3 1  1 Grassy 

Sawnce 

Kenesaw 
Pine Log 
Grassy 

Kenesaw 
3; I Grassy 

Sweat Mountain 

- 1 '637 
+0'612 

. . . . .  
-1-1 '142 

-1-2 .16r 

..... 
-1 .70'3 
$0. '5 13 

Spher- 
ical 

angles. 

27 '7W 
55 '536 
37 ' 9 2 0  

' I  

CB2 '405 

16.133 
-15 6 1  r 

3-1 '615 
26 .$A 
0 1  '756 

35 '702 
54 '221 

3 2  '744 

01 353 
29,012 
3 I '929 

37 '555 
37 .s;s 
57'314 

4s '203 

3 I .69S 
43 '97 1 

5 7 '40s 

59'719 
05 'S57 

40.511 

5.5 '996 
24 *jJS 

Log. dis- Distances in 
tairces. ttieters. 

Dm-riflfioir s of' stn f iom. 

.4t/ltnf~? Sonthwsf Btis~*.-This station is in De Kalb Comity, Georgia, about I 2 

miles northeast of Atlanta. near and to the east of the track of the Southern Railway. 
I t  is situated on the iiorthwesterii slope of a siiiall hill, 20 nieters from and S feet below 
the summit. 

The lower 
mark is a hole clrilled in a copper bolt in the top of a granite post -? feet long and 6 
inches square. The top of this post is 3 f i  feet below that of a large granite monmnent 
covering it, the upper mark being in this iipprr monument. The upper block is 3.3 feet 
square at  base and 3 feet square at top and 2 . 5  feet high: it rests 011 a brick platform, 
laic1 in cement, 5 feet square and I foot high, with hole I foot squarein center, through 
which the top of lower monument may lie seen. A drill hole a t  the intersection of two 

It is IOO meters south of Humphrey's house. 
This end of the base has both a surface and an underground mark. 
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cross lines, in a copper bolt drivel1 into the center of the top of the upper block, iiiarks 
the station. , Over the upper monument is placed a granite shaft bearing the usual 
illscriptioils on its faces. The station is further defined as the center of a square l\rliose 
side is q'"'75 ,  each angular point of the square being a drill hole at the intersection of 
cross lines in a.copper bolt driven into the top of a stolie post j feet long and 6 inches 
square at  top. The center of each reference iiiark is IS. meters from tlie station, and 
diagonal grooms are cut in top of each, with an arrowhead pointing to the station. 

. 4 f l m z f ( z  N01-fhmst h'asc.-Tliis station is at a road crossing on the Southern h i l -  
way, near Norcross, G\vinnett County, Georgia. It is 011 the west side of the road and 
the west side of 'the railroad, on the place of J.  H .  Maloney. The station is iiiarked 
exactly as described at Atlanta Soiithwest Base. 

At/mZfU Afiddk Basc.-The station is in De Kalb Couiity, Georgia, upon a small kiioll 
iii edge of wooils Gj feet northwest of the Southern Railway and about a,. quarter of 
a mile northeast of the railroad station at Doraville. The undergroiincl. mark is the 
center of the iiioiitli of a short-iieckecl bottle. The surface mark is a drill hole at the 
interiectioii of cross lilies in the ~ i e n d  of a copper 1)olt clriveii into a granite post, I 

foot square niid 3 feet long, witIi cliagoiia~ grooves cut in t ~ i e  top, one in line with 
the base and the other perpendicular to it .  The copper bolt with tlie cross lilies and 
drill hole is p1ac:rd at the iiitersectioii of the grooves. Around this central iiioiiiiiiieiit 
:ire lmriecl four reference marks, two in line with the base aiicl two in a.line perpenclicular 
to it. Each of the granite posts is 7 inches square and 3 feet 1ong;ancl has iii its top 
a c~iagoiial groove wit11 an arrowlieat1 pointing to tlie station, froin w1iicIi the center 
of each reference mark is 5 feet distant. 

Sloiic A?ozi?rtniu.-Tliis station is in De Kalb County, Georgia, 011 th& well-l~iiu\vn 
iiiountain of that name. about 15 miles N. 76" E. from Atlanta, ancl about I mile from 
the post-office, Stone Mountain. on the Georgia Railroad, De Kalb County, Georgia. 

The station is marked by a copper holt in the solid granite of the inomitaiii. 
Around tlie holt the rock is cut down to n level in a circle of 3!.,$ feet radius, the bolt 
being the center. 111 tlie periphery of this circle are sis equidistnrit holes 37; feet apart 
aiicl 2 inches .deep. 

Acudc~~/.~~.-This station is on the highest point of Acac1eiii)T Hill, in Lawreticeville, 
the county seat of Gwimiett County, Georgia. 

The uiidergroutid mark is the iiioutli of a bottle 3 feet below the surface. Over 
this is a granite post 30 inches long aiicl 7 inches square, with tlie letters U. S. C. S. 
cut in top. Around tlie central monument are. placed four reference iiiarks about 
30' W. of S., 30' N. of W.,  joo E. of N.,  aiid 30' S. of E. The center of the SW. 
reference mark is 4 feet 6 inches from the center of the station. and the ceiiter of the 
other inarks is 5 feet distant froiii statioii. In the to) of each reference mark -is a 
diagonal groove \vi th an arrowhead pointing toward the station. 

Kmrcsax!. -This station is on t.he highest part of Keiiesaw Mo~iiitaiii, about 3 iiiiles 
northwest of Marietta, Colh County, Georgia. . The station is reached I>+ follo~viiig 
tlie Marietta and Carterwille road for about 2 ,!< miles,'from the Kenesag House, in 
Mariktta, aiid then following the road which turns to the left. near a covered well. and 
finally along the spur of the mountain to the summit. The undergroutid mark is a 
cross in the head of a copper bolt driven into a hole drilled in the solid rock z feet I $; 
inches be lo^ the surface. Almve this is ,planted a granite post 5 inches square, with 

. 
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the top projecting 2 iiiches above the ground. The  intersection of two cross lilies in 
the top of the post marks the station. The letters U. S. C. S. were also cut in top of 
post. The station has three reference marks-A. B, and C-these being the intersec- 
tions of cross lines cut in the heads of copper bolts driven into holes drilled in the rock. 
The distances of these points from the station are 6'65 feet. 11'35 feet, and 11-19 feet, 
respectively. The angles subtended at the station by lilies froin A to B, B to C, and 
C to A are 170'' 59'. 47' 06', and 141' 55', respectively. 

Smut Afimtai?z.-This station is in Cobb County, Georgia, the nearest post-office 
being Wooclstock, almost 4 iiiiles distant in a direct line on the Atlanta. Giiosville 
atid Northern Railroad. The station is on top of the mountain, about I 5 iiiiles froiii 
Mr. Dial's house. aiid is reached by following the Marietta and Cuiii'iiiiiig road to a 
p i n t  g!.i miles froiii Marietta. near Mr. Garrison's, and then taking the road along the 
southeast ridge of the mountaiii. 

The station is iiiarked by a copper bolt clriveii in a hole drilled in the rock very near 
the eclge. aud has three reference marks, A, B, and C. mhicli are copper bolts driven in 
drill holes in the most solid rocks available. These points are 6.2 feet, 7-67 feet. and 
12.3  feet, respectively, from the station. Taking the line to Kenesaw, S. @O;$ W;, as 
the initial or zero direction, and riieasuriiig angles comiter-clock-wise, the directions of o 
A, B. mid C are 3' 19' so", 83' 44' 30", and 231' 12' 30", respectively. 

Sm~~zcc.-Tl~is station is on the most proinitlent or central peak of Sawriee MOLIII- 
tain, i n  Cuiiiiiiiiig Township, Forsyth Comity, Georgia, about 2 miles N 3 .  of Culiiniing 
aiicl I 3 miles from Buford, on the Southern Railway. 

The statioii was iiiarked temporarily by a copper tack driven in a stub. with similar 
stubs for reference marks. The permanent marks are supposed to be the usual central 
iiiarks with four reference marks. 

Pim Log.--This station is on Pine Log Mouiitain, Cherokee County. Georgia. about 
7 miles north of Wolf Pen. The station is reached by going east from Cartersville, 
to Wolf Pen; tlieiice CJ iniles to Moore's Iroii Furnace; thence 3 miles to Mr. Lewis' 
house: tlieiice to the station on top of the iiiountaiii. 

The underground inark is the neck of a jug z feet 6 inches beneath the surface. 
The surface mark is the intersection of cross lines on the top of a granite post 5 inches 
square, planted above the jug, the top of post projecting above the ground. The letters 
U. S. C. S. were cut in the angles of the cross lines. Ar~ui id  the station are foiu- granite 
referelice marks similar' to the central inoiiuiiient, to tlie north. east, soiith, and west, 
each distant 6 feet from the station. In tlie top of each is cut aii arrowhead poiuting to 
the station. 

G~-rrssr:.-This station is on top of Grass!; Mountain, 3,290 feet high, in Pickens 
Coiiiity, Georgia, about ti miles in a direct line east of Jasper. the county seat, on the 
Atlanta, Knosville and Northern Railroad. The station i i ~ i rks  are supposed to be tlie 
us;ual central iiioiiuiiieiit, and four reference iiiarks to the' north, east. south, aud west, 
each 5 feet distaut from the statiou. 

. 
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6. THE DhUPI-IIN ISLAND B.&E LINE -4ND R..\SE NET, ALABAMA. IS47. 

Lol.tr.fim, I ) ~ ~ . ~ ~ S ~ I I ~ I I ~ [ . ) Z / ~  c z m f  wszdfiii~g lcizgth ($ fhc Dazifihili h/17lZlI?  b~zsl. I i w .  .4/17h112n 

1847. 

When recoriiioiteriiig for a primary base line on the coast of Alabama atid Missis- 
sippi in 1845, Assistant F. H. Gerdes selected a site on Da,upliiii Island, aiicl a preliminary 
iiieasureiiient was iiiade with a chain in I S45-46. The measuremelit was made during 
Ma!; and Julie, Is47, by A. D. Bache, Superintendent bf the Coast Survey. A full 
account of this measurement, aiid tlie only one published, will be found in Coast and 
Geodetic Survey Report for 1SY5, Appendis No. 17, pages 479-491~ which permits of 
giving less space to it here than would otherwise be demanclecl. 

This is thejrsd lyase line measured with the Baclie-~~iiirdemaiiii contact-level com- 
pensating apparatus, s i s  meters in length, designed in I S45, and constructed at  the 
Survey Office in 1Y45-4.6. A description of this apparatus. with illustrations of its cletail 
construction, is contained in Coast Survey Report for 1854, Appendis No. 35* pages 103- 
108, by E. B. Hunt, Lieutenant, U. S. A., and Assistant, Coast Survey. This article 
was repriutecl in Coast Survey Report for 1S73, Appendix' No: 12. pages 132-1315, with 
a supplement describing improvements. The /mi base line measured with the apparatus 

closedwitli its use in ISgs. It wassuperseded by a11 apparatus lesscomplex, less cumber- 
some, and inore easily transpurted. nsiiig a contact slide, and either with or without the 
principle of compensation. . 

The average elevation of the island is but little iiiorq than I meter above the iiieaii 
level of the Gulf. The line passes over sancl, generally bare, but i n  part it is covered 
with lum grass or rushes. To prepare the ground for the nieasnre n number of sancl 
ridges had to be leveled ancl a few gullies, cut by the sea, hac1 to be crossed. The length 
of tlie base is 10'66 kilometers (.or 6'6;. statute miles). I ts  trrmiiinl p i n t s  were liiarked 
with stone iiioiiuiiieiits and (so called) iiiilestoiies were set along the line. In August, 
1Sg2, a hurricane swept over the island, caiising the sea to wash over the line ancl disturb 
several of tlie iiiteriiiecliate marks and the nioniiiiir~it at West Base. Certain verification 
iiinrks having been recovered, part of tlie line \vas renieasurecl in 1S5 j by Assistants 
F. H. Gercles aiicl J. E. Hilgard, and the line W:IS further secured in 1857 by the inser- 
tion of screw piles as marks. The marks were recovered in J S ~ S  by Assistant 
W. B. Fairfielcl. The middle point is in latitude 30' 14"7 arid in longitude SSo I 1'*6, 
with mean azimuth 84' 13'. 

The length and compensation of the Baclie-Wurclemaiii~ apparatus $qxiicls entirely 
011 the length aucl the coefficient of espaiision of the 6-meter iron staiiclard bar, &eparerl 
in J S47 and known as No. I .  It was stanilarclized by means of iiunierous coi~iparisoiis 
made between the years 1847 and 1'882. The elaborate comparisons arid deteriiiinatioiis 
of 1360, iiiacle by Assistatit J. E. Hilgarcl at the Smithsot& Institution, are described 
in Coast Survey Report for' 1S62~ Appeiidis No. 26, pages 24s--755. ) Tlie coefficient of 
expansion was found to be 0-000 01 I 54 for the centigrade scale ( or 0'000 006 41 for the 

Falirenheit scale). The weighted (assuiiied) iiieail of tlie most trustworthy observations, 

was tile M a u l s  ixise i i i  iS73. It was co11ipaid iii  iS77. IX: it:; cillp!oy1iient in the fidd 

f 4  *2 
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namely. those of 1S60. IS j 7 *  and I Q S ~  (,the last by the writer ), gave the final value: 
Leiigtli of the 6-meter (& bout) standard (No. I )  a t  oo C. = 5.9539 949 meters*, whereas 

the 1560 determination gave 5'999 941 meters, the difference being only S /.I in 6 meters. 

It was thought well to adhere to the 1S60 value as the one in good accord with the coeffi- 
cient of expiision then found. It was found that the competisatixig bars or "tubes" 
of the apparatus did not retain an invariable length at different times, probably owing to 
the great length of the apparatus ancl wear on the compensating lever, so that for each 
h s e  their length had to be specially cletrrmined. At Dauphin Islaiid tubes I a d  2 
were iiitercoiiiparecl in May and June, before and after the base measure, am1 tube I was 
likewise coiiipared with the standard bar. The results were, tube I longer than tube 2, 

o""000 0 2 1  6: on May 11 and 12 tube 2,  at about 23O.6 C., with probably rising temper- 

ture, was found equal to 6"ooo 057 3* and on June IO. at about a s o ' c  C., with probably 

f3 

*2 

*I 4 

* I 1  0 
falling temperature, tube I was equal to 6'"'ooo 064 0. Equating these measures with 

*I1 0 
consideration of their weights, we get: 

Length of tube I .  6111'000 071 o 
* I 1  0 

Length of tube 2, 6'"'ooo 050 3 
* I 1  0 

The ncljustment of the coinpensation apparatus for changes of temperature was 
made in 1S46 by Superintendent A. D. Bache, with the result that the lengths of the 
tubes were found practically invariable during the range of natural temperatures as well 
as at different rates of change of temperature. 

The probable error assigned to the deduced length of the tubes may be taken to 
include all uncertainty arising from the direct compari.sons with the standard, and that 
of the stanclnrd itself, but esclucling uncertainty clue to any imperfect compensation 
during the measure. The temperature of the tubes was taken from three thermometers 
attached to each tube, which gave an average of 30' '0 C. during the field operations, while 
that of standardization was q O . 3  C.; the probable error of the length of each tube was 
accordingly increased to =t o""o00 or4 6. The iiiasiriiuiii inclination of a tube during 
nieasuremeiit but slightlyescrecled i o :  the escess of length of 1777th tube over the west 
end of the base was nieasurecl with a brass meter scale, having regard for its tem- 
perature. 

*For further particulars see the accoiint of the length of the  El Pa.= hasr i i i  Colorado. i S E ,  i i i  Special Piilali- 
catioii No. 4. "The 'Tran~cuiitinerital Triaiigiilatiorl." 
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We have for the length of the base: 
I 776 tubes of ~iieaii length 
I additional tube No. I 

Excess of last tube at west base 

IO 656m.~07 6 
+6*000 I 
-0*171 3 

Correction to rediice to mean value of a double irieasure of 97 tubes 
Correction for iiic~ination of tubes 
Reduction to half-tide level of Gulf 

.$-o.ooo I 

-0.00; I 

IO 661"'%37 6 

- 0 q g  s 
~_ 

Resulting length of base 

We have also the following resulting distances from the east end of the base to the 
several so-called mi,lestones: 

To first iriilestorie 
To second milestone 
To third tnilestoiie 
To fourth niilestone 
To fifth milestone 
To west end of tube 1532 
To sixth inilestone 
To west end of tube 165s 
To sixth arid a half 1niler;tone 

The hurricane of August. rS5-7, having' displaced milestones V, VI, and VI ::SI as 
well ns the iiioniiiiient at West Base, that portion of the old line between the verification 
marks at the east em1 of tubes No. 1533 aiicl Nu. I6jg was reineasured iii May. 1S55, 
by means of the 4-nieter contact-slide apparatus.:!: with iron rods. Nos. I and 2. Their 
lengths at o°C. were: No. I .  j""999 937 7 ,  and No. 2 ,  3""gg9 yo9 S. 

. The length reiiieasiired is as follows: 
ISS rods of mean length, at 30O.67 C. 
I rod No. I .  at 34O.4 C. 
Excess of last rod over line 
Reduction to sea level 
Resulting length 755""yyj I Original length of 1S47. 755m-9977 

752'951 8 
4.001 5 

-0.260 0 
-0'c100 2 

A screw pile mas insertecl in the line at a distatice g 942""7gS 4 froni the east end of 
the base. 

The probable error of the assigned length of the base arising from the uncertainty 
in the length of tubes is f 0""025'g4: that clue to contact and transfer errors during tlir 
measureiiirnt (which occupied seventeen working clays j is estimated at + o " ~ ' " ' o I . \ ~ ~ ~  
or f o'"'mo 42 and + o"'"'~oS~,/% or rt ~'~' .qoo 65. I-espectivelyit Combining these prob- 
able errors, we find the scluare root of the sum of the squares = f o""0-76 0, which 
equals I iB1a lSD (nearly:) of the length and correspoiids to a logarithmic difference in  the 
length of o'ooo OOI 06. .--Hence the final value for the len$h of the Dauphin Islaiid 
base. in  terms of the prototype meter = IO 66r""Sj7 6, and its logarithm '4.027 Sj-7 06. 

f I 06 f '026 o 
-- 

* For descriptinri of this siilwidiary apparatas see Coast Siirvry Keport for 1 8 g  Appendix KO ho 
t Ari accoiitrt of the experitiieiits for contact and transfer errors. Coast and Geodetic Surrey Report for IS%, p. &. 
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Thr Dni@hi)i 1slcr)zd bast. ) z c f  a)zd rcsirlfs oj i f s  iidj!rsf~ric~if, 

This net, as shon711 in the figure, represents measures esecuted at two periods 
widely differing in date. The older work of 1S46, 1S47! IS+S. in charge of Assistant 
F. H. Gerdes, which iiicludes the base measure, is exhibited in the diagram by lines of 
dashes, while the later work of rS97-gS. in charge of A4ssistatit W. B. Fairfield, is 
shown by. fill1 lines. It was at first the intention to  adjust the whole of the measures 
at the stations connected 
with the base, but when the 
computation startiug from 
the Atlanta Base was carried 
through the adjusted trian- 
gulation aiicl had reached the 
Dauphin Island Base, there 
was fouiicl an almost perfect 
accord between its length as 
derived from the Atlanta Base 
aud as measured directly. 
No further adjustment, there- 
fore, was cleiiiaiided on this 
account, but for tlie triangu- 
lation to the westward toward 
New Orleans-that is. for the 
old trintigulation-the three 
stations, Cat Island, .Cedar 
Point, and Point a u s  Pins, 
required to be brought into 
perfect relationship with the 
base aiicl with tlie position of 
Furt Morgan. There is 110 

line from Dauphin Islancl 
East Base to Fort Morgan in 
the old work, and besides, 
the direction from West Base 
to Fort Morgan is not in har- 
inon\; with the later measure. 

In the fourth coluiiiri of 
the following abstracts of 
directions the twelve correc- 

NO. 14. 

Kilometers 
10 5 0 . 10 20 30 

Statute Miles 
5 0 5 10 15 20 
c - -- 

tioiis to directions iiunibered 53 to 64 are those which resulted from the acljustnient of the 
fifth section of the triangulation southwest of the Atlanta Base, comprised between the 
lines Creagh to Pollard on the north and Fort Morgan to Dauphin Island West Base on 
the south. The corrections to clirections nuinbered I to 16 are those pertaining to and 
resulting froin tlie present adjustment of the old measures. The grouiid at the stations 
is but a few meters above the level of the Gulf. 

For the details of the adjustiiient of the triaiigulatioii to the iiorthwarcl of. the 
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Dauphin Islaiicl Base aiicl of Fort Morgan. see tlie record and results of the fifth and last 
section of the triangulation in Alabania ( 1Sg5-1Sgs >. 

5 
6 

7 

No. 15. 

Dauphin Island West Base 
Cat Island 
Cedar Point 

The small diagram shows the adjusted figure. or tlie olcl 
base net upon which the survey to the westward depends. 
An independent start is made directly from tlie base. 
Respecting the position of Fort Morgan. the single tri- 
angle Dauphin Island West Baseq Cedar Point, Fort 
Morgan, from the 1S47-4s meastires. has been added 
to the other triangles. The measures at Fort Morgan 
in 1S47, by Assistant R. H. Fauntleroy. were macle in 
connection with his observations for azimuth. and the 
azimuth station was occupied for the iiieasiire of the hori- 
zontal angles. 

Ahfrcrcfs q- horizonfd n~rqlcs arid dii-t~fioizs c l f  s f d i m s  qf- fhr I?nn/4i?i D k m i  bow mf. 

n17llfhiii Iskitid Eosf Enst ,  Mobile County, Alabama. February, 1S46. F. H. Gercles. observer. 
F. H. Gerdes. observer. Theocloiite No. 6. Circle used in IV positions. 

4 5 c m  direction theodolite No 4. 
January and June, IS& 

Circle used in V positions. 

Niimlier of 
directions. Objects ohserved 

Results froiii Corrections 
station acijiist- froti1 net mijust- 

riiriii. lllellt. 

0 00 00'00 -+o '05 00 .os 
52 04 29-67 -0 '25: 29 '39 

103 52 29.53 +O '23 29 *76 

aecmd?i. 

u I ,I I ,  ,I 

lkitphiii  Islniid &sf Bizst.. reoccupied August I to 30; 1897~ arid March 6 to 9, iSgS. W. R. Fairfield, 
observer. 3oCtii repeating theodolites Nos. 16 and 32. 

Number of 
directions. Cibject?; ciliaerreol. 

Dauphin Island West Base 
St. Elmo 
Daphne 
Fort Morgan 

Aim, 
Dauphin Island West Rase 
Point aus Pins, ISgS 
Middle Bay Light-House 

1 Fort M o r p n  T,ight-Hvnse 
1 Sand Island Light-House 

Resiilts fro111 Correctinns from 
station adjust- adiiistiiieiit of sz:;:&, 

men t. fifth section. 
0 

0 

So 
'I 25 

'97 

0 

46 
125 

I97 
224 

4-0'23 . 

. . . .  

. . . .  

I I  

00 '23 

20 '63 
47 '65 
36 ' 2 0  

00 '23 

. . . . .  

. . . . .  

..... 

..... 
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53 

95 

Azimuth Mark 
Dauphiii Islalid West Rase 
Cedar Point 

nIBstlarfs of hori,.cvrfal O@~.S t m d  dirt.c.fiotis trt stntions (If fhc Dallphdl Zsloiid 
krsc- ird-con tin ued. 

Dtriiphin Isslt7rrd W>sf Btrsc. Mobile Couiity. Xlnban1a. November. 1S47. F. H. Gercles, observer. 
' 45Cii1 direction theodolite No. 4. Circle used in V positions. January. IS& F. H. Gerdes. 

ubserver. Instrument as before. Circle used it1 111 positions. 
kSllltS f N I I l  Correctioiis 

iiieiit. 111e11f. 
Niiiiilwr of Objects ob+xved. station adjust- from iiet adjust- szEA5. directioiis. 

Petit Bois 
Grand BatFure 
Point aus Pins 
Cat Island 
Crclar Point 
1)auphiii Island East Base 
Fort Morgan * 

I ,  

. . . .  

. . . .  
+O "4 
+0 .24 
-0 '49 
+O 'IO 

. . . .  

,I 

. . . . .  

. . . . .  
33 6 6  
21 '13 
06 '23 
23.6s 
..... 

Dtritphiir 1slnm-f I l k t  Bt7sc7. reoccupiecl September I to 6. 1897. an? February 23 to 27. IS+ W. B. 
Fairfielil. olxerver. 30"'~ repeating theoclolite No. 35. 

Niiiiilwr of 
directioiis. 

61 

63 

64 

Objects observed. 

Casotte 
Point aux Pins , iSgS 
St. Elmo 
Dauphin Island East Base 
Raylor's West Base. rS92 
Fort Morgan Quarantine flagstaff 
Fort Morgan 
Sand Island Light-House 
Hurl1 Island Light-House 

Kesults from Corrections froin Firlal 
station adjiist- ad'ustineiit of semllds, 

iiieiit. iiitli section. 
I /  

. . . .  

. . . .  
+0'17 

-0.74 
. . . .  

f o  56 
.... 
. . . .  

r t  

..... 
. . . . .  
25 '46 
45 "72 
..... 
..... 
09 '35 
. . . . .  
. . . . .  

E.0i-t A/c,ignir, Baldwin County. Alabaiiia. March, IS&. and May. rS46. F. H. Gerdes, observer. 
Theodolite No. 6. Circle used in 111 positions. Decetrlber. 1S47. J. E. Hilgarrl, observer. 1s"' 
direction tlieodolite No. 4. Circle used in V positions. 

Results from Corrections 

111e11t. Illellt. 
Olljects observed. station adjust- froin iiet adjust- s ~ ~ ~ ~ ~ s ,  Nuiiiber of 

directions. 

0 , / I  / I  '// . 
0 00 m'm ... .  ..... 

65 00 3"'Y f o  '45 3' '5.5 
115 44 15-50 .... . . . . .  

. *The iiieasiires of theangle betweeii East Base ail< Fort Morgan i n  1645 and ~ S g j  differ 3"'.$4; probably the ohjec! 
ohserred lipoil was iiot well centered over thestatioii. The directioii is uot interlaced with &her directionsat the statioii. 
and no iise has Ixen iiiade of it in the preseiit adjiistment. 
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53 
54 

55 
56 , 

57 

THE E.jSTERN OBLIQUE ARC. 

Dauphir. Island West Base 
Dauphin Island East Base 
Baylor's West Base, rS92 
Point aus Pins, rSg8 , 

St. Elmo 
Spring Hill 
Middle Bay Light-House 
Dapline 
Saud Islaiid Light-House 

Fdi? flfo)pzi~, reoccupied June 14 to 20. IS97* and January 20 to 23, 1S9S. W. B. Fairfield. observer. 
jdnl repeating theodolite No. 16 used in 1Sq7~ and 3 0 ~ ~ ~ ~  repeating theodolite No. 32 in 1S98. 

S 
5 

1 0  

Xiittiher of 
directions. 

Dauphin Island East Rase 
Dauphin Island Wcst Base 
Point aux Pins 

W>jects observed. 

14 
15 
16 

Dauphin Island E& Rase 0 0 3  oO'uC3 +O'IO 00 ' IO 

Dauphin Island West Base 66 2S 28.62 -0.19 2s '43 
Point aus Pins 163 50 05.99 + o m  06 'og 

Results froiii 
station adjust-, 

meti t . 
Corrections froiii 

odjiisttiieiit of s ~ ~ ~ ~ ~ s ,  
fifth section. 

0 I I /  I /  / I  

00 '15 0 00 00'00 -10.45 
S j o  1 2  '65 t o . 2 3  12 .SS 

IO 02 56'90 . . . . . .  . . . .  
27 5 .  lo'jo .... . . . .  
55 5 1  -13'92 -0'33 43 '65 
73 56 35'S6 -0.58 39 -2s 

s9 35 36.54 .... . . . .  

296 5s 25.56 . . . .  . . . .  
1 0 2  os nj  '52 $0'14 04.66 

&lfl7i- Poiirf, Mobile County, Alabama. April 13 to rS, IS@. F. H. Genies, observer. 30~"' theoclolite. 
Circle used in 111 positions. 

Xiitnber of 
tlirections. Objects observed. 

Resiills froni Cnrrectiniie 
stnlioii 2djitsL- from iiel cidjiist- srcwcl.. iiieiit. l1lCllt. 

0 I I /  / I  / I  

n 017 017'00 . . . .  . . . . .  
44 IO 45'67 --0'07 49 '60 
SI 54 03.57  +o'17 0 2  ' j 4  

133 36 22.97 -0.10 13 3 1  

11 

I2 

13 

I 
I1 

I11 
I v 
V 

0 I I /  / I  / I  

Cellar Point 0 00 00'00 $0'32 00 '32 

Cat Islanil 2 2  36 33.45 -0.29 33 '16 
Dauphin Island West Base gS 14 oS.3; -0'03 os '30 
Petit Bois IC15 51 21.51 .... . . . . .  
Grand Batture 147 05 47'69 .... . . . . .  

DAUPHIN ISLAND BASE NET ADJUSTMENT. 

c~bst.i717dioir c,qrIl7fi@ils. 

0 = - 1 ' 0 0 - ( 3 ) ~ ( 4 ) -  ( 5 ) f  ( 7 ) -  ( S ) f  (9)  
0=+1.25-~1)+(3)- (g)+(Io)-(II  ) + ( I 3 )  

o=+o '76-(2)-t (4) -  ( s )+  ( ~ ) - ( I ~ ) + ( I s )  

0 = - 0 ' 6 5 - ( r ) ~ - ( 2 ) - ( 1 2 ) ~ [  1 3 ) - ( 1 5 ) + ( 1 6 )  
0=--0.4 +I *63(13)-2'93(1.2)+1 '30( I J ) - ~ - I  %6( 10!-~*3S(9)+2~72(S)-0~52(7)+2~16(5) 

- I  '64(6)+0 *27( 16)+0 '65( 15 )-o.92( IJ ) 
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The solution of the normal equations gives tlie values of the correlatives: 

C,= +o -2645 
C,= -0 '2234 
e,=-o '1617 
c , = + O  '07s3 
C,=+o '0726 

and the correctioiis to the directions are: 
/ I  / I  

( I  )=fo '145 (9)=+0 '170 
( 2 )  +o.qo ( IO)  -0~103 
(3)  --o.jSS (11)  +0*31S 
( 4 )  $0'103 ( 1 2 )  -o'?gr 
(5) $0'054 ( '3) -0.027 
[6)  -0'2S1 (14) $0'095 
(7)  +0'227 (75) -0'193 
(S)  -0067 (,16) $o*ogS 

NO. Stations. 

Cedar Point 
Dauphin I'd. East Base 
Dauphin I'd. West Base 

Point ails Pins 
Cedar Point 
Dauphin I'd. West Base 

Cat Island 
Dauphin I'd. East Base 
Dauphin 1'1-1. West Base 

Point ails Pins 

Dauphin I'd. West Base 

Fort Morgan ( 1S47) 
Dauphin I'd. West Base 
Cedar Poiot 

2 l  
3 l  

I 4 Cat Island 

Observed angles. 

0 I If 

37 43 ' 2 ' 9 0  

io3 52 2953 
3s 24 16S6 

5s 14 0s '33 
51  42 20'35 
70 03 33'20 

66 2s 28.62 
52 04 29'67 
61 27 02.69 

35 37 34'8s 
97 21 37'37 
47 00 17'37 

50 44 14'6 
47 21 43'0 
SI 54 02.6 

Correc 
tion. 

/ I  

+o a24 

$0.17 
4-0'59 

--0 '35 
-0 '27 

-0 '63 

-0 '29 

-0 '33 
-0.14 

+o '26 
+o '29 

,-+o ' I O '  

$0'1 

+o '2 

$0 '2 

Spheri- 
ical 

angles. 

I I  ' 

13 ' I 4  

29 '70 

'7 '45 

.07 3s 
2 0  'as 
32 '57 

2s '33 

29 '31 
02 '55 

35 "1 
37 6 5  
47 *47 

I4 '7 
43 '2 

02 .s 

Syheri- 
ical 

excess. 

I /  

0.09 

0 '10 

0 'I0 

0 '21 

0 '21 

0 '21 

O K 6  

0 '07 
n '07 

0 ng 
0 a g  
0 '09 

0 ' 2  

0 '2 

0 '3 

Log. d i r  Distances i n  
tances. meters. 

Dni@/riiz Ldiizd Enst Base.-This station is on Dauphin Island, at the entrance of 
Mobile Bsy about 7 niiles from the west elid of the island a td  37: ., miles from the east 
end, near the western edge of the pine woods which cover the eastern end of the island. 

The station was recovered and reoccupied in 1Sg7 and .marked as follows: 
In a bed of cement 5 %  feet square, extending 6 feet below the surface, are two 

41gn-No. 7-02-7 
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pieces of drain tile 2 feet long and 4 inches in diameter, each placed with its as is  
vertical, one above the other, the lower estencling 7 inches below tlie bottom of the 
cement. A pine pole feet long and -? inches in diameter is' driven d o ~ n  through the 
pipes until its top is 16 inches below the top of the upper tile. Above this pole in tlie 
npper pipe are placed vertically. one above tlie other, two copper bolts, each S inches 
long alii1 j f /  inches iii diameter, a cross on each bolt niarking the station. tlie upper 
mark being 3 feet I>elow the surface. Tlie bolts are held in place by cement, with 
mhicli the reiiiainiiig space of tlie pipes is filled. Abooe the top of the upper pipe a 
cavity I foot sqtiare awl 6 inches deep is left in the cement. Over this cavity, still 
embecldecl in cement. the four original granite blocks of tlie base of the iiioiiuiiieiit of 

are built, as originally, in two courses, tlie top of the upper course projectiiig I 

itiches almve the surface. A copper bolt in tlie top of one of the blocks of the upper 
course is directly over the cross on tlie bolt in the pipe aiid marks the station. The 
original granite shaft is placed 011 this foundation and cemented down over the copper 
bolt. its apes again iiiarkiiig the station. 011 the north, east, south, and west faces of 
tlie shaft are inscribed. respectively. "A. D. Bache, Suptclt.," " U. S.  Coast Siirvey," 

1S4j," " Base No. 5." The station is witnessed by two iiiarks in the saiiie vertical 
line. one on the surface atid one underground, in prolongation of the base line, 144*1oz=j 
meters east of tlie estremity and just in the edge of the pine woocls. The uiidergrouncl 
1iial-k is a cross in  an iron bolt in tlle top of a tiie pipe 2 feet long embecideii vertically 
in a mass of ceiiieiit I feet in diameter, the top of the pipe ljeing j feet IXICJM- the surface. 
Above this pipe is placed a granite block I foot s c p r e  aiicl 2 : h  feet long. the top of 
ldock being flush with the surface niicl containing a copper bolt as tlie stirface mark. 

L)n?ijhin Zs/trrid TI'>st Btrsc.-This station is on tlir wrstcrii end of Dauphiii Isla~~d. 
In 1~47 the station was within one-half mile of the estremity of the island, while in 
1Sg7 the islnud extended 31.; miles west of it. In Septeniber, 1 S y 7 ~  the distance was 
reduced by a storm which washed away I mile of the western em1 of the island. Tlie 
station is iiiarkecl as described at Daupliin Island East Base, escept that the cement 
at this station is 6 feet square aiid 5 feet deep and only one piece of tile pipe was put in. 

fivi A/,~~-gtz~z.-The station is near the center of the nortlirvest lwstioii (KO. 2 j of 
Fort Morgan. st tlie eiitraiice to Mobile Bay. Tlie station of IS@ was recovered and 
reoccupied in 1892 and apniii in iSg 7-9s. 

Tlie earthenware vessel used originally u7as left in its place. filled ~ i t h  cement, aiid 
a nail was placed iii its center to mark the station, the top of the nail being feet 
I&.nv  the surface. Above this was placed vertically a section of tile drain pipe inclosed in 
a nail keg, both filled with cement. In the pipe are two spike nails, one aljovc tlie other. 
Iliaking ndditional marks. Tlie head of the upper iiail is just beneath the brick floor. 

Cat ZshiitJ.-This station is on Cat Island, in Mississippi Sound. iiorth of nauphin 
Island. In 1y55 a new 
station was establisheil near the old one. 

Cdt7rr- Poiiif.-This station is on hloii Louis Island, 011 the western side of Mohile 
Bay. The station is situated 011 the eastern estreiiiity of the island, on. a'iiarrow strip 
of beach, among marshes. In 1S46 an earthenrvnre cone was buried as the station mark, 
aiicl copper nails were driven in blazed trees with tlie following directions and distances: 
Oiie northwest, g feet 4 inches: one northeast, IS feet; one southwest, j z  feet 6 inches, 
as reference marks. 

, I  

The station of 1845 was iiiarked by a buried earthenware cone. 



BASE.LINES AND BASE NETS. 99 
Poirzf m 1 . r  Pins.-On the point of land of the saiiie riaiiie which estends southward 

into Mississippi Sotind. just west of Bayou Battlire. In 1S46 tlie station mas niarkecl by 
an earthenware cone buried 3 feet iinder the surface. In I S ~ S  four poles 4 feet long 
and G inches in diameter were inserted around tlie undisturbed cone, the station being 
the point of intersection of two perpenclicular lines deterinined by four copper nails driven 
in tlie tops of these poles. 

Sf .  EZm>.-Tlie. station is in Mobile County, Alabama, about 2 niiles east of St. 
Elmo. on tlie Louisville and Nashville Railroad, and almut one-half mile south of Otis’s 
m,ill. The station is in the northwest corner of N. E. ;..( of S. E. ,I.: of S. E. :$’ of 
S. E. ;d of N. W. ,:i, sec. 19, T. 6 S.. R. 2 W., and is distant from the north\vest corner 
of section 19. 3426 feet, ancl bears from said corner 313’ 43’ true. 

The uiidergrouncl inark is the intersection of cross lines on top surface of limestone 
post, 6 inches square and 18 inches long, buried vertically. wit11 top 3 feet below surface 
of grouncl. Six.  
in$hes above tllis is another liniestoiie post. 6 inches square and 38 inches long, its top 
level with the surface of the grouncl and inarked as the lower stone. 

Dti/hzc.-Tliis station is in Baldwin County, Alabama. about one-half mile northeast 
of the court-house at Daphne. The station is in the southwest corner of the S, W. ,I$ 

of S. W. y i  of N; E. ;.i of N. E. Ii of N. E. , I $ ,  sec. 19, T. 5 S., R. 2 E. Distance 
from tlie ~iortheast corner of section rg to station is SS? feet, and the station hears 
S. 44’ 17’ W. (true) from the nortlieast corner of section 19. 

A 1-gnl101~ stone jug was buried, bottom up, and a small hole in  the center of the 
bottom, 3 ‘feet below the surface. is the utiderground mark. A limestone post 6 inches 
square aiicl 30 indies long was placed in a vertical position 6 inches above the jug, the 
surface niark being tlie intersection of cross lines 011 its top surface, which is flush with 
the grounci. The letters U. S. C. G .  S. are cut in the usual inanner in the angles of 
tlie cross lines. 

.S$ri)z.g Hi//.-The station is about 7 miles northwest of Mobile, on the highest part 
of Spring Hill, on tlie land of Judge H. A~istell. about 40 feet north of the fence line 
of inaiii road and about zoo yards west of road going to Whistler, and also about zoo 
yards west of station Spring .Hill on electric road. 

The station is niarkecl as  Daphiie, escept that the jiig is buried iiiouth up, the 
center of mouth being the underground mark. The  following true bearings aiid dis- 
tances.were measured: Oak tree, No. I ,  N. 62” 33’ IO” E., 103 feet: oak stump, No. 
2,  N. IS’ 17’ 201’ W., 39 feet 9 inches: oak stump. KO. 3. S. 95’ 46’ 25’’ W.. 44 feet 
7 inches; fence .line, S. XJO 47‘ E., 39 feet I I inches. 

The letters IT. S. C. G .  S. are cut in the angles of the cross lines. 

’ 
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C. SYNOPSIS OF T H E  MEASUREMENTS AND RESULTS O F - T H E  BASE LINES OF THE OBLIQUE ARC. 

5 

6 

No. 

c 
2 

> 

4 

6 

S O .  

Name of line. State. Chief of partv 
and observe< A pparalns used. Date of measure. 

Epping Base Ne. 1357, July and -4ug. A. D. Baclie Baclie-Wiircleuiaiiii 
Massachusetts Base Mass. ISM, Sept. to Nov. E. Blunt Hassler 
Fire Island Base N. Y. 1834. .%ug. to Oct. F. R. Hassler Hassler 
Kent Island Base %Id. '1S44~ &fay and June J. Fergusoii Hassler 

Atlanta Base 

Uauiihiir Island Base .%la. rS.47, May aiid Julie . A. D. Baclie Bache-Wiirclemann 

Ga. rS72. Dec. and rS73, Jan. C.O.Boutelle Bache-Wiirdeuiann t 1S72. Nov. and Dec. 1 1873, July and Aug. 

Name of line. 
Resiiltitig length Logarithm of Approxitnate 

in nie!ers and preceding tiutn- probable error in 
probable error. bers. terms of length. 

$5 Aim Epping Base S 715 '9422 *g40 314 34 
c 15s f 79 

Massachusetts Base 

Fire Island Rase 

Kent ~slanrl Base 

Atlanta Base 

Dauphin Island Rase 
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T H E  MAIN TRIANGLJLATION BETWEEN T H E  BASE 
LINES OK NETS. 

A. GENERAL TREATMENT O F  THE REDUCTION O F  THE MAIN TRI- 
ANGULATION BETWEEN CALAIS, MAINE, AND NEW ORLEANS. 
LOUISIANA. 

Since the early and partial publications of preliminary results of the various parts 
of this triangulation. as referred to in Part I, changes have taken place, not only in the 
field work by additional stations or measures, but also iii the office work of. c o m p -  
tatioii in respect to the general treatment, arid clue to tlie esperience gained in the 
meantime. Nevertheless, it was desirable to retain as much as possible of the older 
reductions, such as the computations of the base lines, the local adjustments of the 
horizontal directioiiu, and the adjustment of the base nets. That part of the oblique 
arc which is in coliinion iiTith the arc of the parallel of cp = 39' is retained unchanged. 

When clealing with the treatment of the portion of the oblique arc traversing the 
New England States, it became necessary to introduce the station Mouiit Washington, 
New Hainphire, into the scheme. and to consider the most aclvantageous nianrier by 
wliicli the t h e e  base lines (or their nets:), the Epping, tlie Massachusetts, and the Fire 
Island basqs, coulcl be brought into perfect accord. This was to be done with clue 
regard to the labor inr~olvecl in the establishment and solution of a large number of 
equations. At tlie same time atteiitioii had to be given to the circumstance of the 
intersection of the oblique arc with a triangulation, now nearly completed. which can be 
used for the discussion of an arc of the parallel. in latitude 42;4', froin Cape Cod to the 
State of Iowa, esecuted partly by the U. S. Lake Survey aiicl partly-ty the U. S. 
Coast and Geodetic Survey for this arid other purposes. Further, attention had to be 
giveii to non-interference with the full development of the large 'triangdation in the 
States of Nen7 Hampshire and Veriiiont. which has Killington, Veriiiont, as a central 
station. After clue consideration it was decided to rrtaiu uiicliaiigecl the adjustnient of 
tlie Epping base net as iiiacle in Julie. 1S64, and to adjust tlie triaiigulatioli between 
the three bases, so as to preserve tlie b i g t h  of the side Humpback to hfouiit Desert 
(of the Epping base net), the Massachusetts base. and tlie side Wooster to Saiidford 
(of tlie Fire Island base net.j. This scheme involves the simultaneous solution of 57 
equations, two of which are leiigtli equations, each containing a large number of terms. 
Tlie resiilts from the old but less perfect scheme differ very little, ancl within the 
uncertainties of the measures, from those now obtained, aricl also indicate the escelleiit 
accord of the relations of tlie newly added station to the surrounding stations. The 
small estensioii of the Epping base net from tlie side Cooper to Howard to the boundary 
on the St.  Crois River was aftegvarcls treated by itself. 

The stretch of triaiigulatioli between the base nets of the Fire Island base and the 
Kent Island base starts from the line Bald Hill to West Hills, and ends on the line 

1 03 
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Osboriies Ruin to Turkey Point. aiicl tlie latter 'line, *being a part of tlie adjusted triangu- 
latioil of the arc of tlie parallel in 9 = 3 g 0 ,  is presei-vecl as given in Special Publication 
No. 19 " The Transcontinental Triangulation." 

The adjustment involved the solution of 3.5 equations, of wliicli tlie coiiditioiial or 
observation equation for accord of letigtli of sides contains S9 terms. Tlie triaiigulatioii 
lying betmeen the line Osbornes Ruin to Turkey Point. Maryland. nncl the line Tobacco 
Row to Spear. Virgitiia, is retained unchanged as given in Special Publication No. 4. 

Upon reaching latitude 36' the triangulation splits into two branches, one. the 
western and later one. passing through Tennessee. tlie other and older one through 
North Carolina. The angular measures 011 

the \vestern branch were iiiade u7ith an inferior instrument. A stucly of tlie local adjust- 
iiierits of this triangulation and of tlie approsiiiiate computations which were available 
indicated that the angle iiieasiires did not possess quite the same accuracy as those of 
.the easterii lxanch aiicl coiild leiid no aclclitional value to the triangulation to the south- 
\yard. Moreover, there are 110 astroiioraic observations of ally kind connected with this 
triangulation. For these reasons the westerii or Tennessee branch was not used as a 
part of the arc, and tlie computation betweeu the Kent Island arid Atlanta bases was 
carried throkgli the easterii branch. 

Proceeding southwestward from the line Tobacco Row to Spear to the Atlanta 
base, the adjustment was made in three parts. 

The coiiiples s'trong figure between the lines Tolxxco Kow to Spear nncl Buffalo to 
Moore was first adjusted and iiirolved tlie solution of 24 equations. The influence of the 
A4tlaiita base wns then esteiided by tlie adjustment of the section of tlie triaiigulatioii 
from tlie line Snwnee to Grassy to the line Beiiii to King, iiivulviiig the solutioii of 41 
equations, am1 finally the reiiininiiig portion, foriiiiiig a central figure about tlie station 
Poore. was adjusterI. irivoIviiig the solntioii of I:, eqLiations, including a lengtli equatioii 
introcluced for tlie purpose of bringing tlie lengths derived from the two l-iases into accord. 

Tlie re~soiis for dispersing the small outstanclhg cliscrepancy in this particular figure 
are given in the portion of this publication which treats uf its adjustmelit. 

Tlie fortunate circumstance that tlie Atlanta aiicl tlie Daupliili Tslaiicl bases, when 
connected through the. chain of intervening triangles or more comples figures, proved to 
be in aliiiost exact accord. as was shown by tlie several adjusted pieces of triangulation 
gradunlly joined together as the field work progressed. iiiude it possible to retain all of 
tlirse five partial adjustments. This carried the resiilts to the Dauphin Island base net 
at tlie line Spring Hill to Daphne. 

It was thought highly desirable to extend the oblique arc as far as the city of New 
Orleans, where it meets with and .terminates at a \\lell-cleteriiiinecl astronomic station. 
It was knowii that tlie small coast triangulation dong tlie Gulf from Mobile Bay mest- 
ward was inferior in accuracy to first-class work. Nevertheless a reili.scnssion and 
new acljustment showed that it could he used to estend the arc to New Orleans. The 
\diole of this triangulation is old, and the inferiority of tliework is c l w  to the.difficulties 
encountered on account of the cliniatic conditions aloiig the Gulf coast, and particularly 
to the effects of severe hurricanes passing ncross this region which reiiclerecl it difficult 
to preserve tlir stations froiii one season to anotlier. I t  was also most important to 
include the station at New Orleans in the discussion of the local deflections of the pluinb 
line at stations approaching and in close prosinlit!. to tlie Gulf of Mexico. 

They unite again in iiortlierii Georgia. 



THE MAIN TRIANGULATION. 

B. THE TRIANGULA'I'ION. 

I .  NORTHEASTERN TERMINUS TO EPPING BASE NET. 

The extension of the triangulation froiii the primary line Cooper to Howard. of the 
Epping base net, to and across the Caiiadiaii boundary at the St. Crois River is sho~vn 
on the following diagram The geometric figure is a strong one and demanded for its 

No. 16. 

Kilometers 

Statute Miles 

- ~~~ 

5 0  10 20 90 40 

- . .  - 
5 0 5 10 15 20 25 

adjustment that 13 conditional equations be satisfied. Equal unit weights were given 
to the clirections, escepting the initial line Cooper to Howard, to which a double weight 
was assigned. 

The angles measured with the repeating circle were generally made up of 20 sets, 
each of three repetitions direct and three repetitions reversed for every angle; these 
results, when coinbinations esisted among 'the measured angles. were adjusted at  each 
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station. 

THE EASTERN OBLIQUE ARC: 

The yrubahle error of an observation of an angle (,3 D. and 3 R. ) is given by 

S 
'9 

IO 

4 
5 

The approsixnate elevations of the stations above the half-tide level of the Atlantic 

Grand Manan 54 40 14.493 -0.06s 1.1'493 4-0'646 15.135 

Howard 105 56 09.3Y5 -0.226 9 . 2 2 7  . . . . . . . . . , . 
Trescott Rock 68 q j  51 '687 -0'06s 51 '657 -0 '05s 5 1  '625 

Monnt Desert 157 47 Cm.7s.g .+0'415 01 '271 . . . . .  . . .  , . .  

Saint David (Boyd)" 329 01 51'167 - 0 r 6 S  51'16j +1'117 52'2So 

Rye (, Ibyd )* 309 17 27.536 -0.068 3 j 7 s j 6  -0 .S02  26'730 

are as follows: 
Meters. Feet 

Chaincook '97 647 
Trescott Rock 94 310 

Grand Manail 12s 420 

Calais. observatory 46 1.50 

Prince Regents Redoubt 60 197 

Howard . Sa 269 
Cooper 225 735 

No reductions to the horizontal directions for heights were required. 

so. of 
directiuiis 

Pigeon 
Cooper 
Trescott Rock 
Grana1 Manan 

Meail correction -0 ~ 6 s  

Probable error of ail observation ( 3  D. and j R. ) of a direction, P, = c I" '0. 

*Number of sets of repetitiou ubservatiuiis, 2. 
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.4bsi11z~-is of i.rsii/ii;l!p. Aorizoiiid ifiiwfioi~s ahsri-wd 17)id niljrrsftd nr! stntioiis qf ~ A L ,  trinirgiili7 f ion 

t*xfma!iiig- ftl IAz c3irndiczn h r i i ( f t i i y ,  1S59 f o  ~d6~-continued. 

~ / ~ ~ ~ ~ ~ ~ c a o k ,  New Rrunswick. G .  W. October 2 2  to October 2S, 1S59. 
25cr1' repeatiiig theodolite No. 74, 

75'"' direction theodolite No. I. 
C. H. Boyd. observer. 1S67. Dean, observer. 

I I 

1 2  

I j 

14 
15 

wo. of 
directions. 

16 

Howan1 o 00 rm.doo +o.r7S 00 'ooo 
Cooper 74 05 21 '565 -0 io7 21 -& 
Cll~lnlcook 124 54 05'165 -0.J73 04.SI4 
Priirce Regents Redoubt J4.5 27 05'45s $0 '356 05 '637 

26 m -"'? . Grand Nlanaii 21.5 IO 26.975 55 

'7 

23 
24 
=5 
26 

IS 

G r a d  Malian 0 00 oo'oO0 -0'371 00 'OOO 

Trescott Rock 60 oh I2 '07.1 -0.214 12 '231 
Cooper 13s 37 ' 25.265 +0'5I9 26 '155 
Chamcook 2 0 2  39 2 5 4 1  +u w67 25 '719 

19 

20 

21 

22 

Objects obsenved. 

Grand Manan 
0 

0 

Priiici Regents Redoubt I 1  

Trescott Rock 2s 

Cooper S8 

Rye (Royil)" 115 
Calais. ohservatory (Boyd)* 1;s 
Sail11 David (Boyd )" 165 

I . I /  

00 Oo'ooo 
- 4-0 'I39 

23 35'2S5 

17 - 3 r 6 g 1  
-co .f41 

44 50'139 
f o  '173 

16 24'874 
46 22'644 

-C_O'J35 

22 52'991 

-0'150 

-0 -160 

-0 '723 

I/ 

m 'ooo 

34 '644 

21 'qo 

4s '925 

24 '727 
22 :472 
52 '3So 



No. of 
dirrctioiis. 

27 
2s 
29 

t>l>jects observed. 

Chamcook 0 rn 013'cNxJ --0 '153 m 'ooo 
Calais, observatory 67 t K  50'342 -0.319' 50'176 
Cooper 72 23 49'293 +o *9os 5" '3S3 

Results froiii statioii f r ~ ~ ~ ~ ~ ~ ~ ~ : t d -  Filial 
seconds. juetiiirii L. ndjiistiiient. 

31 
32 
33 

St. David ' g u3 oo'ooo -0 '720 00 'ooo 
Chaincook 42 47 52.302 t o  .53 I 5.; '553 
Cooper us 33 .u'60.! 4-0 -1yo 4.5 -514 

I 
11 

111 
IV 
V 

VI 
VI1 
VI11 
. IS 

s 

SI 

XI1 

SI11 
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It was not deemed necessary to set down the correlate equations, as they are readily 

formed. The directions (,I j and (Io) each have the weight 2. 

iVoi-iird rpia fiorrs. 

c, c, c, c, c, C6 c, c* cp C,. C,, c,, c,, 
~ 

O= to .625  
o= -2'ogo 

o= $0.691 
o= +I .gS1 

o= -1 -485 
o= -0.506 
o= +I'Z'+I  

o= +2.1s 

o= -0.70 
o= f4-31  

o= - 2 ' 6 0  

O= -1.531 

o= +I .3s 

+5 -2-2 -0 .ojg 
+6+2 -2  +I  *99.s 

+6 +Z -2 $1 '99s 
+6 - 2  

-+6 +2 -2 

$6 $2 

+6 +2 

+6 . 
$9 '6407 

+I  'f37 
-I '667 - I *S.Q 
-2.1144 + 0.216 
-0'0.;7 - I . I &  

+omo37 - 0.216 

-47123 + 1',5229 

+ 16 '1466 
+4'J502 - @'J316 

Resulting correlates : 

and the resulting corrections to directions: 
If 

(15)= -0 2534 

(17) -0'149s 
(IS) -0.1605 

(16) $-0 '4913 

(19) -0.7233 
( 2 0 )  $0'337 
(21)  $0.31S6 

/ I  

(22)= -0*12m 

(23) -03712 

(25) $0'5191 
(26) fo.0666 
( 2 7 )  -0.1535 
(2s) -031Y6 

(24) -0.2145 

+ 0.992 
+ 0.131. -0'250 

- jB54 -0'250 

+ I  263 
-0 '591 

- I '554 
-0 '165 

- 0'2670 
+ 0.7S17 t0 .0643 
+I3'4081 + O ' 0 6 5 I  

+ 16 -43g  

+2.3s20 

Probable eiror of an olxervecl direction, o 674 JT = .51 

*Directions ( I )  arid ( I O )  were given double weight in the adjustment. 



No. Statiolis 

2 
Trescott Rock 
Howard 
Cooper 

Grand Manan 
Howard 
Cooper 

Grand Manan 
Homsril 
Trescott Rock 

G r a d  Malian 
Trescott Rock 
Cooper 

3 l  

Ohserved angled. 

0 I I I  

74 05 21 '565 
65 42 24.01s 
40 12 17'5.10 

44 16 . . . . . .  
SI 27 r7.SSS 

54 75 54'734 

19 25 . . . . . .  
15 44 53370 

144 49 33 '0.5 

24 51 . . . . . .  
141 os 05.410 
14 0.3 37'194 

Prince Regents Re- 
. 60 06 

Grand Manail 50 IO 

Trcscott Rock 69 4; 

PrinceRegentsRe- 

Trescott Rock 71 21 

30 '17 

doubt 7s 31 

Pr inc~  Regents&- 

Grand Malian 25 19 
Cooper 16 c q  

Chaincook RS .I4 

S Grand Manan 36 34 

Cooper 54 4" 

doubt 15% 37 

Chamcook 28 17 
G r a d  RIanati 61 26 

Trescott Rock go 16 

ChalllcGok 60 27 
Trescott Rock 50 $5 
Cooper 6s 43 

Chamcook 11 23 

I 

G r a d  Manan 1 1  15 
Prince RegentsRe- 

doubt. 157 2 0  

12 .0:4 
. . . . . .  
21 '51; 

I j  .I91 

02 '605 
43 '893 

25 '265 
. . . . . .  
25 '411 

50 '139 
. . . . . .  
'4 '493 

2 1  ?x)l 

. . . . . .  
21 '810 

2s '$445 
43 '6ca 
5 I '6S7 

35 '2s5 
. . . . . .  

34.719 

Correc- 
tion. 

I f  

-0 '2S5 
-0.39s 
+o '055: 

. . . . .  
+o '267 
-0 '646 

. . . . .  
+o '664 
+@ '43 I 

r . . . . .  
-0 '146 
-0.704 

-1-u . r.5; 
. . . . .  

-0 '610 

$0 '734 
+o '463 
+o 'S93 

+o ' 8 F  

+I '64 1 

-0 '652 

-0 .@SO 

-0 '563 
-0.066 
-0 '063 

--o '642 

. . . . .  

. . . . .  

Spher- 
ical 

angles. 
I f  

2 I '2SO 
23 '620 
I 7 '59s 

52.45 I 
IS '155 
54 ass: 

32 575 
54 '534 
33 '456 

19'577 
05 '264 
36 '49 

12 z ; r  
27 %$il 

20 '9CJ7 

1:. '925 

44 '356 
93 '49X 

26 '155 
OS '304 

4s '924 

$9 '925 
15 '134 

2 I '039 
rg.501 
2 I '730 

27 .SSg 

27 '007 

43 '534 
51 '625 

34 '643 
51 ,622 

Spher- 
ical 

excess 
I f  

0 .S32 
0 'S33 
0 'S33 

I '565 
I '564 
I '565 

0 '288 
0.288 

0 '289 

@ '444 
0 .443 
0 .444 

fJ '.<.i5 
n-.  229 

0 .340 

0 '593 
0 '593 
0 .553 

0 .d$S 

0 'JS? 
0 '4S9 

1 '327 
1 '32s 
I '32.5 

0 '757 
0 '757 
0 '756 

I '015 
I 'or5 
L .or4 

0.IS2 
r.1 . I S2 

4.666 29s o 46 376 '50 



N O .  Statiorrs. Dbszrxrd angle- 

0 , II 

Chanicook 16 53 46'406 
Prince Regents Re- 

cloubt 142 33 13':!07 
Trescott Rock 20 33 03.293 

Cliaiiicook 77 2 1  IJ'R54 

64 or 60.016 
Prince Regents Re- - 

3s 36 4g.oS2 

102 45 52'302 
26 31 34'735 

Cooper so 42 32.464 

St. David 72 23 49"9j 
Cliamcook 76 3s 0 2 5 5 2  

Cooper 30 -5s @S.S33 

St. David 87 05 40.0j2 
Cliaiiicouk 50 oi; 2 5 . 1 1 7  

42 47 S Z ' j O 2  

St. Davit1 14 4 1  50'739 

Rye 145 33 44.$@4 

17 1 Cooper ig '14 23 .6;r 

Cdais Observatory S6 I I 40 'yo; 
St. D:ivid 67 i~ 50'342 

Cllarllcook 26 36 30.347 

J 
I S  I 

Correc- Spher- Spher- 
ti"'. angles. excess 

ira I ical 

If f I  I/ 

-o '01 I 46 '395 o '235 

Log. dis- Distniices in 
t~*llces. meters. 

33 878.88 
23 516'51 

33 s j s s  
I 5  51.1'11 

26 SP4.67 

33 s7s.ss 
34 5% '44 
IS 289.42 

26 SS4.67 
20 653 'S2 
IS 2scj.42 

15 gr4.rr 
20 653 '82 
34 5.%'44 

IS 2sg.42 
16 Sg7 '26 
S 209.72 

2. EPPING I3ASE N E T  TO MASSACHUSETTS BASE AND TO FIRE ISLAND BASE NET,  

MAINE. NEW HAMPSHIRE, MASSACHUSETTS, RHODE ISLAND, AND CONNECTICUT, 

I Q+-I SS:!. 

The main triangulation which coiiiitxts and is based upon the three northern base 
lines is niiioiig the most elaborate pieces of field work ever executed by the Survey. I t  
was steadily continued and coiiipletecl by Snperintendent Baclie and his party in twenty. 
pears. Only one station (Mount Washington :) was afterwards iiiclucled in the scheme. 
There are also several snborclinate stations, not referred to here, which, in adclition to 
what is furiiishecl by the principal stations, effects the junction with the suborclinate, 
secondary, and tertiary work covering the greater part of the coast line of Massachusetts, 
New Hampshire. aid Maine. 

With the exception of the angles at the Massachusetts base. all angular directions 
were measured by iiieaiis of the great (so callecl j 75'"' theodolite, and .  the $ation 
results were declriced by application of Bessel's least square methocl of reduction. The 
accuracy reached is quite coiiinieiisurate with the anioulit of labor spent 1. both in the 



I 1 2  THE EASTERN OBLIQUE ARC. 

No. 21. 



THE M.UN TRIANGULATION. 1'3 

fielcl and in the office. This may lie seen in tlie closing errors of tlie 5' triangles as 
well as iii the namerical constants of the 55 conditional equations. The first adjustment 
of this triangulation, inade in 1866 uiider the writer's direction, avoided the heavy work 
of solving simLiltaiieously this large number of equations by dividing the whole work 
into three parts, but in this discussion it was decidecl to treat the adjustment rigorously 
as a \\7]1ole. The 
directions iii tlic iiew adjustment are corrected for effect of altitude of the stations 
sightecl, and the observations niacle at atid upon Mount Washiiigtoii are now iiicorporated 
illto tlie general scheme. 

The new results, h'owever. differ but slightly from tlie olcler ones. 

--lpprp-t-iiii& hct$ifs qf .dtifkirs libow flit- l i x i i i ~ ~ t ~  I m - I  of- tht. -4fIliiific 0 x l i n .  
Meters. 

4.5 I 

465 
$5 I 

397 
244 
976 
61.5 

'53 
7.32 

' I  920 

222 

41 I 

s3 

Feet. 

I $0 

I 52.5 
1 2 j I  

I 301 

so0 
j 202 

2 01s 

6 303 

go I 
2 402 

72s 
I 34s 

271 

Maiiomet ' 

Blue Hill 
Beacon pole 
Moiialliiock 
Wac11 usett 
Mount Tom 
Bald 'Hill [ Tolland County 1 
 os Hill . 
Ivy 
Saiidford 
Wooster 
C0l"C"t 
Great Meadow 

Meters. Feel. 

I20 394 
I94 635 
167 j4S 
966 j 16s 
616 2 022 

3 " 2  1 I 2 2 0  

393 I 3*> 

259 S p  
49s I 634 
273 Yyj 
305 I m 3  

I os 3.53 
SI '265 

Observation equatioii LVI is the length erjuntioii between the Epping base (referred 
to tlie line Humpback to Mount Desert:) and the Massnchusetts base, showing a cliscrep- 
anc!; of but 57 units in the seventh place of decimals in tlie logarithms. and tlie corre- 
sponding ecpation No. LVII  is the length equation between the Mnsskhusetts base a i d  
the Fire Islaiiil base ('referred to tlir line Sanclforcl to  Wooster') arid shows a cliscrepaiicy 
of but 26 units. Weights to the 131 clirectious are introduced 011 the same principle 3s 
ivvas clone in 1S66. which takes care of tlie circumstance that tlie relative weights, when 
the clirectioiis are coiiirined to form triangles, are very different froiii and only partly 
reseinhle tlie weights decliicecl from tlie station adjustment aloiie. Esperieiice has 
shown that the former are at  least of eqwl if not greater importatice than the latter. 

The niasiniiiiii closing error in the si1111 of the angles iiif any one triangle is but -?".o 
and the average closing error of a triqiigle. fouiicl by sqiiariiig the 5-1 errors, is.given 
by $" = * otr.g3: hence tlie pr?bable error of a direction is o*67+$ 0.9' + otf.zss. 

5 2  
On the other hand' the approsimate prol>aa',le error of A direction clerivecl from the. 

3'056. sinfie// adjustment alone:!: is found froiii the average square 2- viz. t., = 
131 

= 

f o ' " r g j  ; hence the square of tlie combination error or E,' = (o*255j2- (,o. 153)'= 
(0.304)'. To each of the values of c,', therefore. was aclcled (,o*xq.)' or 0~040 in orcle:. 

~ ~~ ~ 

*See rewlting pnhable errors of the direction prcseuted Further oil with the abstractsof the horizontal inensiiro 

4 IC)-'--NO. j,--Ol-S 
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I 

a 

to get E = L, but in order to make the average value of the 131 cases equal to unity 

this was mnltiplird by 15-75: hence the final reciprocals of weights used in. the adjust- 
ment further 011. 

.-lbstmci?.~ 

P 

horizorrf(rL dirt-rtinns as obscwcd mid a~'rrsf~;ii? at thc-.pri)iripnl sftifinrrs 6tY;itt.t.it tht, Eppirrg 

Httrr~pbacX., Haiicock County, Maim. July rg to Septeiiiber 6. IS.$. 75 cI1l direction theodolite No. I. 

bizs(. i i t v f ,  tht: A l l ~ ~ ~ c ~ B t / ~ t ~ i ? f ~  btzst., tiltd fh< Fir? Zdi~rid btisb' it<f,-IS{{-/SSz. 

A. D. Bache and G. IV. Dean, observers. 

Isle ai1 IIaiit 0 DO m'wO + 0 . q  -0'OOlj W'Olk,  ..... O@'Do . . . . . . . . .  
Ragged Mouiitaill 33 39 21.332 0 ' 1 1  -0'006 21'332 + o ' q  21.34 -0'05 21.29 
Motifit Harris , 70 54 51'931 0 ' 1 1  - u ~ w 5  51'931 - o w 7  51'91 +O'IO 52'01 
Sauiiders . 93 4s gS'gSa 0.10 -0'006 SS'$I . . . . . . . . . . . . . . . . . . .  
Aeimiith Mark 122 49 25.136 0'10 -0 c 6  q ' i j d  . . . . . . . . . .  . . . . . . . . .  

Correc- 
Reaoltiiif di- .Approxi- Number tioils Correct-' Rediic- Result- 

o f l i r e c .  Ohjects observed. r~~~~~ Jzy !,El& from net ed direc- tioils to  irig sec- 
-A!..-. tions. sea level. oric~a. s e ~ ' ~ ~ ~ ~ *  

5 

6 
' 

7 
S 
9 

LIOIIS. 

Peaked Mountain 
Hunlpback 
Sauiiders 
Mount Desert 
Isle 811 Haut 
Ragged Mountain 
SalJattus 

. !fount Blue 

justinerit. . errors. il'J''"L- lllellt. 

0 I I ,  

Cooper 0 IM 00'000 + O ' 1 5  

Aririiirth Mark 39 37 J0.230 0.16 
nmullt Desert 114 33 50'S77 o'cq 
Ragged Mourltain 15-1 ZS 20'545 0'13 

Sauriders 16s 12 47'11s 0'13 

Molint Harris 1% .uj zo'9SS 0'17 

Meail correction 

IIGIlt. 

-0'190 rn'mo ..... ~ ' O O  . . . . . . . . .  
-0 '023 40 '4@3 . . . . . . . . . .  . . . . . . . . .  
+@'593 . 51'656 +o-oaF. 51.W . . . . . . . . .  
-0.023 2 0 ' j i S  + o ' o ? ~  20.74 +o'$ 21'm 
-@ '023 47 '291 . . . . . . . . . .  . . . . . . . . .  
-0'023 jQ.161 +O'OIO 30'17 -0.M 3 ' 7 3  

-0 '023 

0 I I /  

0 00 00'ooo 
I 16 32'750 
9 50 32*207 

Ij. 14 12'055 

29 29 47'455 
53 46 37'312 
Sg 5s 21.672 
11s 55 11'559 
170 57 33'572 
213 17 4S.992 

/ I  

fO 'I I 

0 'I2 

o *i3 
0.q 
0 '"9 
0.09 
0.11 

0'11 

0 'I2 

o -13 

I /  

..... 

..... 

..... 
+0'013 

. . . . .  
-0 '020 

..... 
0 'ooo 

t o  'or3 
- 0 m g  

I /  

00 '00 

..... 

..... 
12 '07 

37 '29 

14 '56 
33 -53 
48 '9s 

..... 

. . . . .  

I /  

.... 

.... 

.... 
-0 '01 

.... 
+O '07 

.... 
+o '06 
-c .OI 
-0 'I1 

/ I  

..... 

..... 

. . . . .  
12.06 

. . . . .  
37 '36 
..... 
14 '62 
33 '57 
4s '57 



MOUNT DESERT. 



THE MAIN TRIANGULATION. 115 
Abstr.lzrfs q/'hgi-i.=oiital ifiir*eriio)rs C I S  obst-r?m' iirrd m~rirrsfd nl the. prirrripo/ slations bd:ik?<.i! the Eflpi.irg 

b17St' irct, tht- ~ ( ~ I s S ~ I C ~ ~ ~ S ~ ! ~ ~ S  blISC, arid t/?r Firv Idiiird b17Sd rrt-f  . r ~ ~ ~ - ~ ~ ~ ~ - c o n t i n i i e d .  

Rnggtd A h i t i f n i n .  Waldo County, Maine. August g to November 21, rS54. 75 direction theodolite 
No. I. A. D. Bache and G. W. Dean, observers. 

16 
17 

18 
19 
20 

Resiiltiii direc Correctioiis 
tions from ,,late eductioiis Resiilting from Filial 

station adjust- able errors, to sea level. secoiids. figure ad- seconds. ~~~~~~~f Object6 observed. 
melit. jiistiiient. 

Peaked Mountain 
Sauiiders 
Mount Harris 
Ragged Mountain 
Cape h a l l  
Sahattus 
RIouiit Independence 
Mount Pleastiiit 

I O  

I1 

I2 

13 

I4 
1.5 

23 

24 
25 

21 

22 

Cape Stria11 
Mount Pleasflnt 
Sabattus 
Mount Blue 
Mount Harris 
Azimuth Mark 
Saunclers 
Hunipback 
Mount Desert 
Isle au Haut 

Mount Blue o 00 OO-OOO corn . -0'032 5 9 7  -O'ZI 59.76 

Mount Harris 69 29 07'402 0.18 ~ O ' O Z I  07-42 $0.16 07.5s 
Ragged Mountain IOI 37 20'637 0'17 +o'm5 20.64 +0'24 20% 

~~ountIiidependence 222 21 04'15S 0.13 + o m 7  04-16 -0.07 q . o g  

Azitnuth Mark 17 56.  05204 0.17 ...... ..... .... ..... 

Cape Sinal1 172 59 o o ~ g 4  0.14 ..... ..... .... ..... 

Mount Pleasant 275 46 51'399 0.14 +O'OI4 51 '41 .-O'OZ 51'39 

/ I  

00 'OOO 

39 '339 
22 '195 

0 2  '447 
59 '344 
49.92s 
1 0  '933 
5s. 375 
00 '500 

17 '507 

I /  

c o  -13 
0 '19 
0 'I7 
0 'I2 

0'11 

o -16 

0 -1s 

0 '12 

0 ' 1 1  

0 '19 

/ I  

..... 
$0 '010 

+o '003 
-0 '049 
0 *aim 

. . . . .  
+o '025 
$0 '01 I 

..... 

/ I  

00 '00 

39 '35 

0 2  .A0 

59 '34 

2 2  ..20 

..... 

..... 
5s '40 
0 0 ' 5 1  

. . . . .  

I I  

.... 
$0 '39 
-0 '27 
+o 'I I 

-0 a 2 0  

. . . .  

. . . .  
0 *Go 

+o '04 
. . . .  

I /  

..... 
39 '74 
21 '93 
0 2  '51 

59 'I4 
..... 
. . . . .  
5s *40 
00 '55 
..... 

Circle used in V positions. 

IlIorrril Birrs. Franklin County, Maine. August zg to November 5, 1Sg3. 75 cllt direction theodolite 
No. I. A. D. Baclie and G .  W. Dean, observers. 

o r  

o m  

7 35 
s 46 

35 42. 
74 11 

76 57 
94 0 2  

I21 17 

/ I  

00 'OOO 

33 '754 
42 'Sg6 
23 '70s 
02 '2S3 
34.640 
02 '93s 
49.712 

I /  

c o  '14 
o -17 
0 *I8 
o -16 
0 ' 2 0  

0 ' I 5  

o -30 
o '15 

/ I  

..... 

..... 
-0 '003 
-0-019 

-0 -00s 
..... 

O'OOO 

+o '027 

I / .  . 
00'00 

..... 
42 Sg  

23 '69 

34 '63 
0 2  '94 
49 '74 

..... 

I I  

. . . .  

.... 
-0 2 4  
+.o ' I5  

+0'15 

.... 

-0 '20 

+O '03 

I /  

..... 

..... 
42 '65 
23 .s4 

34 '7s 
0 2  *74 
49 '77 

..... 



I 16 THE EASTERN OBLIQIJE -ARC. 

40 

36 

37 
. :,S 

26 Moillit Blue* 0 OCI m'ooo 
27 Saht tus  51 26 46.935 
25 Ragged l\lountain 54 39 35 '737 

29 Mount Indepeiidence 100 12 ~ ~ 4 5  
Ossipee 146 17 24'539 

31 C;11;1Rt"ck 192 06 5 3 ' 3 s ~  

31 I Mount \Vashington 279 IS j q  $10 

Circle used in V positions. 

Cape Small 83 01 37'055 

30 Xgariieiiticus '47, 14 47'657 

. .  

Sabattus 25 16 42.166 +O.OIO 42.1s $0.02 42.20 

Cape Small ' S 7  33 O ~ U J Y  0.16 . . . . .  . . . . .  . . . .  ..... 

Qssjpee 241 49 4 6 . y y  0'30 ..... ..... .... . . . . .  
Againellticus 207 51 14'43s 0.17 - + O . ~ I O  14.45 -0.30 14 .15  

C;ullstl~lck "53 43 01 '296 0.30 $0'013 01 '32 -0.60 ~ 1 . 7 2  

Mount Pleasant 307 2s 2; SS6 0.1; -nmSj 2 - ' Q  J 5 +0'29 24.14 

f o  'IO 
0 ' I 2  

0 '14 

o '09 

0 * I 4  

0 'CY 
0 '24 

0 '11  

0 '05 

34 
j g  

-k 0 '043 
+o '006 
+o 'W7 

-0 '00s 

. . . . .  

..... 
-0 '003 
fo .040 
-0 'I02 

Mount P1e:lsant r r 5  37 q ' g o  0 .13  -0.03 23'S7 -0.16 23.71 
Gunstock 174 OS 45.65 0.14 0.00 45.65 $0'30 45'9j 
I<illington 229 44 57'67 0.17 .... . . . . .  . . . .  . . . . .  
Mouiit Maiisfield 274 IS '19.03 . 0.14 .... . . . . .  . . . .  . . . . .  

-0 'I I 

to '13 
-0 '20 

.... 
-0 .49 

-to '77 

+o .3s 

.... 

-0 .?. 'J 

59 '93 
47 '07 
35 '54 

47 '55 

4s .43 
52 '19 
3.5 '09 

. . . . .  

of party). 
Q r f r  I /  r r  / r  r r  I /  

* A+iiimth tilark west of M01tllt Blue >"'I9 + 0"'II. 
+This statiou was established in Septetnber. I.Q~, by 'C. McDoiiiiell a t  the highest part o f  the tiiountaiii. It was 

marked hy a copper bolt inserted in'a bowlder by G. A. Fairfield iii 1851, aiid re-niarked i t 1  Iry B. F. West. The pole 
placed bver the iri.irk was ohserved upoil from 3Iouiit 'Iiidepeiideiice in I+&, from Ossipee in ISSI, arid froill Sabattus in 
1'55s. hut only roughly. The observatioirs fmiii 3ll)unt Pleasant i n  is51 and from Guiistock i i i  1860. however. were quite 
satisfactory. 111 18j7 C. H. Siiiclair visited the station alld iiiidler the direction of Assistnnt K. D. Cntts contlecterl 
geudetically the several ec.ceiitric station tiiarks since 1S73 and aqain. ill I%% and iS81, those used by Prof. E. T. Quimby 
in his sun.ey of the State of New Hampshire. These last ohsen.ntiiriis have no hearing 011 the oblique arc. the only 
direction in coninion heing that to Sahattus. Betweell July 51 and September 13. i&. Assistant Cutts and Aid J. -4. 
McNicol ohsemed horizontal aiigles at  the station in col~~tcct i&~ with the survey of New Hatnpshire. hut iricluded the 
three directinns to Moiiiit Rliie.  Gunstock. and Mount Pleasant. The flm theodolite was theii ernployed. 



MOUNT WASHINGTON. 



THE MAIN TRIANGULATION. 1 x 7  
Ahtmcls of hwizontnl dir-cctioris as obserwd arid czdjirsted tit the principal stntioris bclzuecri 1hc Eppirig 

b1i.w r i d ,  iht- (I/lissac~in.~t.i~.~ bmt-n tirid the Fin- Islarid hisc r i d ,  I~jj-IS~~-cii i it i i iuerl.  

Agnrricndicits, York County, Maine. 75 cl'' directioii theodolite Xo. I ,  

-4. D. Bache. ohserver. 
August 30 to October IO, 1S47. 

49 

50 

51 
52 

Kcsultiii d ihc-  . Corrections 

lI leI1t .  justtnent. 

tiom kroiii l l ~ ~ ~ ~ ~ i , -  Keduc!iotis Resiilliiig ' from Filial . 
!i%%:! ol'jccts observed. station ndjiist- errors, to sea level. seconds. figtire ad- secoiids. 

Isle of Shoals 0 

Tholllpsoll 16 
Holt 41 
Unkoiiootiuc s3 
I'atuccawa ss 
Gunstock 134 
I\.IouiiL Pleasant 1S7 
Ossipee ISS 

56 
57 
58 

f 

00 

2 0  

2s  

56 
'9 
44 
0 2  

12  

23 
5 2  

I3lue I.IilI 13s 49 11'993 0 ' 1 5  -0'009 I1 9 6  -0'35 11.63 
Wachusett rS7 30 54'273 0.07 +0'027 54'30 $0.16 54.46 
Monadnock 235 55 53'272 o'og +0'032 53'30 -0'03 53'27 

/ I  

o c l  'ooo 
22 '029 
13 '944 
21 'S52 

23 '555 
I 2 '364 
56.311 
18.16S 
53 '621 
25 ~ S S o  

' f  

f o  '15 

0 * I 4  

0-17 

o '17 
o -16 
o .13 
0. 14 
0 '14 
0 '14 
o '17 

I ,  ' 

. . . . .  
0 'ocx3 

. . . . .  
fo'or5 

-0.037 
-0 .WS 

/ I  

00 '00 

22 '03 

21 $7 

12.3; 
. . . . .  

56 '30 

+o 'W7 
..... 

53 '63 
..... 

I /  

.... 
$0'39 

-0 '32 
.... 

$ 0 . 0 2  

-0.16 

+o '01 

. . . .  

. . . .  

f I  

. . . . .  
22  '4.2 

21 .g j  

I2 '35 
56.14 

53 '64 

..... 

..... 

. . . . .  

. . . . .  

Gtr.ss/ock,* 13elkiiap County. New Haitipsliire, July I I to August 15, 1860. 75 1111 directioii theodolite 
W o .  I .  G. 11'. Dean. observer. 

41 
42 
43 

44 
4.5 

46 
47 
4s 

O I  

0 0 0  

44 06 
7s '3 

!I12 33 
121 29 
161 0 2  

192 55 
202 52  

237 14 
240 56 
260 13 

I f  

00 'cmo 
20 '235 
23.269 
0 j '49' 
34 %oo 
47 '320 
14 '997 
41 '124 
I 2  '35s 
IO '060 
1S.732 

I /  

*o ' I 4  
0 ' 1 1  

0 ' 1 1  

0 ' 1 1  

0 ' 1 2  

0 '12 

0. I2 

0 ' 1 1  

0 .os 

0=9 
o '07 

I f  

. . . . .  
t-o.014 
4-0 .os4 
4-0 '005 

. . . . .  
-0 '01 I 

-0 'W 

fo'o13 

-!-O '05.1 

. . . . .  

4-0 '023 

I /  

m '00 
20.25 
'5 .30 
03 '50 

47 '3 I 

14 '59 

I 2  '37 
10.0s 

IS '79 

. . . . .  

..... 

/ I  

.... 
-0 '40 
-0 'oj 

fo  so 

-0 'OS 

. . . .  

-0 ' 20  

. . . .  
+o ' IO 

--0.40 
-fo '15 

I ,  

. . . . .  
19 '85 
23 '26 
04 .SO 

47 '23 
14 '79 

. . . . .  

I2 '47 
09.6s 
IS '9.1 

Circle used i n  \I positions. 

75 L1'' direction 
theodolite No. I. A. D. Baclie. observer. Aug:lisL 25 Lo 29, 1860. G. W. Dean. observer. Same 
instrumell t. 

Unkorioorritc,t Hillsboro County. New Hanipshire. August 29 to October 6, 1848. 

0 f I f  I f  I f  I f  I f  I /  

Cllllstock o 00 cm'ooo C0.07 fo '02 j  00.02 -to'or 00.03 
59 Paliiccawa 47 43 15.59s O ' I Z  ..... ..... . . . .  ..... 

54 
55 

~ . * TItr statiou wasoccupied by Prof. E. T. Quinrby ill IS~S, but oi!ly in coiriirclioii with the survey of Sew Hampshire: it 

t The station was occupied by Prof. E. T. puiiilby in July, iSj?. in connection with the survey of New Hampshire. 
He sighted M o ~ ~ a d ~ m c k  and Patnccawa, bur for these observations we have no use here. 

was reoccupied iu September. 1697. by Assistant A. T. Yosmaii. in coiinectioll with western work i i i  V'enuorit. 

He used a5cm tlieodolile No. 31. 



7 3 

? 
75 

76 

77 

78 

79 
so 
SI 
82 

S3 

Sg 

IVTanomet 
Blue Hill 
Wachusett 
Holt 
Ullkurloolluc 
Patuccawa 
Gunstock 
Azimuth Nark, west 
Azimuth Mark, east 
Againenticus 
Isle of Shoals 

- 
Manomet o 00 oo*ooo fo'rr. -0.007 59.99 S0-14  . 00'13 
Copecut 49 17 23.167 0.14 -0'0o1 23.17 +0*03 23'20 
Great Meadow 
Beaconpole 103 11 18.606 0'14 So.010 rS.62 -0'52 1s.10 
Wachtisett 170 05 20*382 0'12 -0'02s 20'35 +o'20 20'55 
Unkonoonuc 209 46 13-547 0'13 -o'o18 13'53 $0'23 13'76 

67 01 11'778 0'11 t 0 ' 0 0 2  11.75 -0'01 11'77 . .  

..... Holt 234 48, 06.131 0.10 ..... .... ..... 
Azimuth Mark 236 05 03'497 o'oq . . . . . .  ..... .... ..... 
Thompson 269 23' 57'425 0'10 +0'0O5 57'43 -0.07 57-36 

Resultiii direc- Approxi- 
tioiis Rain 

station adjust- 
ment. 

II 

- +o .IS 
0'11 

0 '12 

o '13 
0 '14 
0 ' I 2  

0 '15 
0 '19 
o '29 
0 'I2 

0'11 

Reductions 
to sea level. 

/ I  

-0 ' 0 0 2  

+O'OII 

+o '010 
..... 

-0 '021 

..... 
-0 '035 

..... 

..... 
+0.001 

..... 

Resiiltiiig 
secoilds. 

II 

00 '00 

'9 -76 
3s '79 

49 '74 

50 '91 
..... 

..... 

43 '02 

..... 

Corrections 
froiii 

figure ad- 
justniriit. 

f I  

+o 'IO 

+0'14 
0 miJo 

-to 'I I 

-0 '23 

.... 

.... 

.... 

.... 
-0.14 

.... 

Filial 
seconds. 

II 

00 '10 

19 '90 
38 7 9  

49 'S5 

. . . . .  

..... 
50 -65 
..... 
..... 
42 .ss 
..... 

Circle used in I11 positions in 1S46. 

IVnchirsefl, Worcester County, Massachusetts. Septeiiiber 13 to October 16, rS60. 75 'Iu direction 
tiicotloiitr XI>. r .  A. I). Raclie alii1 G. W. Dean, observers. 

Azimuth Mark 
Bald Hill 
Mount Tom 
ivIoiiaclnock 
G u i j s k d  
Uilkolloolluc 
Patuccawa 
Holt 
Thonipson 
Blue Hill 
Bcaconpolc 

Circle used in V positions. 

I 

00 

32 
52 
33 
2 0  

oq 
49 
13 
42 
46 
47 

/ I  

-c-0 'IO 

0 ' 2 0  

0 '34 
0 -13 

0-13 
0 'i4 

0 'I2 

o '15 
0.17 
o '13 
0 'I2 

/ I  

..... 
+o.o17 
+o 'or6 
-0 '042 

I - .--" 
T U  V'I 

+ O . O I S  

..... 

..... 
+0.001 

-0 .oog 
-e .00g 

I f  / I  

00 '00 .... 
53'19 +0'07 
05-04 -I -17 
43.01 $0'23 
24'ii +o.13 
22.77 -0.07 
..... .... 
..... .... 
43 '55 --0'05 
57.46 -0.02 

$555 Sc.15 

/ I  

. . . . .  
53 '26 
0; 'S7 
43 '24 
24.24 

22 '70 
..... 
..... 
43 '50 

' 57 '44 
47 '01 



Resii I t i ii di rec- Correctioiis 
Nuiiiber of tioiis goiii Approxi- Keductioiis Resiiltiiig from Piiinl 
directions. Objects observed. ~ station adjust- ~~~~~~~~ to sea level. aecoiirls. figiire atl- secoiids. 

iiieiit. . jiisttiient. 

IW 
IOI 

102 

103 

- 
Copecut o 00 00'000 ko.14  -0.006, 59.99 -0 .28  . 5 E  

Beacoiipole 160 29 59.351 0.15  -0.q 59.34 fo.28 59'62 
BIassachusetts North 

Base 219 19 14.jSI 0.19 O'ow 14.55 -0.24 r q ' r r  
Blue Hill 229 jg  jg*& 0.14 + o m 5  39.0s +o.ro 39'2s 

92 

93 

go 
91 

Bliie Hill 'and Azi- O ' I  I /  I I  I I  II II 

iiiutli Mark o 00 oo-cxx  +-o'r3 - 0 ~ 0 0 z  ooco -0.19 fi 
Manomet 64 OS 37'S51 0.16 $0'006 37% $0.01 37'S7 

Beaconpole 31s 01 o s 3 6  o * r j  -0'010 os's5 -0'17 OS'3S 
Great Meadow 32s 04 06.S25 0 .15  -0'005 06'Sz $0.39 07 '21 

..... .... ..... Indian 140 03 44'563 0.15 ..... 

86 
S7 

Sg 
SS 

Provincetown 0 00 00'Ooo - c O ' I I  ..... 00'00 . . . .  ..... 
Indian . I20 I j  21'474 0'10 . . . . .  ..... . . . .  ..... 
Copecut 172 29 05.212 0.17 $ o m 6  05.22 +0*07 05.29 
Beacoqole 209 03 q . m g  0.16 -o.ooz 27'01 +O.IO 27-11  

Thoiiipson zSq I I  54.745 ' 0.13 -orox 54.74 -0.06 54'68 
Blue Hill 239 03 Og'SgY 0'10 -0'011 Og'sg -0'0s ' Og'sI 

105 
io6 

Beaconpole 0 ry) 00'O00 k0.45 -0'010 59-99 - 0 ' 2 0  59.79 
Massachusetts North 

Base SI 00 16.66 0'45 $0'- 16-66 $ 0 ' 2 0  16.89 

107 
108 

log 

0 I I /  / I  / I  I I  / I  I /  

Great Meadow o 00 00-000 ko-35  o'ow 00-00 +o.26 oo"i 

Massachusetts South 
Base 25 16 31.173 0.35 +o'mz 31'1S -0.09 31-09 

Beaconpole 70 og zg.S12 0.35 +0.006 29S2 -0.17 29.65 



94 

95 
96 

97 
9S 
99 

I 0 0  

O I  

O W  

35 12 

82 05 

Wachusett 
.4ziiiiutli Mark 
Blur Hill 
Massachusetts North 

Rase 
Maiioiiirt . 
Great l\leadow 
lLIassacliiisetls Soutli 

Rase 
Copecut 

759 50 
I 6 6  I3  

61 
62 

63 
64 

00 'ooo 
22 -656 
13 '35 I 

C I I ~ ~ I I O O I I ~ C  32 54 52.457 0.19  + u . o r ~  52.47 0.00 52'47 
Wnchusett 117 01 19'427 0.10 -0.026 19'40 -0.12 19.2s 
Dah1 Hill 135 06 44.724 0 '09  + O X J U ~  44'7j -+o'j5 45'0s 
Mount Tom . I73 46 06'97.1 0 ' 1 1  +0'@19 06-99 -0.0s 06'91 

I* '597 
IS '252 
30 -025 

I 15 

I 16 
117. 

I /  

* O ' I I  

0 '16 
0 ' 1 1  

Monadiiock o 00 cm'ooc~ * O . I O  +0 '052  00.05 +-o'12 00.17 

Wacliusett 33 2Q 4o06go 0.09 +0'027 40. 72 +0'30 41 '02 

Bald Hill 95 52 53'979 o-nS -0 '02 j  53.96 0.00 53'96 

. . . . .  Aziiiiutli Mark 4 45 13.052 0'0s . . . . .  . . . .  . . . . .  

0 ' 1 1  

0 ' IO 

IIO 
111 

I 12 

I 13 
I 14 

/ I  

-0 '034 
..... 

fO'012 

Box Hill o 00 oo~ooo &omS -+o-o15 W'OZ + O Y I  00'23 

Ivy 34 47 46'7So 0 ' 1 2  +0-007 46'79 +o'2Q 47 '07 
l\rlouiit Tom So 50 44-995 0.10 -0'022 4 . 9 7  -0.05 44-92 
IvIonadiiock 136 IS 39.740 0.13  f o m g  39'75 -0.61 39-14 
Wachusett 156 07 ? S ' $ ~ O  0 '12  +o*ozS 2S.59 f0.11 2s-70 

+o '002 

-0 '005 

-0 '001 

-0 '003 

-0 ' ~ 6  

59 '97 

13 36 
. . . . .  

12'60 

30 '02 

IS '25 

/ I  

-0 '26 
. . . .  

$0 '40 

$0.17 
-0 '2s 

-0 '15 

I ,  - 
59 '7 I 

13.76 
. . . . .  

12 '77 
17 '97 
29.87 
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Absiracls qf horizorikil dilir~~clioris ns obserzldd arril nc~1isft*if 17d fhe figYrici&iI sfnntioris bef:iveri fhe Eppirig 
b17Se )id, tlic A ~ ~ s s n c - l i t r s ~ ~ ~ t s  hnsc, awd flit. Firr Zslirrid E t m  ricl. rS~~-i~~z-cont i i i i ied.  

Box Hill. Tolland County, Connecticut. October g to 2Q, 1S6r. 7sC" direction theodolite No. I .  

G. W. Dean, observer. 

1z0 

I21  

122 

123 

Sandford o 00 00'000 ~ 0 . 1 ;  +o'or7 m*oz +o*ro 00~12 

Mount Tom 114 15 55.751 0 . 1 1  -0'013 55.74 +o.zS 56.02 
Ivy 49 35 .;g.SSr 0 ' 1 1  -0.007 39'87 . -0'0s 39.7s  

Bald Hill 179 59 5.1'057 0'10 +0'034 54.11 -0 '2s 53's3 

Riilnnd 
West Hills* 

'reshim 
Wooster 
Aximuth Mark 

12s Ivy 
129 niollllt TOIII 

130 1305 I l i l l  
Circle used in \I positions. 

12.5 
126 
127 

f O ' I I  

0 ' 1 2  

0'12 

0'24 

0.15 

U'15 

0 ' 1 2  

0'10 

Bos Hill 14 4s oz.So5 0.09 -0'- 0 2 %  -0.13 02'67 
Sandford 7 1  og 55.542 0.09 -0.013 55.S3 -0-12 55.71 
Wooster I IS  so 47'463 0.12 + O ' O I ~  47.4s +0.33 4 7 . ~ 1  

..... 

..... 

131 

..... 

Ivy 
Sandford 
Tasbua 
Kulaiid 
West Hills* 

+o.or 1 

+0 'x9 

-0 '024 

+o.o12 

+o'or6 

..... 

5s.423 
33'122 

...... 

...... 

...... 

....... 

-o.-q 
+o '482 

-0 '330 
f Q  '3.56 

..... 

..... 

..... 

..... 

__ 
59 '74 
42 '04 

5s '9 
33 .# 
..... 
47.62 

54 '59 
22 'OS 

w 

.... 

.... 

.... 

.... 

.... 
+ n ' g  

+ O ' l l  

+om2 

..... 

..... 

..... 
47 .s7 
54 ' io 
22 'IO 

Woosfti-, Fairfield County. Connecticut. July 14 to October IO. 1864. 75 c'll direction theodolite No. I 

G. W. Dean. observer. 

- 0 I ,I 

. . . . . . . . . . .  0 PI 00'000 ffJ.07 +0'020 W'02 -0.29 59 '73 
5 3 4 7 5 9 ' 2 0 8  0.07 fO'@ 59'217 -0.069 59'15 ..... 
95 57 47.652 0 . 6  -0'- 47'643 +0'2$5 47'53 . . . .  

124 51 45'93s 0'08 . . . . . . . . . . .  + O ' O q  45'94 .... ..... 
~ 5 j  IO 3S.493 0.07 . . . . . . . . . . .  -0.147 35'38 . . . . .  .... 

.... 

.... 

+o '032 

Circle used in V positions. 
- 
*The currection to direction of West Hills is for eccentricity. 
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I 
I1 
111 
I v 
V 
VI 
VI1 
VI11 
IS 
S 

SI 
SI1 

SI11 
SIV 
sv 
S V I  
XVII 
SVIII 
XIS 
l\is 

XXI 
S S I I  
XSIIJ 
SSIV 
XSV 
SSVI 
SSVII 
SSVIII 
SSIS 
SSY 
SSSI 
SS S I I  
SSSIII 
SSSIV 
ssxv 

S S S V I  
XXSVII 
XXSVIII 
SSSIS 

s L 
SLI 
SLII 

0=+0.46- (z)+ (4)- l5)i- 
0=-0*3S-. ( I )+  (2)- (6) f  
o=+o.og- (7j+ (9)- (12)+ 

0=-0'0S- (7)+ (S)- ( I I ) t  

0=-0'66- (S)+ (9)- (16)+ 
0=+0.4g- (IO)+ (12)-  (17)+ 
0=+0'07-. (IS)+ (20)- ( ? 2 ) +  

o = + o ' S ~ -  ( z I ) +  (22)-  (li.)+ 
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O b w - a z f  ion qaair  ous-cont inued . 
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XLIII 

SLIV 

SLV 

SLVI 

XLVII 

. SLVIII 

YLIS 

L 

LI 

LII 

LIII 

LIV 

LV 

LVI 

LVII 
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THE MAIN TRIANGULATION. 

Li)l-whft. zqtraf ions-completed. 

15 
16 
17 
IS 
19 
m 
21 

23 
24 

25 
26 
27 
2s 

-y 
Q 

31 
32 

22 

- 
I 

3 
4 
5 
6 

8 

9 

I 

10 

I 1  

12 

13 
14 

-- 
0=+0'39 
o = + I ' o ~  
0=+0'03 

0=-0'27 
0=+0.61 

0=-0'23 

0=+0'61 
o=+o.&) 

0=+0'37 
o = - I ' s  
o=-0'25 
0=-0'62 
o=+o.Sq 
o = + o . q  
o=+l'Io 
o=-1'41 
o=+r.aS 
O = - O . I I  

0=--0.45 
0=+0'46 
o=-o' 3s 
o=+o'og 
o= - 0 'OS 

0=-0'66 
o= +o '49 
0=+0'07 

o=+o'og 
0=-1'42 

0=+1 '% 

o= -2  '02 

o= + I ' 22  

G=+Q%5 

+3 '6 +1'6 
+3'6 -1 '7  

+4'9 -1 '6  -1'6 
+5'5 +r'6 fz 'o -1'9, 

.................... +5'8 - 2 %  

+5 .s --I '3 
+5'8 + I  b +I .s 

+5'4 - 1 %  +l 'S  
+5'4 +I'7 -1 '7 

.............................................. +6'4 .......... -1'7 
+5 '7 - I  '6 

+5'9 +a.o. +I 'Y  -1'5 
+5'5 -1'8 

+5 '2  -1 's  

+5'5 +X'S -1'9 -1'9 
' +5'5 +1'7 -1'7 -1'7 

+ s o  -1'7 +I'9 -1.4 -1.7 
+5'3 +2'Q -1'6 +I'7 -2'0 

+5'6 -2.0 

........................ +4'5 -1'6 

+4'9 
+5'2 + I %  -1'6 

+5'4 -1'8 -1'6 
+5*2 -1.7 

.................................................. +5'2 -1.6 
+sS +1'7 +2.1 +1'7 

+5'2 -1's +I'S +I'7 
+5'5 -1s 

+5'4 -1.9 
........................................................................... +5'4 -1's 

+9'0 + 3'5 
+14'4 

-1'7 



THE EASTERN OBLIQUE ARC. 

Noi-iid cqun f ioirs-continued. 

'233 c 3 4  c35 Cs6 c37 c38 c39 c40 e41 c42 4 3  ' 'c44 e45 c46 

- 
33 
34 
35 
'56 
37 
js 
39 
40 
4 1  

42 

43 
44 
45 
46 

- 
I 

2 

3 
4 
5 
6 
7 
s 
9 

10 

I 1  

12 

13 
14 

- 
'5 
16 
17 
IS 

19 

20 

21 

23 

23 
24 
25 
26 
27 
2s 

29 
30 
31 
32 

a=-I '62 
o=+I'Io 
0=+1.37 
o= +a'* 
0=+0'22 

0=+o'lr 

o=+o'.~l 
o= -0.99 
0 = - 3 ' S  
o= - I .7 
0=-1'82 

o= -0 'S 
O = + I  '7 
0=-6'2 

f6'6 . + I %  -3'3 
14'5 +r.5 -1'5 

..... ,.... +7'0 -1.5 

+4'6 + I  '5 -1 '6  
+4 '7 -1.6 

+ g ' l .  +1'7 
+5'1 --I 5 

..... I .... ..... ..... ..... ..... . . . . .  +3'4 
+5r '123 + I  '705 

' +"Szr + 0'573 + 3'95 
+78'136 - 11.m' + 1'36 

+170'S6 - 77'26 + 3'004 

+51'542 

, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + Is5 '75 -27 '400 

A%riittd q m f  ioirs-conipleted. 

C4r C43 CU c45 c ~ 6 ,  c17 c48 CM cS0 c5' cS= c56 

+3 '630 

+6'043 +1'192 
-1.144 +5'426 -0'010 

+7'?76 -0'4% 
- a 'gSS - 2 '037 
f0'20Q - 2 . 9 9  

. -1-3'526 
. .. .. . . .. .. .. +0'081 

-6 '736 

--I ,144 -9,662 .+5'350 . . . . . . , . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
- 4'700 
- 0%6 + I  ' z d  
+ 7.071 +.I ' n S  
- S ' q 3  -2'S35 - I  '624 
-11'55s +5'oSq -1,624 ......... ..... : ...... ...... .._... ...... 

-4 '225 -2  '52G 

+0'462 -s'218 -2'5S3 
+ 1'066 +*'S35 - 2 . n d  , 

-4'9.14 +?'io6 -3'583 

, .. . ... .. . + I  '530 -0'360 
-5 '659 
+ I  .021 

+o '367 
+o '639 

.:... ...... ....... -0'749 

+o '$7 

.... ...... ....... ....... 

. . . . . , . . . . . . . , . . . . . . . . . . 

+0'141 

-0 '"VO 

+ I  '750 
-2  330 
+ O . l S 6  

- z '430 
+2'*1 

+o '540 
-0'cgl 

. . . . . . . 

. . . . . . . 

+ I  '46 
-5'400 
- 1  'S22 

+3 ..6$ 
--0 ,495 
-.z.aSo 
+ I  ,723 

+5 '400 
-0'911 

. . . . . . . 

. . . . . . . 

.. .... 
-2'222 

-2 '222  

2 '503 
+ I '630 

+ I  :349 
+s .,pG 

+? 'S53 
-1'4.15 

. . . . . . . 

-3 'Qj5 

. . . . . . . 

. . . . . . . . . . . . . . . 

- I  .630 
-1 '630 
. . . . . . . . . . . . . . . 

-3 '3m 
+4'2S9 
-7 '051 + I .SI; 
-0'777 + 3'312 
- 1 . 6 7  + 1 , . 3 j ~  

- I  '816 + I '548 
4-4 '592 , - 0'295 

+ 0'720 

. . i . . . .  + 2'655 

. . . . . . . . . . . . . , 

...... . ....... 
-2'w5 

+o'z13 

+o '057 

-0 '289 
-0'&Q 

+ I  '05s 

. . . . . . . . . . . . . . 
+@'I33 

+O '525 . . . . . . . 



THE MAIN TRIANGULATION. I 29 
rVoriitol qrbntiorrs-completed. 

c47 C48 c4g CSO C5r C5' c53 c54 c55 C56 c57 
- 
$3 
3 
35 
56 
37 
3s 
59 
40 
41 
42 
43 
44 
45 
46 
47 
4 s  
49 
50 

51 

52 
53 
54 
55 
56 
57 

D= +o 'S 
o=--1'23 

0==+2'4 

a= -0 '7 

o=-0.61 
o = + l ' j  

a- +5 '7 
0=+2.6 

D= -1'7 

D = - 2 ' O  

o=-I '0 

' . . . . . . . . . . . . . . 

........ .." ..... 

. . . . . . . . . . . . . . . . 
+ 4'* 
+52'69j - 3 ' i S  

+36'1Si 

. . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . . . 

/ I  

( I )  =--0 '054 

(4 )  =-a 
(5)=-0.014 
(6)=+0*070 
( 7 )=+ '055 
( S ) = - 0  '01 I 

(gj=-o .r14 
(io)=+o '$7 

4192-No. 7-02 

(2)=+0.103 
(3 )  =+o '360 

- 1'56 

. . . . . . . . 

. . . . . . . . 

- 27'64 
.+ 52'60 

+I39'92 
. . . . . . . . 

. . . . . . . . 

..... ... ........ ........ 

. . . . . . . . . . . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . . . . . . . . . . . 

+ 6.912 - S'479 
+ 3'214 - i'r$ - 2'152 

+ 0'3jO + S%S - 3 '042 
- S.465 - 0'834 
- 1'437 + 1.776 
+ I0.2SS - 3'455 

....... . ... .... . - o y o  .. .. .. .. . + 3'306 
+ I I ' U c q  

+ &'S14 
+ 6.Qg 
+ 3'3% 

- IS'59S 
- 4 ' 4  

........ - S'515 - 1'*I ......... + 10'115 

... .. .. . . .. .. .. . ... . ... . + 53'633 

+ 179.3 
4- 0'450 + 9'& + os92  

. .. .. .. . . .. .... . .... ... . - 1'472 + 3'767 
-0'1o6 - 32'6% + S Z . ~ . ~ I  

+ 2 '0-6 - 5'261 + ~ ' $ 1  

f7 '56S  - 2'914 + 2'914 
+#'goo + 2.61 - 14'99s 

....... . ........ +1gj'42 ......... - 56.39 

+174 '110 

+171'07 - 52'148 

&= -0 '2409 
C,,=+o .IS11 
G8= +o '4276 
Csg= -0 '5 196 
c,=+o -191s 

czl=+o .12+ 

c,, = +o .jog6 
Cz5=-o .OS29 

Czz=+O 'I 744 
C,=-o '3624 

czS=+o '2957 
C=,,=-0'1935 
C.*=-o '2701 
c,,=-0 '1904 

e,= $0 '1223 

C,,= +O '0363 
CS3= +0.4 168 

cg,=-o '1395 

c3, = -0 '53 I 5  
C,,=-o .or91 
c36= -0 '6061 
c,,= f o  '2410 

c,,= t o  '1599 

q2=+0  '04SI 

C,= -0 '2491 

C\,,=+O '3927 
C,, = fo .o65a 

C,,=+o '0123 

9 - 

(67) = +o -22s 

(6S)=+0-126 

(70)=-o *04g 
(71) =-0 .orS 
(72) =+o '152 

(74) =+o -136 

(76) =+o 'I IO 

(69)=-0'074 

(73) = +o '104 

(75)=-0 '002 

I /  

(100)=+0.126 
( IO1 ) =+o .2s4 
(roz)=-0 '2 37 
(103)=+0~204 
( 104) = -0 '281 
( 105 ) =-0 '195 
(106) =+O '195 
(107) =+o '262 

(rog)=-o'r7:! 
(ro8)=-0 '091 



'30 

( I  I )  =-0 '270 
( I 2  ) = +o .I& 

( 14 ) = +o"m3 
(15)=+0'0# 

( 16)= -0 *240 
(I7 ) = + O  '147 
( 1S)=+0'146 
( 19) =--u '202 

(20) = +o '027 

(32)=-0 '025 

(23) =-0.212 

(24) =+o '165 
(25)=$0241 
(26)=-0 ~ 0 6  
(27) = +o . I 3 0  
(2S)=--o -19s 
(29) =-0 .4SS 
(30)=+0'769 
(31 )=-o '229 
(3.2)=+0.375 
(33) =--0 ' I  jn 

(13)=-0 'I99 

( 2 I ) = -0 '070 

/ I  

(44) =-0 *os1 
(45)=-0 -19s 
(46) = +o .1o4 
(47 ) =--0 '404 
(48) =+o -154 
(49)=+0 '391 
(50) = -0 -32 I 

(51 ) =+O '025 
( 5 2 )  =-0 '159 
(53 ) = +O '006 
(54) =+o 'I I2 
( 5 5 ) = + - 0 ' 0 2 2  

(56)=-0'347 

(5s) = -0 '034 

(6o)=--o '139 
(61) =-om4 
(62)=-0 '125 

(63 ) = +o '347 

(65 ) = +o '066 
(66)=--r .16S 

(57) =+o 'I55 

(59) =+O '012 

(64) = -0 .os0 

E Probable error of a resulting direction =0.674 - = -c0'"26. 

/ I  

(110) =+o.214 
(111)=+o ?SI 

( I I j  ) = - 0 '63s 
(112)  = -0 '050 

( I  14) =+o .IO; 

( I  I j) =SO '1 20 

(116)=+0*299 
( I  I7  ) = $0 '005 
(11s) =-0 'I 33 

( 120) =+o 'I02 

( I2  I ) = -0 .os4 

( 119) =-0 '528 

(,122)=+0'275 
( I  23) = -0 -2S2 
( 124) =-0 '037 
( I25 ) =-0 'I27 
(126)=-0 *124 

(12S)=+0247 
(129) =+omg 
(130) =+o '020 

(131 ) = -0 ' 2 9 0  

( 127) =+O '330 

No. 

I 

2 

Statioiis. 

Ragged Mountain 
Humpback 
Mount Desert 

Mount Harris 
Hurnpback 
Mouiit Desert 

Mount Harris 
Mount Desert 
Ragged Mountain 

Mount Harris 
Hnnlphack 
Ragged Mountain 

Mount Blue 
Mount Harris 
Ragged Mountain 

4 1  

Observed aiigles. 

0 / I1 

29 25 O Z T I  

I I O  40 3S.6S 
39 54 29.0s 

40 32 2 j . 2 2  

66 02 sS.51 
73 25 oS.11 

65 OS 37'27 
37 15 30'57 
77 36 01-17 

105 41 02 '49 
26 OS 9 ' 4 3  
JS JO 59-06 

26 55 40So 

94 22 34'42 
gS 41 5694 

tioii. 

/ I  

+o *04 
+o *36 

+o -0s 
-0 .44 

+O '05 

-0 'IO 

-0 '02 

+o.16 
$0.24 

+O '07 
-0 .so 
fo '20 

+o '39 
---o '17 
-0 -31 

Sphrr- Splirr- 
ical ical 

aiigles. escc'ss. 
I /  I ,  

0 2 7 5  3.44 
29'44 3'44 
$73 3.44 

35'30 S'79 
3S.07 3.80 
3S.01 3'79 

37'25 3.13 
30'73 3-13 
01 .qr 3'13 

02.56 3'49 
0s '63 3 '4s 
59'26 3 -4s 

41 '19 4.02 

56'63 4.02 

35-25 4-03 

Distaiicra Lug. dis- 
t A iices. iii meter?;. 

4.761 26s o 57 712253 
4377 2% 4 75 384.22 

5.041 I37 6 '09 935.4 

4.761 26s n 57 712253  

4.909 249 6 SI 1~2.72  
4'929 927 0 s5 099'50 

4'S77 2% 4 75 3s4.21 

4'701 544 4 50 297 '27 
4.95 249 6 SI 142.72 

5.041 137 6 109 935'4 
4.701 544 4 5 0  297'27 
4 '9'9 927 0 s5 099 '50 

4'70I 544 4 50 297'27 
5 - 0 4  31s I I I O  743.5 
4'977 267 I 94 F . 2 0  



No. Statioiir. 

Saha ttus 
6 Mount Harris 

Ragged Mountain 

Sabattus 
Mount Blue 
Mount Harris 

Sabattus 
S Mount Blue , 

1 
7[ 

[ 
9 1  

Ragged Mountain 

Mount Pleasant 
Mount Blue 
Ragged Mountain 

n h m t  Pleasant 
Mount Blue 
Sahattus 

Mount Pleasant 
Sabattus 
Rsgged Mountain 

Mount Independence 
Mount Pleasant 
Sabattus 

Mount Iiidependencc 
Mount Blue 
Sabattus 

Mount Independence 
Mount Pleasant 
nfonnt B I U ~  

Mount Washington 
Mount Rlue 
Mount Pleasant 

Gunstock 
' Mount Pleasant 
Mount Independelice 

Mount Washington 
Mount Pleasant 

Ohserved angles. 

0 I / I  

32 OS 13'22 
52 0 2  19'02 
95 49 37'14 

69 29 07-45 
68 IO 51 74 
42 20 15'40 

IO1 37 20'67 
41 15 10.94 
37 07 40.20 

s4 39 35'70 
Ss 35 26-05 
39 45 23.05 
51 26 46-90 
44 20 15.11 

S4 13 oS.56 

3 I2 4s*so 

2 37 42'85 

77 4s IS23 

I74 09 30'77 

4s 46 01-10 

53 25 47'25 
25 16 42.1s 
17 04 2S.31 
137 38 55.51 

52 31 36'15 
100 I 2  4s.m 

27 15 46th 

65 55 42.51 
30 23 . . . . .  

41 25-35 

34 19 10'20 
'9 s4 04.3s 
53 46 22.53 

5s 41 21.7s 
s7 I1 42'39 

Gunstock 34 07 03.05 

Correc- 
tion. 

I! 

+o 'OS 

-0 '07 

+o '07 
+o *3S 
$0-3S 

+o '45 

+o .38 

-0 '09 

-0 '2s 

+o *24 

-0 '19 

-0 'IO 

0'00 

- G ' I 2  

-0 '12  

-0 '327 
-0 265 
-0 '654 

-0 '2s 

-0 '63 
+o '05 

-0 '34 
-0 '35 
--o ' I 4  

$0 .06 
-0 -3s 
$0 '23 

-0 '02 

.... 
-0 ys 
+o 'S4 
$0 '26 
+o '90 

+o '46 
+o '60 
+o -36 

Spher- 
lcal 

angles. 
/ I  

13 '30 
1s '95 
37 '21 
07 'S3 
52 -12 

15 '30 

21 '13 

1 0  '94 
40 '5s 

35 '61 
25 '93 
22 '77 

47 .I4 
I4 '99 
os '37 
4s '473 

42.196 

18 *05 
00 *4s 
47 '30 

41 's4 
27 -96 
55 '67 

47 '62 

30'50.5 

36 '21 

47 '03 

42 '49 
02 'sg 
24 'SS 

41 '04 
04 *64 
23 '43 

22 '24 
42 '89 
03 '41 

Spher- 
lcal 

excess. 
!/ 

3 'IS 
3 '15 
3 '16 

5 '09 
j 'OS 
5 'OS 

4 '22 
4 ' 21  

4'21 

S.11 

s I10 

8 'IO 

3 -50 
3 '50 
3 '50 

0 '391 
0 '392 
0 '391 

I *54 
1 '94 
I '95 
I '53 
I .s2 

I -s2 
3 '62 
3 .62 
3 -62 

3 -41 
3 *41 
3 '41 

3 '03 
3'04 
3 -04 

2 5 5  
2 os4 
2 'S5 

Log. dis- 
tances. 

Distalices 
in meters. 

'S34 04s 9 65 241 -56 
4-785 231 o 60 956.12 
4-93s 618 6 86 819 '76 

4 . W  443 0 74 549'20 
5 -131 493 6 135 361 '0 
4'7S5 231 o 60 956.12 

4.785 231 o 60 gS6.12 
4'671 377 7 46 922 '13 
4 '699 925 8 50 I I O  '16 

4 'S34 04s g 6s 241 36 

5'032 067 2 107 663'2 

4 '938 6rS 6 66 819 76 
5'032 067 2 107 663-2 
4 -699 925 Y 50 I IO '16 

4 *9;S 61s 6 S6  SI^ *76 
4'672 Qo 4 46 950'53 
9.962 918 5 91 S16.03 

4'699 925 S 50 1ro-16 
4 -94s 470 6 SS SII '79 
4555 40s I 71 6Sr *66 

1 355 40s I 71 6Sr .66 

4.671 377 7 46 922'13 

4'923 24s I 83 %JO';g 
4'672 640 4 46 950'53 



X O .  Stations. 

IS 

Aganienticus 
Gunstock 
Mount Independence 

Againenticus 
Mount Pleasant 
Mount Independence 

Againenticus 
Gunstock 
Mount Pleasaiit 

21 

22 

23 

24 

25 

26 

"7 

2s 

Unkonoonuc 
Gunstock 
Aganienticus 

Thonipson 
Gunstock 
Agameuticus 

Thompson 
Unkonooiiuc 
Agatncn ticus 

Ullkorloonuc 
Gunstock 
Thonipsoil 

hTonaclnock 
Gunstock 
Unkonoonuc 

Wachusett 
Gunstock 
Thonipson 

Wachusett 
Uiikonoonuc 
Thompson 

Wachusett 
Gunstock 
Uiikonoonuc 

Monadnock 
Gunstock 
Wachusett 

Observed angles. 

0 I 11' 

s5 39 41'30 
4s 29 4 3 - h  

45 5@ 46'S7 

33 "0 57'33 
47 01 59.61 
99 37 09-40 

52 1s 13'97 
S2 49 24'01 

53 WJ 53'60 
76 11 25 .I% 

50 47 50.46 

29 43 52.11 

31 52 27'6s 
I18 23 50.30 

44 52 04'77 

61 50 53'2s 
5" 33 20.33 
67 35 5954 

10; 34 13'93 
4.1 IS 57.3s 
32 07 01 '17 

32 54 52'43 
22 59 06'42 
124 06 06'72 

61 22 19.44 
4s CQ 5 5 9  
70 ,37 12-12 

57 33 20.7s 
S3 56 40.35 
3s 30 10'95 

3 4s 55-66 

3 41 57'71 
172 29 05.72 

117 01 xg'3C 
19 17 oS.71 
43 41 41 . IC 

Correc- Sphcr- Spher- 
ical ical 

angles. excess. 

-0'02 41 '2s 3 '59 
-OS 42.93 3.59 
-0'30 46-57 3'60 

+ 0 ~ 6  57.49 2.7s 
+ I  '26 m'S7 2'79 
$0.60 10'00 2-79  

-0.16 43'79 35.4 
-0-q 23'97 j d 5  
-1 '00 "3'77 3'S4 

I /  I /  I /  

+o*ro 53.70 3-25 
+o-ig " 5 . 2 5  3'25 
+0'35 SO'S1 3.26 

+owg 5 2 - 2 0  3.23 
-0'12 27'56 3'23 
-0'36 4g.w 3'24 

-0.25 55.03 4.13 
-0.09 20'24 4'13 
-P'71 59.15 4-14 

+ O O I  13'94 4.15 
+0'30 57'65 4-15 
-0.34 oo.S3 4-15 

+o'13 52.56 I '93 
fo.05 6 ' 4 7  1'93 
+o.o5 06.77 1-94 

-0'17 19.27 S.6S 
-0.21 54'SS S.65 
-0'23 II 'Sg  S*6S 

$0.03 20% 4.12 
+ o x 3  40-43 4-11 
+O.II. I I * &  1.12 

-0'202 5s.453 0.412 

-0.510 57~200 0.412 
-0.112 04.57s 0.411 

+O'OI 19.37 3.21 

+0'56 09'27 3 - 2 2  

-0'10 41.00 3'21 

Log. d i s  
tanccs. 

Distances 
i n  meters. 



No. Statioiis. 

Wacliusett 
Moiiadiiock 
Ullkonoolluc 

Blue Hill 
UllkollooIluc 
Thompson 

Blue Hill 
Wachusett 
Thornpson 

31 1 
33 

34 

35 

36 

37 

35 

Wach usett 
Unkonoonuc 
Hliie Hill 

Reacoii pole 
W ad1 usett 
Blue Hill 

Maiioniet 
Rliie Hill 
Thompson 

Manonlet 
Beaconpole 
Rlue Hill 

Copecut 
Beacon pole 
Blaiioitiet 

Copecut 
Renconpole 
Blue Hill 

Copecut 
Blue Hill 
Manoniet 

Great Meadow 

Beaconpole 
Blue Hill 

Great Meadow 
Blue Hill 
Copecut 

Observed aiigles. 

0 I I! 

47 30 39'76 

4s 22 59'00 

35 '4 55.03 
s5 07 29.98 

gg IS 37'0s 

34 04 13-91 
46 37 19'03 

9' 37 34'69 
1s 41 1-7'32 
39 40 53.1s 

82 0.5 13'39 
3' 00 49.40 
66 54 01'73 

45 0s 44% 
90 36 02.56 
44 15 19-76 

46 49 a ' s 9  

Sq 06 26.93 

59 37 43'90 

29 59 42'55 

103 I I  1S.63 

106 07 29.31 
37 1s 13.17 
36 34 21'79 

41 58 51'4.5 
84 07 1S.06 

53 53 55 *4.5 

64 OS 37.86 
49 I7 23-18 
66 34 04-67 

69 og 39'74 
74 40 16'66 
36 IO oS'S4 

130 20 2o:g1 
17 43 4s-61 
31 55 53.1s 

Correc- 
tion. 

I /  

-0 '30 
-0 '12 

-0 '19 

-0 '29 

-0'37 
-0 -05 

-0 '26 
t o  '03 
-0 '14 

+o '06 

$0 '50 
+o '03 

+o .66 
+O '17 
+o .72 

+o '02  

+o '20 

+o '03 

-0 'IS 
-0 '69 
-0 -66 

- t o  'IS 
+o -41 ' 

t 0 '03 

-0 '01 

-0 -2s 

-0 '55 

+o 'I9 

-0.15 

-0 -0s 

-0 '55 
-0 5 2  

-0 '49 
-0 '03 
-0 *gs 

-0 'I I 

Spher- Spher- 
ical ical 

angles. excess. 

/ I  I /  

39-46 1.70 
26'Qr 1.69 
SS'SI 1-69 

43-61 3'74 
57'66 3-73 
29'95 5-74 

36% 3'22 
13'94 3-21 

I S 5 9  3'22 

34'75 3.60 
+-S2 3'59 
53'2' 3'59 

14'05 2 '03 
49.57 2 ' 0 2  

02'45 2 ' 0 2  

44'S7 2'37 
02-76 2'4s 
19-79 2'47 

42-70 I '62 
04.20 I '62 
17-97 1.6: 

29-49 I '63 
13.55 ' i '63 
21 5 2  1-63 

51 '44 1-37 
17.7s 1'35 
54 '90 1 '37 

3s.05 I'SS 

04-52 I .ss 
23-07 I .SS 

39-66 0.70 
16.11 0.69 
0632 0'70 

20'42 0-51 
4s*5s 0'53 
52 60 0'53 

Log. dis- Distances 
tances. in meters. 



NO. Stations. 

Great Meadow 
42 1 Copecut 

Beaconpole 

Massachusetts North 

Great Meadow 
Beacon pole 

Base 

44 

45 

46 

47 

4s 

49 

50 

Massachusetts South 
Base 

Beacon pole 
Massachnsetts North 

Base 

Mount Torn 
Monadnock 
W:chusett 

Bald Hill ' 

&Ionachiock 
Wachusett 

Mount Toni 
Monadnock 
Bald Hill 

Bald Hill 
Mount Tom 
Wacliiisett 

Bos Hill 
Mount Toni 
Bald Hill 

Ivy 
Bald Hill 
Bos Hill 

Sandford 
Mount Tom 
Bos Hill 

Sandford 

Bos Hill 

Wooster 

IVY . 
Sandford 

52 1 IVY 

Ohserretl angles. 

0 I It 

160 29 59.35 
IO 0 2  5S.27 
g 27 01-40 

70 09 2 9 . S ~  
5s 49 15'01 
51 or 17.42 

SI 00 16.67 
54 06 45'24 

44 52 5S.64 

33 28 40.67 

56 44 17'59 
Sg 46 37'97 

19 4s 4Sd4 
2s 05 25-33 

132 05 4 9 % ~  

95 52 53'91 
2s 39 22'26 

55 27 5-17s 

75 16 43 '62 
62 24 13-24 
42 19 11 $5 

65 43 5s.37 

so 50 44'95 

14 4s 02'79 
34 47 46'77 

130 24 14.24 

31 27 27 '49 
34 16 43'55 
114 15 55'72 

74 0 2  31-46 
56 21 53'03 
49 35 39'55 

53 47 59'13 
47 40 51 '65 
7s 31 r 4 . u  

33 25 21 'OS 

-0.43 29'39 0.33 
-0.52 14.49 0.32 

-0.33 17.09 0.32 

+0*3g 17.06 0.22 

-0'20 45'04 0 ' 2 2  

-o*oS 5S.56 0.22 

f o ~ S  40S5 2'62 
+ o . o ~  47.63 2-61 
+ I  '40 39'37 2.62 

+0'71 49'55 1'7s 
+0'47 25.So I .7s 
+0.16 49'9s 1'77 

-OTI  53-So 3.29 

-0.56 54'22 3-28 

+0'15 43'77 2'44 
-0.29 12.95 2'45 
--I '23 10.62 2-45 

-0.56 57S1 I '15 
-0.14 20.94 1.15 
-0.26 44.69 1.14 

- o q  02.70 1.19 

+0-07 46.54 I -19 
-0'20 14.04 1'20 

- o q  27-40 2.22 

-o-rg 43.36 2 -22  

+o'17 55'59 2 - 2 1  

-0.23 34.23 2.31 
o m  53 -03 2.31 

-0-1s 39'67 2.31 

-0.29 59-42 I '97 
+0'45 52'10 1.97 
+0'25 I 4 3 9  1-97 

-0 '43 21.s3 3.2s 

w g .  dis- Distances 
taiices. iri meters. 

4.647 630 o 44 425'27 
4'365 932 I 23 225'74 
4 '339 491 3 21 s52 '01 

4'324 757 7 21 123-10 
4-238 707 7 17 326.376 



30 CM. THEODOLITE. 



75CM. THEODOLITE. 



THE MAIN 'I'RIANGULATION. 13s 

3.  TRlXNGULATION CONNHCTING THE FIXE ISLhWD RASE 

NET \\lITH THE P E N T  ISLAND BASE NET ESTENDED,  

CONNECTICUT, NEW YOKK. NEW JERSEY. PENNSSL-  

VXNIA, l>BLA\VARE. AND 3IARYLAND. I533-Is45 
ANI) 1Y65. 

The angular iiieasiires of this .section of the oblique 
arc date from the year r S 3 , ~ ~  ancl were completed in. 1S45. 
The triangulation up to I S ~ A  inclnsive is essentially the 
work of Superintendent F. R. Hassler. III its composition 
it reflects the custoni in those early days of inclnding but 
a few composite figiires. such as cliiadrilaterals or central 
fignres, the chain being iii& tip mainly of triangles. 
The nuinber of observations taken would iiow be consid- 
ered as  .yaiityq yet with the superior itistruments Mr. 
Hassler had procured, his results reached a fair clegree of. 
accuracy. The number of .series, each including a direct 
aiicl a rever .4  set, varied from I I to 35, with a n  average 
of 24. At tlie six stations which reinaiiied to be occupied 
after his death in November  IS.+^. the observations of his 
principal assistant show an extreme range in number of 
series betweeii I o  and . 7 j .  The horizontal circle of the 
theodolite was used at each station in .several positions, 
iiiost frequeiitly ill sis or three, that is, by shiftiiig the 
zero division of tlie gracluation either 60' or 1 3 o O  for each 
new position. It was Mr. Hassler's practice to observe 
only at such times as were considered by him favorable 
or conducive to good results. In 185o-g1~ in  the local or 
station adj nstments, the measures were treated as directions 
according to Bessel's methocl. and an adjustment of the 
triangulation was iiiacle in sections. The results were 
published in the Coast Survey Report for 1851, page 22-1, 
aiid following. Later on, in 1S6h-67. after the reoccupa- 
tion of certain stations of the Fire Island base net, arid 
after some revision of the triaiigiilation about the Kent 
Island base. n nkw arid more systeniatic acljusttiient was 
macle, ancl relative weights to the directions were iiitro- 
duced. These later results were published in the Coast 
Survey Report for 1S66, pages 52-53. A discrepancy of 50 
units in the seventh place of decimals of the logarithm of 
the length was developed by the triangulation, aucl was 
distributed in this acljustiiiriit by a length equation. A 
comparison of these results with the present values of the 
length of the starting line Bald Hill to West Hills, showed 
a difference in the logarithm of 4 units in the seventh place, 
whereas the new adjustment in tlie vicinity of Kent Island 
base showed no discrepancy on the 1ine'Oshornes Ruin to 
Turkey Point. This fully justified the retention of the 
adjustment of 1866-67, with but a slight change clue to the 

.- 
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Kilometers 
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gradual dispersion of this small logarithiiiic discrepancy of 4 units in the seventh place 
of decimals. The sinal1 changes indicated in the angles of the first aiid second triangles, 
which do not esceed o”’21, and in the last or thirtieth triangle of less than half a second, 
are due to this nietliocl of producing an accord. 

The correction to the horizontal angles for height of stations observed upon is less 
than o’”0-7, and generally this need not be considerecl. 

The approsiniate heights of the stations are as follows: 

Round Hill 
Harrow * 
Butterinilk 
,Weasel + 

.Beacon Hill t 
Springfielrl+ 
Mount Rose 
Dislmro t 
Stony Hillt 
Nc-wtowii 
I\li:mut Holly 

Meters. 

I77 
I 16 

217 
I ’is 

159 
127 ’7 
s4 .2 

71 .4 
99 
55 ‘3 

113 ’7 

Feet. 

$32 

379 
712 

5% 
373 
523 
419 
274 
235 
326 
IS1 

Meters. 

Willowgrove 132 
Pine Hillt  41 .J 
Sard 150 

1,ippiticott 13 
Retliel I 15 

Burden. less thau 
Meetinghouse Hill. less than 
Buck, less than 
Princiyio, less than 

Turkey Poiut 25 
0si)ornes Ruin 90 

Feet. 

433 

493 
142 
4 IO 

500 
500 
500 
500 
Q2 

295 

202 

The fact that the spherical excess of the triangles was computed with reference to 
the Besseliaii spheroid is immaterial, as the values froin the Clarke spheroid moulcl be 
the same within the limits of the size of the triangles. The details of this acljustiiieiit 
have not k e n  publisliecl, atid it is desirable to present here certain leading quantities, 
ljut it is essential to bear in niiiid that the rd6h-67 adjustment started from the sides of 
the triangle Tashua, Ruland, West Hills, as given, and teriiiiiiated with the side Finlay 
to Pooles Islaiicl. It is therefore slightly longer than tlie section which is now under 
consideration. The small corrections to the lines Bald Hill to West Hills and Osbornes 
Ruin to Turkey Point, due to the readjustment. are not introduced here, but the effect 
is iiiclicatecl by the fractioiial seconds placed in parenthesis aiid already allucled to above. 
The mean error of a triangle, derived from the siiiii of the squares of the closing errors, 

equals JS = & I’”5o. ancl that of an angle f o”’s6. aiicl the probalile error of a 
2 2  

I ‘50 
4 6  

ad 

direction equals 0’674 - = o’”41. The probable error of a directidii, 8,.  as found 

approsiinately froiii the iiiclividual nieasures at each station. is &o’”25; hence the square 
of tlie triangle-combiiiatioii error = €cc = (0.41 j‘ - ( ,0 ’25  )‘= 0~107, which cluantitywas 

acidecl to E ; :  lielice - = 8: +P,‘. The ratio of the grestest to the least value off- is 

as 0‘63 to 0’1-7. 

I 

P P 

* Deteniiiiird i i i  iS.17. t R e s i l t  of hpirit leveliiip. 



Number 
of direc- Objects observed. 

lions. 

8 

9 
10 

Tashun' 
Rulaurl* 

West Hills 
Harrow 
Rouiid Hill 

correc- Correc- 
directioii from tilate to f::::et Resulting f2:::d- 

sea level. adjust- secollds. justmerit station adjiist- able error, 
Resliltilig Approxi- Redue- 

iiieii t . of 1M6. nlrllt. 

Final 
secoiids. 

G.3 .V13 

..... 

41 'Zj 

1; '65 

53 '91 

Circle used in VI  positions. 

ll.%sf Hills, Suffolk County. New Sork. October IS to December I. 1536.7 75 r'rn clirection theodolite 
75"" direction theodolite No. I. No. I. 

G. W. Dean, ohserver. 
F. R. Hassler. ohserver. July IS to August IS* 1S65. 

3 
4 '  
5 

Wooster 
Asiiriuth Mark , 

Tashuaf 
Saiidford ' 

Kulniicl$ 
Fire Islaiid East Basef 
Fire Islaud West Base1 
Harrow$ 
Rouiid Hill t 
Bald Hill$ ' 

I 8  . 
+ o w i  -0'003 +o'16o 

0 'a6 ....... ..... 
0'05 +ox06 -0'039 
0'0s +O'OI.g -0'089 
o '32 .... +0 '226  

0 '33 ..... -0.4WJ 

0.3s ..... +0'4o6 
0'16 ..... ..... 
0 '33 ..... ..... 
0 '25  -0'003 -0 .  123 

Meaii correction 0'013 
-- 

..... 

..... 

..... 

..... 

..... 

..... 

..... 
+0 '055 
+0'314 
-0.13 

00'1; 

..... 

..... 

..... 

.... 

.... 

..... 
04 '3! 
49.5r 
01 'SI 

Xoitiid Hilr!, Fairfield County, Connecticut. July 5 to IS, ~$33. 60~"' direction theodolite No. 2. 

F. R. Hasslrr. ohserver.3 

Niiinber of 
directions. 

11 

I2 

I3 
I4 

Objects olserved. 

Bald Hill 
West Hills 
Harrow 
Buttermilk 11 

Q I f I  f I  / I  I f  

u w w ' m  f0.25 fo.275 00 '27 

93 33 .is 591 o '30 -I '264 37 '33 
121 52  34'930 . 0.26 +0'965 35 'S9 
220 22 52.250 0.38 . - o * ~ S r  4s '51 

-3 '560 
~~~ ~~~ 

*'The correctiim refers to Kiilaird statio11 of 1S5. 

g Hassler. ohserver. 
t Twenty-six series were observed in rS3h. 
3 Fourteen series were observed. 

1 The reduction indicated is 0 1 1  observer's authority. 



Nuinher df 
directions. 

IS 

'9 
20 

25 

26 
27 

21 

22 

'3 
24 

Buttermilk 
Harrow 
Beacoii Hill 

Objects ohacrved. 

33 
j4 
35 

Beacon Hill 
Springfield 
Weasel * 

Harrow 0 00 00'ooo IC0022 

Beacon Hill s4 I3 25'129 0.1s $0-324 "5 '45 
Mount Rose 142 41 14'7So 0.21 -0-013 14'77 

Butterniilk 
ROIII I~~ Hill ' 

Bald Hill 
West Hills 

30 
31 

O I  

o m  

32 OS 
54 0' 

IOS 40 25'771 0 '21 -0 '267 25 '50 
Weaselt 129 j o  52 '007 0 ' 2 0  +0*266 52 '27 
Springfield 

I 1 0  3s 
12s 21 

149 34 
2x7 I9 

II 

00 'ooo 
00 '764 
55 '302 

- I  '033 

12 '742 
16 '9.36 
06'715 

34 '439 

I I  

-co.;r 
0 '37 
0 '24 

0-17 
o '16 

@. 34 
0 .dI 

II 

+o '060 

$0 '43s 
-0 '058 

-0 -133 
-0 '07 I 
-0 '230 

+0-213 

I I  

00.06 

01 '2C 

54 '2: 

12.61 
16 36 
06 -4s 

34 '65 

b'itf/r.rriii/k. Westchester County, New York. June I I to 29, 1S33. 60" direction theodolite No. 2. 

F. R. Hassler. observer. Eleven series were taken. 

Harrow 
17 I Weasel 

0 I I I  II II II 

0 OCI cNJ'000 +-0'22 f o  'GgS 00 'IO 

63 46 ~ ; r a 2 6  0'22 $-o-Ia 44 '*I 

I37 17 19'193 0 '23 -0'291 IS'go 

Il'ccist-/. Pnssaic County, New Jersey. September rg to Octoher 23, IS$. 75 direction theorlolite 
No. I. F. R. Hassler, observer. Nineteen series were taken. 

I /  I I  0 I I I  II 

00'23 
10 'S7 0'24 +O.IOo 

0 ' 2 0  - 0 ' j I Z  I 1  '53 

o 00 00'000 -CO'22 +0'235 

49 54 1077.5 
133 03 I I  '643 



Nomher of 
directions. 

36 
37 
38 
39 

Objects observed. 

Stony Hill 
Mount Rose 
Springfield 
Beacon Hill 

40 
41 
42 

43 
44 
45 

0 I ,I I I  / I  / I  - 
.--0 '097 59 '90 

S3 43 3S.693 o 7 6  + @ . I 1 9  3s '82 
152 47 13'225 0 ' 1 7  -0 ' 1  13 13 'I I 

1g6 56 34.16s 0 ?l +o 'a35 34'25 

0 00 00'oO0 ro'32 

Springfield , o 00 oo~ooo -CO'ZO +0.016 00 ' 02  

Beacon Hill 47 5s 30'192 0 '20 -0 '042 30.15. 

Dishoro 79 3s 55'096 0 '25 -@ .os1 55 '01 
Stony Hill I15 15 05'ISI 0.1s +o.oss os '27 

Mount Holly* 146 53 25'59' 0.19 $0'033 25 '62 
Newtown 191 24 23'100 0 '23 -0 a33 23.07 . 

46 
47 
4s 
49 

Mount Holly 
Newtown 
Mount Rose 
Dishoro 

- 
-0 '496 59 '50 

63 09 51.295 0 '?I $0 '370 51.66 
102 35 57'937 0'11 -0'OIS 57 '9' 
163 16 09So1 0'20 + O ' I I Y  09 '92 

0 cu3 Oo'ooo f0.23 

54 
55 
56 
57 
5s 
59 

- 
Pine Hill 0 00 00'ooo *020 -0'411 59 '59 
Yard 4s 51 1S.622 0 '22 $0.440 rg .06 
Willowgrove 82 og JY.442 0 '1 ;  t o  ' 2 4  4s '69 
Newtown 120 OS 32.708 0 ' 22  -0,669 32 .04 
Mount Rose 150 00 21.433 0.25 -0-21s 21 '21 

Stony Hill 195 46 03.416 0.2s +0'665 04 .os 

50 
51 
52 

53 

0 I / I  / I  / I  / I  

o 00 OO'OOO f o ' 2 0  +on46 m '05 
62 24 37'993 0 -18 -0 '433. 37 36  

1.1 '97 10.5 37 14.249 0 . 2 0  +0*71S 
ISO 30 56'592 o '27 -0 '375 56 -02 

Mount Rose 
Stony Hill 
Mount Holly 
Willowgrove 

*Angle between Azimuth Mark and Mount Holly, 111*4S' 5f'z5&0':'07. 
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Abstrncts of horizonfa/ direrlicvis 171 lhr pi-iar~nlsfnfiorzs behuefit thr Fire Ishiid aitil fhe Kcrid Zsland 
base w t s ,  C"aiitirt-til-zit, Ntw 1 brk, rVtw Jmsey. Prnrzs~dz~a~iiiz, L)e.krZOnl-t', niid nfar3dan1f. 1S33-1Sqs 
mid 1?;6~;-contiiiued. 

November IS to December 5. IS39* and Novem- 
ber 3. rS4o. 75 direction theodolite No. I. F. R. 'Hassler, ohserver. Thirty-five series were 
taken. 

l l~'i / tm~roa*, Montgomery County, Pennsylrania. 

60 
61 
62 

Nuinher of 
directioiis. 

Newtown 
Mount Holly 
Pine Hill 

irhjects observed. 

63 
64 
65 
66 
67 

- 
Lippincott 0 00 al.'ooo zk0.21 - 0 '304 59 '70 
Bethel 24 14 3S.796 o '17 -0 '445 3s '35 
Yard 47 06 14.531 0.16 $0'329 14 .S6 
Willowgrove 92 50 20.541 0 '21 -0 .n26 2 0  -5 I 

39'17 Mount Holly ++ 1.14 34 $0914 
-0 ~ 9 0  

0'1s $ 0 * ~ 5 0  

Filial Approxi- Correctioils 
from sta- ilrate proba- from adjust- tioii adjustiiieiit. ble errors. .luetlt of , seconds. 

6s 

69 
70 
71 

0 I I1 / I  / I  II 

0 00 CQ'QrXl f O ' 2 0  $0'279 00.2s 

67 07 37'536 0 '15 -0 '207 37 '33 
11; 13 j r  S65 0 '22 -0.og 31 '52 

31uunt Holly 
Pine Hill 
Lippincott t 
Bethel 

72 
73 

74 

74 
75 

Yard 0 00 w'om * O . I S  -0 '223 59.78 
Pine Hill 65 0 1  53'1S9 o -23 $0'442 17 .SS 

- 35'750 

- SI '430 

Burden 32 4s 39.502 .... -0 '135 t36 '69 

Lippincott IOO 16 130-SSo 0 '26 -0 '020 49 '43 

Lippincntt 0 00 OO'OOO .... -0 ' 020  59.95 

- 
o 00 OO~OCV) &o'16 -0.461 59 '54 

33 40' IS'S13 0'13 -0 '257 IS .56 
SI 05 15.17s 0 . 1 5  $0'521 I5 '70 
125 47 35 '325 o '26 .+o .262 25 '59 

*Directioii corrected for ecceiitricity. 
t Aiigle between Aziiitutlt Mark aiid Lippitimtt, 16;" 00' 0+"~32&0"~22. 



Xiiiiiher of 
clirectiwi?;. 

S2 

S3 
SJ 

Objects observed. 

Meefinghouse Hill 33 22 27.S46 0.16 +-o.j;r 2S'IQ 

Bethel 72 46 31 '970 J.7 . $0'039 
Lippiiicott 102 5 1  OS-769 0 '22 -0 '256 os '51 

32 '01 0 ..I v 

76 Burden 
77 Meetinghouse Hill 
7Y Bethel 
79 Sard 
So Pine Hill 

Sg 
56 

57 
SY 

Lippincott 
Burden 
Buck 
Principio 

Sg 
y 
91 
92 

Tuikey Point 0 00 013'IXx) *o-rS +oar31 00 -13 

Meetinghouse Hill rrS 14 25'359 0 . I 4  -0 '101 25 '26 

Principio 37 01 12.453 0.16  -0'211 I2 a24 

Burden 205 00 00.673 0 ' 2 0  $ 0 ' 2 1 1  00 .ss 
Deakyne 24s 0s I1  '297 0 '21 ..... ..... 

*Last station occupied by Superintendent Hassler. He died November 20, 1Q3. 
t Also designated Buck 2 in some records. 

94 
95 
96 

Buck 41 47 41.531 0 '20 t o  '225 41 '76 
Turkey Point 119 25 Og'9S5 0.16 +o.oSg IO 0 7  
Osbornes Ruin 177 0 2  07.641 0 '16 -0.169 07 '47 



Correc- 
tion from 

IOI 

102 

103 
104 

Appros- adjust- Correction 
Results frolnats- Iinate ment. Resulting from ad- Filial 

Objects ol)senwl. tiou adjustiiiciit. probable Special seconds. j~stiiieiit of secoiids. 
Number of 
directions. 

error. Piihlica- 1566. 
' tioil No. 

Principio o 00 oo'oiw _ ~ 0 ' 2 7  . . . . . . . . .  +.o*ra6 00.15 
Turkey Point 35 IO I I  %69 0.39 +o.rr ( r :  '7s) -0'268 I I  '40 

Pooles Island r r 6  37 29'195 0.55 -O:& (29 . l j j  -0'461 2s .73  
Finlay 194 06 43 '571 0.42 . . . . . . . . .  +o"$r4 43 .ys 

+44 '955 .... -0.q (44-S7) ..... . . . . .  

I 
I1 

111 
I v  
V 

VI 
VI1 

VI11 
IS 

' 1 
S I  

XI1 .......... 

o=--r'525-( 6)+(7 ) - (  I)+ ( 2 )  
o=-t1 .433-(7)  t ( S ) - ( ~ ) + ( I )  
o= +2'4S:, - ( I  I + (12) -( 4 + (5) - (R)  -t ( IO) 
0=-1'397 - ( I I + ( 13) -( 22)  + ( 23) - ( 9 )  +( 10) 

0=-2'771-(22)+(24)-(5)+(4)-(Il)f(I3) 
0=+0.996-( 15) +( 16)-( 2 1 )  + (22)  -( 13 )+( 14) 
0=+0%S6- ( 25) + (26) - (20) + (21) - ( 16)+ ('17) 
0=+0'741-(31) +(32)- (  IS)+(  2 0 ) -  (26)+(27)  
o=- 1.372- (33)+(34)- (30)  +(s~ j . - (  IS)  +i 19) 
0=$0'57 1 - (400) + (41 ) - (29) f (30) - (34) +(35) 
-+0'179- (37) f (39) - ( 2s) f ( 29) -(41) + (42 
0=-0'527--(48) + (49)  - ! 36) i ( 3 7 )  -( 42) + (43) 



THE M A I N  TRIANGULATION.  

XIV 
X V  

S V I  
S V I I  

XVIII 
S I X  
SS 

SS I 
S S I I  

S S I I I  
S S I V  
S S V  

S S V I  
S S V I I  

S S V I I I  
X S S I S  

' sss 
. S S S I  

X S S I I  

S S S I I I  

S S S I V  

sxsv 



= 44 THE EASTERN OELTQUE ARC. 

It ~ i l l  not be necessary to transcribe here the correlate and normal equ&ions. sitice 
the resulting triangles given further on prove the correctness of the solution. . The 
indiviclual corrections to the directions. together with their assigned weights. are as 

Keciprocnl of Correc- 

sytiibol. 
Correction. tioli 

/ I  

+o '04s 
-0 -4 1.3 

+o '055 
+0'3I4 
-0 -1og 

-to '035 
+2 '024 

+o '434 
-0 '954 
-0 'os7 
-to '275 
- I  .264 
+o '965 
--0 .IS1 

So' mg8 
- t o  .IS;! 
-0 '29 I 
+o .oh  

$0 .4$ 
-0 '05.3 
-0.133 
-0 '07 I 
-0 '230 

$0'213 

+a '235 
+o '100 

-0.312 

+o.o16 
-0 *og1 
--o .267 
$0 266 
+o .o5h 
-0 '348 
$0 .324 
-0 .or3 
-0 '3; 
$0 . I  rq 

, 

Reciprocal of 
weight, / 

o .136 
0.151 

0 .I47 

0.147 
0'169 
0 'I jg 
0.143 

o '160 
0 'I60 
0.151 

0 'I 19 

0 .I47 
0.147 
0.139 

0 -147 
o.rSo 
0 '147 
0 'r55 
0'124 

0 'I55 
o .169 
@'IS5 

0'147 
0'129 

0 '15.5 
0.151 

o '136 
0.136 
0.151 

0.139 
0 '133 
0.124 

0 .I29 

0.175 
0 '139 
0 . I &  

Correction. 

/ I  

-0 '1 ' 3  

+o 'os5 
+-o ,016 
-0 'cy2 

-0'OsJ 

$0 'OYS 

+o TI35 
-0.033 

+o '370 
-0 -01s 

+o 'I IS 
+ o '046 
-0 *455 
fo-71S 
-0 '375 
-0,411 

+0"440 
-I-0.244 
-0,669 
-0'218 

+o '665 
$0 '279 
-0 '207 

-0 "5 
-@ -345 

f0  '325 

-0 

-0 .us 
-0 ~ 1 2 6  

+o '450 
-0 .J6 I 

-0 '257 
$0 '52 J 

$0 '262 

-0 '323 

+o -442 

- 
/ I  

Probable error of a resulting direction o '67.1 4% = -co '47. 

Reciprocal of 
weiglit. I r 

0'175 
0'129 
0 '2 r6 
0.191 
o '133 

0 'Is0 

0 '155 

0 

0 '153 
0.216 

0.155 
0 .IS0 
0 '197 
0'139 
o -3nI 
0.139 
0.133 
0'127 
0 .I47 
o -167 
0.147 
0'136 
o '136 
o :1;6 
0 '139 
0 '139 
0 ?SI 

0 *I% 

0 '259 
0 '409 
0 2s3 
. . . . .  
0 

0'147 
o '625 
..... 

Correction. 

-0 '020 

-0 '1 j5  

+O '472 
-0.296 

t 0 '093 
-0 %2g 

$0 '450 
- 0 . 1 ~ 6  

+o .3j 1 

+o '039 
-0 '256 
+o '202 

-0 -5~11 

+0'132 

f O ' I J 2  

$0 . I 3 1  
-0 'PI I 

-0'101 

+o '21 1 

+a '225 

-0.169 
-0 '009 
+0'15S 
- 0 *os4 
-0 'I IS 
$0'126 

-0.159 

+o msg 

-0 '26s 
-0 *A61 
-to .4r4 

$0 .r24 
..... 

$0'077 
-1 ' 1 0 0  

..... 



N O .  Stations. Ohserved angles. 

0 / I /  

93 33 3s.59 

27 21 12.70 
( '5s) 

I Bald Hill 
2 i  

\Vest Hills 90 03 57'65 
( '54 ) 

Harrow 
Round Hill 
\Vest Hills 

Harrow ' 2 1  I2  +)'7.9 
Round Hill 121 52 34.93 
13ald Hill 36 5-I 35'39 

Buttermilk 
K G U I I ~  Hill 
I-Iarrow 

Weasel 
6 IhitteriiriIk 

Harrow 

Beacon Hill 
Weasel 
Harrow 

1 
S 

9 

10 

11 

Springfield 
Harrow 
Beacon Hill 

Mount Rose 47 5s 30'19 
Springfield 5s 27 49.65 
Beacon Hill 73 33 4 - 4 9  

Disboro ,44 og 20.94 
Springfield a7 I O  . . . . .  
Beacon Hill I& 40 2577 

Disboro 113 12 55'47 
Mount Rose 31 40 24'90 
Beacon Hill ' 35 06 41.2s 

qg2-No. 7-02-10 

Correc- Spher- Spher- 

' angles. excess. 
ical mal Log. dis- Distaiices in 

taiices. meters. 



So. Statioiis. 

Disboro 
Mount Rose 
Springfield 

Stony 1-1111 
Mount Rose 
Dishoro 

I 
I2 I 

I 
I. 

I4 

Mount Holly 
&.aunt Rose 
Stony Hill 

Newtown 
Stony Hill 
Mount Holly 

Nrwtvwll 
Mount Rose 
Mount Holly 

Newtown 
Mouiit Rose 
Stony Hill 

I 
I6 1 

IS 

'9 

20 

Wllowgrove 
Newtow 11 
Mount Holly 

Pine Hill 
\Villowgrove 
Momt Holly 

Sard 
Mount Holly 
Pine Hill 

Lippincott 

Pine Hill 

Bethel 
Pine Hill 
Lippincott 

Bethel 

Lippincott 

Observed aogles. 

0 I II 

69 03 31'53 
79 3s 55-10  

31 17 . . . . .  

&I 40 11.86 
35 36 10.08 
s3 43 3s.70 

45 45 41.9s 
31 38 20.41 

102  35 57'94 

41 12 36.26 

63 09 5 1  '29 
75 37 30.71 

105 37 14'2.5 
41 30 57-51 
29 51 4S.72 

64 24 37'99 
76 0s) 17.92 
39 26 06.64 

67 07 37'54 
74 53 42.14 
37 5s 15-27 

51 44 IS*IS 

46 05 54'33 
s2 og 4S'34 

33 40 IS.SI 

97 2 s  24.19 

47 2.1 56'37 
17 06 14-53 

35 15 32.01 

- 2 4  14 $30 
120 29 50'65 

IOO 16 49-45 
44 42 10~15 

35 01 02'03 

4s 51 IS-62 

S5 2s $4.61 

Xpher- Sphcr- 
ical ical 

t io l l .  niigles. excess. 
Log. Dis- 

teaces. 

4'675 473 2 

4-6* 022 4 
4 ..pr~ 656 6 

4 '420 656 6 
4'245 277 5 
4 '477 626 o 

4 '477 626 o 
4 -342 240 s 
4.611 S56 S 

3 '342 240 S 

4.47; 9% 7 
4.509 657 7 

4'611 856 S 
4'473 9s4 7 
4'325 374 2 

4'477 62s 9 
4 '509 6s7 7 
4.335 374 2 

4.473 9% 7 
4'494 2% 7 

4'494 2SO 7 

1'456 957 7 
4'595 -'3' 7 

4.456 95: 7 
4 '5S9 931 4 
4'709 403 7 

4 9 9  931 4 
4'45.5 32s 4 
4.456 14s 5 

4.455 325 4 
4 '310 393 7 
4.632 2Q2 7 

4'456 14s 5 
4.310 393 7 
4.221 gi&s g 

4 * z ~ S  6S.5 S 



N O .  Stations. 

Bethel 

Pine Hill 

Rurcleii 
25 1 Bethel 

Ijppincott 

Meetinghouse Hill 
Lippiricott 
Burden 

Ruck 
Meetinghouse Hill 
Burden 

Priiicipio 

Turkey Poiiit 

Oshoriies Ruin 

Turkey Poiiit 

Co~rrc- Spher- Splier- 
tion. angles. escess. 

Ohserrrrl aiiglea. ical ical Log. dis- I>ietatict.~ i n  
tances. meter?;. 
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NO.23. 4. FIRST SECTION OF T H E  TRIANGULATION, SOUTH 
OF T H E  TRANSCONTINENTAL TRIANGULATION, 

Ih’ VIRGINIA AND NORTH CAROLINA, Is75- 
I s7y. 

In  connection with tlie account of the Kent 
Islarid base net and its estension to the westward 
there are given the abstracts of the horizontal clirec- 
tioiis a s  well as the adjusted angles and triangle 
sides between the triangulation stations which 
connect that base n7ith the sides of the triangle 
Humpback, Tobacco Row, Spear. It is from this 
triangle that tlie triangulation of tlie oblique arc 
departs froin that of the arc of the parallel and tlie 
first section, proceeding to tlie southward and west- 
warcl. terminates at the line Buffalo to k1oox-e. 
Between Humpback and Moore the triangulation is 
so stren,qtheiiecl by the numerous tie lines that it 
is not supposed tlia t any measurable error could 
accumulate within this section; its whole acljust- 
nient was therefore niacle to depend for initial 
direction and length on the almve fixed triangle. 
111 this .section there are A+ conditions tu be sat- 
isfied and 42 directioiis to be corrected. 

The approsimate elevatioris of the stations are 
as follows : 

Hiimpback 
Meters. Feet. 

I 110’4 j 643 

Spear ’ 491.7 I 613 

Tobacco Row Sg4.s 2 9.36 

Long 3Iountain 

Flat ’Top 

Smith Mountain 

Moore 

622.7 2 043 

7s4‘0 3 572 

Buffalo I 310’4  3 971 

Corrections to horizontal directions for height of 
station observed upon were applied. Squaring tlie 

closing erroFs of the triangles weget Jm= f 1 ” ’ 5 2  
2s 

as the mean error of a triangle, also iiieaii error of 

an angle -- fo”% and the probable error of 

a direction =forr*42.  

I ‘52 
J T -  



THE MAIN TRIANGULATION. I49 
Arbsfr.cirfs of hori=ortfnl d im- t ims  n f  slnf ions rontposirt.r the first sci-lion if tlrt tr.iiiitgrrliitiort scwlh if 

ffttiitflbock, Nelson County, Virginia. June S to 29. 1575. A. T. Mosman. observer. 35["' direction 
50'" direction theodolite 

50Cn1 direction 

llrz frzirtstvrttirterrfii? friiirrgrrhifion. 1S75 f o  IS i9 .  

May II to June 6, rS7S. tlieot-lolite No. IO. 

No. 114. 
theodolite No. I 14. 

A. T. Mosiiian, observer. 
August IS to 2s.  IS;^. A. T. Mosrrian and W. B. Fairfield. observers. 

Corrections Corrections 

I 

dirrC- No. of ' Objectp Kesultsof local z;;stgz Kesiilting Reductions Resulting j ~ ~ ~ e ~ ~ b r  Final 
adjustment. trallscoIlti~ semiids. tosea level. seconds. first seconds. tiailis. 

nental arc. section. 

0 W I  00'00 .... ..... . . . . . . . . .  .... ..... Jnrnian 
spear 126 14 25'02 +o'+t 2s54Li . . . . . . . . .  .... ..... 
Long Mountain 1 3  41  S i ' I O  .... +O'OI (57'11) +*.4A 57 '57 
Tobacco Row 173 06 07'63 -o'Sj 6'9 .... ..... .... ..... 

.... 

S 

5 

6 
7 

2 

3 
d 

Flat Top 0 00 W'ao . . . . .  ..... +O'& (W%i5) 
.... Humpback 140--52 23'3'3 +o$h 3'2.1 ..... 

Spear 200 19 ' 2s% . - Q ' X  .?s'ss .... ..... 
Willis 20s 43 2S'6 .... ..... .... ..... 
Long Mountain 272 56 37'39 .... ..... -0'02 ( 3 j . 3 7 )  
Lynch hurg 276 15 52'23 .... ..... .... ..... 
Smith Mountain 319 30 40.14 .... ..... +O'O.l (40'1s) . 
Cahas 3 5  51 y.62 .... ...... +0'07 (24.69) 

0 I ,I I .  

.... ..... .... ..... .... Willis 0 00 rn'oo ..... 
x.ong Mountain 113 1.1 $'so .... ..... + o ' q  (16'53)  +o'z5 6 '7s 
Smith Mountain 119 19 2.1'25 .... ..... +O'OJ (24 ' * )  -0'0s 24 '21 

Flat Top 150 IS 15'49 ..... +0'03 (15'52) -0'33 15'19 
Tobacco Kow 163 17 43'42 ' +o'?z 43.64 .... ..... .... ..... 
Honlpback 233 59 02'50 ->O'q.l 02.d ..... 

.... 
. . . . . . . . .  .... 

13 
r j  

7 h A ? t - ~ l ~  Row, Amherst County, Virginia, September 11 to 23. 1S75. A. T. Mosrnan, observer. jg'ni 
direction theodolite No. IO. Septeniber 6. to g, 1S7g. 4. T. Mosnian. observer. 56"1 directiotl 

Huriipback 
Spear 
Willis 

tlieodolite No. 114. 

IO 

11 

Callas 273 5s 20'77 . fQ.04 2 O ' s j  -0'47 20 *36 
Flat Top 
Azimuth Mark, Lynchburg 

309 05 12.49 -0.05 12.44 -0.10 12-34 . 
. . . .  ..... .... C. H. 356 02 42.35 . . . . .  

+o '93 
... 
.... 
.... 

-* '07 

+o '07 

..... 

-0$7 

'99 

. . . .  

..... 
3 i  '30 

40 ' 2 5  

23 .SI  

..... 

LoJI .~~ Motfirt.tairt, Campbell County. Virginia. October 16 to December 9, 1S75. A. T. Mosmat~, 
observer. direction theodolite No. IO: 

Results from local Reductions Resulting Corrections Final 
Objects observed. adjustinent. tosea level. seconds. $EfEt::, seconds. 

Nutnlxr of 
directions. 

- -. 
12 i Tobacco Row o 00 ~ T Q  --0'03 59.97 :-0-24 59 '73 



Xniiiher of 
directinna. 

' 5  
16 

17 
IS 

19 
20 

21 

32 

33 
3-1 

Jo 
31 

29 

Objects ohserned. 

Smith Mountain 0 00 00'00 - 0 ' 0 2  

Moore 90 56 57'57 40.03 
Buffalo 123 26 54'0s +o*oS 

Tobacco Row 309 43 37-90 +o.o6 
Long Mouiitain 350 46 17.45 +O.OI 

Flat Top 300 0 1  u 7 ' 2 j  ~ 0 ' 0 9  

'rohacco ROW 

Spear 
Ly nchbu rg 
Long Mountain 
Smith Mountain 
Moore 
Callas 
Buffalo 

2-1 

25 

26 

27 
28 
22 

23 

Results froni local 
adjustment. 

Q I I I  

o c10 00'00 

IO 17 m.26 
26 12 24-16 
42 0 1  51-79 

10s IS 02.38 

13s 23 14'12 

156 09 54'25 
157 53 45 '03 

- 
Callas o co 00'00 - o q  5 9 6  -0.19 59 '77 
Flat Top 72 og 19 S4 0.00 ,1g'S4 +o*IS 30 '02 

Toliacco Row 102 22 00'94 +0.05 00'99 So.06 01 '05 
Spear 123 1 2  35.99 s0.03 36'02 -0.1s 35 .s4 
Long Youritaiii 12s oo 47-72 $0.03 47.75 -0.43 47 '27 
Moore 257 IS 17.97 $0-05 1S.02 +0'47 1s '19 
Bull Mountain 312 53 58.97 .... ..... . . . .  ..... 
B~ffalo 527 37 rg-51 $0'05 19'56 $ 0 ' 1 3  19 '69 

I 
Reductions 
to sea lerel. 

/ I  

-to .a 
+o '01 

Res,,ltillg Corrections 
from figure 

seconds. adjustment. 

-0 '02 

n '00 

+O '05 
$0 .os 
+o 0.3 

Final 
seconds. 

/ I  

a 
00 '14 

51 .66' 
02 '30 
14 '26 

51 '73 
45 '23 

..... 

Probable error of a single observation of a direction (D. aiirl R.). 2,=&1"-36. Circle used in 
SSIJJ  positions. 

Ccihs,  Franklin County. Virginia. June 25 to July 13. 1577. 
tion theodolite No. 114: 

A. T. Mosnian, ohserver. 5oCm direc- 

/ I  / I  ' I /  - 5 9 s  -0.06 59 *v 
57 .60 --o.S4 56 -76 
54'16 -0 .15  54 '01 

07 '34 i - o ' j 6  07 "7s 
37.96 -0.38 37 3s 
17'46 .$-I '07 . 1S.53 

r',=&0'~*71. Circle used in S I  



0 

Nuniircr OF 
directions. 

39 

40 
41 
42 

Objects observed. 

Pilot hfountain 0 oi) 00'00 .... ..... .... . . . . .  
Buffalo Sg 04 10.07 -0 .05.  IO'OP -0.23 09 '79 
Aziiiiutli Mark I I O  31 01 '9 .... . . . . .  .... ..... 
Callas 127 05 24.85 +om04 24'Sg + I  -4s 26 '37 
Flat Top I.$ 23 02 .S4 +0*07 02'91 -0.5s 0 2  '33 
Sriiitli h1ouiitaiii 153 26 57'69 + o . o ~  57'73 -0'6s ' 57 '05 
I'ou11g 314 44 '2'49 .... ..... .... ..... 
Ponre 354 21 09'66 .... ..... .... ..... 

Kesiilts froin local Rcdiictioiis Resiilting Corrections 
adjustment. to sea level. seconds. adjllstnlellr~ 

3S 

35 
36 

Filial 
secondr. 

Rull Momitain 0 00 00'00 .... . . . .  .... ..... 
Moore 41 36 $3'92 -om@ 4 S U  $0'10 4s -9s 
Pilot Mountain 62 5 1  4959 .... ..... .... ..... 
You11g 70 37 50'34 
Poore 99 35 20.42 .... . . . . .  .... . . . . . .  
Flat Top 290 26' 00.73 +o*og ~ ' S Z  - - o ' ~  00 *3s 
Cr111as 292 07 5659 +o.oS 56.67 -0.04 56 %3 

. . . .  ...... .... . . . . .  

I: I 
I11 
I v 

1 7  

VI 
\711 

VI11 
. IS  

S 

S I  
S I 1  

SI11 



+? 
-I- I 

- .: +.I 
+J +.? 

+6 
. . . . . . . . . . . .  +4 -2  

+b 

. . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . .  

-.) 

+2 += 
+. +2 + z  

-2 -2 . . . . . .  

+6 +. i - 2  

+6 - 2  - 2  

+6 +z 
. . . . . . . . .  +6 

. . . . . . . . . . .  

. . . . . . . . . . . .  ... 
--a . -2  

-2  

. . . . . . . . .  -2 ... 
+6 +r  +z -2  

+6 + a .  +i? 

+6 +? . . . . . . . . . . .  fc; 

+6 



No - 
I 

3 
4 
5 
6 
7 
8 
9 
IO 

I 1  

12 

13 
I4 
' 5  
16 

'7 
IS 
19 
20 

21 

22 

23 

24 

o=- 6 '7  
o=+ 0.30 

o=+ 0 '11  

o=+ 2'51 

o= + I ' I  

o= + I .46 
o=- 4'60 

0=- 2 '0 

o=- I6 ' 2  

4- 3'33 
- 0'11 

- 2.51 

+ 0'76 
. . . . . . . 

- 2'51 

. . . . . . . 

. . . . . . . 
i-65'41 

. . . . . . . 

+o '076 
-0'29r 
+O%# 

+ l ' l . d  

. . . . . . . 
+a '076 
i-0'927 
fo.927 
+o'agI 
. . . . . . . 

. . . . . . . 
-0'2Q2 

+ 3 ' W  

. . . . . . . 

- 1.96 
+ 2.23 
+ 7'45 
- 2'32 
- 2'95 
+ 5'05 
+ 2'23 
+ I.* 

+ 2'32 
- 0'50 

- 0.50 

. . . . . . . . 
+ 1.402 

+s4 '95 

. . . . . . . . 

+ I'iSO 
+ 0'272 

- 0'272 
i- 0.761 

- 0'816 
- 0'232 

- 0'372 
- 0'232 

. . . . . . . . 
+ 3'439 
+ 0'319 
i- 17 '929 
+ 3'222 

. . . . . . . 

+o'161 
--0,S26 

-1'45.7 + 0'39 
. . . . . . . . . . . . . . 

+ 3'70 
-0.826 .t 2'S3 
+ u ' 4 ~ 6  -- o.&S 

-u'61l - 1'35 

-@.SQS - 2'55 
- 2.83 

--0'Si7 4- 0'6s 
- 2'83 
+ 2'55 

. . . . . . . . . . . . . . 
+0.4=?J 
-0'130 -I- 0 " w  

+@'IO. - 5'664 
-0'003 
+4'131 - 2'3% 

- t i 5  '32 

. . . . . . . . . . . . . . . . 
-0'122 .- Q.122 

-0.qh6 + 7.15s 

. . . . . . . . . . . . . . . . 
+0'3JS -- 14.138 

+2'41S - 3'2z.1 

+*07 '59 

. . . . . . . . 

+ 2'2j 

+ 1'37 
- 5'43 
- 3'16 
- 13". JJ 

- 1 ' 1 0  

. . . . . . . . 
- 2.k 

- 4 5 3  
+ 142 '67 

C,=+o'Igo 
Cz=+o '547 
c,= t o  'og3 
c,=--o 'IS3 
c,= -0 '587 
c g =  -0 '55.1 
c,=+o 231 
C*=+0.288 

(1)=+0*460 
(2 )  +O'PjI  

(3) -0.079 
(4) -0.326 
(5) -0.075 
(6)  +0'06S 
(7) -0'869 
( 5 )  +0.926 
(9)  fo '46S 

(11) -0.og; 
( IO)  -0.471 

Probable error 

Cri=-o -196 
c,s=+o '0145 
G9= -0 '0569 
C,,=--;o '603 
c2'=+o '02jI 
c..=-0 '285 
CZ3:.3=$o '0233 
C,, = +o '0665 

( 12)  =-0 a241 
(13) +0-536 
(14) -0.495 
(15) -0.281 

(17) - O * I I Z  

(16) -0'134 

( I s )  -0'077 
(19) +o.os9 
( 2 0 )  +0'39S 
(21) fo.118 
(22) $0'474 

(23) =+o '130 
(24) -0'1S7 
(25) +o ' I i6  
(26) +.0'062 
(27) -0.176 
(28) -0.479 
(29) $0.359 
(30) -0'377 
(31) +rv6S 
(32) -0.061 
(33 ) ' -0 'S42 

of an observed direction 0'674 J, g2 = fo"'41. 



SO. Stations. 

1 Long Mountain 
I Humpback I spear 

Tobacco Row 
Humpback 
Long Mountain 

Long Mountain 
Tobacco Row 
Spear 

Flat Top 
Tobacco Row 
Spear 

Flat Top 
Spear . 

Long Mountain 

Flat Top 
6 Tobacco Row I Long Mountain 

2i 
3 1  

5 [  

7 

S 

. g  

Smith Mountain 
Tobacco Row 
Spear 

Smith Mountain 
Spear 
Long Mouiitain 

Smith Mountain 
Flat Top 
Tobacco Row 

Smith Mountain 
Tobacco Row 
Long ~llountain 

1 Smith Mountain 
11 Flat Top 

Spear 

I2 

Smith Mountain 
Flat Top 
Long Mountain 

Observed angle=. 

0 I / I  

30 47 57.98 
2s 27 31 '65 

120 44 35'53 

132 04 13.13 
IS 24 09.70 
29 31 39'61 

60 '9 37'59 
72 37 05.79 
47 03 17'11 

IO 17 m.23 

159 40 31.4s 

3' 44, 51.50 
37 4s.99 

IO  02 2s.12 

I 1 1  1.1 25'12 

42 0 1  51'73 
87 03 22.69 
50 5.1 47-53 

20 50 35'03 
11s I 1  1 1 - 6 0  

40 ss '9.35 

4 4s I T  '73 
6 04 57'76 

69 06 53'16 

30 12 41.15 
10s IS 02'34 
4 1  29 1g.85 

45 .;J 02'SI 

25 3s 46.76 

113s 47 15'57 

51 03 16.18 

9s C J I  02 '11  

30 55 51 '23 

55 51 27.91 
66 16 io.61 

57 52 28.04 

Correc- 'pher- Seller- Loe. dirj- Distances in ical ical 
tion. angles. excess. taiicec. meters. 

I ,  I /  I I  

-I '3j 56 '65 I '35 
+0'46 32.11 I '35 
- 0 . 2 5  35'28 I .34 

---ox~S 13.05 I '013 

+ I  'OS 40 '69 o 'gg 

-0.25 37'34 0'97 
--or17 uS.72 0.9s 
-0'25 16% 0'97 

fo.15 m'jQ 0.41 
-tu '92 32 .40 o -41 
+0'33 25'45 0.41 

+ o m  51-52 1-56 
-0.57 $3.42 I 5 6  
-0.39 24.73 1'55 

+0'17 51 '90  0'99 
+ I W J  23-69 1-00 

-n.r.l '17 '39 n 'gg 

-0.24 34.79 I .96 
+0*07 I I  '67 I '97 
$O'& 19.43 T '96 

-0 '30 11 '43 0'35 
-0'33 57'43 0'35 
-0'97 52'19 0'35 

-0.46 09.24 0.99 

-0.11 4 1  .O4 I .44 
$ 0 ' 2 0  02.54 1 . 4  

+o'S6 20.74 I -44 

-0.55 46.21 I -34 
+O.I4  02'95 I .34 
-0.71 14-56 I .34 

-0'35 15'S3 3 . m  
$0.06 02.17 2.99 
-0.24 50.99 3.00 

--0'66 27.25 I '79 
+0'03 10.64 I '79 
-0.56 27.48 I '79 

4'649 as3 4 41 594.71 
4'61s 077 4 41 502%0 

4 '874 224 9 71 s55 '71 

4 'S74 224 g 74 S55 '71 
1 '50.2 YS6 6 31 $33.66 
4'696 339 6 19 6gS.d  

4'577 326 2 37 7S5.59 
4.61s 077 4 41 502'So 

4.502 SS6 7 31 S33.67 

4'577 326 2 37 7s5.59 
4 S66 sg3 g 73 51s .SS 
4'567 os3 6 36 qo4.S6 

4'676 543 I 47 4%-54 
4.61s 077 4 41 5O2'% 

4.566 39.5 g 73 g18'8S 

4.502 SS6 7 31 833'67 

.I '567 os3 6 36 gn.1 ..% 
4'676 543 2 47 4s3.55 

4'577 326 2 37 785'59 
1'97I 303 1 93 605'S7 
4 - W  815 4 69 633'05 

4 '6rS 077 4 41 501 'So 

4.720 334 2 52 521 '14 
4 '971 303 0 

4.56 j ~ 8 3  6 36 9.1 -56 
4'S&!  SI^ 2 69 633 '02 

4'6S6 522 S 4s $37-30 

4 '502 SS6 7 31 S33 '67 
4'720 334 4 52 521 '17 
4.S.12 YIS 4 69 633'05 

4 '566 39s g 73 518 .SS 
4 '971 303 I 93 605 'S7 
4 6% 522 g 4s 5S7 '31 

4 -576 543 2 47 4s3 '55 
4 '720 334 3 52 521.16 
4 .6S6 523 o 4s 5S7 '33 

93 605 'S5 



N O .  Statious. 

Cahas 
Flat Top 
Tobacco Row 

Cahas 
Tobacco Row 
Long Mountain 

Cahas 
Flat Top I Long Mountain 

16 

17 

1s 

'9 

20 

21  

Callas 
Flat Top 
Smith Mountain 

Callas 
Long Mountain 
Smith Mountain, 

Callas 
Tobacco Row 
Smith Mouiitaiii 

Buffalo 
Flat Top 
Smith I\Ioutltain 

B l l f f H l V  

Flat Top 
Cahas 

Buffalo 
Flat Top 
Sniitli I\lountain 

Moore 

Smith Mountain 
22 I Flat Top 

Flat Top 

Moore 

24 Cahas 
Smith Mountain 

uhserved angles. 

0 I I /  

9 42 30'62 

156 09 54'29 
14 07 35'37 

21 02 39'50 
72 55 47'32 
S6 01 39'14 

30 45 10 '12  

114 OS 02.56 
35 06 51 '61 

59 59 52-64 
47 5 '  51-95 
72 og 19.S.S 

22 4s 36'43 
12s 00 47'79 

50 16 22'02 

27 21 44'51 
102 22 01 '03 

25 52 26'05 
49 35 42'73 

L l  3 2  00'28 

1 41 55% 

29 13 42'52 

1 43 50.78 
176 34 13-18 

24 IO 30.20 
17, 26 54'1s 
32 22 40.40 

15 03 54-82 

30 05 11 '79 
134 5' OI'S2 

11 17 33'02 

155 55 50.26 
17 46 40.16 

26 21 3 2 ' s ~  

62 41 41'54 
90 56 57'62 

Correc- Spher- Spher- 
tion. anylea. excebs. 

ical ical 

I /  / I  I /  

-0.73 29.89 0.67 
+o*6S 54'97 0-6s 
+ I  '79 37'16 0.67 

+ I  ..i.i 4 O . M  2 2 s  
--0'79 46'53 2 ' 2 s  

fo.23 39.37 2.2s 

+o '71 IO $3 I y6 
fo.51 03 '07 I .96 
+0'37 51 .9S I .96 

-0.42 52 '22  I '63 

+o'4S 53.43 I '63 
+0*36 20.24 I -63 

-1.13 4 1 . 3 ~  1.46 

-0.94 35-49 I '46 
-0.30 47'49 1-45 

+0'32 22'34 2'40 

-0.94 43'57 2'40 
f 0 ' 3 5  01  -2s 2'39 

+0$3 2 6 S  3.38 
+ o ~ 9  42.92 3-3s 
+0'05 m.33 3'37 

-0.2s j L l . 5 0  0.15 

f o . 4 1  56.26 0-15 

+o'50 13.65 0.14 

+o'42 30.62 I 60 

-0 .32 40.0s I '60 

-O*IO 54-72 2.73 
+0'17 11.96 2.73 
-0.30 01 '52 2'74 

- 2 . 0 6  35.96 I '63 
-I ' 2 0  49.06 I 'S3 
+0'31 40.4; I 5 3  

-2 '16 3'1.68 2'93 
-0.7s 56Q 2-94 
-0.66 412Y 2'93 

-0.05: 5 J ' I O  I 6 3  

Log. dis- Distances in 
taiices. tlieters. 

4 fj76 543 2 

4.92s 119 6 
4.727 663 6 

4.696 522 9 
4.619 220 5 
4.727 663 5 

4.720 333 3 
4 -6ry 230 5 
4.928 119 6 

47 4.33 '55 
Q 746.0% 
53 4'5 -05 

4s 5s7 '3' 
41 612'1S 
53 415.04 

' 52 521 -16 
41 012~1s 
S4 746-0s 



No. Stations. 

Moore 
Buffalo 
Flat Top 
Moore 
Buffalo 
Callas 

Moore 
Buffalo 
Smith Mountain 

I 
25 I 
26 I 

Log. dia- Distances iu Correc- Spher- Spher- 
meters. Observed angles. ical ical 

tioll. angles. excess. tances. 
0 / I /  

49 IS 5 2 S g  
I I I  IO 4S.06 
. '9 30 30'94 
.;s or 14.s7 
ioy 2s 52'21 

32 29 56'56 

64 22 47-71 
s5 IS 2 2 ' 0 1  

30 19 0 1  .54 

5. SECOND OR NORTH CAROLINA SECTIOX OF T H E  TRIANGULATION SOUTH OF T H E  
TRANSCONTINENTAL TRIANGULATION, I N  VIRGINIA A N D  NORTH CAROLINA, IS76- 

Kilometers 
Im-1 
10 0 10 PO a0 40 50 60 70 .Yo 90 L O O U O  mowoI'Lo1J( 

Statute Miles 
l0 0 10 I O  So 40 50 IO 70 .M) * 

- -  . - _. 

This section extends over an 
area covered by several large tri- 
angles which have the centrally 
located station Poore as one of 
their points in coninion. In  I S ~ S  
when the niaiii triangulation lx- 
tween the lines Buffalo to Moore 
and Grassy to Sawiiee was ad- 
justed, this central figure about 
Poore had no esistence. In  con- 
,sequence of the ititrodiictioii of 
this figure some niodification in 
the treatnieiit of the work be- 
tween the Kent Island and At- 
laiita bases became necessary. 
The acljustment of rS7S involved 
considerable labor, as it included 
the formation and solution of 41 
nornial equations. I t  was de- 
sirable to retain this adjustment 
and interpose the ceiitral figure 
about Poore for the purpose of 
disposiiig of whatever error was 
developed between the bases by 
the intervening triangulation. 
The probable error of the meas- 
ure of the Kent Island Ilase, 

a. . 1. 

which is the least accurate of the SIS bases along tne arc, 1s 31 umrs 111 rile seveiirn 
place of decinials of its logarithm, whereas that of the Atlanta base is but I O  units; 
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hence the influence of the latter over the triangulation between stations Sawnee and 
Benii , which constitutes the third section, n7as retained. In the present central figure 
the condition was introduced preserving the fised relation between the two sides marked 
in the diagram by heavy lines. 

The approsimate elevations of the stations are as follows: 

Poore 
Young 
Be1111 

Meters. Feet. 
817 2 6% King 
333 I 09; I Rogers 
SS6 z goj Roan High Bluff 

1 -  

From the eleven triangles we derive the mean closing error of a triangle J56.5- , 

I1  
.3 .') 

=I= ~ ' 2 7 ,  the mean error of an a n g l e d  = =I= I l l * -  3~ and the probable error of a direc- 
J 3  

"'7 - 

\I6 
tion 0'674 - - f o"'63. 

In tlie preceding diagram, the two heavy lines are fixed in length, and the disper- 
sioii of the discrepalicy between the bases, of 24 units in the seventh place of decimals 
in the l?garit~im, is acconiplislied 1)y the ac~justnieiit. Attilition is callecl to the fact 
that in a figiire adjustment, when forcing ai1 accord between the fixed lengths of two ter- 
minal sides, as is the case here, tlic conditional equation may be established either with 
plane angles or with spherical angles, provided in the latter case the terniinal sides are 
corrected for difference between arc and sine. This is readily dolie by means of the table 
given in Coast and Geodetic Survey Report for 1894, Appendis No. g, page r?Sg. below 
the heading "Table of corrections to longitude for clifference in arc and sine." 

In  estalhliing the length equation for any unadjusted figure the apparent dis- 
crepaiicy to lie dispersed in order to produce accord between two lines n7hose length is 
fixed will vary with the angles selected. The true discrepancy to he dispersed can, 
nevertlieless, be obtaiiiecl from the leiigth equation, provided the length equation be 
taken last in the solution of the normal equations, thus eliniinating all the other unknown 
cluaiitities; and the discrepaiicp so derived is the sanie as would beobtained if the length 
eqiiiition were formed after the entire figure had been adjusted in all other respects. . 

In tlie presetit section tlie length discrepancy with the uncorrected spherical angles 
was 78 units; but the true discrepancy outstanding after the other adjustments are made 
is but 24 tinits. This is less than the probable error of the measurement of the Kent 
Island base. The logarithm of the length of line Buffalo to Moore isq-676 356 4, and 
that of the line Benu to King, 4'705 136 6. 
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Absstracfs of hor i zodd  dii-.?rtioit.s nt .:tnfions coniposi.)ig fh serond OY North CaroCiria szrfioii of fhc. 
hiangtiCatio)t, 1S76-1S95. 

September 25 to October 16, 1S76. 35 tm direction theodolite No. IO. 

45cw direction theodolite No. 4. 
Bt(f2lo. Floyd County, Virginia. 

A. T. Mosman. observer. 
A. H. Buchanan, o.bserver. 

September 27 to October I ,  1895. 

3 
4 
5 

Bull Mountain o cn oomo . . . . . . . . .  . . . . . . . . .  . . . . . . . . .  
Moore 41 36 4S.92 -0.04 4SS3 +o.ro (43.98) . . . . . . . . .  
Pilot Mountain 62 5 I 49 'Sg . . . . . . . . .  . . . . . . . . .  . . . . . . . . .  
Young 70 37 50'34 +o.or 50'35 . . . . . . . . .  -0'63 49'72 

99 35 20.42 +o.os 20'47 . . . . . . . . .  -0'19 20.2s 

Flat Top 290 26 00.73 $0.09 0 c r . S ~  -0.44 (00'3s) . . . . . . . . .  
Cahas 292 07 56-59 +o.oS 56.67 -0.04 (56.63) . . . . . . . . .  

Pooret 
Rogers*t 144 29 13'76 + o q  13'So fo.74 14'54 . . . . . . . . .  

SmitliMountain 316 IS 26S5 $0'0~ 26.37 $0'38 (27.25) . . . . . . . . .  

0 / I I  / I  

Pilot Mountzin o 00 00-00 . . . . .  
Buffalo S9 04 10.07 -0.o5 
Azimuth Mark I I O  31 01 -90 .... 

Flat Top 135 23 02'94 +0'07 
Smith Mountain 153 26 57 '69 $0 q 
Young 314 4 12-49 .+o*oz 

Poore , 354 21 9 . 6 6  +o'o5 

*Keduction to center -2"'10, applied. 

Callas I27 05 24*s5 +0'04 

I /  

..... 
IO '03 

..... 
24 '59 
02 -91 

57 '73 
12 '51 

og -71 

/ I  

.... 
-0 2 3  

+ I  -4s 
-0 *5s 
-0 '6s 

.... 

.... 

.... 

/ I  

..... 
(09 '79) 

(26 '37 1 
(02 '33) 
(57 -05) 

. . . . .  

..... 

..... 

/ I  I /  

. . . . . . . . .  

. . . . . . . . .  

.... 0 1  yo 

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  
-0'18 I 2  '33 
+om12 9 - 8 3  

t Buchanan. observer. 
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,dbsfrazts of horiL?o1ifaf dim-fiiins at stniioiis cwiposiiig the sfcoiid or Norfh Clzrdiiia stTtiori qf fhc 

f r ia~igxld  ion, 1Sp5-zSg5-coth inuecl . 
Pmru, Wilkes County, North Carolina September 15 to October 11. rS77. 5oCn1 direction theodo- 

August 30 to September 17, ISgg. 4s cm direction theodolite 
A. H. Buchanan, observer. 

lite No. 3. 
No. 4. 

C. 0. Boutelle, observer. 
Circle used in S I  positions in both years. 

Corrections 
Aiwori- RedlIfi 

Result of local illate tiol,s to Resulting Filial 
adjustinent. prolmnhle ~a seconds. of seconds. Objects observed. Nuriiber of 

directions. 
section. errors. 

6 
7 

S 

9 
IO 

I1 

12 

Mark 7877 

Moore 1877 
Mark I S95 
Young 1877 
Aiiderson IS77 
King IS77 
Ben11 IS77. IS95 

Buffalo 1877. rSg5 

Mount Mitchell 1877 
Roan High Bluff 1Sg5 
Rogers 1% 

I 

m 

47 
0.5 

55 
21 

22 

26 
22 

4.5 
23 
46 

I I  

03 '00 

15 '52 
54 '43 
IS '32 
18.64 
26.64 
51 '63 
12'19 
OS 3 6  
04 '91 
41 '23 

I /  

*o  '"7 
0 ' 1 2  

0 ' 1 1  

. . . .  
0 ' 1 6  
0 2s 
o '13 

0 '54 
0 'I2 

. . . .  

.... 

,I 

. . . .  
+o 'OS 

+C' '04 

-0 m 2  

. . . .  
fo.01 

+o '06 
.... 

-0 '02 

-0'10 

I I  

15.60 ---o'sg 
54'47 $0'02 

18.62 +o.rS 
..... .... 

. . . . .  . . . . .  
51'6.1 -0.15 
12.25 -0.1.3 

15 '21 

51 '49 

IS *so 
. . . . .  

. . . . .  
51 '49 
12 '07 
..... 
0.5 '25 
41 '29 

Probable error of a single observation of a rlirection ( D .  and R. in 1977. t', = C 0".7?3 : in rSg5, 
, -+ - - L / I '  28,; conibinerl c d"g9. 

J'oitiig, Rowan County, North Carolina. September 22 to November I I ,  1876. 50cN direction 
Circle used in SI positions. theodolite No. 3. C. 0. Routelle, observer. 

16 

17 
I3 

Azimuth Mark 
Buffalo . 

Mocksville Church 
Moore 
King 
Anderson 
Beiiii 
Poore 

0 

0 

0 

16 
16 

21s 

237 
25 1 

299 

I 

00 

01 

37 
40 
37 
26 
I1 

32 

/ I  

00'00 

09.36 

IS '19 
3s '2s 
03 '64 
54 '95 

I7 '07 

29 '32 

I /  

C O  .os 
0 '19 
o '17 
0'14 
0 '16 

0 7 6  
0.15 

0 ' 1 2  

/ r  

.... 
t o  '02 

+o *04 
$0 '04 

$0 '02 

-0 '06 

.... 

.... 

I /  

..... 
09.38 
. . . . .  
IS '23 
3s '32 
. . . . .  
51"97 
29 -26 

/ I  

.... 
+o '64 

-t 0 '52 
-1 '40 

t 0 '37 

. . . .  

.... 

- 0 ' 1 2  

/ I  

00'03 

I O  '1)2 

. . . . .  
1s '75 
36 '92 

... 
55 '34 
29'14 

Probable error of a single observation of a direction (0. and R.) ,  L', = &o"*S3. 
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.-lbsinzcfs if Iiorizoiiiizf dirr.i(ioiis ( I f  slafioiis mri~osiiig thc. semiid or  Nor-Ih Cciidiiie srrfioii @f- Ihe 
fricrii~rdiitiivi, ~S+~Sgf;-continued. 

&wit, Burke and Cleveland Counties, North Carolina. July 25 to August 22, 1677. soCrn 4irectioii 
theodolite No. 3. C. 0. Boutelle, observer. Circle used inXI  positions. 

IS 
19 
20 

Corrections Approxi- 

nhjects observed. tion adjustment. probable sea Seumcls. adjustrnerlt. seconds. 
errors. 

Results of sta- tilate Resulting from figllre Filial NuNheI' Of 
directions. 

0 / I /  / I  / I  

Mark 1877 0 00 00'00 . . . . . . . . .  
Roan High Bluff 13 26 19'62 -0.13 19-49 
Poore 90 24 53.4s $0.06 5 5 . ~ 4  
You11g 12s 03 37'66 +o.or 37-67 
Anderson '39 52 w.17 
King :+ 191 zS 17'42 -0.04 17-3s 

+o '23 
Thicketty 241 16 29'13 . . . . . . . . .  
Wofforcl 250 34 52'92 . . . . . . . . .  
Paris 274 57 27.3s . . . . . . . . .  
Hogback 2S2 51 27-03 . . . . . . . . .  
Mount Mitchell 342 1s 31-75 . . . . . . . . .  

. . . . . . . . .  

Reference fillark 
Poore 
sollng 
Aiidersori 
King 
Thicketty . 

Wofforrl 
Paris 
Hogback 
Mount Mitchell 

/ 

00 

24 

0.3 

52 
28 
16 
34 
57 
51 
IS 

/ I  

m'm 

53 '4s 
57 %6 
09.17 
17.42 
29 '13 
52 '92 
27 *3S 
27 '03 
31.76 

I /  

c o  'OS 
0 '21 

0 '15 
0 '2s 

o .16 
0 '35 
0 ''9 
0 '20 

0 '22 

0 '43 
Probable error of a single observation of a direction (D. and I?.), c,=~=I//.o% 

July 13 to August 14, 1Sg5. ~ 5 ~ ~ "  direction theodolite No. 4. A.  H. Ruchanaii, observer. Circle 
user1 in S I  positions. 

0 I I /  I /  I /  

Mark 1Yg5 0 00 00'00 . . . . . . . . .  
Roan High Bluff 21 02 06'70 -0.13 06'57 
Poore gS 00 40.56 fo.06 40.62 

/ I  

.... 
-I -25 

+ O ' I S  

-0 0s I 
.... 

.... 

.... 

.... 
.... 
... 

/ I  

..... 
IS '24 
53 '72 
36 -S6 
..... 
..... 

..... 

..... 

..... 

*The line King to B m r i  being fixed by the southern srctiuir. 
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21 

AbssOacfs of horizonial dir-c~-fioirs af  slniioirs ro~rr~i~si~rcp. thc serorrd or- Arorfh Crlalim st:cficvr of the 
f ~ ~ ~ a ~ ~ g z d a ~ i o ~ ~ ,  /Sib-fSg~-co!~ti~iued. 

November 26 to December 30, 1S76, and June 17 to 25, 1S77. 
C. 0. Boutelle. observer. 

King, Gaston County, North Carolina. 
soCm direction theodolite No. 3. Circle used in S I  position. 

Azimuth Mark 0 00 00'00 zko.06 . . . . . . . . .  
Benil * I 34 4j.66 0 . 2 0  -0'06 43'60 

+o '02  

Poore qS 36 oS.31 0'16 fo.02 oS.33 
Anderson 66 51 Os% 0 .24  . . . . . . . . .  

Wofford 2sq I6 19-00 0 ' 1 2  . . . . . . . . .  
Youllg 85 35 53-17 0 .15  $0'02 53-19 

Paris . 293 54 20'10 0'16 . . . . . . . . .  
Thickotty 296 or . 01 'go' o '36 . . . . . . . . .  

Mouilt Mitchell 345 5 1  56'4 . . . . . . . . . . . . .  
Hogback 307 36 4s'Sg 0-16 . . . . . . . . .  

Approxi- 

errors. 

Results of sta- mate Resulting C r ~ ~ ~ e c ~ ~ ~ ~ ~ ~  froti1 figure Final tion adjustiuent. prohalile 5ea seconds. adjllst,llellt, seconds. Objects observed. Nuinher of 
directions. 

2-1 

25 

23 

Mark 0. 00 00'00 . . . . . . . . .  .... ..... 
Poore 34 I7 14.14 -0'01 14-13 -0'39 13.74 
Re1111 s4 17 56-57 -0'06 56.51 + I  -27 57-75: 
Mount Mitchell V i  47 39.29 . . . . . . . . .  .... ..... 
Rig Butt 206 45 I j * %  . . . . . . . . .  . . . .  ..... 
Chimney 246 OS 13.93 . . . . . . . . .  .... ..... 
Big Knob 274 20 49.02 . . . . . . . . .  .... ..... 
Holston 303 26 14'54 . . . . . . . . .  . . . . .  .... 
Rogers 341 40 13'92 +o*12 14.04 --o.SS 13-16 

/ I  

.... 

.... 

-0 '30 

+2 '05 
.... 

. . . .  

.... 

.... 

.... 

.... 

II 

..... 

..... 

OS -03 

55 -24 

..... 

..... 

..... 

..... 

..... 

..... 

26 

27 
28 

0 I I I  

\%lite Top 0 00 m'm 
Big I<nob , 24 og 36'Sj . 

Buffalo rgq 12 37'64 
Poore 266 IS 26-S4 

Romi High Bluff 334 IS 0 3 s g  
Big R&t 3-19 29 2Q.01 

Holston 35s 23 '9'97 

I /  / I  I /  

. . . . . . . .  .... 

. . . . . . . . .  .... 
f o . 0 3  37'67 ---o'72 
-0.05 26.79 -0 .1s  
+o .13  q . 0 2  + o ' p  

. . . . . . . . . .  .... 

. . . . . . . . .  .... 

I! 

..... 

..... 
36 '95 
26 '61 

04 '92 
..... 
.... 

Probable error of a single observation of a direction (D.  aiid R.), c ,=&I '"~ .  
-- 

*The line King toBeuii being fixed by the southern section. 

41g3-No. 7-02-11 
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I 
I1 

I11 
I v 
V 
VI 
VI1 
VI11 
IS 
S 
S I  

S I 1  

SI11 

I 
I I 

1 

3 
4 
5 
6 
7 
5 

5 
10 

I1 

12 

'3 

o=-O'Io 

+n '57 

+o '52 

-4 '64 
-3'31 
-0 '92 
-1 '36 
-3 '4 
-0.5 

-5'9 
+ I ' 4  
+7 'S 

-1 '10 

+ 7'91 -, - 2  

+ 2  - 9 %  
t b  - 7  - :2.30 

-? +4 
+4 i-2 

+6 + 0.55 
+6 -2 - 2 '76 

+6 -2 

+6 
4- 153 '25 

+ 5'91 
- 2 .t;o 

+ 1'02 - 3'07 
- 4.95 - .x '22 
+ 8'23 + 0% 

- 5 'SI 
+ 2.61 

+ 3'53 - I.44 
+ 0'74 - 32.12 

+ 106 '92 

2'47 + 3'07 

-ku'74 - 15.39 

C,,=-0'0g4 0 

c,.=-o.oog I6 
c,3=-o.IoI 5 

Probable error of an observed direction, 0'674 JI-l'""= =k0'"72. 
13 

- 9.3 
+ 2m7 
+ 7% 
+ 0'97 
- 2'46 
- 7 %  
f 2'76 

- 3'79 
--36 '64 
- 1 7 ' 4  

+ 9.00 
+s7 '75 

II 

(22) =+z '052 
(23) -0.375 
(24) -0.393 
(25)  +1-26S 
(26) -0*720 
(27) -0'17S 
(2s) +O'sgY 



No. Stations. 

Poore 
Biiffalo 
Moore 

Soung 
Buffalo 
Moore 

Poore 
3 [ Buffalo 

Poore 
4. I I\loore 

Youllg 

Sollllg 

5 

6 

7 

S 

9 

10 

11  

Rogers 
Huffalo 
Poore 

R O ~ I I  High Bluff 
Rogers 
Poore 

Heiin 
Roan High Bluff 
Poore 

King 
Poore 
Young 

Benn 
Poore' 
Young 

Reiin 
Poore 
King  

Den11 
Young 
King 

Correc- Spher- Spher- 
tion. angles. excess. 

Observed angles. ical ical 

0 I I /  

27 IS 3S'S7 

42 600'0s 

16 39 0s:Sg 
29 01 01 3 7  

57 5s 31.49 

134 19 57'2s 

90 34 03 ' 02  

2s 57 30'12 
60 2s 400'12 

63 15 24'15 
39 36 57'20 
77 07 48.97 

72 05 49-12 
44 53 53.33 
63 00 34'47 

52 37 0O'og 
67 59 37'23 
59 23 36'24 

76 5s 34'05 
50 00 4 2 ' j S  
53 00 52.64 

56 59 44'56 
62 05 33'02 
so 54 50'94 

37 3s 44'13 
94 00 53'63 
.IS 20 34.29 

IOI 03 24.07 
31 55 20'61 
47 01 24.71 

63 24 39.94 
32 34 16'65 
s4 0 1  og.57 

II I I  II 

$0'41 39'28 3'51 
-0.19 31.30 3-51 
- - O . I ~  59.96 3 -52 

-0.12 oS.73 2'31 

-0-63 00.74 2-31 

+o*IS 57-46 2'31 
I 

t-0'57- 03'59 5.01 
+O'* 50.56 5'or 
$0.76 40% 5.01 

$-0.16 24.31 3.S1 
$0.30 57.50 3 S 1  

+ o Q  49'61 j*.% 

$0'54 49.66 5'9.1 
+0'93 54'26 5 '95 
-0.55 33'92 5'95 

+o.& 00.57 4'97 
+I-oS 38-31 4'9s 
-0.20 36-04 4-97 

$1 '43 35-4s 4'23 
+I .66 41.04 4-24 

+0'55 53'19 4'24 

+2*35 47-21 4.04 
-0.32 32.70 4.q 
+I-2s 52'22 4.05 

-1.00 43.13 3-4n 
-0.36 53.27 3-40 

-0'49 33'so 3.40 

-0.1s 23.89 2-95 
-0'04 20.57 2.96 

-0.30 24-41 3.96 

+ o S 2  40.76 3.60 

$2 '05 I I '62 3 -60 

$1.77 IS.42 3'60 

Log. d i s  
tames. 

Distances in 
meters. 

103 ogy -6 
76 474 '60 
96 544 *40 

76 474 '60 
Sg 232.62 
82 S35 '67 

Sg 232 '62 

73 159'22 

57 364 '67 
s-l 242 '39 

57 364 '67 
93 693'26 
70 172.51 

94 133.44 

70 172 '52 

84 242 '39 

93 693 '30 

70 172.52 

94 133 '44 

50 715 '01 

50 715 '03 
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6. T H I R D  OK SOUTH CAROLINA SECTION OF THE TRI- 
ANGULATION SCWTH OF THE THANSCONTINENTAI. 
TRIANGULATION.  IS73-1.$77. 

This section conipletes the coiiriectioii of the Kent Island 
and Atlanta liases, as already indicated in the preceding sec- 
tion. Tlie resiilts of the acljustnient iiiade in  Octoher, r S 7 ~ ,  
are retained, omitting only the two quadrilaterals lying he- 
tween the stations Buffalo atid King. which were included in 
the second section. The coriditiotial ec&atioiis, as me11 as the 
normal equations, are preseiited iii full. leaving out the eight 
triangles between the two stations nainecl aBove, as they are 
sapersedecl by the present arrangement. The old, and less 
co11r7eiiient. notation of the corrections to the angles has been 
changed, aucl the order of the presentation of the triaiigles has 
been reversed so as to proceed froin the northeast toward the 
southwest. The third place of decimals in the seconds of the 
angles was dropped as unnecessary, particnlarlp since no 
corrections for lieiglit of stations observed upon were iiiade, 
the iiiasimiim 17alue of this correction hei-ig below 0'" I .  

The stations involved and their approsiinnte lieiglits are 
as follows: 

Meters. Pert. 

Wofforrl 267'6 S7S 
Pinnacle I 047.4 j 456 
Paris 626'1 z 054 

l\lanldin 404's I 32s 

Hogback 9S.1'4 3 230 

Raliun I 437'7 4 717 

Blood r 360'4 ' 4 46: 
Skitt  632'7 2 076 

RelatiIie weights to the directions were introduced in 
the same way as lind been eiiiployecl in  the acljustmeiit of 
the Atlanta hase net. Referring to the esplnnatiqn tliere 
given, the valueof the iiieaii closing error of a trisllgle (derived 
frolri 73 cases in the triaiigulation coniiectiiig stations Buf- 

falo, Virginia. and Kenesaw, Georgia) is *5 = =t 1 ~ ~ ~ 9 4  * 

a11c1 the 'pro\)able error of a direction is 0.674 -= = 0'"54 : 

also the average probable error of ail ohserved direction (,see 
a)>stracts:) E , = = ~ o ' " I S .  hence rc"=.(o'54) ' - - (o'~S') '=o'"55, 
rn11ic11 mas sc~cled as a conitant to tlie square of eacli observ; 
ing error. We have c'= .F,'+&,' and the weight #=1/8': in 
order to lilake the average weight nearly unity, the reciprocal 
Lira5 dividecl by 0 . 2 s .  The reciprocal relative weights are 

Currahee 530'2 ' 1 74CI 

4T 
1.94 
$16 

No. 25. 

Kilometers 
10 0 10 20 30 

Statute Miles 
LO 0 10 DO 

- = = e =  

tabulated farther on; the tuiiiimum value of c2 orL is 0'5 and 
the tiiaxiiiiiilii I '3. 

P 
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Ahfroi ts  i?f horizoafol dirt.i-fions of  sfnfions zoi~ijv-isirtg fhc tkirri or  Soirllt cCli.o(irr~z scrtion of flit- 

f r -ioirgirki f ion, rS73-1.377. 

Xiitg; Gaston County, North Carolina. Noveniber 26 to December 30. rS76. arid June 17-25, IS77. 
56"' direction theodolite No. 5. C. 0. Routelle, observer. Circle used in S I  positions. 

64 

61 
62 

63 

Corrections 
. Results of local ad- -'pproxilllate from adjust- Final 

Ohjects o l ~ r v r d .  justnieiit. przr%:F iiieiit of third seconds. 
Xiiiiiber of 
di rectioiis 

. section. 

Azirriuth Mark 0 m 00'000 - C O G 6  ...... 
Benn I 34 43'656 0 ' 2 0  -1-0 .or4 
Poore 4s 36 oS.311 o 3 6  ..... 
ilndersoii 66 51 ChS.SO4 0 '24 ..... 
s o u n g  Ss 3s 53.167 0 '15 ..... 
Wofford ZSJ 16 18.996 0'12 +0'4.14 

Tliicketty 256 or 01 'go5 o '26 ...... 

Mount Mitchell 345 51 56.4 .... ..... 

0.16 -1'724 Paris 253 54 20'09s 

H6gliaCk 307 36 ~ s ' S 9 3  0'16 $0'413 

65 

66 

6.S 
67 

/ I  

....... 
43.670 
. . . . . .  

Poore 90 24 53'479 0 '21 ..... 
soullg 12s 03 37'657 0 '15 ....... 
Aiidersoii 139 52, 09'167 0 -2s ..... 
King rgr 23 17.424 0.16 +0'230 

Wofford 250 34 52'916 0.19 $0'604 

Hogback 2S2 51 27.027 0.22 -0'568 

..... Thicketty 241 16 29.132 @ '35 

Paris 274 57 27'376 0 ' 2 0  +0'705 

, Mount ?vIitchell 342 1s 31'755 0 '43 ..... 

..... 

$3 ' 

59 
60 

55 
56 

57 

I9 '440 
1s '374 
...... 
46 '306 
...... 

Paris o 00 oo~ooo -1-0.07 -0.178 
IvIauldiii 15 44 50'3'5 0.11 -0'03s 
Pinnacle 4 6 ,  26 55'104 0.17 S1.275 
IvIouiit Mitchell 15s 32 15.94 0 '44 ..... 
Renn 20s 54 59'171 0 - 1 2  -0'2S7 
King 243 34 02.34s 0-1s -0'339 
Tliickett y 2.53 55 03'471 0 '14 ..... 
Wofforcl 2Q2 16 22-064 0.17 -0.416 

Emir9 Burke and Cleveland Counties, North Carolina. July 25 to Aiigust 22. IS77. 5oci" cfkection 
theodolite No. 3. C. 0. Boutelle, observer. Circle used in S I  positions. 

0 I / I  I /  I /  / I  

I Reference Mark 0 00 oo~ooo -co.os ..... ...... 
.. 
...... 
...... 
I7 '654 

53 '520. 
2s *os1 

26 '459 
...... 

HCyrba1.k. Greeiiville County, South Carolina. August 16 to September I ,  1S76. 56'" direction theodo- 
lite No. 3. C. 0. Boutelle. observer. Circle used in SI positions. 

o I i r .  I /  r r  
~ 

59 .s22 

50 '2S7 
56 .~SZ 
. . . . . .  
5s 'SSJ 
0 2  .oog 

21 *64S 
...... 
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Absfrncfs 1,f h o r i ~ o ) ~ f d  dirdions nf sfdiarrs coni~ris irr~ the third or Sodh G7rolhir scrfion r!f fhe 
f r imigihf io~i ,  tS~~-rS~7-continueii. 

l ~ ~ f l o r d ,  Spartanburg County, South Carolina. 56"' direction theodolite July 6 to August 7. rS76. 
No. 3. C. 0. Boutelle. observer. Circle used in S I  positions. 

j S  
39 
40 
41 
36 

Nuinber of 
directims. 

54 
50 
51 

52 ' 

53 

Paris o ou o WOO & O ' I O  +0'25S W'3,iY 

Mauldin 46 4S;orjr 0.1; +o '052 4s 349 

Currahee 117 37 ;14y,rS u.:12 +0'269 44'7S7 
Rabuii 153 07 06.9nY 0.14 -to's56 07'764 
Hogback 321 0 2  43'517 o 'zr -0 $37 41 '660 

Objects observed. 

45 
46 

47 

qS 
49 

42 

Thicketty 
King 
Paris 
Piiiriacle 
Hoghack 
Mount Mitchell 
Benn 

- 
Piiinacle 0' 0 3  m ' m  &3.d -@ '079 59.921 
Hogback 94 35 47'974 0.19 +O'-o 47-5/94 
Propst 109 45 43-oSo 0.17  ..... . . . . . .  

Thicketty 142 59 15.29s 0 .17  ..... . . . . . .  
King 144 27 2s-012 0 . 2 1  - - O ' l j 5  27 'ti57 

15s 30 21 $24 0 ' 2 1  -1-0.304 22 '12s Wofford 
Azimuth Mark 229 12 OS.277 0 ' 1 7  . . . . .  ...... 
Mauldiii 30s 16 cu.933 o . . I ~  -0.735 00.178 

Beiiii 115 36 49'945 o'og .+I  '185 5 1  '12s 

Kesiilts of local arl- 
justiiieiit. 

0 I I ,  

0 uo m'mo 
22 25 08'507 

226 .os sS'S53 
235 09 5 9 ' 5 7  
264 37 49.062 
3'110 04 42 

-. 7qs 50 0 2  'ssg 

I /  / I  

c o  'og . . . . .  
0.14 +o*jso 
0 . 1 6  +o+,5 
I J ' I ~  -0 '656 
n.26 +o'S62 

. . . .  . . . . .  
0 . 1 5  -1.343 

Filial 
secoiids. 

.I 

. . . . . .  
og -os7 
59 .$S 
js '481 

49 - 9 4  

or '246 
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A6strm-t~ of hor imnfd  diwclioris l i t  sfdioris coniprisiiig thlc third or Siwfh Cnr-aLiiia secfioii of fhe 

f riniigir /lition . ~$7~;; IS;;-continuecl . 

December S to 14, rS75 17A7i//diii. Pickens County. South Carolina. 5d"'  direction theodolite No .3. 
C. 0. Boutelle. observer. Circle used in SI positioiis. 

33 
3.1 
35 
31 
32 

Nuinher of 
directions. 

Piiinacle 0 00 OO'oucl *om7 fO'022 00 '022 

Hogback 61 33 51.967 0.18 -0 -59s 5 I -369 
Paris 79 zg 12.M2.3 0.16 +r'215 14'03s 

267 13 16.950 o . 1 2  to-112 17.062 Currahee 
Rahun 307 25 59'062 0 ' 1 1  -0 '67'; $3 '3S4 

Objects observed. 

25: 

29 

30 
25 

26 
27 

Corrections 

section. 

Results of local ad- Approxin'ate from adjust- Final 
ju?jtnieilt. pz!zE'e iuent of third seconds. 

Wallialla 0 00 oo'ooo C O ' O S  . . . . .  

Skitt Sn 53 21 '496 0.17 +1*02; 

Currahee 5 1  48 33'214 0.2o -0 '351 

Yonah Hg gr 56'194 0 ' 2 3  ..... 
Blood I I O  31 24.370 0 . 3 1  --0 '354 
Piiinacle 304 59 5s.119 0.15 -@ 'gsi 
Paris . 3'5 13 0 1  '555 0 ' 1 2  -0 -22n 

Mauldiii 32s 05 55.177 @.I4  t o  .s3o 

22 

23 
24 
IS 
19 

2 0  

21 

Aziniuth Mark o OCI v-m &0'07 . . . . .  . . . . . .  
Pinnacle 9 31 57'621 0.11 ' -0 *042 57 '579 

'Mauldill 27 54 22-374 0.14 +0'369 22 '743 
Sawnee 209 $3 29'255 0.14 -@ '552 2s '70.3 
Skitt 229 04 06-507 0'16 -0 '432 06 '075 

o -25 . . . . .  . . . . . .  Yoiiah 254 59 47 '74; 
Blood 25s 14 og-621 0-15 +o*66r IO .2s2 

Rahuii 331 49 W'24S 0'17 -6 ogo 50 'r5S 

Paris 26 O t  03.1'77 0'14 +O'OSS 00'262 

I /  

. . . . . .  
32 :S63 
22 '5 I9 

. .  
24'016 

57 '132 
01 '335 
39 '007 



Blood, Union County. Georgia. June 30 to July 15, 1S75. 5&m direction theodolite No. 3. C. 0. 
Boutelle, ohserver. Circle used in S I  positions. 

15 
16 
17 

13 
14 

Number of 
direktions. 

Yonah 0 00 00'ooo f0.d 
Skitt 23 53 12.312 0'17 
Sawnee SI 25 11'71Q 0.19 
Grassy 113 23 06.& 0.22 

Cohutta 167 15 31'393 0.19 
Rabun 307 42 . I5 '079 0.14 
Currahee 355 23 50'761 0'15 

Objects observed. 

7 

5 
6 

Corrections 

section. 

Results of local ad- Approni'llate from adjust- Final 
justmeiit. PZ;::'' nient of third seconds. 

Sawnee" o 00 oo~oin k0.07. +0*228 00.22s -o'ogv 00.131 
Johns 131 59 17'050 0.26 . . . . . . . . . . .  . . . . . . . . . . .  
Cohutta 1S3 15 38.960 0-1s -0'032 3S'gzS . . . . . . . . . . .  
Blood 26: 37 2S.061 0.15 -0.032 2S.029 -1'33s 26'691 
Skitt 297 13 10'620 0.16 -0*032 ro'5SS +1'532 12'120 

.- / I  

..... 
-0 .-lo3 
+0 '353 
+0.4So 

..... 
-0 '221 

-0.195 
f o".g$. 

theodolite No. 

/ I  

. . . . . .  
I 1  '909 

06 '760 

rq *s5s 

I2 'I01 

. . . . . .  

50 566 

j. c. 0. 

I1 

I2 

S 
9 

I O  

Boutelle, observer. Circle used in XI positions. 
0 I / I  I I  I /  / I  

Yonah 0 00 00'ooo. k0.09 ..... . . . . . .  
Rabun 33 56 23.941 0.16 -0.105 23 'S36 
Currahee S2 05 53'452 0.15 +o'51o 53'962 

Grassy 264 50 54'066 0.14 --c, *jo4 53 '762 
Blood 519 45 17'372 0'15 -o*ogi 17.2So 

Sawnee 230 31 07-207 0.17 -0-oog 07'19s. 

Probable error of a single ohserration of a direction ( D .  and R.), e,= f o"*S4. 

4,  IS;^. 7sCm direction theodolite No. I and 5oCm direction theodolite No. 3. 
observer. 

S&ii~-c, Forsyth County, Georgia. Octoher 7 to Novernber 12, 1573. and November 26 to December 
C. 0. Boutelle, 

Approxi- Kesllltillg fCo'rections 
objects observed. Results of station mate roin adjust- Final 

adjustment. probable *y: nient o 3d seconds. 
section. justnient. 

I 

2 

3 
4 

Azimuth Mark 
Alcova 
Grassy" 
Blood 
Yonah 

~ ski t t  
Currahee 

0 

0 

5 

191 
240 

263 
27.3 
2S6 

I 

00 

59 
al 
44 
I1 

57 
09 

/ I  

-fo '005 
+o -005 
-0.244 
+o .m5 
+o .OOS 

-fo '005 
+o '00.5 

I /  

00 '005 

5 0  .nos 
25 -910 
00 '569 
3s '049 
55 '373 
07 '233 

II 

..... 

..... 
-0 -1og 

$0 ~soo 

-0 'I 24 
-0 '155 

..... 

/ I  

...... 

...... 
25 *So1 

01 '369 

55 '251 
06 '77s . 

...... 
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@b.w.:atioiz t-qzint ions. 

169 

I 
I1 
111 
IV 
v 
VI 
VI1 
VI11 
IS 
s 
S I  
SI1 
SI11 
SIV 
X V  
SVI 
YVII 
SVIII 
SIS 
SY 

S S I  
S S I I  

S S I I I  
SSIV 
Y X V  
SSVI 
SSVII 
SSVIII 

X S I S  

SXS 

S S S I  

SXXII 

sssr11 

XSYIV 

N. B.-The 6 equations. S S I T I  to SSVIII, refer to the 2 quadrilaterals iti the old work. of which 
no further use is niacle here; The nurnljered corrections are as follows: at Kiug, Poore (69), I'oung 
(70); at &JIB,  Poore (71), Young (72): at J ~ Z I I I K ,  King ( 7 ~ ) ~  Benn (74), Poore (75), Buffalo (76), 
Moore (77); a t  Poor-e. Buffalo (7S), Moore (79)* Young (So) I King ( ,SI),  Beiin ( S z ) :  at Afoort?, Soung 
(Ss), Poore (84), Buffalo (Sg); and at B/iflt~/o, Moore (S6), Soung (S7), and Poore (SS). 



XXXV 

XXSVI 

SSSVII 

XXSVIII 

X S S I S  

SL 

SI41 

I 

2 

3 
4 
5 
6 

7 
S 
9 
IO 

I 1  

12 

13 
14 

f.5'3 +I -2  -2'3 
+ 5 ' 2  C2.l -2 '1  

+6 'I -? 
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1 72 
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1'0 +0.2gOs 

1'0 +O'OI75 
1'0 -0'1220 

I '0 +0-2850 
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No. Statious. 

+I '92 07 S g  2 -64 
fo.38 35-87 7-65 

Woff orcl 
I 1 Beiiii 

King 

Hogback 
L 1 B ~ I I I I  

King 

Paris 
j [ Ben11 

Ki!ig 

4 '705 r36 6 50 715 ' 02  

~ ' S O C I  210 3 63 126.29 

\votFord 
Hogliack 
King ' 
Hogback 
Bciiii 

Woff orcl 

Paris 
King 
Woff ord 

Paris 
Ho$hack 
Beiiii 

-0.43 24-23 2'65 

Paris 

King 

4 . s ~ ~  901 2 71 763'10 

9 

IO 

I1 

I2 

Paris 
Benn 
Wofford 

Paris 
Hogback 
Wofford 

Piniiacle 
Hogback 
Paris 

Piiiiiacle 
Hoghack 
Wufford 

Observed 
angles. 

Q I I1 

43 35 os.92 
59 06 35.49 
77 IS 24'66 

34 39 03.1s 

53 57 57.76 

83 29 09'95 

91 23 n g . 6 ~  

28 50 3S.07 

67 40 23'56 

49 .5i 40.04 
116 25 57'65 
13 42 2 5 5 0  

42 53 31 ass 
24 22 34'46 

63 54 33% 
77 . 43 37'94 
3s 21 50'21 

1x2 44 03'74 

3s 57. 16'45 
46 26 55-10 

94 35 47'97 

26 31 37.26 
124 IO 33 '04 

29 17 49.92' 



NO. Stations. 

'3 

14 

15 

16 

I7 

IS 

I9 

Pinnacle 
Wofford 
Paris 

fiIauldin 
Hogback 
Paris 

Mauldin 
Pinnacle 
Hogback 

Mauldin 
Pinnacle 
Paris 

Rabun 
Pinnacle 
Paris 

Rahun 
Paris 
Mauldin 

Rabun 
Pinnacle 
Mauldin 

Currahee 
Pinnacle 
Paris 

Currahee 
Pinnacle 
Maulcl i n 

22 

Currahee 
Paris 
Mauldin 

Currahee 
Rabun 
Pinnacle 

Currahee 
Rabun 
Paris 

Observed 
angles. 

0 I II 

12 25 jg.20 
9 03 60.2s 

15s 30 21 S 2  

17 55 20S6 
15 44 50'32 

146 19 47'04 

61 33 51'97 
s7 44 04'47 
30 42 04.78 

79 29 12.52 
4s 46 4S.02 

51 43 59'07 

10 I3 03'44 
153 07 06-91 
16 39 50'55 

12 52 36'62 
35 04 oS.49 

132 03 13'76 

23 05 ~ 0 . 0 6  

52 34 m.94 

16 29 02.56 
I J 7  37 44'52 
45 53 17'70 

IS 22 24'75 

ra 20 18Sg 

6s 50 56-50 
92 46 43'05 

I 53 22'20 

5 so 41'36 
172 15 55.87 

37 42 07'37 
Io6 4s 35'10 

35 29 "2'39 

54 1 1  q . 9 3  
96 35 31 '66 
25 13 27.13 

Correct- Spher- Spher- 

tion. angles. excess. 
ical ical 

II I I  I /  

+ o y  40.10 0.4; 
--I '29 58 'cjg 0.43 
+0'3S 22 '20  0.43 

+I.SI 22.67 0.31 
+ O Y ~  50.46 0'32 
i-0'7S 47 'S2 0.32 

-0.62 51 '35 0.94 

fo .92  05'39 0'94 
+1*31  06.09 0'95 

4-1 '19 . 14 '01 0.52  

-0-23 47.79 0-52 

$0'65 59'75 0 . 5 1  

+0*76 01.20 a.6; 
+o%c 07.51 0.63 
-0.40 .jO'IM 0.63 

+r'os 37'67 0.96 
+ I  .OS 05'56 o 9 6  
+ I  '90 1s '66 0'97 

+ I S 2  41 .ss 1.3s 

+o $2 19 *71 r '07 
S0.70 01.64 IUS 

+o*J; 02'69 I .93 
+o.o1 44.53 I '93 
+o'S7 rS.57 I '93 

fo.41 25.16 I .62 

-0.09 42 *96 I .62 

$0'29 22'49 0.21 

-0.19 41 '17 0 . 2 1  

+ I - X O  56.97 0 '21  

+o'o5 07'42 2'04 

$0.63 35'73 2-05 

+0'24 56.74 1'62 

+0'59 22.9s 2 - 0 4  

4-0.17 10'10 3-34 
-0.13 3' '53 3'35 
+I '27 zS-40 3'3.1 

DktrtllCeS in Log. 
distances. meters. 



THE MAIN TRIANGULATION. I75 
Rmrlfirrg anp-les mid sides of Ihr Ihirif 01' Sodh Carolina st-cfiori o j  fhc fr.iliii.~irlafion-continued. 

NO.  Stations. 

Currahee 

Mauldin 

Rloocl 
Rabiin- 
Ciirrahee . 

Skitt 
27 1 Rahun 

25 1 Rahuii 

Currahee 

i;100d 

Skitt 

Skitt 

Ciirraliee 

Sa W I I C ~  

29 1 1310Od 

Currahee 

32 

33 

34 

35 

Saw nee 
Skitt 
Curraliee 

Sawnee 
Eloocl 
Skitt 

Grassy 

Skitt 

Grassy 
Skitt 
Saw nee 

Grassy 
Rloocl 
Sawliee 

moos 

Observed 
angles. 

0 I II 

56 04 32.13 
83 42 55.04 

47 41 35.6s 
$3 12 51.16 
73 3.5 40.63 

4s 09 25'51 

40 12 42.11 

29 04 4S.25: 
102 45 43 '74 

76 10 57'23 
29 3s 02.S7 
74 J r  a6-57 

122 2 0  36.08 
25: 29 21.55 
29 IO 03.11 

45 25 06.66 
S6 01 20'*96 
4s 33 40.37 

12 I I  11.S6 

14s 25 13'76 
'9 23 37'25 

33 13 54.Sr 
57 37 59'41 
89 14 10'16 

35 35 42-56 
s9 29 53'97 
54 54 23-31 

62 46 49'64 
34 . 19 46% 
s2 53 29'47 

98 22 32'20 

37 57 54.56 
49 39 34'66 

Correc- Spher- Spher- 

tion. angles. excess. 
ical ical 

I I  I! II 

+0.46 32'59 2.59 
- 1 . 1 9  53'55 2.55 
-0'79 41-32 2.5s 

+0'02 35 '70 2 '25 

0-00 51'16 2.25 

-0.75 39SS 2.24 

Log. Distmccs itr 
meters. distances. 

4.6Sg 2Y5 I $3 597 'j3 

$0'34 44.0s I '29 

-0.1s 57.05 I .70 
- - I  .38 01 I '70 
-0.01 06-56 I '70 

+o.61 36.69 0'75 
-0'21 21'34 0.74 
+ I  'og 04 ' 2 0  0'74 

- I  '26 05 -40 2 'Sq 

+o$ 21 '54 2.s4 
+ I  '21 41.5s 2.Q 

-0.34 11.52 0.71 
-0.52 13.24 0 . 7 1  
+ 0 7 2  37'37 0'71 

-0.92 . 'Sg I *jg 
+0*7S 60.19 I *3S 
-0-0s 10.0s 1-39 

+ o s  54-95 1-27 

+2*S7 45.43 I '26 

+o '21 23 '52 I '27 

- I  '63 4S.01 I '34 
-0.30 46.56 1 '34 
-0.01 29'46 I '35 

+ I  '24 33 '44 I '23 
$0'10 54.66 I '22 

$0'91 35'57 1 '22  

1 .,So6 272 g 64 or j -69 

4 Sa5 272 8 64 013.68 
4.513 146 5 '  32 594'66 
4%2 267 6 63 426.04 

4.752 074 5 56 503'39 

4.513 146 5 32 m . 6 6  

4'89s 401 0 79 140.91 

4 'gqj S o r  I 31 ~ ' 7 6  

4'752 074 4 56 503'38 

4'774 3" 9 59 471 '92 

4'503 9 31 900'75 
4.SgS 101 0 79 140'91 
4.700 53s 9 50 ISo.95 

4'513 146 5 32 591'66 
4.700 539 0 50 1So.96 
4'774 3x1 9 59 471 '92 

4'513 146 5 32 ssw-66 
4-74s 161 S 55 996'62 
4-661 q 1  I 45 s1S.84 

4'700 535 9 50 Is0.95 
4.502 751 S 31 S z j * j S  
4.745 161 8 55 996'62 

4 '774 31 I 9 59 471 '92 
4 302 751 S 31 S23.7S 
4'661 3 45 818'86 



I 76 THE E.4STERN OBLIQUE ARC. 

Arljirstrrrrrit f thc position of d h i i t  Mih-hcll b ~lior-th Caidiiitz, zS+ZS~S. 

NO. 27. 

I 

Kilometers 
10 0 10 50 30 W 6 0 6 0  70 80 

Poore 
Benri 
hlount Mitchell 
Rogers 

Statute Miles ' 

1 0 s  0 10 10 30 
--- - - - - - 

40 60 

2 

Objects observed. Nuinher o f  . 
directions. 

King 
Benn 
nlount Mitchell 
Roan 
Rogers 

3 

King' 
Wofford 
Hogback 
Mount Mitchell 
Roan 
Poore 

Directions lrarll pre- Correc- 
vious atljustiiieiits. tions. 

0 I I I  I /  

0 00 00'00 .... 
50 00 44.w .... 

103 30 25.24 -4.94 
307 22 59.4; . . . .  

0 00 00'00 . . . . .  
3I 55 20 '57  . ._.  
64 IS 17-14 fo-37 
S4 56 13-76 .... 

144 19 49.h . . . .  

0 00 00'00. .... 
59 06 35.S7 . . . .  
91 23 0 S . h  . . . .  
150 50 1.3'90 +535 
ISI 5s 00.63 . . :. 
25s 56 56'11 .... 

Filial 
seconds. 

I t  

..... 

. . . . .  
20 '30 
. . . . .  

. . . . .  

..... 
17 '51 
..... 
..... 

..... 

..... 

I9 '44 
..... 
..... 



MOUNT MITCHELL. 



4 

Correc- 
tions. 

r I  

.... 

.... 
-4 '99 

.... 

.... 

.... 

.... 
-5 'IO 

. . . .  

.... 

.... 

.... 
-5 '27 

Wofford .o 00 00'00 

Hogback 23 2 0  26S7 
Mount Mitchell 61 35 36-94 
Benn 77 IS 24'23 
Poore 124 19 4S.64 

'Final 
seconds. 

/ I  

..... 

..... 
31 '95 
..... 
..... 

..... 

..... 
27 -76 
. . . . .  

. . . . .  

.... 

. . . . .  
I1  '57 

5 

Ping  0 00 00'00 

Hogback 242 02 40.s4 
Mount Mitchell 277 39 32.S6 
Benn 316 24 52-16 

6 

Benn 0 00 00'00 

Wofford 73 21 22-76 
King . 34 39 05-12 

Mount Mitchell 309 37 16.Q 

I 

2 

3 
4 
5 
6 

-0.92 

-1 -S6+11 '35- 5'02 

+3'gS- 5'S7 

- 16 *zS+ I I '69-4 '03 

-4 'I7 
- 3'17+S'47 



I75 THE E A S T E R N  OBLIQUE ARC. 

No. 

I 

9 - 

0 I I /  

Mount Mitchell 95 22 . . . . .  
Roan 53 24 41 *-XI 

Beiiii 31 07 46-73 

Mount Mitchell 39 30 . . . . .  
Poore 32 22 56'57 
Benii 10s 05 22.2: 

Mount Mitchell 
3 Poore 

King 

Mount Mitchell 

Wofforrl 

Mouiit Mitchell 

Hogback 

1 
1 4 King 

52 57 ..... 
64 IS 17.14 
62 44 1 1  *io 

34 @4 . . . . .  
61 5s 36.94 
82 30 27.14 

20 jg ..... 
35 36 52.02 

12; 44 05 '92.  

7. FIRST SECTION OF T H E  TRIANGULATION WEST OF T H E  ATLANTA BASE NET, 
GEORGIA AND ALABAMA, Is73-1875. 

No. 2\. 

* Kilometers 

Statute Miles 
lo 30 so 40 10 BO 

This triangulation is located iu Georgia and Alabama, and is of the saine complex 
character as the Atlanta base net. It de~xnds for the length of its sides upon the 
Atlanta base. and on the accompanying sketch is shown, by two heavy lines, the 
coniiectiori with the base net,:!: The section clepeiicls for. the lerigtli of its sides directly 

- 
* 'I'he coinpiitation arid adjiistiiierit iiiade in IS~S aiid retaiiieil here 113s 110 correctioiis applied to [lie directioiis for 

height of statiolis observed. These are tam siiinll i i i  c@rripari?;Oii with the ohserviiig error to require aiiecinl coiieideration. 
In a new coinputation it woiild have sirfhced to liiiiit the setarrrls of the airgiilar directioiis to two places of deciiiials. 



THE MAIN TRIANGULATION. = 75 
upon the Atlanta base. The ziigles mere iiieasured 
by Assistaiits F. P. Webber and C. 0. Boutelle. i n  tlie years rS73-74-75, and five 
different instruments were employed. Weights to  the several directioiis ye re  intro- 
duced in the adjustment, depending in part on the approsimate probable errors of 
the observations at a station and in part 011 the closing errors of the triangles. We 
have the meaii error of a triangle from the sui11 of the squares of the closing errors 

=J- --f1"'69, aucl that of an angle - - fo '"g7:  also the probable error of a direc- 

I '69 
tion = 0'674 - = f0" .46.  From the approsimate probable errors of the obsenied 

. 4 6  
directions, as given in the abstracts of tlie respective stations, me have the average 
value E ,  = + o'"r8, hence the square of the triangle cotiibitiatioii'error fc'= (0'46)' 
- (O*IS)= = o'IS, slid adding this to the square of E,. we have &'= I '~+=E:+E:, whence 
the relative weight j to each direction. We have also the ratio of the greatest to the 
least weight 2-53 to I .  

I t  is composed of 22 triangles. 

62.586 - 
22 

The approsiniate heights of the stations above the Atlantic are as follows: 

7 
S 

Cariies 
Lavender 
Johiis 
Iiidiaii 
Gulf 
Rraiirloii 

Sweat Mountain 0 CQ 00O'o4g ..... ..... 
Cariies 224 20 , 15'063 -2.019 1 3 . ~ 4  
Laveiirler 252 07 0~3'702 +2'009 02'711 
Piiir Log 303 37 22.129 ..... . . . . . .  

Meters. Feet. 
396.9 I 302 
515'2 I 690 
577'4 1 sw 
605.4 I gSo 
673'3 2 :?o9 
511.s I 679 

Niirnber of 
directions. Ohjects observed. 

Carlies 
Incliaii 
Coosa 
Laveiicler 
Gulf Point 
Johns 
Cohutta 
Grassy 
Sweat Mountain 
Kenesaw 

0 00 00'ooo 

22 jo 38.597 
36 17 31'507 
46 2s 35'5oS 
70 19 502k 
s4 39 13"13 
141 29 12.S4g 
19; 10 3 9 . 4 9  

30s 19 39-12s 
2s.5 37 11 '339 

Meail correction 

-0 '7 IO 
+ I 'OyJ 

+o '225 

+o *-+7 I 

. . . .  

4-0.251 

. . . . .  

. . . . .  

..... 

. . . . .  
-- 
+o '253 

59 ' 2 9 0  
39 '627 
. . . . . .  
35 '733 
50.53 I 
3.; .6 I 1 
. . . . . .  
. . . . . .  
. . . . . .  
...... 



I so THE EASTERN OBLIQUE ARC. 

Absfnrcts of hoi-izontonl dirt-ctions at sfatioirs caiirposiirg W e  finf sei-hair iivs.4 of fhe Atlalnlrfn base. nei, 
1,cij-rS;5-c011tin~ied. 

7sCm direction theodolite Sit~irl JIormkrirr, CoSb County, Georgia. September IO to October 3, 1S73. 
No. I. F. P. Webber, observer. 

Number of 
directions. 

I 

Objects observed. 

Kenesaw 
Carnes 
Pine Log 
Grassy 

Gp.assy, Pickens County, Georgia. 

9 

Sawnee . 

Sweat Mountain 
Genesaw 
Pine Log 
Johns 
Cohutta 
Elm1 
Skitt ' 

Resulting directions ~ ~ ~ ~ ~ ~ f -  
from prerious ad- ment of first seconds. justment of net. 

0 / / I  I /  I I  

o 00 0 0 ~ ~ 1 6  ..... ...... 
32 34 43.017 -0-203 42.514 

..... ...... 100 54 55'552 
14s 16 24'564 ..... . . . . . .  

July 13 to 28, 1S74. 56"' direction theodolite No. 3. 
Boutelle, observer. ' 

/ I  0 I I1 

0 00 00.22s ..... 
43 29 35'930 ..... 
51 39 31.927 ..... 
S6 41 37'784 ..... 

131 59 17.061 -2.193 
18; 15 3s.93 . . . . .  
261 37 2S.06 ..... 
297 13 10.62 ..... 

' c. 0. 

I I  

...... 

. . . . . .  

...... 

...... 
14 $68 
...... 
...... 
. . . . . .  

Corircs, Polk County, Georgia. November 17 to December 27, 1S73. 
No. 32. F. P. Webher. observer. 

3em repeating theodolite 

Number of 
directions. 

IO 

I 1  

I2 

'3 

Objects observed. 

Kenesaw 
Lost Mountain 
Indian . . 
coosa 
La vender 
Pine Log . 

Pine Mountain 
Sweat Mountain 

Results frolll local Approximate Corrections 
probable froin adjustment , ~ ~ ~ & .  

adjustment. error. of Brst section. 

0 

0 

7 
1.3; 

230 
232 
310 
317 
34s 

I I  

00 'ooo 
4s 'I39 
53 '$3 
00 '691 

2 '737 
24 '950 
30 '451 
27 '327 

I /  

-Lo 'IO 

0.14 

o .16 
0 '12  

0'12 

0 .IO. 

0 '14 
0 'I2 

I! 

-0 '456 
..... 

-1 '335 

$0 '920 

--0 ' 4 5  

+o '933 

. . . . .  

..... 

.. 
52 -03% 

13 -667 
24 '905 

2s '261 

...... 

...... 

Mean correction -0 ~ 0 2  



THE MAIN TRIANGULATION. IS1 

.qbstrlzcts OJ horixvitnl dim-tioas 171 stalioms corriposipflg fhc first st-ctiori west of thr Atkin fa base 11c1, 

Lmuidcr-, Floyd County, Georgia. October 12, 1S74, to January 30, 1575, and August 6 to 12, 1875. 

1B73-'~75-continuecl. 

3oCn' repeating theodolite No. 32. F. P. Webber, observer. 

29 
30 

31 
32 
35 

27 
ZS 

Num her OF 
directions. 

Lavender . o 00 o o m o  c 0 . 0 6  -0.244 5 9 6  
Johns 3 I4 05 '050 o -17 -0.176 04 'S74 
Cohutta I5 2s 22'9 .... ..... ...... 
Coosa 16 44 04'052 0 ' 22  . . . . .  ...... 
Pine Log 44 32 11 '956 0.15 +I"I I3  '947 

Carnes 74 49 05.144 ' 0 'I5 -0 yq  04 -640 
Cheehahaw *  IS^ 16 07'563 . . . . .  ..... ...... 
Aurcra 259 21 4s-653 

Gulf Point 335 22 '53'053 0 '15 -1 '418 5 I '635 

Kenesaw 72 53 43.127 0 ' 1 2  S O . 7 2 9  48 -556 

0 '12  . . . . .  ...... 
Braiidon 301 16 21SS3 o '16 -0 '397 2 I -456 

-- 
Mean correction -0 '003 

20 

21 

16 

I7  
IS 

Objects Oh5en'ed. 

Pine Log 
Pine Mountain 
Genesaw 
Cariies 
Coosa , n ~ r k  
Illdiali 
Weisner 
Braiidon 
Gulf Point 
Joliiis 
Coliutta 

Resll,ts local ApprOSiIllate Corrections 
prohahle from adjiistmeut szG:s. 

error. of first section. adjustment. 

0 

0 

17 
30 
55 
63 

I11 

137 
ISY 
244 
297 
3'6 

I 

OCI 

49 

IS 

25 

29 ' 
35 
35 

20 

I O  

42 
04 

It 

00 'ooo 
59 'I35 
51 'I97 
IS '473 
3S.3'5 
54 '716 
38 '33 
31 '660 
24 '069 
46 '291 

49 '376 

I /  I /  

c o  '07 4-0.324 
o -16 . . . . .  
0'11 - I  '05s 
0 ' I O  -0 '267 

0 'og 
0.09 40.234 
o '32 ..... 
0'0s 40'171 
0'0s $-0*673 
0'11 -0 *I& 

..... 

0 ' I2 ..... 

50 "39 
IS '206 
. . . . . .  
54 '950 

31 'S31 
24.742 
46 .IS; 

. . . . . .  

...... 

Mean correction -0 n~ 

Johrrs, Walker County, Georgia. May JZ to Julie 21, 1S75. 3oC" direction theodolite No. 107. F. P. 
Webber, observer. Circle used in SSI positions. 

0 I I /  I ,  I /  / I  

00 '394 26 I Gulf Point 0 00 O C I ' ~ 3 0 0  *0 ' IO  +0'3% 
Pigeon 
High Point 
Cohutta 

2 2 .  Grassy 

23 
24 
25 

Pine Log 
Iiirlirrii 

Lavender 

.... ...... 

.... ...... 
145 15 56.S . . . .  . . . . .  ...... 
191 23 03'153 0 '20 ---I *2-p3 5s '913 
217 34 29'722 0.24 4-0'672 ' 30.394 
294 07 26'733 0.16 +0'247 26 '9Yo 

0 '20 -1 .I02 13 '455 297 06 13'557 

- 

-- 
. Mean correction -0 .a% 



IS2 THE EASTERN OBLIQUE 'ARC. 

.-lbsi: 17t.tS qf itoi'izorz fal dirt.<-fiurts ( i f  s f t i f i o r t s  corrtpusiii,~ the fir-sf sscfion west t!f fhtx .-Itla~zfiz bosc rtt-t, 
/ST:-rST5-ccjiit inued . 
September 14 to October 9, rS75. Gti(f-Puiitf, Walker County, Georgia. 

10s. 
jn"" direction theodolite No. 

Circle used in SVII positions. F. P. Webher, F. D. Granger, an? J. H. Christian. observers. 

Niiniher of 
directions. 

34 
35 
36 
37 
35 

Olijects observed. 

High Point 
Pigeon 
Coliutta 
Johns 
Pine Log 
Lavender 
Indian 
Brandon 
Guiiter 

Approximate Corrections 
Kesillts local probable from adjustinrrit s ~ ~ ~ ~ ~ s .  

adjiisttiieiit. ~ r r o r .  of first section. 

O I  

0 IW 

2s 39 
55 29 
75 49 
99 0.1 

139 23 
162 05 
210 os 
250 n-1 

If I f  

- +0 'OS . . . .  
0.32 . _ . . . .  
o '16 . . . . .  
o '25 -1 '391 
0.1s +0'959 
0 . I 4  -0 '13s 
0 '20 +o '362 
0'17 +o'n54 
0 '45 . . . . .  

Mean correction -0 . q I  

--- 

f I  

...... 

...... 

. . . . . .  
35 '360 
15 '10s 

29 $66 
54 '332 

59 '565 
...... 

Bmnduit, I )ek~lb  Cuuiity, Alabaula. December 6 to 26. 1875. 50~"' direction tlieorlolite No. 10% 

F. P. Webher. observer. 

39 
40 
4 1 

I 
I1 

I11 
I \' 
V 
VI 
VI1 
VI11 
IS 
s 
XI 

Aurora 
Gunter 
Gulf Point 
.La vender 
Indian 
Weisner 

Q I I f  f I  I f  / I  

0 00 00'0oO - +o 'I I . . . . .  . . . . . .  
61 36 36.507 ' 0'19 . . . . .  . . . .  . 

222 49 54'4$ 0 '30 +o .I$ 54 '576 
266 00 4 3 - m ~  0 ' 3 1  +o 43 '165 
293 13 43.092 0 '21 . . . . .  ... . . .  

16s IO 14.156 0.36 -0'3$ 13 %IS 

Mean correction -0 '01 I 

06ssr~wfioit  qiaatiorts. 



correlate equations are as follows: 

Direc- 2 Direc- 
tion. p tion. 

T 1.13 12 

2 u.ys 13 

3 0.w 14 
4 o'S6 15 
5 13 'S9 16 
6 0.90 17 
5 1'43 1s 

.'j 2'15 '9 
9 1 .I4 20 

in c.) 'y 21 

I I  0.S9 23 

The average value of equals I .  P 

I - 
P 
0 'S7 
o '90 
O ' S j  

0.87 
o .S6 
0 -56 
0 59 
0 'SS 
0 .SS 
0 'S7 
I "0 I 

Direcl _T 
tion. /I 

23 1 'OS 

24. 0 '95 
25 I '01 

26 0 s  

27 0.94 
2s 0'93 
29 o-Sg 

50 0.96 
3' 0'93 
32 oSg 
33 4'93 

Direc- 
tion. 

34 
35 
36 
37 
j S  

39 
40 
41 

1 - 
P 

0 '97 
o '92 

0 '96 

I 'I1 

J '01 

I '40 
I .24 

I '26 

Cir Crr Cig C14 

+3'iR - 2 ' 0 3  -1 '75 
+4 '.35 + 2 ' j O  ' 

f 4 ' i . I  - 5 . 0 5  - I  '71 

+ i .3  
...... ...... ...... ...... + J ' l j  - 1 . *  ...... 

+J'41 

+s '59 

...... ...... ...... ...... ...... ...... ...... 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

- 1 ' j Q  

...... -1.98 

+ 1 '9s 
+ I  ' S j  

+ 5 ' 3  
+5 '$3 

. . . . . . . . . . . . 

. . . . . . . . . . . . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
-. 1 $3 

-1.M +l'aa 
- 1  '72 

fg  '63 + 1 '9.1 . . . . . . . . . . . . - I  '94 

+5 .s4 -1.94 
+ 6 m  - 2 . m  +?'m 

+ 6 ' 4  + ~ . 3 6  
+6 '50 

...... ...... ...... ...... ...... 



No 
- 

I 

3 
4 
5 
6 
7 
S 
9 

I O  

I 1  

12 

13 
14 
'5 
16 

17 
IS 

19 
20 

21 

22 

23 

= +s.o2j 

+s=7  
+ I  '425 
-0 '701 
-1 '290 
-0 '7.* 
+0'219 

--I 3 1 4  

... ..... -Q'I2193 ... ...... . +@'I2193 

-0'07413 -0'07413 

. . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . 

+o':273r 
-0'26527 
-2'93477 

. . . . . . . . . . 
- 0 .zssjp 
-0'17042 

+U'Y549 
+%'341Q 
. . . . . . . . . . 

+o 'oscy 
-0'20573 
-3'55724 
+0'55927 
-0 .os.y 
. . . . . . . . . 

-0'20311 
-0 '203' 1 

+58'16?26 
+61 yS7S4 

+Q '257k$ 
+0'42i* 

--o '0J750 

. . . . . . . . . 

-0 '05975 
-0 '03653 
+0'01375 
4-1 '44710 

+o . S * O  

+o '@%p 
-0 '$0776 

. . . . . . . : . 

+0'9'?717 
-Q'l0495 
. . . . . . . . . . . . . . . . . . 

I /  

- 0 . 2 0 2 s  

-0 '7101 + 1 '0297 
fo.2247 
+o'2512 
-t 0 '4706 
--.2 Tl1Sg 
+2 'a0g-I 
-2 .I929 
-1 '3445: 
$0.9197 

The average weight being uiiity. we have the probable error of an observed clirec- 
tion = + o'"79. 



NO. Station*. 

Carlies 
Pine Log 
Kenesaw 

Carlies 
Pine Log 
Sweat Mountain 

Carnes 
Sweat b1outitain 
Kenesaw 

Lavencler 
Pine Log . 

Keiiesaw 

Lavender 
Kenesaw 
Carnes 

Lavender 

Carires 

Joliiis 

7 1 Grassy 
Pine Log 

kwender 

Pine T,og 

9 

IO 

I1 

L2 

hdiall  
Lavender 
Pine Log 

Iiirlian 
Joliiis 
Pine Log 

Lavender 
Johi~s 
Indian 

Iiirliaii 
Pine Log 
Carlies 

olnerved angles. 

0 I I /  

49 02 35'050 
51 40 20.S72 
79 17 07.066 

37 17 02.377 
74 22 ~S.661 
6s 20 i3.535 

I 1  45 32'673 
32 34 43.001 

I35 39 

30 20 51'197 
9s OS 56'3So 
51  50 21.427 

24 57 27'276 
27 46 45'639 

55 IS IS.473 
46 2s 35'50s 
7s '3 I2 '20,; 

127 15 47'253 

26 11 29'569 

45 17 .39'277 
10'3 30 56'266 

62 17 1 3 . 7 3  

79 31 43'$35 

44 32 11 '956 

23 57 56'911 

3S I I  07'635 

I I I  29 54'716 

41 IS 06'936 
76 32 57'011 
62 og 04.546 

2 5s 46'S24 
3 14 @5'050 

22 30 3.5'597 

I73 47 d . 4 2 5  

30 16 53'1% 

127 12 31'567 

Spher- Spher. 
ical icall: 

tio'is. angles. excess. 
I /  I /  / I  

-0.411 34'639 I '295 
--o'71o 20.162 1.295 
f 2 ' O I S  09.- 1'295 

+I) '979 03 '356 I '34s 
-0*710 47.951 1-349 
+0'203 12'73s I '345 

-I '3y1 31 '2S3 0.362 
-0.203 42 '79s 0.362 
+2-o19 4 7 m 5  0.362 

-1'$32 49*S15 1.946 
+o*225 56.605 I 'gqj 
-2 'O iO 19'417 1.946 

$-0'791 2s.067 1 '204 

+4m2S 49'667 I '204 

--I -376 45 'S77 I '203 

-0.591 17'8S2 I S 5 1  

+ 0 ' 9 x  36.443 I .Ss4 
-0-965 I I  '23s I 'S55 

+1'912 31.451 1.433 
-2.193 3 7 . 4  1.453 
-0'471 55 '795 1.454 

+-0*432 r4.141 1.695 
-0.773 43.~62 I '694 
+0*2$ 07-SSr I '695 

$2'235 14.191 1.641 
- o q r  54.625 I -640 
-o.Sog 56.106 1.641 

+2'167 og.073 3-215 
-0.425 56.556 3 '216 
-0'559 03.937 3'215 

+0*342 oS.767 0'120 

-0'345 46.476 0'120 

+ o r 6 7  ~ 5 . 1 1 7  0.120 

-2'495 50'6993 1.299 
+ I  '740 40.337 1.299 
+ I  '299 3 2 . M  I *zgS 

Log. dis- Distaiices in  
tances. meters. 



I S6 THE EASTERN 0H.LIQUE ARC. 

No. Stations. 

I4 

Indiaii 
Lavender 
Carnes 

Gulf Point 
Johns 
Pine Log , 

Gulf Point 
Pine Log 
Lavender 

Gulf Point 

Lavender 

Gulf Point 

16 1 Johos 

IS 

19 

20 

21 

Gulf Point 
Lavender 
Indian 

Gulf Point 
Johns 
Indian 

Brandon 
Lavender 
Indian 

Brandmi 
Gulf Point 
Lavender 

I nrt?!ldo!i 
Gulf Point 
Iiidiaii 

Indian 
Pine Log 
Keiiesaw 

Indian 
Laveiider 
Kenesaw 

Carnes 
Indian 
Kenesaw 

22 1 
23 I 

' I  
24 I 

Log. <lis. 
tances. 

Distances ill 
meters. 



THE M.IAIN TRIANGULATION. 1S7 

s. T H E  SECOND SECTION OF THE TRIANGULATION WEST OF T H E  ATLANTA BASE 

NET, GEORGIA AND AL.4BAM.4, Is75-Iss7. 

This section is of the same coniples composition as the preceding section; it is 
shown on the following sketch; for distances and positions it depends upon the 
two sides marked by heavy lines. Eight observers ‘took part in the work, which 
was esecuted between the years 1575 and 1SS7, but this includes an interval of eight 

No. g. 

Gunter 436 I 430 
Aurora JZS I .io4 

Summit 360 I ISI  
Rowe 461 I 512 

Kilometers 
1-0 10 20 30 40 60 80 7 0  80 90 100 

Statute Miles 
10 0 IO 20 30 4 0  50 eo 

- - - - -  - -  - 4 

- -  1 
- -  - 

Wilson 3 b  1 1 %  

Worriock 435 1’428 
461 I 513 Cahaha 

Clieehahaw 734 3 407 



I ss T H E  EASTERN ORLIQUE ARC. 

Absfrarfs of horizonfd iiirecfioils at sfc7tio~is cO~iiposi91& thE sc.roJld sc~-f im qf fhr. f ~ . i m g a ~ a f i o n  wesf of 

Gidf Pdiiid, Walker County, Georgia. September 11 to October 9, 1575. 36'11 direction theodolite 
No. I&. 

fht' Affl7Jlfcl d17St JIPf ,  Isj'5-188i. 

F. P. Webber, F. D. Granger, and J. H. Christian. observers. 

T 

z 

Number 
of direc- 

tions. 

5 

&ilJlifdJl, 

3 
-I 

- - 
Lavender 0 00 59'756 ..... 59 '756 
Cohutta. Grassy Mountain 15 2s 22'9 ..... ...... 
Coosa 16 -14 04 -052 ..... ...... 

-. - . . C -  
a ,  - --- . -  rP- .l -- . -L-  - . - - - . . - - . -  Chee1~ohn-w 

Aurora 259 zi qS '650 --I * S J ~  46-&36 
Brandon 301 16 21'456 . . . . .  ...... 
Gulf Point 335 22 51 '635 ..... ...... 

Objects observed. 

High Point 
Pigeon 
Cohutta 
Gunter 

Resultin directions 
from a%justnlent 
of first section. 

0 I I I  
-- 

0 04 59'969 
2s 39 I1 '9 

55 '9 34.125 
250 04 42'377 

Corrections 
'from adjust- 

merit of 
secoud sec- 

tion. 
II 

..... 

..... 

..... 
+o '0.57 

Final 
seconds. 

. / I  

59'969 
...... 
...... 
42 -434 

Dekalb County, Alabama. December 6 to 17. IS75. 
F. P. Webber, observer. 

3d"' direction theodolite No. 10s. 

0 I / I  I I  I I  

Aurora 0 00 -9 -0.337 59'652 
Gunter 61 36 36'496 +0'93S 37'131 
Gulf Point 16s TO 13*S1S ..... ...... 
Indian 266 00 43'165 ..... ...... 
Weisner 293 13 43'OsI ..... . . . . . .  

17 I6 I Suniniit Aurora 
276 52 or -30 -0.17 01 -13 
311 07 24.S2 + o q  25 '06 

Probable error of a single observation of a direction (U. and W. ), t-, = & I" -5s. Circle used in 
SVII positions. 



THE MAIN TRIANGULATION. 189 
nlbslrxrfs qf horizoritlzl dii-zcfioiis at sfntioiis rorriposkig fhz serorid strliorr of fhz lr-iangiilatioti uvsf of 

thc. .Man fa bnsr nrf, IS/s-fSSi-continued. 

nlur-ora, Etowah County, Alabama. June 6 to 20, IS77. 3oCm direction theodolite No. 10s. F. P. 
0. H. Tittmann, Webber, observer. April 14 to Yay S,, 1S6. direction theodolite No. I 14. 

19 

20 

21 

22 

ohserver. 

Gunter 200 33 04-41 + o m  04 '52 
Moore 246 19 3s-60 .... . . . . .  
Aurora 260 32 25 TI -0 '76 24 '35 
Smnniit 290 47 00.66 +0'27 00 '93 
Woriiock 311 16 4S-15 -0 .25  47 '90 

Number 
of direc- 

tions. 

6 

7 
S 
9 
IO 

I1 

I2 

13 

Objects observed. 

Azimuth Mark 
Indian 
Weisner 
Cheehahaw 
Cahaba 
Wornock 
Summit 
Rowe 
Moore 
Gunter 
Brandon 

Resultin directions 
from Jjijustment 
of first section. 

0 I / I  

0 CQ 00'00 

33 25 53'76 
3s 53 4 3 . P  
S7 46 50'31 

14s 4s 14.92 

216' 19 35.52 
257 36 10.13 

275 36 11 -38 

I L ~  04 Is.77 

294 2s 5 5 3 s  
349 I9 3s.19 

Corrections 
from adjust- 

ment of 
second sec- 

tion. 
I /  

.... 
-0 '06 

.... 
-0 '2s 

+o '20 

+o '05 
' +o '07 
-0 -05 

-0 '62 
+o -6s 

.... 

Final 
seconds. 

I/ 

00-00 

53 '70 

50 *03 
15 'I2 
IS a s 2  

35 '59 
I O  *os 

54.76 
js 'S7 

..... 

..... 

Probable error of a single observation of a direction (D. and R. ) in 1S77, e, = & I / /  .So. 

Probable error of a single observation of -1 direction (D.  and R.) in 1SS6, P,=&o/' '79. 

Circle 
used in S V T I  positions. 

Circle used 
in VI1 positions. . 

Rowr, Madison County, Alabama. September 3 to October 9. rS77. 30c'" direction theodolite Xo. 108. 
F. D. Granger and J. H. Christian. observers. 

0 / / I  / I  r /  

23 I Wilson o 00 OO*CQ +0'63 m . 6 j  
Trinity 
Capshaw 

33 55 19'77 .... ..... 
83 5.3 3oSS .... ..... 

24 

25 
26 
27 
2s 

Aurora 
Wornock 
Wilson 
Rowe 
Gunter 
Moore 

0 00 00'00 -0 '39 59'6I 
117 35 21.57 +0$7 22 '44 

251 31 oS.14 --0.0; 08-11 

292 24 35'S1 -0'42 39 '39 
3 6  45 30.51 .... ..... 

204 57 $3.65 . -o'@ 4s '61 

Probable error of a single observation of a direction (D. and R.) in 1S77, e, = & I// -21. and in 
1578, ex= f I/' '35. Circle used in  SVII positions in  both years. 



190 T H E  E A S T E R N  OBLIQUE ARC. 

Abstmcts of horizotifnl directioris at stations corttposi7rg the secorrd sectiorr of the tria?tgitlntion west of 
the Atlanta base fret, zS~~-~887-coiitinued. 

Wilsori, Morgan County, Alabama. June 28 to July 25, 1878. 5ocn1 direction theodolite No. 113. 
C. 0. Boutelle and J. B. Boutelle, observers. 

29 
30 
31 

Number 
of direc- 

tions. 

Smithers 
Rowe 
Summit 
Wornock 
Penit 

objects observed. 

34 

35 , 

36 

Corrections 
.Resultin directions from adjust- Fil,al 

from of firat afjustment section. :$- seconds. 

0 I I /  / I  I /  

tion. 

Suniniit 0 00 00'00 -0.9s 59 '02 

Aurora 30 og 21.57 -0 '20 21 '37 
Cahaba 'og 43 58.02 $0 '94 5s *96 

I Somerville Court-House 0 00 00'00 . . . .  . . . . .  

38 
39 

Aurora 
Indian 

6 20  08.64 . . . .  ..... 
47 10 35'95 -0 '35 35 %o 

111 24 19'56 -0 .SI 19 '05 

256 06 15'2Q . . . .  . . . . .  
1.50 23 34'89 + 0 3 7  . 35.76 

40 
41 
42 

- Wornock 0 00 00'00 -0'48 59 '52 
Aurora 65 og 22.94 -0.69 22 '25 
Cheelialiaw 143 03 52'83 +1*16 53 '!a 

33 32 I Rowe 
306 21 39-14 -0 '23 38 '91 

334 25 29.11 +o *4s 29 '59 
Probable error of a single observation of a direction ( f l .  and K .  ), e, = j= 011 39. 

January i I to February 16, 1886. 50cm direction 

Circle used in 
XI positions. 

Cheehnhaw, Talladega and Clay counties, Alabama. 
theodolite No. 114. 0. H. Tittmanti, J. H. Turner, and J. E. McGrath, observers. 

0 / I /  I /  I /  

0 00 00'00 . . . .  . . . . .  
Alpine 27 39 56.44 . . . .  

37 I Cahaba Horn 63 41 15-86 -0.19 15 '67 

I 

rq 45 29'69 -1'03' 2s *66 

I &  19 03'33 + I  '22 04 '55 
>lean correctioii o'oo 

Alpitie 
Laurel 

171 0s 59'72 . . . .  . . . . .  
2x7 19 44'87 . . . .  ..... 

Mean correction 0'00. 
Probable error of a single observation of a direction ( D ,  and R. ), e,=&0'/*99. Circle used in VI1 

positions. 
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I 
I1 
I11 
I\' 
1; 
VI 
V I  I 
VI11 
IS 
Y 
SI 

S I 1  
SI11 
XI\' 
S 1.- 

SVI 

SVII 

SVIII 

x0, 
- 

1 

2 

3 
4 
5 
6 
i 
S 
9 
IO 

I 1  

I2 

13 
14 

15 
16 

17 
IS 

+4 - 2  

+S -2  

+h - a  -2  

+b +2 -2 

- 2  

- 2  

.. ... . .. +6 +2 .. . ... .. . ... .:. ... .. 
+6 --a 

+6 -2 +a . 
+6 +2 - 2 ;  

+6 
.. . . .. . .. ... ... ... ... ... .. , +h.: ... ... -2  

; +6 -2 

I f6 - 2  

+6 

... ... ... ... ... ... ... ... ... .... ... .. ... 

Rmrliiiig 1or.idnlrrs. 

ci .=+o*rgo 

c,,= $0 '9% 

C,,=$- I '01 I 

Ce. = +o '107 
Cg =+0'361 

c, ,=+O '727 

+ 3'5' 
- 4'90 
+ 0 ' 1 2  -- 2'65 

+ 0'44 + 9'54 ' - 5'74 
+ 0'44 + 2.01 ...... - 1 '21  

-10'40 - 4'S4 + 9'25 
+ 3'62 + s'a - 9.25  

- 7 ' 5 2  + S'O. 

- 2 '07  + 1.24 

...... - 1.96 + 2.s5 - 2.56 
+ 0'16 

- 2'10 

+ 0 ' 9  

f 0.21 

- I'jO 
+ 2.61 

0'97 

+ 0'28 

+ r s j  
- I'M 

4'41 
+ 0.1; 

+13'06 
+ i ' O ?  

-16'04 

+6oo'on 
- 1 '20  



( I  I ') =-0 '04s 
(12) -0-621 
(13) +0'6S3 
(14) -1.121 

(15) +0'59S 
(16) -0'170 
(17) +0240 

(19) $ O ' I I j  
(20) -0.759 

(1s) +0'353 

2 

Probable error of an observed direction 0.674 ,/== fo"'67. IS 

Gulf Point 
Brandon 

NO. Stations. 
Log. dis- 1)istaiices in Correc- Spheri- Spheri- 

tiom. angles. excess. taiices. ineters. cal cal 

I I  I I  / I  

-0 *74 
-e .? I --r 

$1 'S5 

+ I  '72 
-to '06 
-0 -94. 

-0'77 
+I .2s 
+I '30 

$0 '03 
$0'41 
-0 '69 

-0 'S7 
+o '62 
-0 '57 

+o.16 
$0'21 

-0 '39 

-0 *36 ' 
+ J  '03 
- 0 . r ~  

-0'16 
+o '37 
$0 '02 

2 '00 

2 'M 

2 '00 

I '32 

I -32 

1 '33 

1 '55 
1 '54 
I '54 

I ' I 1  

I ' I1  

I ' IO 

I '2s 

I '27 
I '2s 
I ' 0 2  

I '"3 
I '03 

0 $5 
o S 6  
CI .sf) 
0 'sy 
0 'sg 
0 'sg 



NO.  !:tations. 

9 

10 

1 1  

I2 

Wornock 
Rowe 
Summit 

Woriiock 
Wi 1 son 
Suiiiiiiit 

Wilson 
Rowe 
Woriiock 

Woriiock 
Rowe 
A iirorii 

Woriiock 
Suniiiiit 
Aurora 

14 

'5 

16 

Cheehaliaw 
Aurora 
Iiialiaii 

C21l1al XI 
Aurora 
Clieehahaw 

~ I ~ z - N o .  

Observed angles. 

E I I /  

25 34 3O's9 
2 0  29 47'49 

13.3 5s 46'57 

53 3s 20'S6 
3s 59 15.33 
S7 2 1  27'0s 

103 I2 $3'94 
4s 43 11 .Ss 
2s 03 49.97 

55 43 52'46 

73 31 51-36 

30 og 21'57 
117 35 21-57 
32 15 16'75 

SJ 33 33'64 
51 10 56'55 

77 54 29'S9 

50 -14 23'04 

70 05 41 '09 

61 01 24.61 
41 1 3 . S ~  

65 09 32'94 
79 34 36'45 
35 16 0.; 'Ss 

7-0-1-1 j 

Correc- 
tion. 

/ I  

-I '46 
-0 -52 
-0 'go 

-0 '75 
+I  '3s 
-0 '92 

+I '22 

$0 'S9 
+o '7 I 

-0.6s 
- t o  '50 
-0 'IO 

$0 7s 
+I '26 
$0'01 

+2 '24 
-0 '23 

- 1  '37 

+ I  'S5 
+o '49 
-0 '84 

+I 'I4 
-0 '15 

-0'21 

Spher- 
ical 

angles. 

29 '43 
46 '97 
45 '67 

/ I  

20'11 

16 '71 
26-16 

60'16 
12.74 
50.6s 

51 .7s 
23 '54 
51 '26 

22 '35 
22 'S3 
16 '76 

35 ?% 
' 56'32 

39 '72 

3' -74 
25 'IO 

I1 '99 

22 '73 
37 '59 
03 '70 

Spher- 
ical 

excess. 
I /  

0.69 
o '69 
o '69 

0 '99 
0.99 
I '00 

I a 2 0  

1-19 
1-19 

2 '19 
2 '19 
2 '20 

o '65 
o -64 
o '65 

3 '97 
3 '97 
3 -9s 

3 '27 
. 3-2s 

3 -2s 

1 -34 
I '34 
1 '34 

Log. dia- Distances in 
taiices: meters. 



'94 THE EASTERN OBLIQUE ARC. 

9. THE TIiIRD SECTION OF THE TRIANGULATION WEST OF THE ATLANTA BASE NET. 
ALABAMA, 18S6-rSgo. 

This section forms a compact figure connecting at  each elid 011 R single line Imth 
It covers a portion of the valley of the 
~0.30. Coosn River and comprises 6 

with the preceding and the following sections. 

ALABAMA 

Kilometers 
10 0 10 20 30 40 60 

Ststuie Miles 
10 0 10 30 30 

-- 

stations, whose approsimate 
heights are as follows: 

Meters. Feet. 
A lpiiie 473 I 551 
Laurel 4-30 I 576 
Horn 5ss I, 930 
Kaliatcliee 596 I sm 
Wcogufka 352 I I55 
Janiiwn . 255 s55 

The observers eiiiployed 
aliiiost esclusirely a repeating 
theodolite for tlie angular meas- 
ures of this section. In tlie ad- 
justrileiit unit weight was given 
to d i  directions. The tiifail 

closing error derived from the 
13 triangles of tlie figure equals 

,,/% = f: 1''*:4 i r i c ~  the riieaii 

error of at1 aiigle =: f ~'"77, also 
the probable error of a direction 

-- 

=o-67423 = +0'(-37. 
4 6  

The observatioiis of 1888 at 
stations Laurel and Horn by 
Assistant F. $11. Perkitis were 
macle at night upon lights. 

Subsequent to this date all horizontal lileastires of the primary triangnlatioti between 
these stations a m i  tlir Gulf coast were macle at night by Assistants F. W. Pcrkins xtld 
W. B. Fairfielcl. Advantage was thus taken of the greater transparency of the atmos- 
phere arid of the better seeing during the night as coinpared with the day. On lor~g 
or difficult lines two or three lights arranged vertically n7rere shown at the same station. 



Number of 
directions. 

. IO 

I I 

IZ 

Horn 1 Alpine 
I Caliaba 

,260 49 34'56 -0.27 31 '59 
Kahatchee 29s 04 0 j . S ~ .  -0 ' 02  03 'SO 
Laurel 327 42 rS'Ir +0%4 1s '95 

Weogufka 

Objects observed. 

' 15 
r6 
17 
IS 
19 

20 

Resiilts from arljiist- f ~ ~ ~ e ~ ~ ~ ~ ~ -  Pillal 
Of iiieiit of third seconds. 

sect ion. section. 

Caliabs o 00 oo'm +0.65 00 '65 
Alpine 79 45 2s-59 +O'W 25 '63 
Horn 95 31 01 -66 -0 -40 01.26 
Kahatchee 12.4 56 26.94 -0.33 26.61 
Weogufka 147 gS 16.93 -0-06 16'S7 
Columbiaiia 172 SO 1.5'95 .... ..... 
Jamison 17s L.S 35.93 $-0 'IO 39 '03 

Cnlitzbn, St. Clair County. Alabama. March 8 to 31, rSS6. 5p'" direction theodolite No. I 14. 0. H. 
Tittniaiiii and J. E. McGratli, observers. 

3 
4 

Wornock 
Clieeliahaw 
Alpiue 
1,au re1 

0 I / I  I /  II 
-- 

.... . . . . .  0 00 59'52 
145 03 53'99 . . . .  ..... 
I71 Ob 59.72 t o ' s 7  60 '29 
217 rg 44'S7 -0.62 41 '25 

.4@irrcm. Talladega County, Alabatiia. February .IO to Warcli 5, 1SS7. 36'" repeating theodolite 
No. 16. 0. H. Tittuiaiiii and J. H. Turner, observers. . 

Niiniher of 
directioiis. ' 

7 
:; 

9 

Horn 
Kahatchee . 
Laurel 
Cahal~a 
Clieeliahaw 

0l)jecta observed. 



25 

21 

22 

23 
24 

2s 
29 

26 

27 

Jamison 0 00 00'00 0'00 00'03 

Columbiana 41 54 02 '20  . . . .  ..... 

Alpine 176 c.3 20.52 -0.a '0 .os 

Weogufka 320 17 33'35 -!-o'IS 33.53 

Laurel 93 59 09.51 to .30  og -Hr 

Horn 214 55 31-04 -0 q 31 '00 

30 
31 
32 

I 

11 
111 
IV 
v 
VI 
VI1 
VI11 
' IX 

SI 

Kahatchee 
Horn 
Weturnpka 
Wilder 
Janiison 
Laurel 

0=--7*22+ (6 ) -  (5)+ (3) -  (21 

0=+2.11t(16)-(  IS>+ (4)- (3)  t (5)- (9 )  
o=+~.gg+( 22)-( 21)+( IS) -( 16) + ( 9 ) -  (8)  
o=-ko'I 1 + (23)-(22) f (SI- (7) f (13) -( 11 ) 
o=--r'55+(29)-(27)-(-(Ig)-(I7)+(I2)-(IO) 

O = - I . ~ + ( I 4 ) - ( 1 3 ) +  (7 ) -  (6)+ (2)- ( I )  

O=-O's5+ (29)-(28)+ (24)  -( 23)+( 11) - ( IO)  

o= - 1.03-+ (31 ) - (30) 4- ( 20) - ( IS,) + (21) - ( 25 ) 
O= to'25-t (32) - ( 3 1 )  i- (25) -- (24) + (28)-( 26) 
0=-0.67+ (32) - ( P I +  (201- ( 1 g ) S  (VI-( 26) 
0=-27-4.02( 1)+6.9r(2)+5'96(3)--2.02(4)-3'33(12)+3.17( 13)-+0*16( 14)-03S(15) 

+7 ' 54 (16) -7 '46 (~ )  

0 I I /  I /  I /  - 
0 00 00'00 -0.1s 59 '82 

37 23 29.76 $0'20 29 *96 
164 03 00.15 . . . .  ..... 
zoo 00 4 5 . ~ 6  
260 22 41'69 -o'm . 41 :57 

.... ..... 

336 43 24-Srl + o . ~ r  24 '95 
Mean correction o '00 



a 

3 
4 
5 
6 

7 
s 

10 9 

I 1  

12 

13 
14 

- I ' d  +6 -2 + 7'92 + 2.20 

+ a . i r  +6 -2  + 0'4 - 5'37 
+ I  'W 
+ O ' I I  ........................ +6 ....._ -2  ...................... + 3'17 - 6.60 - 6'41 . ....... .. 

+e -2  -.I - 7'54 + 6'4s + 5'68 - 3'39 

-1 '55 +6 +' - a  + 4'13 - j.13 - O.O! + 0'06 
-0 .ss +6 -2  + 1 ' 4 0  - 1 '17  + 5 '25  
- 1  '03 +6 -2 ' + 2  + 1 so - 8.63 + my0 
+o '25 +6 + 2  

-0.67 ....................................................... . +6 ...... ... .... .... ....... +'- 0.06 - I 'I2 

+ 7'65 - 13'82 

- 2 '7 

-0 '4 
+6'o 
-3'1 

c, = -0 '003 
C==+o '034 
C,=-o '645 
c, = -0 .gss 
c,=-0 '437 

I f  I f  

(25) .=+o '001 

(26) -0.125 
( 2 7 )  +o-106 
(2s) -0'176 

(30) -0.192 
(29) +o.rgs 

(31) fo.105 
(32) +O'Os7 

Probable error of an observed direction 0 . 6 7 4 t Z  = fo"'36. 
I4 



XO. Stations. 

Cheehahaw 

Horn 

Cheehahaw 

5 

6 

Laurel 
Cahaha 
X!pine 

Horn 
Laurel 
Alpine 

Kahatchee 
Laurel 
Alpine 

Kahatchee 
Alpine 
Horn 

Kahatchee 

Weogufka 

Horn 

Weogiif Ira 
Kahatchee 
Horn 

Weogufka 

Kahatchee 

Jamison 

Kahatchee 

I2  

I3 

Janiisori 
Paliatchee 
Weogufka 

Jamison 
Laurel 
Weogufka 

Observed angles. 

0 I I !  

1x5 53 37'94 

36 01 1 g - q  

94 14 22'53 
5s 05 41 *40 
27 39 56'44 

79 45 25'59 
46 10 45'15 
54 03 51 '77 

32 17 41'Sg 

15 45 33 '07 
131 56 4S.Sg 

2s '55 05'73 

s2 og I1 '01 

15 10 5s.35 
52 39 54'3s 

3s 47 10'52 

6 r  55 56-1s 
79 16 54-51 

I20 56 21'53 

24 2j 25 -25 

29 35: 14.29 

60 40 04'92 
52 27 15-27 
66 52 43.25 

37 a; 29.76 
105 22 02.31 
37 I.! 28'96 

2,; 16 35.16 
23 0 1  49'99 

133 41 36-16 

32 25 40-43 

53 32 11 '99 
93 59 09'51 

40 40 17.17 
39 42 26.65 
99 37 IS.31 

73 0s 57'60 
30 30 2 2 m  

76 20 43-15 

Correc- Spherical Spherical Log. Distances in 
distances. rueters. tion. 

+o '61 

+o '57 
$0.04 

+o .62 
$0 '5 I 

--o -05 

-0 '61 

I! 

-1 '20 

-0 -30 

-I .44 
-0 .44 
-0 .SI 

-0 '73 
-0'37 
-0 'sg' 

$0 '39 
t o  'OS 

-0 5s 

-0 '34 
+o '07 
+o-S6 

$0 '09 
+o '34 
+I 'I2 

+o '37 
$0 '23 
$0 '25 

-0 '2s 
+o -2s 

$0'11 

$0 '30 
$0 .44 
$0 '29 

-0 '02 

-0 -15 

-0 '05 

+0'2S 

+o '16 

$0 '23 

angles. 
I! 

3s '55 
06 '30 

I9 '27 

23 'I5 
41 '91 
56 '39 

27 .gS 

43 '95 
51.47 

40 '45 
32 '63 
4s o s  
I O  '2s 

57.93 
53 '49 

10.91 

54 '59 
55 -60 

21 '19 

25 '35 
15-15 

O j  '01 

15 '61 

44 '37 

j o  '13 
0 2  -54 
29 '21 

3.1 .ss 
50 '27 
36 '27 

40 '73 
I2 '43 
og .so 

17 '15 
26 3 7  
rS '26 

57 .ss 

43 '35: 
22 -16 

escess. 
I I  

I .3s 

I '37 
1.57 

0 '49 
0 '4s 
0 '4s 

I 'I4 
I 'I3 
1.13 

0 '39 
0 '39 
0 -3s 

0 '59 
0 '5.5: 
0 .gY 

0 '37 
o *36 
0 '37 

0 '57 
o -56 
o '56 

I -66 
I 6 6  
I -67 

o '63 
o '62 
o '63 

0 '47 
0 *47 
0 -4s 

0 '99 
0 '99 
0 .gs 

o '63 
o '63 
o .62 

I * I 4  
I 'I4 
I '14 
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IO. T H E  FOURTH SECTION OF 

T H E  TRIANGULATION WEST 
OF T H E  ATLANTA BASE 
NET, ALABAMA. ISSS-IYgs. 

The triangulation between 
tlie prececling terminal line 
and the southern limiting line, 
Creagh to Pollard, follows tlie 
valleys of the Coosa and Ala- 
bnnia rivers. I t  is abundantly 
supplied with check lines. 
niakiiig jo conditions iii the 
adjustnient. The linear de- 
velopnieiit is 209 kiloiiieters 
[or rjo statute miles). The 
whole of the scheine lies south 
of latitude 33’ and the natural 
elevation of all the spwa avail- 
able for stations is less than 
130 meters (or 723 feet): 
farther south the ground 
slopes gradually to tlie level 
of the Gulf. The approsi- 
mate elevatioiis of the stations 
are as follows: 

Perry 
Wider 
Wetunipka 
Parker 
Lownd&oro 
Mount Carinel 
Lovers Leap 
Bargenier 
County Line 
Ethriclge 
Fatama 
ivxidway 
Creagh 
Pollard 

The observations of tlie 
primary directions were iiiade 
at  night upon lights nioiiiited 
over the respective stations. 

At Pollard station it was 
necessary to iiionnt the theodo- 
lite on a wooden structure 

Lovers Leap, 

No.31. 

I 

Xilometers 

Statute Miles 
10 0 10 20 30 40 50 00 

0 10 20 30 40 
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46-53 iileters'(or 152% feet) above the ground, in order to raise it above the high woods 
olxtructing the lines of sight. 

Squariug the closing errors of the triangles we get the mean error J5 =fx'."oS 
- - >*S 

I 'OS 
and the mean error of an angle - =fo"'63,  also the probable error of a direction, 

4 3  

fnnzismz, Chilton County, Alabama. 
repeating theodolite No. 16. 
the ground. 

FebNary I and March 5 .  ISSg. and May 7 to 14, rSyo. j b m  
Telescope 2'"*1 above F. W. Perkins and 1%'. B. Fairfield, observers. 

Nuuiber of 
directious. 

3 
4 

Laurel 
Weogufka 

, Wilder 
~ Perry 

Objects observed. 
Corrections 

fourth section. 

Results from adjust- from adjust- Filial 
metit of third section. iuent of seconds. 

0 I / I  / r  I /  

o 00 59-81 .... ..... 
73 08 57'69 . . . .  ..... 
151 ;S j6.43 -o ' k  55 '61 
2.31 IO q ' Q 6  + o ' q  29 'gr 

IP2&zdka. Coosa County. Alabama. M a y  2s to June I,  and Deceinber 5. rSSS. to January 17. J S S ~ .  
30c" repeatiug theodolite No. 16. F. W. Perkins aid W. B. Fairfield, observers. 

0 / / I  / I  /.' 

I 

2 

Kahatchee 
Weturnpka 
Wilder 
Jatnison 

L_ 

0 00 59.s2 .... . . . .  
IQ 03 00'15 $0'67 00 'S2 

203 03' 45'06 +@'I4 4 j  '20 
260 22 41 '57 . . . .  ..... 

Mean correction +CJ .14 

lVi/dcr-, Autauga County, Alabama. June 13 to July 2% 1Sg0. p'"' repeating theodolite No. 16. 
F. W, Perkins, observer. Telescope 2oBU'3 above the ground. 

Number of 
directions. 

5 .  

6 
7 
Y 

9 
IO 

I1 

Objects obser~ed. 

Wetiinipka 
Montgomery, Capitol 
Lowndeaboro 
Lovers Leap 
Parker 
Perry 
Jamison 
Weogufka ' 

Corrections 

fourth sectiou. 

Results from station from adjust- Final 
adjustmetit. ttieiit of seconds. 

I t  

00'00 

4.; .94 
59 *74 
4s '39 

s4 -49 
20 73 
43 '90 
52 '91 

/ I  

-0 '3f 

-0.74 
-0 '03 
+o -16 
fo.14 
+o '84 
-0 -05 

. . . .  



THE MAIN TRIANGULATION. 201 

15 
16 
I 7 
IS 

Absfrarfs qf hoi-izoiifal di!ir.Pctioirs a/ sfafioirs corrrposing the* forirfh. serfion of fha friangiihifio~i wesf of 
fhe nlfla)rfa base wf , .4Ilibania, rS~~S-rS95-contitiued. 

Piwy, Chilton County, Alabama. July 30 to August 6. 1Sg0. 36"' repeating theodolite No. 16. 
F. 1%'. Perkins, observer. Telescope P . 7  above the ground. 

Perry 
Wilder 
Lowwclesboro 
Lovers Leap 

Numher of 
directions. 

39 
40 
41 

42 

I 2  

'3 
14 

Bargenier 0 00 00'00 +O'jg 'Or) '39 
Lovers.Leap 2s 34 qY.63 -0.03 4s '65 
Lowndesboro 56 34 12.39 +O.OI 12.40 
Montgomery, Capitol 104 47 IO" . . . .  ..... 
Wetunipka I12 34 33'92 -0'37 33 '55 

Objects observed. 

Jamison 
Wilder 
Parker 

Results froiii station 
adjosttuent. 

Corrections 
from adjust- 

fourth sectiou. 

Filial 
tuetit of srcollrls. 

II I r  

-0 '09 59 '9' 
-0 -06 04 '90 
+ o ' v  15 

ff+tri)iipka, Elmore County, Alabama. March 6 to May 23* 1S92. 3@m repeating theodolite NO. 16. 
17. 1%'. Perkins, observer. Telescope I"'.S above the ground. 

20 

21 

22 ,' 

Mount Carmel 
Montgoinery, Capitol 
Lownilrhoro 
\Vi;. 
weog uf ka 

0 I I /  / I  / I  

o 00 oo*m +0'30 00 '30 
15 36 22'25 ...... ..... 
39 og 1 r . q  +om12 I1 '21 

97 04 34'94 - + o x  35 '29 
14s 39 47-96 -0'77 1 7  '19 

Arrkar. Autauga County, Alabama. August S to zS, rSy .  30c"' repeating ' theodolite NO. 16. 
. F. W. Perkins, observer. 

3 I II I /  II - 
0 00 00'03 -0-1s 59 'Y2 

102 37 25-30 -0.17 25 '13 
172 og 44.0s +o'& 44 -16 
203 52 39.76 + 0 2 7  40 '03 

Lo:u~idesl~o~olo, Lowncles County, Alabama. March 26 to April 25, 1S92. 3oCm repeating theodolite 
No. 16. F. U T .  Perkins, observer. Telescope zn"l.3 above the ground 

23 
24 
25 

26 
27 
2s 
29 

Parker 
Wilder 
Wetumpka 
Montgomery. Capitol 
Mount Carnie1 
Bargenier 
County Line 
Lovers Leap 

0 I / I  

0 00 00'00 

49 0s 27'40 
S7 07 28-24 

10: 49 4s.45 
171 5S m'S6 
214 IS 04'20 

241 53 56-76 
274 05 53.00 

I /  

-0 'IO 

+o '93 
-0 -13 

-0 '20 

70.24 
+o '03 
-0 '29 

.... 

59 '90 
2s '33 
2s 'I I 

..... 
00.66 
03 '96 
56 '79 
52 *71 
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.;lbsfimfs of hoi-izoiitol dirst-(inns a f  s td iom t-~~triposiiig the foirrtlr st.rtim i f  fhz br.iiirt,grik~fio)i wesf of  
flit. ~=if~17Il~lI b ~ s t  rwf , .-ll&rrrra, ~SSS-~S~~-coiitinnecl. 

Lorrv-s Ltwp, Lowndes County. Alabama. 30 c''' direction theodolite .No. 135. 
Circle used in XVII positions. 

Jnne 4 to 20. rSg2. 
W. B. Fairfield, observer. Telescope 7""5 above the ground. 

53 . 

54 
55 

K 11 ni ber of 
directions. 

Lovers Leap 
County Line 
Fatania 

-, 
3- 

33 
34 
3s 
36 

3s 
37 

30 
31 

43 
44 
d5 

46 

Objects observed. 

County Line 0 00 00'00 ' $0.29 00 '29 
Lovers Leap 53 59 14.24 $0'07 14 *31 
Lowndesboro gS 41 16-61 $0.21 16 5 2  

Nontgomer y Capitol I 3 2  30 40.19 .... . . . . .  
Mount Carmel I79 47 04.09 -0 '57 03 -52 

Lowndeshoro 
ivfount Carmel 
Bargenier 
County Line 
Midway 
Fatanla 
Ethridge 
Parker 
Wilder 

52 

47 

19 

51 

4s 

50 

Corrections 

fourth section. 

Results from station fmnl adjiist- Filial 
adjustment. iiient of semrids. 

Bargenier Q 00 00'00 -0 '44 
Millway 13s 31 4g'So -0.27 

Ethrirlge 216 16 25'96 +0-38 

Lowndeshoro 306 17 06'94 $0'56 

Fataim 177 24 01 '3.5 + O * I g  

Lovers Leap 273 56 58'2s -0 '42 

/ I  

00'00 

45 SJ 
10 '39 
55 '55 
02 '1 s 
21 -5r 
02 '19 
01 '14 

43 3s 

I /  

+o '04 
t o  '55 
-0 '04 

$0.16 
-0 '34 
-0 'og 
-0.31 

-0 .os 

fQ 'I I 

Probable error of a single observation of a direction ( D .  and R.)* e,=& o"'Q. 

Elhi-idgr, Dallas County, Alalmna. June 6 to I I ,   IS^?. 36"' repeating theotlulile No. 16. F. W. 
l'erkins, ubsuxer. 

0 I / I  / I  I /  

0 00 co'00 + 0.24 00.24 
51 57 27-06 -0-45 26 '61 

15.; 22 20.95 +o '21 21  '16 

NO. 135. 
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-4bsfiizcf.c of horizoir tal dii-ccfiivis tit silrfioiis coniposiiig fht-jbnrlh st-cfion lf the Ii.inii,prr.iatiori west ~ ! f  
fhc .-lflrziifn Elrsr i r r f ,  d4fdwimr, iSSS-iS9~-contii?iied. 

Fiiflziii~z, Wilcos County. Alabama. October 2 to November 26* 1Sg5. 3oCm direction theodolite 
No. 145. G. A. Fairfield, observer. Telescope 15'l1'S above the ground. Circle used in S I 1  positions. 

62 

63 

Q 

65 
66 

Number of 
directions. 

Pollard 
Creagh 
Lookout Hill 
Fatanla 
Lovers Leap 
County Line 

59 
60 
61 

56 
57 

. 5s 

70 

71 
72 

Midway 
Pollard 
Creegh 
Ethridge 
Lovers Leap 
County Line 

White n M m m  .... . . . . .  
Fatama 196 20 11.53' -0.30 14 '23 
Midway 221 30 ~2.95  +o'41 13 36 
Pollard 270 04 5.5'03 -0 'I I 54 *92 
Red Hill 320 37 14'96 ..... ..... 

Objects observed. 

67 
65 

Correct ions 

Jourth section. 

Resnlts from station from adjust- Final 
adjusttilent. iiient of sections. 

II I /  0 I I I  

0 00 00'00 -0 '04 59'96 
67 2 4  xS.64 +0';3 IS '97 
56 01 10.39 -0 'I 2 10.27 

261 og 31% -a 'og 37 -72 

274 SI 31-72 -0'11 31 '61 
301 52 12.15 $0 '03 I2 *IS 

White 
Creagh 
Fatama 

Probable error of  a single observation of a direction (U.  and R.), cr = c o'I.5S. 

Ilfidrewv, Monroe County,' Alabama. 
No. 16. 

September rg to October 20, 1Sg.5. 3oCm repeating theodolite 
F. W. Perkins, observer. Telescope 3 p . 5  above the ground. 

0 I I I  I /  , I I  __ 
0 00 00'00 -0.31 59 '69 
23 41 51 '42 $0'21 SI '63 
50. so IS'S3 .... ..... 
S2 29 45$6 -0.11 4s '75 

148 24 01 .so +OTO 01 'go 
165 25 4S.23 +O-II 4s '34 

55 52 09.60 .... ..... 

170 3s 48'06 $ 0 ' ~  4S'IS 
93 or 16-79 -0.01 16 7 6  

69 1 Midway* zoo 44 46.47 - O T I  46 -36 

*The correction - U".og was applied for eccentricity. 
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I 
I1 
I11 
IV 
V 
V I  
VI I 
VIII 
I S  
S 

S I  
XI1 
SI11 
S I V  
S V  

S V I  
S V I I  
~ 1 7 1 1 1  
SIS 
XS 
S S I  

S S I I  
X S I I I  

ssn7 

SSV 

. SSVI 

S S V I I  

X S V I I I  

X X I S  

s s x  
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- 
I 

2 

3 
4 
5 
6 
7 
S 
9 
IO 

I 1  

I2 

13 
1.1 

15 
16 

17 

IS 

19 
20 

21 

.(.I -- 
23 
24 

25 

26 

27 

2s 

29 

.w 

o= +o '09 
-0 '33 
+0'14 

+ O ' l l  

-4  '3 
+3 'S 
+6 '0  

-1'4 

4-2'3 
+ I  '3 
4- I '5 
+5'6 

+4 - 2  -2 

+6 -2  0 

+6. - 2  

+6 -2  -2  

........ ...................................... . . . . . . . . . . . . . . . .  +6 -2 - 2  

+6 +a - 2  

+6 + 2  

+6 ' - 2  

+$ -2 

.................................... +6 - 2  +z  .... -2  .................... 
+6 +2 -2  +2 

+6 -2  

+6 +2  -2  

+6 
........................................................ +6 -2 +? ...... 

' +6 +2 - 2  

+6 
+6 

iVoi~ni~zl c.clrrafi~rrs-conipleter1. 

C'S cm cn C*2 cq c!2, cs5 C.6 Crr c=8 cs cp 

............ 

............ 

-1 

+z ...... 

+ 2  - 2  

+6 
...... +6 

............ 

............ 

............. 

............ 

............ 

............ 

............ 

- 3.2s 

3- 2'34 
+ 4'25 . 

- 2'91 + 6.39 
- 5'92 - 0'37 

+ 5'25 - 10'25 

: 0'31 + 6'54 
- 1.04 + 9.26 
+ 1'3s 

................ 
- 2.66 

................ 

................ 

+P'.W + 3'54 
+I51 '64 

................ 

................ 

+ 1'10 

+ 2 7 6  ......................................... 
- 7'76 . 
+ 3'60 
+ 5'52 + 0 ' 6  - o.f& 
- 0 ' 5 2  - 0.95 
+ 5'3s + 6.95 + 2 %  ........................ 
- 5'52 - S.07 - 5'1% 
- 2.1s - I'go - 3'06 

- 3'55 - 3BS 
t 3'4 + O.SI + 0'9 + 2'65 

................ - 2.26 - 12'26 - 2'65 ........ 
+ 10'82 - 5'44 . 
- 0.07 + 2.73 

- 2 . g  - 0.9 + 6 7 2  
- 0'07 + 13'07 -k 0'59 

- ................................ 1.05 - 9.82 
+ 9.21 
- 6.19 

- 9'10 

+ i j g ' i r  - 1'56 + 1.46 
+ 2 3 4 3 9  -33'61 + 3.q ........................ 

+76.75 +ia.S7 
+45'94 - 2 ' 0 3  + 6.65 

+2gh'gr + 62'33 
+163'510 + I '?I  

...................................... +86.61 
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C , = -0 '7So 
c == -0 '731 
c 3=fo'055 

c ,=-0'41S 
c 6=+0 'Jog 
c ,=-0'0U 

c s=+0-345 
c 9=-0'j45 
C,,=--.o -326 

c ,=+0'193. 

THE EASTERN' OBLIQUE ARC. 

Rc.ci~./tiiig ~w-i-clirfes. 

c,, = +o -2s4 

clg=+0 .Io5 
C,,=-0'397 
c '5- ---o.;go 
&=fo .os8 
cr,= +o 'I55 
c,s= fo '200 

C,,=+o*067 
C,= +o.'123 

CI,= -0 *249 
' Czr=+0 '242 

c,, = $0 -021s 

Cz2= -0 '237 

C,, = -0 ' d 6  
CZj = $0 '01 S3 
Czs=--v .0760 
CE7= -0 '1070 
C& = -0 '01 S1 

cy.=-0 'og44 
c+= -0 '0237 

No. Stations. 

Wilder 

Weogufka 
I 1 Jaiiiisvn 

Weturr1pka 
Wiltler 
Wroguf ka 

Perry 
Jaiiiisoii 

Correc- 'Fzr- 
tion. mgles. 

-o-'y8 OS'Ij 
- 0 ' S I  57.92 
-0.14 56'37 

-1.12 II .Cj3 

-0.27 0 6 - S ~  

I /  I I  

-0'53 44.3s 

$0 .04 05 '00 
+o+% 34'29 
+0'70 23'S7 

+O*OI 25'31 
$-0'2I 10'50 

-0'03 26'21 

Spher- 
ical 

escesa. 

0 .SI 
0 .so 
0 'SI 

I '03 
I a 0 4  

I '03 

I '05 
I .06 
I '05 

o .6S 
o '67 
Q 6 7  

I /  

Log. dia- 
tances. 

Uislaiices i i i  
meters. 



NO. Stations. 

Lowiidesboro 
Wilder 
We turripka 

Lowndesboro 
Parker 
IVilcler 

I,overs Leap 
Parker 
Wi Ider 

Lovers Leap 
Parker 

Low iirlesborn 
Lovers Leap 
Wilder 

Mount Carnie1 
Lowncleshoru 
Wetuinpka 

Bargeiiier 
Lowndesboro 
Mount Carmel. 

Lovers Leap 
Lowillesboro 
Mount Cariiiel 

Lovers Leap 
Low iidesboro 
Bargenier 

Rargeiiiei- 
Lovers Leap 
Mount Carnie1 

Couiitg Line 
Lovers Leap 
Bargenier 

. .  

County Line 
Lovers Leap 
Lowndesboro . 

SyEy- Spher- 

angles. excess. 
1cal Log. dis- 

tances. 
Distalice in 

meters. 



No. Stations. 

County Line 
Lowndesboro 
Bargenier 

Ethridge 
IS [ Lovers Leap 

County Line 

Fatama 
Lovers Leap 
County Line 

I 
I9 I 
20 

21 

22 

23. 

24 

25 

26 

27 

Fatanla 
Ethridge 
County Line 

Etliriclge 
Lovers Leap 
Fataiile 

11 idway 
Fatama 
County Line 

Midway 
Fatama 
Lovers Leap 

County Line 
Midway 
Lovers Leap 

Pollard 
Fatania 
Midway 

Creagh 
Fatama 
Midway 

Creagh 
Fatama 
Pollard 

Pollard 
28 1 Creagh 

Midway 

Observed angles. 

0 I / I  

53 4" 53'06 
"7 35 52'56 

51  57 27.06 
70 22 o6.Q 

57 40 '9'3" 

27 00 40.43 
56 26 25'96 
96 32 56-93 

39 43 39'34 
IO1 24 53'89 
3s 52 27.61 

153 22 20.95 

95 41 16'61 

13 55 40.6s 
I2 41 gS.91 

s; 00 02'37 
5s 07 47% 
38 52 11 '55 

65 54 ~ ' 5 4  
sg os 28.2s 

2s 57 19'33 

17 05 46.43 

135 25 oS-48 

27 29 06'63 

30 05 58.41 
67 24 1S.64 
S:! 29 45.56 

25 'og -gs'42 

5s 47 54'44 
96 02 10'39 

73 44 40'50 
2s  37 51.75 
77 37 31 '27 

107 43 29.6s 
$4 34 42'0Q 

2 3  41 51.42 

Correc- Bpher- Spher- 
tior'. angles. excess. 

ical ical 

I /  I I  I /  

--I '00 53'06 0.4s 

-0 .0s 16.53 0.47 

- o % S  26 .3S 0.44 
-0 .21  06-43 0.45 

-o-So 2S.52 0.44 

+O'I5  40-5s 0.h 

+ 0 2 s  52 .84 0.4s 

-0.46 25-50 o &  

-0-61 56'32 050 

+o.rz 39.46 0.60 
So066 54.55 0'61 
-1-0.19 27.50 0.60 

- 0 ' 0 2  20'93 0.24 

+ 0 ' 2 5  40'93 0'25 
-0.03 gS*YY 0 .25  

+ 0 ' 2 2  0 2  '59 o*so 

-0'07 477s  0'79 
$0.46 12.01 0.79 

+0'21 16'15 1.11 

+o'oS 28 -36 I . I  I 

-0.51 1S.S2 I ' I 1  

-0.16 oS.32 0.49 
+0'02 46-45 0.4s 
$0.05 06'6s 0'4s 

-0.23 5S.rS 1-0s 
t o - 3 6  19-00 I .Os 

+ o m  46-06 1'0s 

+071 j g ' r j  I .IS 
-0.09 ro'jo 1.19 
-0'32 54-12 1.1s 
+OD19 40.69 I ' I j  

-0.45 51 -30 I '13 
+0'12 3r'jg 1-12 

- 0 . 1 1  29-57 I -03 
-0.53 41 '55 I -02 

t u 3 3  51-95 1'02 

Log. dis- Distances in 
tances. meters. 
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1 1 .  THE FIFTH AND LAST SECTION OF THE TRIANGULATION WEST O F  THE ATLAN’i’A 

B.4SE NET AND JUNCTION WITH THE DAUPHIN ISLAND BASE, 1 8 9 5 - I S g s .  

This section extends to the Gulf at‘Mobile Bay and 
effects the junction with the Dauphin Island base line. 
It is composecl of ten stations esclusive of the base 
stations, and presents a series of quadrilaterals. The 
stations are of very moderate height. Their approxi- 
mate heights above the Gulf level are as follows: 

White 
Red Hill 
COOll 

Dean 
Cold Creek 
Miiiette 
Spring Hill 
Dapline 
St. Elino 
Fort ?dOrgZllI 

Dauphiii Islaiitl East Base 
Dauplih Islalid West Base 

Meters. Feet. 
120 393 
95 3x1 
SI 265 
S6 2s4 

S3 2 74 
73 240 
64 210 

46 152 

40 132 

S 27 

1 , 3  
1 3 

The country heing well tiuiberecl and cutting im- 
practicable, it was necessary to elevate the theodolite on 
scaffolds ranging froiii I Z ” ” ~  to 46.5  in height, with 
several 37“‘ high. All observing was done at night on 
signal lights. 

The mean closing error derived from SS triangles 

composing the figure equals 3s’’3 = =t 1’’*17: the  

mean error of an angle is fo” ’dS ,  and the probable 
1-17 

error of a direction, 0’674 - = f o”’34. 
J 6  

J T  

For the several sections these last values are very 
nearly equal notwithstancling the number of observers, 
of instruments, and methods, and other circumstances, 
such as elevation of instruments, day or night observa- 
tions, etc. The values of the probable error ,of a 
directioii for the second, third, fourth. arid fifth sec- 
tions average ‘=t o’”34. which indicates that the tri- 
angulation of Alabama is of a high degree of accuracy. 

4192-No. 7-02-14 

No. fa. 

Kilometers 
10 0 10 20 30 

Statute Miles 
10 0 10 20 

- - -  - 
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.-lbsfnicts of 6orizorihiL dim-tioiis ut sfrifioiis cmiipoxiiig fhc.AI7h cziid /list section cf fhc. fri tz~igii / ,~fio~i 
.wesf qf f h e  .41/antli blrsc  id, fSy5-ISvS. 

August g to September IO,  1Sg5. 

I 

. 

Ctmgh, Clarke Couiity. Alal>aiiia. jot" direction tliepclolite No. 
135. G. A. Fairfield. observer. Circle usrd in S V I  positions. Telescope xP"4 above the ground. 

3 

Number of 
directiom. 

Pollard 
Red Hill 

5 
6 

7 
S 

g 

Objects olwzrved. 

Creagli 
Pollard 
Red Hill 
Dt.d!i 

, COOll 

Results  from adjust- Correctious of 
ineut of fourth section. fifth section. 

Firial ' 
aeroiids, 

0 I / I  ' I I  I /  

o no 00'00 +o-r6 ~0.16 
270 04 54'92 ..... . . . . .  
320 37 14.96 +0'31 15 '27 

PoMar-ll: Monroe County, Alabaina. August 29 to September 13. 1~Sg5. jot"' repeating theodolite No. 
16. F. W. Perkins, observer. Telescope 46""5 above the grouiid. 

0 I I I  I I  / I  

0 CIO 00'00 -0.40 59.h 
55 52 09.60 +o-17 og '77 

..... . . . . .  93 or 16.75 

Whifc,  Clarke County, Alahania. Septeiiiber 17 to 25, 1Sg5. 36"' direction theodolite No. 145. G.  A. 
Circle used in SI1 positions. Fairfield, observer. Telescope 27""g above the ground. 

Nuniber of , 

directhis. 

Correctious 
Results from statioii froiri adjust- Firral 

adjustiuent. iueiit of fifth secoiids. 
section. 

0 I , I  I ,  / I  

0 00 00'00 -0.3s 5 3  
52 55 4'3.49 +o.rg 4s '63 

116 57 4S.60 +o-12 $3 '72 
141 23 19.31 +ou7 r g y j  
~ g a  52 41-17 0 '00 41 '17 

Proba1)le error of a single observation of a direction ( D .  xiid A'.), rI=+3"'59. 

Rrd Hi//. Baldwin County. Alabaiiia. July 21 tu 24, Is95. jot"' repeating theodolite No. 16. F. W. 
Perkins. observer. Telescope 36"'5 above the grountl. 

IO 

I1 

I2 

13 
I4 
15 

Dean 
Cold Creek 
coon 
White 
Creagh 
Po1 lard 

0 I I /  / I  / f  

o 00 00'00 $0'17 00 '17 
26 51 17.10 -0.31 16 '79 
.67 or 4 g . k  -0.22 49 '5s 

14s og 1 g y  + O . j I  ' '9'69 
IS4 35 44'23 +O'IS  44 '41 

124 29 52-41 -0.13 . 52'2Y 

Cmrr. Washington County, Alabama. August 7 to 20, Isg5. jot"' repeating theodolite No. 16. F. W. 
Perkins, observer. Telescope 3 ~ 0  above the ground. 

16 

I7 
IS 

19 
20 

White 
Red Hill 
Dean 
Miiiette 
Cold Creek 

0 I I I  I I  / I  

0 00 00'00 . -1-0.18 03 'IS 

46 37 07 'SI 0'00 07 '81 
'32 26 17-11 -0.56 16 '55 

I O I  OS 54'33 + o 7 6  54 '49 
129 46 33.59 4-0'23 3s .s2 
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.4bsfi-m-h qf hor-i.=orifcil dirrcfioiis O f  sltifions l-oniposifig thejiffh criilj lasf serfion of /he frimigidafiotz 
iwsf of the .-lflairin bnsr )id, zS95-1Sg,C-continue~~. 

JJenn, Baldwin County, Alabama. July 2s to 31, 1sg5. 30Cm repeating theodolite No. 16. F. W. 
Perkins, observer. Telescope 24"'g above the grouid. 

32 

33 
34 

Number of 
directions. 

Dapline 0 00 00'00 -0 '37 

Mobile, transit pier (public square) , 33 02 05.48 .... 
Mobile, Court-House tower 32 20 20'40 ' .... 

Spring Hill 45 32 20.09 -b'45 
Cold Creek IOI 5s 51 -79 -0.0~ 

21 

22 

23 
24 
25 

Cold 

Miiiette 
Cold Creek 
coo11 
White 
Red Hill 

Objects observed. Results from station 
adjust ttieii t. 

0 I I f  

0 00 00'00 

5s 57 4.5'47 
I12 24 09.45 
15s zS 36.00 
rSy 33 14.05. 

Corrections 
from adjust- Final 
tileiit of fifth seconds. 

section. 
I /  If 

$0 'I5 od '15 

f o  *48 og '93 
-0 '65 35 '35 
+o .16 14-21 

-0.14 4.5 '33 

' Crrek. Mobile County, Alabama. December I to 9. Isgg. F. CV. Perkins and G. A. Fairfield, 
observers. April IS to May I. iYg7. W. B. Fairfield, observer. 30~"'  repeating theodolite 
No. r6. Telescope 31" above the ground. 

26 
27 
2s 

29 
30 

31 

COOll 

Red Hill 
Dean 
bliiiette 
Dapline 
Mobile, Court-House tower 
Spring Hill 

I I /  

00 00'00 

39 59'33 
13 1433 
$3 34'16 
54 45'71 
09 04'4 
47 54'07 

I /  

-0 -24 

C O  '01 

$0 '42 
-0 og 
-0 'IO 

.... 
0 '00 

P I  

5 F 3  ' 
59 '34 

34 '07 
45 '64 

I5 ' 2 j  

..... 
54 '07 

w. R. 

I /  

59.63 

Sp9-i9t.y f f i l l ,  Mobile County. Alabatna. April 4 to Julie 3, 1Sg7. 3 0 ~ ' ~  repeating theodolite No. 16. 
W. B. Fairfield, observer. Telescope 37" above the ground. 

37 
33 

39 

40 
41 

Cold Creek 
Miiiette . 

Mobile. transit pier 
Mobile, Court-House tower 
Daphne 
Middle Bay Light-House 
Fort Morgan 
St. Eliiio 

/ I  

00 

34 
03 
20 

31 
00 

27 
37 

I /  

00'00 

I1 '13 

43 '44 
20 '54 
00 '3" 
31 '92 
50 '23 
06.49 

. . . .  ..... 
-0 '22 00 'IO 

. . . .  . . . . .  
$0 -2s 50 '5 1 
+o -40 06 'sg 
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Abstiacts qf hoi-iawfal clirccfioirs lit statioirs rorilposiirg the f f t h  aiid lasf srcfiorr qf fhe ti-iaii~qirlafioii 

Daphiit., Baldwin County. Alal~~nia .  30~"' repeating 

m-sf f I i c  .4tlania bast- itcf , ~ S O ~ - z ~ ~ ~ - c o n t i n u e d .  

May 4 to 15. 1Sg7. and March IS to 1 9 ~  I S ~ S .  
theodolite No. 16. W. B. Fairfielll. observer. Telescope 36-9 meters above the ground. 

Numher of 
directions. 

42 

43 
44 
45 

46 
47 

Ohjects observed. 

Fort Morgan 
Sand Island Light-House 
Middle Ray Light-House 
Dauphin Island East Base 
St. Elmo 
Spring Hill 
Mobile, Court-House tower 
Mobile, trausit pier 
Cold Creek 
Minette 

Results froin station 
adjustuient. 

0 I / I  

0 00 0'00 

I 36 05.71 
13 51 14'53 
14 23 23-41 

55 47 34'33 
9q 54 37-03 
III 25 46'96 
I J I  34 43'93 
110 j o  40'66 
I75 25 35.47 

Corrections 
from adjust- 
ment of fifth 

section. 
/ I  

A-0 '39 
. . . .  
.... 

-1 'I1 

-0 '03 
+O '32 

.... 

.... 
+o '04 
+o '40 

Final 
seconds. 

I /  

LY) '39 
..... 
. . . . .  
21 '30 

$4 '30 
47 '35 
. . . . .  
..... 
40 '70 
3s 'S7 

Sf. Elnro, Mobile County, Alabama. June 5 to 7. rSg7, and January 31 to February IS. ISgS. joc1l1 
\V. B. Fairfield. repeating tliroilolite NO. 16 in IS97 aiid :oC"' repeating theodolite No. 32 in rSgS. 

observer. Telescope 57.1 meters above ti lt  ground. 

Spring Hill 
Daphiie 
Middle Bay Light-House 
Fort Morgan- 
Sand Island Light-House 
Dauphin Island East Base 
Daupliii~ Island West Rase 
Point a u s  Pins rSgS 

/ I  

00'00 

41 '22 

19'17 
49 -03 
4s 'S7 
03 '63 
23 '72 
47 '34 

/ I  

-0 '30 
+o *w 

+o -22 

.... 

. . . .  
0 '00 

$0 '05 
. . . .  

/ I  

59 ' i o  
41 '26 
. . . . .  
49 '25 

03 '63 
23 '77 

..... 

..... 
F O I ~  AIorguri, Baldwin County, Alabama. June 14 to 20, 1Sg7, and January 20 to 2 4  I S ~ S .  

repeating theodolites Nos. 16 and 32. W. B. Fairfield, observer. 
the ground. 

30~"' 
Telescope 14.2 meters above 

53 
54 

55 

56 

57 

Daapliin Island West Base 
Dnuphin Island East Base 
Baylor's West Base is92 
Point a u s  Pins 1Y9Y 
St. Elmo 
Spring Hill 
Middle Bay Light-House 
Daphiir 
Sand Islaud Light-House 

o /  

0 0 0  

8 30 
IO 0 2  

27 3s 

73 56 
s5 3.5 
I02 05 
296 55 

55 51 

/ I  

+o '45 
+o '23 

.... 

.... 
-0 '23 
-0 .gs 

fo.11 

. . . .  

.... 

/ I  

'45 
I2 'Sb 
. . . . .  
. . . . .  
33 '69 
39 '2s 

04 '66 
. . . . .  
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Abstracts qf horizonial ifir6clioris ni stafiorrs c-urrrt3osiir.g tht. j f f h  lind lasf st-dion tf fhr iria~rgrclnfion 
nwsf qf fhl. .-lflamfa b~isc' mf, zSyg-zS9S-continued. 

Ailgust 2 to 30, rSg7. , 30Cm repeating theodo- 
Telescope 23.4 meters above the ground up to 

U~zr~phiir Isln?rif Emf Birsc'. Mobile County. Alabama. 
lites Nos. 16 and 32. 
August 27, after which only 14.2 meters. 

W. B. Fairfield. observer. 

62 
63 

Nutiilrrr of 
directions. 

St. Elino 
Dauphin Islmd East Base 

59 
60 
61 

Objects observed. 

Dauphin Island West Base 
Point aus Pins 189s 
St. Elmo 
Daphne 
Fort Morgaii 
Sand Island Light-House 

Corrections 

section. 

Resolts from station from adjust- Filial 
adjustment. ment of fifth seiands. 

O I I I ,  / I  / I  

o 00 00'00 + 0 2 3  00 2 3  
46 19 p ' g o  . . . .  ..... 
So 51 20'71 -0.d 20 '63 

12s 25 47-09 $0'56 47 '65 
197 27 36'91 -0'71 36 '20 

224 55 51.14 . . . .  ..... 
Dauphiu Zslnird If ksf Base, Mobile County, Alabama. September I to 6. 1897, and February 23 to 27. 

ISgS. 30~'" repeating theodolite No. 32. W. B. Fairfield. observer. Telescope 23'4 meters above 
the ground. 

0 I I I  I /  / I  

. . . .  ... Casotte 1S9S 0 00 00'00 

Point a m  Pins rS9S .... ... 

Baylor's \Vest Rase rYgz 156 0 2  30'71 . . . .  ..... 
64 Fort Morgan 1613 56 0S.79 $0'56 09 '35 

Sand Island Light-House 
Horn Island Light-House 

I74 34 4s-52 . . . .  . . . . .  
333 31 03.21 .... ..... 

I 
11 

I11 
I 17 
v 

\:I 
VI1 

VI11 
I S  
S 

S I  
S I 1  

SI11 
SI\' 
sv 

S V I  
XVII 

XVIII 
STS 



SS 
S S I  
S S I I  

XSIII 

S S I V  

S S V  

XXVI 

XSVII 

S S V I I I  

+4 - 2  

+4 +2 

+d - 2  

+6 - 2  +2  -. 
. . . . . . . . . . . .  +6 - t 2  - 2  + a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

+6 -2 

+i +2  - 2  + 2  

+ 6 + 2  

+6 +2 - 2  - 2  

. . . . . . . . . . . . . . . . . . . . . . . .  +d - 2  - 2  . . . . . . . . . . . . . . . . . .  
+6 +z -3 

+6 + 3  

+h - 2  - 2  

4-0 +r  -2 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  +6 +2  

-1-6 - 2  

+b += 
+6 
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A b i - i i ~ t r L  r~~~~lztioirs-corripleted. 

.... 

.' - 2  

.... 
+2 

+6 
.... 

.... 

c19 Cm C2I c.. 

- 6.7s 

+ 5 ' 0 2  + 4'11 

- 3.50 -10'49 

..._ .... +IO.$$ 

+ 2 '10  

- 2.45 
+ 4'W 

- 2.0s 

.... .... .... 

+2  .... ..... 
t: 

- 2  

-? 

+6 . . . . , . . . . . 
+i* '31 

+5.6'51 

. . . . . . . . . . . . . . 

215 

+ 2'0' 

-10'13 

- 4.s5 
+ I 1  'orj 

- 1.40 

- 4.67 
+ "55 

..... 

...... 
- 2s.37 
f I I? '07 

+ 4'28 
i- 4.2s 

- 6'10 

+ 1'54 
+ S ' V 6  
+ s.sj 
- 2.91 

.- 2'91 

..... 

... . . r r  

.... ..- 

- ' $ q ' 3 I  ...... 
+l0S'Ss + 5'93 

+9r 'S7 

C,o=+o 'os2 

c,,= - 0 :'&jg 

C., = $0  'S43 
C.==+o ,071s 
c,,=+o '0525 

c*5 = -0 '0 1 0 7  

CZ6=+o '0307 
C=, = -0 '0563 
C.a= +O '0367 

c,4=-0 '03s7 

. ... 

.... 

.... 
t 5'39 
- 0 '90 
- 2'98 
.- 12'97 
L 16'03 

...... 
+ s?i9 
f 1S7.69 
,+IOS1'57 



NO. Statiniia. 

White 

Pollard 

Red Hill 

Pollard 

Red Hill 
White 
Pollard 

White 
Creagli 
Red Hill 

COOll 

White 
Red Hill 

Dean 

Red Hill 

Dean 

Red Hill 
7 1 coon 

Ohserrerl aiig1t.s. 

0 I I1 

53 55 4s.49 
s9 55 05.0s 
37 09 07.1s 

36 26 24S5 

50 32 20.04 

93 or 16-75 

6@ o5 51  $2 

55 5" 09.60. 

I16 57 4S'Q 

39 22 45'04 
23 39 26'97 

46 j 7  0 7 S r  
75 54 52.57 
57 2S 02.61 

31 04 3S.05 
24 25 30-71 

124 29 52.41 

64 or 60.11 

77 09 04-60 

35 49 @ 9 ' P  
67 01 45-So 

Correc- Syher- Spher- 
tioll. aiigles. excess. 

ical ical Log. dis- Distalices iii 
taiices. iiietrrs. 



NO. Stations. 

Coon ' 
White 
Dean 

Cold Creek 
Coon 
Dean 

Cold Creek 
COOll 
Red Hill 

Dean 
Cold Creek 
Red Hill 

Miiiette 
Cold Creek 
Ileal1 

Miiiette 
COOll 

Dean 

Cold Creek 
COOll 

I\liiiette 

Spriiig Hill 
Cold Creek 
Miiiette 

Daphne 
Cold Creek 
Miiiette 

Dapliiir 
Spring Hill 
Minette 

Spring Hill 
Cold Creek 
Daphne 

St. Elmo 
19 I Spring Hill 1 Daphne 

Fort Morgan 
Spring Hill 
Daphne 

Cihaen~ecl arigles. 

0 I / I  

S2 26 17.11 

51 29 21;S6 
46 04 26-55 

79 73 U'S3 
47 20 21 .4s 

56 39 59'33 
53 09 3 0 7 s  
40 IO 32.70 

130 35 2S3S 

53 26 23.9s 

22 33 15.50 
26 5 1  17.10 

S6 24 57'26 

34 35 '9'33 
5s 57 45'47 

4.5: 53 14'19 
IS 42 37'22 

I12 24 05'45 

113 $3 34.16 
2s 37 44'26 
37 33 43'07 

45 34 1 1  '13 
77 59 19.9' 
56 26 31 '70 

34 54 57'SI 
43 oh 11 $3 
IO1 5s 51.79 

76 30 51 '44 
57 56 49'19 
45 32 20'09 

103 31 00.32 

34 53 "Y.33 
41 '35 53'63 
52 $5 41.2' 

84 (-16 06.17 
43 07 12'70 

2s os 24.46 

9s 54 47-03 
5' Sf' 49'91 



No. Stations. Obsen-ed nngles. 

0 I I ,  

46 13 20'60 

77 59 07.S1 

55 47 34'33 

22 

23 

24 

Fort Morgan 
St. E11110 
Spring Hill 

Dauphin Island East Base 
St. Elmo 
Fort Morgan' 

Dauphin Island West Base 
St. Eliiio 
Fort Morgan 

55 '94 
49 q 
16 26 

I6 "0 

14.60 
31.27 

43 '50 
3-1 '69 
43 '9' 

Dauphin Islarid West Base 7Y 4v 21 '17 
St. Elmo 211 3.5; 20 '"9 
D.3uphiri IS1:111d East Base $A> 51 3U '71 

26 
Dauphin Island East Base 162 3' 23 '09 
Fort Morgan S 50 12  '65 
Dauphin Island West Rase S 57 27 '33 

Dauphin Island East Rase 44 34 26 .# 

Daphne 41 24 11 '92 

Dauphin Island East Base 72 01 4 9 ' s ~  . 

St. Elirio 54 01 22.41 

2S [ Daphne 14 23 22.41 
Fort Morgan 93 34 51 'S7 

cdrrec- sp$- Spher- 
ical 

angles. excess. 
I /  / I  / I  

$-0'36 20'56 o .96 
+0'19 o S m  0.95 
-0.32 33'91 0.96 

-0':s 55-59 0.51 
+@Y 49'55 0'51 

+o'I: 16'39 0.51 

--a%; 15.57 0.26 
-0'22 14.3s 0.25 
-0'46 p ' S r  0.25 

+0.;9 43'S9 0'55 
-v'r7 34'52 0.55 
-0'6s 43.24 0.55 

-0-91 20.26 0'27 

+o'ng 20'14 0.2; 

--0 '51 20.40 0.26 

+0.94 24.03 0'03 

-0 '22  12.43 0.0; 

+ I  '30 23.63 0.0; 

+0.64 27'02 o*So 
-0.q '2'37 o s 0  
+.I '09 13 '01 o -So 

- 1  '27 4s.55 0.41 

-1.51 20.go 0.41 

- 0 q  51.7s 0.41 

Log. dis- Distances in 
tances. iiieters. 

Rtwtarks on the accord q j  t h  r?lf/irlzia mid D~iiiphi~z Zslmtrl hsc.s.-The distance 
tjetween tlir middle points of these bases, when measured through the riiicldle line of 
the triaiigulatioii connecting them, is 677 kilometers or 42 I statute miles.* The total 
number of geometrical conditions demanded by this triangulation in order to remove its 
iiicoiisistencies is 142, to which number one more condition would have to be adcled to 
bring out the length of the second base as measured. The simultaneous solution of SO 

large a number of equations being impracticable. the actual adjustment was macle in 
parts. When the Dauphin Islarid base was reached a very mall  difference t was found 
in the computed length. as derived from the Atlanta base. ancl the measured length. a 
matter of accident, but a very satisfactory one, since no further labor was needed to 
briiig about a closer accord. 

~ ~~ 

*It is made up of the several parts a s  follnwa: 111 haw net. 42 kilometers; first section. OS kilometers: second section. 

+One and a half units ill the seventh place of deciinals in the logarithm. 
SS kilometers; third section. So kiloiileters; fourth section. 'ug kilortieters; and fifth section. 160 kilometers. 
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12. THE FIRST SECTION OF THE TRIANGULATION WEST OF THE DAUPHIN ISLAND 
BASE NET, ALABAMA AND I\IISSISSIPPI, Is46-Is55. 

Proceeding from the base net westward, the triangulation is contracted in dimen- 
sions a id  possesses an inferior degree of accuracy as compared witli'the triangulation 
north of the base. This change is primarily due to unfavorable atmospheric conditions 
aiid to the difficulty of preserving the stations for a few years in a low country, subject 
to storm$, aud severe hurricanes, which cause alterations in the shore line, overflow of 

No. 3: 
~ ~ _ _ _ _ _ _  

S 

Petit  Boie 
Kilometers 

10 0 10 20 30 4 0 ,  50 60 70 
Statute Miles 

10 5 0 10 20 30 40 

)I---- - - 7 

the ground, and destrtiction of the stations. When the localities were revisited in 
another year several of tlie stations could not be recovered, and new stations had to be 
establislied in their places. The width of the triaiigulation was limited by the width 
of Mississippi Sound, along which it estends. The observers were Assistants F. H. 
Gerdes a id  J. E. Hilgard. In rS51-55 a Gainbey repeating theoclolite was ~ised, and 
for these nieasiires the resulting seconds are give11 to the nearest tenth. The section 
extends froiii tlie Dauphin Islaiicl base net to the line Deer Island I to Ship Island 1S55. 
a distance of about 56 kilometers or 35 statute miles. The connected series of quadri- 
laterals terminates here. 

.-li~sfrtrcfs of- hor-izoiifol dirt-dons i r f  sftrfioms if fQr f i i s f  stdioir of fht= fi-innpiilafioir zmsf if Dirrrphin 
Ldnillf Ar7.W I I E f .  

Point l 7 J t S  h'rrs, Mobile County, Alabama. May and June. 1.548. F. H.  Gerdes. observer. 

3 
4 

0 / / I  / I  I I  I /  / I  

Cedar Point 0 00 00'00 . . . .  ..... + O ' j 2  00 '32 
Cat Island 22 36 33'45 .... ..... -0.29 33.16 
Dauphin Island West Rase 5s 14 OS '33 .... ..... -0 '03 OS '30 

105 51 21 '51 -0'05 21.46 .... ..... 
147 05 47'69 -0'03 47'66 .... ..... 
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~ ~ d s f i n ~ % s  c!fhor-i,-oithil dii-rt-fiairs i r f  st~ifioirs qf fht. filsf scrtioii of. fht- frinit,gttliiliaii nvsf of Dai(phin 
Zslmid bast* irt*f-continued. 

Dntiphiii Zslirizd Il'csf Eiise. Mobile County. Alabama. November, 1847 and Jaiiuary, IS& F. H. 
Gerdes, observer. 

IO 

11  

12 

13 
14 

Number of 
directions. 

I 

2 

- 
Point BUS Pins o 00 00'00 -0.06 59.94 
Dauphin Island West Base 54 50 01 .6o -0 'IS 01 a42 

Petit Bois '05 37 27'05 f o . 3 0  27 '35 
Horn Islaiid East rS55 * I$ 42 11  '77 -0 '39 11.3s 

Bayou Casotte 209 13 36'14 + o y  36 '46 

Results of station Resultirig Final 
Ohjects ol>served. adjustnient. fz!;itFt seconds. ro:ipw seconds. 

16 
17 

IS 

0 I I I  I /  I I. ' I I  I I  

. . . .  ..... o 00 mno -0.17 5- Petit Bois 
Grande Batture 45 15 13-69 f o . 3 6  14.05 . . . .  ...... 

..... +o ' 14 33 %6 Point a u s  Pins . . . . .  SI 33 33'52 

Petit Bois 47 31 37'50 +0'75 

Horn Island West 153 29 14.20 .... 
Horn Islaiid East 1S55* 9 $3 25'76 -0.64 

Belle Fontaiiie 1s0 49 13'30 . _ _ .  
East Pascagoula 202 51 05 *3s +0'37 

Petif Bois. Jackson County. Mississippi. June, 1S46. F. H. Gercles. observer. Theodolite No. 6 used 
in I11 positions. 

0 I /.e I /  / I  

Horn Island East 1555 * 0 ou 00'00 -0-41 
Bayou Casotte 42 36 12'S7 +0'70 
Graiide Batture 71 28 26.37 -0.64 
Point a u i  Pins IW 36 32'24 +0*26 

Dauphin Island West Base 155 25 46 '00 +o '09 

21 

23 

23 
24 
'9 
20 

0 I / I  / I  

o 00 oo*m +0*03 
14 IO gs .73  + O . I Z  

$3 41 07-72 +0'72 
104 07 jS.3S $0.33 
2S7 05 56 '0 - I  '02 

313 55 53'0 -0'19 

IS47 

East Pascagoula 
Bayou Casotte 
Grail& Batture 
Petit Bois 
Horn island West 
Belle Foritaine . 

I I  

00 '03 
5s 'S5 
0s '44 
5S.71 

54 -9s 
52 'SI 

Gerdes, observer. 
Theodolite No. 6. 

59 '52 
3 s  '55 
26'12 

I ,  

- 

.... .  

05 '75 

*The ohservations of 1S47 were reduced to the position of 185s. 
I 
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Abs,sfrn~-fs ot'hor-i:orrfaf dir-cztiows lrd sfnfims qf flre jii:\.t secfiorr of the? lr.iirrigrt/nfio91 :cvss( qf Daiiphiri 

Errsf Azsmparr./tr. Jackson County, Mississippi. August, 1S47. F. H. Gerdes, observer. Theodolite 
No. 4. ( V  positions. ) April, 1S54, ancl January, 1855. J. E. Hilgard. observer. Repeating the- 
odolite. 

Ldnticf base rrzl-continued. 

Elevation of ground. 16 feet; of tripod. 14 feet. 

Results of statioi! c ~ , ! ~ ~ ~ ~ ~ ~  Fiual 
Objects observed. adjusttneiit. section. seconds. 

0 1  II II / I  

Number bf 
directions. 

40 
41 
42 

25 

26 
27 

Deer Island I 
Relle Fontaiiie 
Horn Island West 

2s 
29 

Bayou Casotte 
Petit Bois 
Horn Island East 1555' 
Azimuth Mark 
Horn Island West 
Belle Fontaine 

59 '79 
20 42 3S.49 -1.31 27-18 
57 56 20.1s +0'26 , 20.44 
96 23 50'60 .... ..... 

25 '65 122' 43 25.0 +0-65 
153 og 16.2 +0-61 16-81 

0 r u 3  00'00 -0 '21  

Horvr Zsllzrrd ll.'Lsl, Jackson County, b1ississippi. August to  Noreniber. IS&. F. H. Gerdes, observer. 
Repeating theodolite. March, 1S54, May and November, 1'535. J. E. Hilgarcl. observer. Repeat- 
ing theodolite. 

3' 

34 

..- 
SJ 

Ship Island 1S55 
Deer Island I 

Monk Point 
Belle Foiitaine . 
East I'ascayoula 
Horn Island East ISSS 

I I  II 

0 00 00'0 0 '0 00 '0 

54 48 36% -0.7 36'1 

100 06 34.9 +o*3 35'3 
I53 53 60.2 -0'5 59'7 
196 12 49.2 +o-g 50 '1  

0 I I /  

7s 59 IS'S ... .... 

23e//e> Fonttziw, Jackson County. Nississippi. April, October, and November, 1355. J. E. Hilgard, 
observer. Repeating theodolite. 

35 
36 
37 
3s 
39 

East Pascapoula 
Horn Island East 1S55 
Horn Island West 
Ship Island ' $55  
Deer Islaiicl I 

0 I I I  II / I  - 
0 00 00'0 -0'7 59'3 

3s 42 5 5 %  fo.4 56.2 
o.o 44 '0 

147 36 0 7 . 2  .o 07.2 

191 39 39'1 +0'4 39'5 

95 46 44'0 

Ship 1Sk711d 135.5~ Harrison County. Mississippi. June and July, IS& F. H. Gerdes. Repeating 
theodolite. November, rS55. J. E. Hilgard, ohserver. Repeating theodolite. 

1 Cat Island 
0 I II 

0 00 00'0 

Mississippi City 49 20 56.9 
Rilosi Light S7 13 41 *S 

116 14 11.7 
14s IO 50.2 

176 24 50.7 
I Cbandeleur .Light 1555 26s 06 00's 

*Observations of 147 referred to the position of 1% 

/ I  I /  

... ..... 

... ..... 

... ..... 
+o '5 I 2  '2 

-1 '0 49.2 
+0'5 51 '2 

. . .  ...... 



222 THE EASTERN OBLIQUE ARC. 

.4bsfrircis of hoi.iiortfu/ dii-ecfioris tit statiorrs l?f flit- j i s f  st-ciiort qf //it- fr-itiwgitliifiori west c!f Dirrrphrtr 
Island dnst. rret-contiiined. 

D~.c.l- Islrzrrd 1, Jackson County, Mississippi. October, November, and December, rS55. J. E. Hil- 
g a d .  ohserrer. Repeating theodolite. 

N'umher of 
directions. 

43 

44 
45 

I 
I1 
I11 
IV 

1 7  

VI 
VI1 

VI11 
I S  
S 

S I  
S I 1  
SI11 
S I V  
s \I 

S V I  

SVII 

SVIII 

Objects observed. 

Belle Foiitaiiie 
Monk Point 
Horn Islalid West 
Ship Islaiid 1S5j 
hhsissippi City ' 

Bilosi Light 

Results of station 
adjustment. 

0 I / I  

0 00 00'0 

0 19 13.2 

103 49 51-4 

'74 34 46-1 
194 jj 56.5 

3s ' 49 0.5 '7 

Corrections 
from first 
sectiou. 

/ I  

+o 'I 

+o 'I 
. . .  

-0 -1 

... 

... 

Fitial 
SeCOlld5.  

I ,  

00 .I 

.... 
o j  .s 
51 '3 

.... 



0=-1.74 +6 -2  + z  --a 
O s f 0 ' 5 I  +j' +a 

o= +O'Og +6 --a +z 
o=-1.2$ +6 -2  

o-+a'07 . ... ... ... +6 +2 --a ._ .  _ _ .  ... .. ... _ . .  ........ 
0 s - I  ' ' 5  +6 -2  

0 3 - 1 . 5 7  +6 -2  

os-1.0 +6 -2  +.2 -2  

0 3  - I  '7 +6 + z  
O s + O ' l  ... ... ... ... ... ... ... ... ... +6 ... -2  ... ........ 
o=+r'o +6 - 2  + 2  

o=-r'J +6 +? 

0 3 + 1 ' 4  +d 

O = . + S ' I  .. . .. . ... .. . .. . ... ... .. . .. . .. . .. . .. . .. . . .. .... . 
0=+2'0 

0=+4.Y 4-59'617 

Q=i -4 's4 

Q=-g'O 

Rtsiilf i q r  t-oiwllittx 

- 1  I '4.1 - 2755s 

- 2 . 1 2  + "$54 
+ 3'05 - S'ojr 

+ 0.703 
. . . . . . . . . . . . . . . . . 

C,=+O '0965 
c,= -0 *oS;1 

c,=+o 'I@i 

c, = +o '3323 
C,= -0 '0~o6 

C,j=+o'jfi55 , 

C;=+I '4771 
C3=+o 'S7S5 
C,=+ I '2697 

. . . . . . . . . . . . . . . . . . . 
- 2 '22  

-12'35 - 2 3 0  

+ 1 2 ' 1 9  

+ 1'0s - 2'30 
- 6'02 

+ 1'76 i- s.25 
-_ 1'01 

. . . . . . . . . . . . . . . . . . . 
f 1'6679 
+92.532i . + j.6608 

+47 '2672 



NO. Stations. Observed angles. 

0 / / I  

Petit Rois 50 49 13.76 
Point a m  Pins 47 37 13.21 
Dauphin Islaiirl West Base SI 33 33.66 

Grande Batture 54 50 01.60 
Point a u s  Pins SS 51 39'39 
Dauphin Islaiicl West Bast 36 IS 15 '57 

Grande Battiire 10.5 37 27'05 
Point aus Pins 41 14 26'1s 

Petit Bois 33 0s 05 5 7  

Graiide Batture 50 47 25'45 
Dauphiil Island West Base 45 15 13 '69 
Petit Bois 

Horn Island East 1S55 
Graiide Batture 
Petit Bois 

J' Bayou Casotte 
6 Graiitle Batture 

Petit Bois 

Bayou Casotte 
Petit Bois 
Horn Island East 1555 

Bayou Casotte 
Graiide Batture 
Horn Island East Is55 

East I'ascagoula 
Bayou Casotte 
Horn Ielanri East IS55 

East Pascagoula 
Bayou Casotte 
Petit Bois 

East Fascagoula 
Petit Bois 
Horn Island East 1855 

Belle Funtaine 
East Pascagoula 
Horn Islaiid East 1855 

I 
I 

I I  1 

Sj 57 19.63 

55 26 50.66 
53 04 44'72 
71 2S 26'37 

47 31 37.80 
IO; 36 09.09 
2s 52 13.50 

47 26 47'96 

Sg 56 59'65 

94 5s 15.76 
50 31 24'37 
34 30 os.99 

42 36 12.S7 

57 56 20.1s 

107 sa 39'62 
14 IO ss.73 

20 42 2s.49 

I55 '9 27'58 
3 5s .... 

37 '3 51 '69 
3s 3s ..... 

104- 07 58.38 

3s 42 55's 
95 12 56.0 
46 04 07'0 

Correc- Spher- Spher- 

tion. sngles. excess. 
ical ical 

I /  I /  I I  

-0 '17 13.59 0 ' 2 0  

-0.05 13'16 0.19 

+ 0 ' 1 7  33%3 0.19 

-0.12 o1'4S 0.15 
-0-03 39.36 0'15 
-0.36 19'61 0'15 

+0.36 27-41 0'13 
+ o . o ~  26.21 0-13  
fo.S9 06'76 0.12 

+ o - ~ S  25'93 0 . 1 7  
+0'53 14-22 0'17 
+0-73 20'36 0-17 

-0'39 50'27 0.15 
-0.69 41.03 0.14 
-0'23 26'14 0 '15  

$ 0 ' 0 2  og'I1 0'10 

-1.34 12 '16  0.10 

+I'23 39'03 0'10 

-1 '$3 46'5s 0.14 
+ I 7 0  13'97 0.13 

+ o m  59'S6 0.14 

-0.16 25.60 0.09 
$0.71 25.0s 0.09 
+0'60 og-59 0.09 

+0-47 20'65 0.03 

+ I . O I  40.63 0.04 

+ o q  5SS2 0'03 

-I 'IO 27 '39 0.02 

-0.3s 27'20 0 . 0 2  

. .. . 05'47 n.02 

+ I  '57 5 3 2 6  0'15 
.... oS.51 0'15 

+0*30 5 S G  0'15 

+I  'I 56'9 0'1 

+o'4 56 '4 0 ' 2  

+0'2 07 '2 0'2 

Log. dis- Distalices 111 
tames. ineters. 



No. 

17 

IS 

'9 

base. iwf  - con tinued. 

Stations. 

Horn Island \%Test 

East Pascagoula 
Horn Ialantl East 1555 

Horn Island Ii'est 
Belle Fontaiiie 
Horn Islalid East Is55 

Horn IslanrI \Vest 
Belle Pontaine 
East Pascagoula 

Deer Islalid I 

Iklle Fontxine 
Horii Islaiirl West 

Sliip Islaiicl 1x55 
Belle Foiitaiiie 
Horn Islwiil West 

Ship Islaiirl is55 
Deer 1sl;ind I 

Relle Fontaiiie 

Ship lslaiirl 1S55 
Deer Islaiitl I 
Horn Island West 

4 IgZ-NO.  7-03-1 5 

Correc- Spher- Spher- 

'ion. angles. erxss. 
ical ical 

I1 I I  ' I f  

+ I  '4 50'4 0 ' 2  

+om4 ' 0 5 . 2  0 ' 2  

+ I  '0 ('5 '0 0 '2 

+o -6 14. '5 o '2 
-0 '4 47 .s 0 ' 2  

f 0 . S  57'5 0: I  

-03 24 '5 0'1 

+0'7 44'7 0 '2 

0.0 51 '-7 0.1 

0.0 05 '7 0.1 
f o . 4  55 '5 0'1 

+I'O 59'1 0 '1  

+I '5 0 2  '0 0 ' 2  

0'0 23 '2 0'1 

+0'3 35 ' 2  0'1 

-1 '5 37 '0 0 ' 1  

-0'2 5 1 ' 3  0'2 

+0*3 32 '2 0'1 

-0'1 3s.g 0'1 

-0 '2  45 '5 0 ' 2  

-0.7 36'1 0 '2  

Log. dis- Distances in 
lances. meters. 

4.135 600 I 13 664.70 
4.263 971 9 I s  364'19 
42S7 S q  7. 19 4001 '16 

4'337 5 21 7.57'1'7 
4'263 972 4 IS 564 '22 
3 '994 61s 9 g S76.96 
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I j .  SECOND AND LAST SECTION OF THE TRIANGULATION WEST OF THE DAUPHIN 

NO. 3 
ISLAND BASE NET, MISSISSIPPI AND LO'CiISIANA. IS jb-1574. 

L O  

A 

UIS 
Fort 

Deer. 
l a l a n d  1 

b Tower Kilometers 
-c - - -  

10 0 10 20 30 40 SO 

Ststute Miles 
10 10 311 

The second and last section of the triangulation stretches west froiii the 1ine.Deer 
Island I to Ship Island ISsj and reaches the astro1ii:liiiic st2tit-m in the city of New 
Orleans, Louisiana. a distance of 132 kilometers, or 8a statute miles. I t  is of secoiidarj7 
and soiiiewhat irregular character as to size aiicl shape of its component parts. yet 
possesses snfticient accuracy to render it useful in the discussion of the geodetic and 
astronomic measures of the southern portion of tlie oblique arc. 

When within 34 kilometers, or 2 I statute miles, of New Orleans tlie triangles are 
apparently left without a check. h i t  here we can take advantage of a well-c:letei-iiiiiircl 
and inrlependent length of the teriiiiiial sick Martello To~7er to Bienvenue. This is 
furnished by its direct connection. through a small hut otherwise well coiiditioiied and 
acljustecl river triangulation, with tlie Magnolia hase line. situated about 60 kilometers. 
or 37 ,Ii statute miles, farther down the Mississippi River.:': This 1:iase was iiieasured hy 
Assistaiit C. H. Boyd iii January, IS7'. Its letigtli is. roughly, 3 . G  kilometers, or 2;J 
statute miles?+ and the corresponding length of side Martello Tower to Bieiiveiiue is 
6 233.42 nieters. The length for this saiiie line. starting froiii the Dauphin Island base 
in the old, uinacljusted computation of ISSO, is 6 c ~ j ' o - . .  The discrepancy was remoi.ed 
by dispersing this difference iii the ailjustiiieiit between this side aiid the side Deer 
Islaid I to Ship Island r S s 5 .  at the same time preserving the four ii~terinediate ancl 
adjusted parts, as esplaiiied farther on. 

111 this branch of 'the triangulation it was found sufticieiit to give the resu~tiiig 
angles either from the station ac1justment or froiii clirect iiieasure. as  tlie case iiiay tie, 
to the nearest teiith of a secoiicl: further, the special tabulation of these results cou.lc1 be 
dispriised with, since the?, are given in the present;ition of tlie triangles. -- ._ 

* 5cc .;ketcll of trisnyiilatioii. plate No. ICJ. C0:i-t nlld c;ccldetic Survey K e p r t  for 1Sjg.  
$T.ogaritlirri of Iciigth of Magiiolin Imsr. 3 ' 5 ~ : i  C r S i  5. 
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The tiaines of the observers and dates of execution of the triangulation for each 
station are as follows: 

Naiiie of station. 

Mississippi City 

Cat Islaiiil 1S5z 

Cat Islalid 1555 

Pitcher Poiiit 2 

Cat Islaid Light 

South l'oiiit 

Bayou Pierre 

Poiiit Clear 
Grand Islalid ~ S ; j z  

Graiirl Islald IS55 
Oyster Bayou 1555 

Nine Mile 13n)ou 
Mnllieureur Poiiit 
East Pearl River 
Rigolet Light 

Shell Poiiit 

Fort Wood 

Proctor rS53 
Martello Tower 

Battery Bieiiveiiue 
lhcros  

Saint Patrick's Church, New Orleaiis 
Astro. Observatory, Canal a d  Basin streets. 

Caeriiarvoii 
New Orleans 

Ohserver. 

S. A. Gilbert 
J. E. Hilgard 
S. A. Gilbert 

J. E. Hilgard 
R. E. Halter 
S. A. Gilbert ' 

J. E. Hilgarrl 
S. A. Gilbert 
J. E. Hilgarcl 
J. S. Harris and R. E. Halter 
J. S. Harris, R. E. Halter 

S. A. Gilbert 
R. E. Halter arid S. Harris 
S. A..Gilhert 
S. A. Gilbert 
J. E. Hilgard 
S. A. Gilbert 
J. E. Hilgard 
S. A. Gilbert 
J. E. Hilgard 
J. E. Hilgaril 
S. A. Gilbert 
J. E. Hilgard 
S. Harris aiicl R. E. Halter 
J. E. Hilgard 
S. Harris 
J. E. Hilgarcl 
R. E. Halter 
S. A. Gilbert 
S. A. Gilbert 
C. H. Boyd . 

S. A. Gilbert 
C. H. Boyd 

::d S. Harris 

C. H. Boyd 
S. Harris 

C. H. Vari Orden a i d  

C. H. Boyd 
C. H. Boyd 

Month ail01 year. 

May. 1S51 
Apr. ail11 Oct., IS55 
May. I S ~ I  

Jan.. rS52 
Sept. aiid Dec., 1S55 
Feh. and May. IS57 
Apr. and May. 1S51 
Oct. awl  Dec.. iS .5~  
May, ISSO 
Ilec.. is55 
Fcb. and May. 1S57 
Feb. a i d  May, 1557 
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That branch of the trinngulation which reaches New Orleans by way of the Rigolets 
ancl Lake Pontchartrain could nut he utilized in consequence of a break in the survey at 
the eastern end of the lake: the oldstation marks. diligently searchecl for in ISgS. have 
entirely disappeared. The junction niade via Lake Borgne. as presented here. is direct 
and the corrections clue to adjustnieiit are small. 

Leaving the line Deer Island to Ship Island 1855 and passing over two triangles, 
the first special adjustment comprises the figure Mississippi City, Pitcher Point 2 ,  Cat 
Island rS52, Cat Island 1Ss5,  Cat Island Light. Sonth Point, ancl Bayon Pierre. ( See 
sketch, p. 226. ) It involves IZ condition or observation equations and 30 corrections 
to directions numbered as follo\vs: 

At Mississippi City I. Cat Island 1852. At Cat Island 1S52 15. Bayou Pierre. 
" 16. Pitcher Point 2. 2.  Cat Islancl rSsg. " " " 

j. Cat Island Light. 
4. Pitcher Point 2. 

I .  ' ' " * '  " " 17. 3Tississippi City. 

At Cat Isla1111 Light IS. Pitcher Point 2. 
At Pitcher Point 2 5. Mississippi City. 
6' 6. 6. Cat Islaiirl 18j2. 
1. .. ' 7. Cat Islanil rS55. 
1. ( 1  I '  S. Cat Island Light. .. .. 9. Raynu Pierre. 

At Cat Islaiirl is55 

., .. 1 ,  . &  12. Cat Island J4ig$t. 
,' .. ( 6  .. 13. Pitcher Point 1. 

IO. Si.nith Poiirt. 
J I. Bayou Pierre. I , . ,  L L  I .  

" " '. 19. Mississippi City. 
20. Cat Island 1S55. 

" " " " 21. South Point. 
L L  5 .  I .  .' 

'' ' *  " " 22. Bayou Pierre. 

At Rajou Pierre 23. Pitcher Point 2. 

I .  L. ,, 24. Cat Island Light. 
z j .  Cat Islaticl rSgz. 

'' " " 26. Cat Island 1555. 
" " " 27. South Point. 

L L  I. I .  

I 
I1 

I11 
I 1 7  

V 
v I 

VI1 
VI11 

IS 

S 

S I  

S I 1  



THE h M I N  TRIANGULATION. 

Coi-rdilfes wid i'csirlfirig corrrcfiom. 
I I  ' !I 

( I ) = +o '156 . ( I I ] = -0 '446 
( 2 )  - 0 ' 0 s ~  ( 1 2 )  -0.117 
(3)  -0.1g5 (13) fo.401 
(4) + O ' I z 5  (14) -0.156 

( 6 )  -0340 (16) fo-726 
( 7 )  - 0 . 1 ~ 0  ( 1 7 )  +ow26 
(S) -0nf51 ( I S )  -0.157 
(gj +I*ISY (19) f o . 3 1 ~  

(IO) +o'316 ( 2 0 )  +o.l-dS 

(5) -0'167 ( I s )  -0'752 

At Rayoii Pierre I .  Nine Mile Bayou. 
' I  . L  1 '  2. Grririrl Island  IS^ 

3. Graiitl Island 1.355. 
. I  1 ,  ,. 4. Point C!ear. 

At I'uiiit Clear 
, I  I I  I I  6.  Grmil-1 1r;land 1S52, 

7. Grant1 Islaid 1855. 

,, ., L L  

5. Rayou Pierre. 

. a  ,. 'I 

2 2 9  

At G r a d  Islaiiil 1S55 
'' * '  .. .' 12. Bayou Pierre. 
" '' 

At Nine Mile Bayou 

1 6  L I  b *  6. 

;I .. 11  .( 17. Rayou Pierre. 

1 1 .  Point Clear. 

13. Nine Mile Bayou. 

14. Grand Island 1S.55. 
IS. Gratid.Island 1S52. 
16. Point Clear. 

*. '. 

I .  I .  L L  L L  

' 1 .  

I 
I T  
111 

I v 
V 

VI 

At C,raiid Islalid 1 8 ~ 2  s. -Poilit Clear. 
I .  9. Bayou "ierre. 

L L  I L  IO. Nine hlile Bayou. 
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The' third special figure treated by itself iiicolres stations Bayou Pierre, Grand 
Islancl I S55. Nine Mile Bayou., Oyster Bayou rSs5, and Malheureus Point. 
At Bayou Pierre I. Oyster Bayou rS55 ! At Oyster Bayou 1S55 6. ,iVIalheureus Point 

I .  ,. L. 7. Graiirl Islanil is55 
A t  Graiid Island 1555 

S. Bayou Pierre ,. 5 ,  b .  

2. Oyster Bayou 1S55 
I ,  I .  3. 3Iallieurcus Point I 

I1 
I11 

A t  B'lalheurnis Point 9. Grand Islanil ISSS 
IO. Oyster Rayoii rSs5 
11. Niiie'Mile Bayou 

At Nine Mile Bayou 4. ivIalheureus Point 

.At Oyster Bayou 1S55 5. Nine Mile 

0 = - 2 ~ - ( 2 ) - t ( 3 ) - ( 6 )  + (7 ) - (9 )+  (10) 

o=-; .g+(S)--(a)-(g)+( 11) 

At Grand Island ~ S g j  I .  nlalhciireiis Point . 
6 ,  .. 2. Rigolet Light .. .' 3. East Pearl River 

At &lalheureh Point 1. Rigolet Light . 

5. East Pearl River 'I 

' ' I  ' 6. Grand Island 1.555 

At Rigolct Light 
$ 6  I .  S. Grand Island I S S ~  
6. 6' 9. BIalheureus Point 

A t  East Pearl River IO. Graiirl Island 1S55 
I I. Malheureus Point 

7. East Pcarl River 

.. ' I  L ,  L '  

" " " I '  I?. Rigolet Light 

I 
I1 

111 
I\' 

o=+ 3'0-(1)+(2)-(1)+:(6)-.- (SI+ (9) 
O= + 0'4- ( I )+ (3) - (5) -+ ( 6 ) - (  IO) + ( I I )  

O=- 1'7- ( 4  + (5  ) - ( 7 $.(9) - ( 11) f ( 1 2 )  

0=-419--0*6S(1 )f5'99(2) -5'31( 3) -.2'04(4)+3'6S( 5)- 1*64( 6)-5'39(7)+730( S )  -2.1 T (9) 
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. Finally the length of the s i c k  Deer Island I to Ship Island 1S55 and Battery 
Bieiirleiiue to Martello To\ver were brought into accord by acljustme~it of the inter- 
vening triangulation ~ but Itmirig fhc firmding nrljzrsfcrl /wr*t.F i i i i t ~ I f ~ i . ~ i J .  There were 6 
triangles, the slims of mliose angles were equated to I S o o  + f ,  respectively, arid the 
length equation constituted the seventh condition to lie satisfied. Tllis adjustment 
was made by angle corrections, the 16 angles beiiig iiiarkeil from A to Q as follows: 

benipla. 
tioii of 
angles. 

.I 
R 
C 
n 
E 
I' 
G 
H 
I 
K .  
I, 
AI ' 
S 

0 
I.' 

Q 

Decr Islalid I 

Mississippi C;ty 

Ship Islantl 1S55 
Cat Island ISjj 
Pitcher I'oiiit 2 

Point Clear 
Malheureus I'oiiit 
Shell Point 
Rigolet Light 
Fort 1V1-ml 
Shell Point 
Proctor Point 1S53 
Proctor Point rS53 
3Iartello Tower 
3Iartellu Tower 
Battery Bieiivetiiic 

1:etwecii stat ims.  

Ship Islaiicl 1S5,s and RIississippi City. 
Deer Islaiid I a i d  Ship Islaiicl !Sss. 
Cat Isliiiid rS55 aiid l\lississippi City. 
Mississippi City and Ship Island 1855. 
nayou Pierre aiill Puiiit Clear. 
Pitcher Point 3 and Bayou Pierre. 
Shell Point and Rigolet 1,ight. 
Rigolet Light and Blalheureus Point. 
Shell Point awl Fort u 7 d .  

Rigolet Light an11 Sliell Point. . 

Proctor ~ o i n t  1 ~ 5 3  and Fort ~ o o d .  
Port Woorl and Shell Point. 
Martello Tower and Fort Wood. 
Fort Wood and Proctor Point 1S.53. 
Ihttrry Bieiiveiiae and Fort W1.1uc1. 
Fort Wood a i d  Martello Tower. 

When a letter designating an angle is iiiclosecl in a parenthesis, it designates the 

111 estabIishing the 6 angle equations tke plane angles already corrected were 
corresponding correction. 

.cvhere - 32.5 ir; tlie discrepancy of Icngth ill the sixth place of clwimal..j of the 
logarithm. 

The corresponclinp owrections arr- 
/ I  I /  ./I / I  

j =+o 'j (E) = t o ' s  (1 ) =$-I '3 (N) =f0'4 
( B )  -0.7 ( P )  -0.4 (I<) - 1 . 4  (,O) -0'3 
(,C) -I-O.6 ' ( G )  - 1 1 . 1  (L) f o  '5 (Pi .-I '7 
(D1. -0.4 (H) - 0 ' 7  ( M )  -0'6 (Q) -1 .6 



No. Stations. 

I 1  

I2 

Mississippi City 
Deer Islaiid I 

Ship Islaiid ISjg 

Cat Islaiid 1Y55 
kIississippi City 
Ship Islanil 1S55 

Pitcher Point 2 

Mississippi City 
Cat Tslaiiil rSj5 

Cat Islarid Light 
Mississippi City 
Cat Island rsjj 

Cat Island Light 
Pitcher Point -? 

Cat ISlSlld IS55 

Car isiaiiii Light 

nT i ssissippi City 

South Poirit 
Cat Islaill1 Light 
Cat Islaud 1S55 

I 
2 1  

[ Bayou Pierre 
S . Cat Island Light I Soiitli Point 

I H a p u  Pierre 

g . Cat Island 1S55 
Sout1i Point 

I Cat Islai~d rSjs 
IO Pitcher Point z I BIississippi City 

l-hyoii Pierre 
Pitcher Point z 
Cat Island IS52 

Kopou Pierre 

Pitcher Point 2 

Cat Islaiirl Light 

Spher- Log, 
ciistaiices. 

It 

0 ' 2  

0 '3 
CI '2 

0 '3 
0 ' 2  

0 '2 

0 '1 

0 '2 

0 '2 

0 . I 

0 ' 1  

0 . 2  

O'.I 

0 *! 

0 . I  

0 . I  

o '2 

0 'I 

0 . I 

O '0 

CI '0 

0 ' I 

0'1 

0 . I  

0 '0 

0 '0 

0 '0 

0 '3 

0 ' 2  

0 ' 1  

0 ' 2  

0 '3 

C' '3 

0 ' 1  

0 ' 1  

0 ' I  

Distances i n  
ttleters. 



No. Stations 

13 . I Pitcher Point.C1ear Point 2 

1 13ayon Pierre 

22 

2.7 

Grand Islaiiil 1S5z 
Point Clear 
Bayou Pierre 

Nine Mile Bayou 
Grand Isiald I S ~ Z  

13ayou Pierre 

Grand Islaiid rS55 
Point Clear 
Bayou Pierre 

Nine Mile Rnyou 
Point Clear 
I3ayuu Pierre 

Grand Island 1S55 
I3ayoii Pierre 
N i n e  Mile 1i;ryou 

Oyster I3:iyi:Bii 1855 
Graiid Islaiirl 1S55 
l%ayoii Pierre 

Oyster Bayou is55 
ZCl I Niiic Milc Riyuu 

G r a d  Isl~uiil I 555 

Mallleureus I'oiiit 
Grand IsIaiid 1Ssj 
Oyster 13ayoii iY55 

Mallieureus Point 
Grand lslaii~l 
Nine Mile Bayou 

Mnlheureus Point 
Oyster Dayon ISSS 
Nine Mile Bayou 

Kigolet Light: 
Grand Islaiitl rS55 
Malheureux Point 

East Pearl River 
(;rand Islaiicl 1 % ~  

Walheureus Point 

I 
21  I. 

24 [ 

Correc- 
tion. 

/ I  

- - I  *. 

--0 '3 
--0 '9 

4-1 '3 
+ I  - 1  

4-0 0s 
so '5 
--0 ' 2  

--0 .- 
+o ' I  

+o O b  

+O 'j 

-- I '0 

. . .  
4-0 '5 
+o .I 

+ O . l  

-0 .4 
-cn .!5 

+ 2  '3 
+2 ' 2  

+o 'S 

$0 '9 
i- I ' 5  
-0 .4 

+ I  '9 
+o -6 

-I-r '4 

4-0 '9 
4-2 '5 

0 '0 

. . .  

. . .  
-3  '5 

'S 

--0 '3 

4-1 . I  

--c, '5 
- 1  '0 

Splicr- 
ical 

aiigles. 
,I 

07 . I  

42 .S 

js '0 
04 '7 
17 '9 

44 -6 
'9 . I  

56 '5 
26 .y 

60 .4 
33 .4 
j s  .2 

os . I  

1 1  .s 
47 '3 
41 
3' '9 

44 .4 
06 .4 
09.6 

59 .4 
'9 '9 
40 '9 

47 
25 '0 

47 '9 
36 '5 
44 '@ 

39 '5 

49 '3 
11 .4 

59 '3 

59 '7 
53 'I 
07 '2 

56 '7 

42 '3 

I 1  '2 

2 I '0 

I /  

0 '4 
0 '3 
r l  '4 

0 '2 

0 '2 

0 '3 

( I  '2 

ci '2 

o ' 2  

0 -2  

0 '2 

0 ' 2  

0 '4 

0 '3 
0 '1 
0 '2 

0 ' 2  

0 . 2  

0 ' I  

0 ' 1  

0 . I  

0 '0 

0 . I  

0 'I 

... 

... 

... 

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

Distance in 
niettrs. 

23 076.7 
21 3yE.6 

21 6073 
21 39s .6 
IS 136.4 
13 127.0 

IS 136.4 
20 532'7 

13 40.5 '3 
21 39S.6 
IS 590'2 

12 957 '4 
21 39s .6 
20 532'7 
26 28S.9 

20 532'7 
13 709 'n 

1s 5w.j 
IS 590.2 
I2 SJI '7 
I2 556 '2  

1; 709'0 
12 556.2 

7 706'25 
12 556'2 

11 725'9 
IO 794 'S 

'3 709.0 
9 574.14 
IO 794.8 

7 706'25 
9 574 .I4 

14 725.9 
10 7945 
'7 SS6 '5 
2 1  SSj.9 

IO j 9 4 . S  
I2 qrS.1 
IO 303 -0 



N O .  Stntioiis. 

East Pearl River 
M.all~eureus Point 
Rigolet Light 

East Pearl River 

Rigolet Light 

Shell Point 
Rigolet Light 
Malheureus Point 

Fort Wood 
25 I Rigolet Light 

Shell Point 

so 

3' 

3" 

33 

s4 

35 

Proctor Point 1S53 

Shell Point 

Martello Tower 
Fort \frooil 
Proctor Point 1S53 

Battery Bienvenac: 
Fort Wood 
Martello Tower 

Ducros ' 

Rienvenue 
Martello Tower 

Csernarvoii 
Ducros 
Martello Tower 

Saint Patrick's Church 

Furt \i'OOd 

(center) 
Ducros 
Cacrnarvoti 

OIJserved aiigleb. 

0 I I /  

s5 09 45.s 
45 55 24'3 

44 54 4s.3 

144 57 41.4 
15 2 1  29'2 

15 10 45'1 

69 2s 43.5 

75 39 33.4 
30 51 43.4 

29 40 c9 .7  
j6  I I  1S.6 

114 os 33 '7 

49 ZS 50.7 
61 IS 27'9 
69 i j  02 '5 

69 25 31.5 
45 31 . . . .  
64 53 32.6 

Y5 ' Y  5"'3 
27 02 .... 
57 jS 05 '0 

45 40 33'0 
s2 00 03'1 

52 '19 23'9 

44 49 59'7 
95 IS 19.S 
35 SI 36'7 

27 11 44'4 
97 16 17'0 

55 31 59'6 

Correc- 
tion. 

/ I  

+o '9 
+o 'I 
+o '7 

+ I  ' 2  

+4 *4 

-0 'S 
-0 '5 
+ I  '0 

-1 *. 

-2 ' I  

$0 6 
-0 '5 

--I '0 

-0 .. 
$-0 ' 2  

-0 

. . .  
-to '1 

-1.6 

. . .  
-1  '7 

n '0 

+o 'I 
0 '0 

+ I  '3 
+ I  '4 
t I '3 

-0 '2 

-0 '3 
-0 ' 2  

Spher- 
. ical 
angles. 

/ I  

46 '7 
24 '3 
49 '0 

4" -6 

27 '9 
49 '5 

42 '7 
32 '9 
44 ..t 

07 6 
15 '2 
3; '2 

'9 '7 
27 .6 
0 2  '7 

34 ' 2  

02 .Y 
23 00 

4s '7 
os '0 

13.; '3 

3.3 '0 
03 -2 

23 '9 

61 '0 

3s '0 
21 ' 2  

44 '2 

16 '7 

59 '4 

/ I  

... 

... 

... 

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

... 

. . .  

. . .  

... 

. . .  

... 

... 
0 '0 

0 'I 

0 '0 

0 'I 

0 . I  

0 '0 

0 .I 

0 'I 

0 'I 

4 '245 '79 
4'101 59s 

4 '094 054 

4.340 i65 

4.101 599 
4.012 961 

4.245 '79 
4 '266 540 
3 '9% i 5O 

3 '9% 750 
33s 

4 '249 405 

4 '060 33s 

4.150 236 

4.150 236 

4 '122  559 

1.031 75s 

4'135 271 

4'135 271 

3'7% 72s 
4 '063 S29 

3'794 737 
3'935 932 
j .S3Y 615 

3 '935 932 
4'0s5 s1s 
3 '894 517 

3 OS94 517 
4 '23 I 066 

4 '150 739 

Distance 
iii  meters. 

17 5% '5 

12 635 '7 
I2 41s 'I 

21 ss5 '9 
12 635 '7 
IO 303 '0 

17 5S6 '5 
IS 473 'I 

5 632 74 

9 632'74 

I1 490'5 
17 758-4 

J I  1qa.5 
13 260'5 
14 133'0 

14 '33'" 
10 75Y.7 

13 654 0.3 

13 654.3 
6 233'44 

I1 5s; '2 

6 233 .42 
S 62s .41 
6 S96 ?7 

S 62s .44 
12 rS5.6 

7 s43 '63 

7 S43 '63 
17 024 -2 

14 149.4 
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14. SOME STATISTICS O F  T H E  TKIANGULATION. 

In the following table will be found some statistics relating to tlie triangulation. 
In the third column is given the number of triangles contained in this discussion, 

In the nest  iiiclucling those few triangles of which but two angles were measured. - 
coliimii is given the mean error of an angle clerivecl from the relation Ht =J$= where 

J = closing error of a triangle arid the number of triangles: in the last column is 
given the iiiore precise iiieasiire of accuracy. namely, the probable error of an observed 
direction clerived from the acljustiiient of the triangulation, given by the formula: 

tl = 0'674 - where : J  = the correction required by the figure adjustment, p its 

weight. usually unity. and c = iiumber of conditions that entered into the adjustment. 
JF1 C 

Locality or iiaine. 

Epping base net. 
  or the astern tmuiidary section. 
New Eiiglaiicl section, corinecting 

three base lines. 
Fire Islalid base net. 
Section coiiiiectirig the Fire Islalid 

Icelit Islanrl Ime net. 
Alleglieny section. to Htinipback- 

First section south of the transconti- 

and Kent 'Islanrl bases. 

Spear.* 

iieiitnl triaiiplntioii. 
Second, or North Carolilia section. 
Thirrl. or South Carolilia section. 
.i\tlaiita Imse net. 
I'irst section west of 'Atlanta base net. 
St.cnii11 section west of Atlanta base net. 
Third sFctioii west of Atlanta bese net. 
I.:uurt:h section west of Atlantabase net. 
Fifth ai111 last section west o f  Atlanta 

1J:lSC Ilrt. 

Daupliiii 1sl;iiid base 1iet.t 
First section west of Dauphin Islalid 

Second sectioii west of Dauphin 
hase net. 

Island base 11et. 

Total nuriiber of triangles 
Weighted mean 

State. 

Maine. 
Maine. 
Me., N. H., Mass., R. I., 

Coiiiitcticut, New York. 
N. T., N. J., Peiin., Del., 

Marylaiid. 
l\larylanil and Virginia. - 

COIlll. 

Mrl. 

Virginia arid North Carolina. 

Virginia a i d  North Carolina. 
N.C. .S.C. ,Ga.  
Georgia. 
Georgia and ..i\lal~ama. 
A1;ibariia. , 

Alabatiia. 
Alal>aiiia. 
Al~hania . 

Alahaiiia. 
Alahaiiia aiirl Mississippi. 

Alnhania arid Rlississippi. 

Nunlher Probable 
Number . 3Ieaii error 

of error of Of of ail 
triaiigles. ai1 angle. ~~~~~. oI>servecl 

directiou. 

46 
IS 

53 

17 
3 3 

12 

2s 

2s 

I 1  

35 .,. 
33 

25 

16 

'3 
2s 

2s 

5 
19 

35 

4s3 

I /  

co '63 

0.74 
0 '53 

0 '49 
I., 'S6 

t i  '96 
0 '94 

0 .ss 

1 '3' 
0.7s 
I '00 

'97 
0.7s 

0 '77 
n '63 
0 6 -  

0 '51 

0.7s 

I '20 

- 
fo 'S2 

35 
7 3  

57 

16 

35 

'3 
23 

24 

'3 
41 

29 
23 
I 8  

11 
30 
28 

5 
16: 

27 

46 I 

/ I  

t o  .47 
o '51 

o '26 

0 '34 
0 '47 

0 '41 

0 '35 

0 -41 

0 -72 
ci '62 

o '65 

0 '79 
0'67 . 
o .36 
0 '34 
0 '35 

o '26 

0 '53 

0 -7s 

- 
-co.gr 

_-  -- 
*Estimated for two qiiadrilaterals beyond liiie Mount Marshall to Bull Run. 
t 0 1  little weight on acco11111 of the small estent. 

' 
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C. RESULTING GEOGRAPHIC POSITIONS OF THE PRINCIPAL STATIONS 
OF THE TRIANGULATION BETWEEN CALAIS, MAINE, AND NEW 
ORLEANS, LOUISIANA, BASED UPON THE CLARKE SPHEROID OF 
1566 AND THE DATA OF THE TRANSCONTINENTAL TRIANGULA- 
TION. 

The geographic positions in the followiiig list are those used in this investigation 
of the figure and size of the earth. They conform to those pu1,lished in Special Publica- 
tion No. 4, " The Transcoritinental Triangulation. " These positions. as.well as those 
in Special Publication No. 4, are not intentled to he used for geographic purposes, and 
do not conform tu the principal lists heretofore publishecl for that purpose, ilamely, for 
Massachusetts, iii the Keport for 1S94, Appendix No. io; Rhocle Island, i n  the Report 
for rSSg* Appendis No. S: and Connecticut, in the Report for ISSS, Appendix No. S. 

On March I 3, rgor , the Superiiitendent adopted a uniforni staiiclard for the whole 
United States, to which all positions iiiteiicled for geographic purposes are to he reduced 
a i d  which is to be known as  the United States Standard Datuni. The New England 
positioiis referred to above are Iiasecl upon the United States Standard Datum. The 
corrections reqiiirecl to reduce the positions here pnblished to the United States Staiidard 
vary at  clifferelit parts'of the arc, anc1 in general fall lletween the limits 19 = + r r t . g  to 
+ 2".1,  AX = - o'"5 to - o'".?,, J c u  = - I" to + 2". 

Log. d i s  Distance in 
tance. meters. 
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Stations. 

Muinr-mntinued. 

Howard 

Humpback 

Mount Blue 

Mount Devert 

Mount Harris 

Mount Independence 

Mount Pleasant 

Pigeoii 

Prince Regents no- 
doubt 

Xngged Mountain 

Trescott Xock 

'rullk 

Netu Hampshire. 

Gullstock 

Monadiiock 

Mount Washingtoil 

Unkotiooimc 

Massachusetts. 

Blue Hill 

Copecot 

Great Meadow 

Manomet 

Latitude and 
longitude. Azinluth. Back azimuth. To statious. 

0 I !t 

39 I I  '85 Mount Desert 
2q.1 28 14'79 Humpback 

18q 11 14'63 Mount Desert 
a s  3.5 06.04 Mount Harris 

162 IO 16'31 Sabattos 
205 59 17'53 Mount Pleasaiit 

257 52 02'56 Ragged Mountain. 
agg 07 31'34 Mount Harris 

231 39 24.14 Snbattus 
273 48 19'48 Mount Blue 

a06 40 17'15 Agamenticris 
252 03 08'40 Gunstock 

126 32 58'37 Mount Illdependence 
217 43 27'36 Gullstock 

338 52 4 . 6 7  Humpback 
. 63 54 4 2 9 6  Howard 

103 17 47'74 l'rescott Rock 
281 33 48'83 Cooper 

163 47 37'44 Sabattus 
o 16 08'59 Mouut Harris 

8q 44 5 ~ ' 6 S  Chamcook 
192 14 27'44 Cooper 

104 21 16'42 Mount Independence 
257 26 04.67 Mount Plensant 

43 31 03.306 300 30 51.33 121 03 45% Againellticus 
71 aa iz'zqg 59 43 23'05 219 13 o z ' g  Monadnock 

4 1  51 39't41 336 14 11.31 156 23 22'41 Wflchusett 
72 06 31 '641 32 59 oq'w a i 2  37 15'13 M3unt Toil1 

4 16 1z.05: 3 39 6 ' 7 . 1  183 36 23'95 Gunslock 
71 IS 14'620 236 02 q ' o i  56 42 29-47 Mollr1t I3he 

42 gY 57.845 24 d, 11'10 a03 54 01-87 Wnchusett 
71 .- zo'zfh 72 29 oq'yi 252 07 55'50 Moiindnock 

Log. dis- Distance in 
tance. ineters. 
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Latitude and 

Stations. loiigitiide. 

c I I ,  
~I~zssarlriisdfs-cotit'd. 

Massachiisetts North 42 03 04*'gSr 
Base. j 1  I2 25'718 

Massachiisetts South 4 1  3 47.907 
Base. 7 1  15 16.951 

Thoiiipsoii ' 42 * 39'950 
7" 43 50'053 

Wachiisett 

Rhoiie Isltind. 

Beacoilpole 

C O J I H C . ~ ~ ~ C I I ~ .  

Bald Hill (Fnirfied Co.) 

Bald Hill(Tolla1idCd. j 

Box Hill 

Koiiiid Hill 

Saiidford 

Tashua 

wooster 

hk7u York. 

Buttermilk 

,.Fire Islaiid East Base 

Fire Islaiid West Base 

Harrow 

Kiilalid 

West Hills 

NL'7uJI.r.s€y. 

Beacoii Hill 

Burden 

Aziiiiiith. To stations. Back azimuth. Log.dis- Distance i l l  
taiice. meter$. 

q 04 58;N Rald Hill 
246 05 55'97 Mogiit Toiii 

326 32 r6' IS Wachiisett 
45 09 47'86 Bliie Hill 

174 IS jg'50 West Hills 
?:3 i 4  00:s.l Roiuid Hill 

227 4; 12'01 Box Hill 
I 

ab? q 10 '02  Ivy 

227 27 37'22 Saiidford 
a76 52 1 2 . j 2  I\.>' 

zoo 4.1 z6.M \%'ooster ' 
153 25 ~2.99 Saiidford 

1.5 45 rj'rg Bald Hill 
196 w> cq"f i3 Saiidford 

175 07 57'15 Harro\v 
273 31 24'5s Buttertiiilk 

20s yj 10.'16 West Hills 
' 2 5 ~  32 s'.q Wooster 

I+ 32 40.w West Hills 
254 4.1 500'gf. Bald Hill 

116 51 40.62 Tashua 
174 57 3.; '87 West Hills 
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. Moiiiit Holly 

aloullt Rose 

Pilie Hill 

Springfield 

Stony Hill 

Willowgrove 

Sard 

Defnwa I'F. 

Buck 

Meetinghoiisr Hill 

'lh ryflz I d .  

Finlay* 

Hill * 

Kent Islaiid North 
Base* 

Rent Island Sooth 
Base * 

1.i listid * 

3larriatt * 

Marylqnd Heights* 

THE EASTERN OBLIQUE ARC. 

To stations. Log. dis- Distalice in 
tance. meters. 

4'676 I22 3 7s 530 49 - __ - . . - - . - - _- 
*Stations in comuioii with and fixed hy the traiiscontineutal triangulation. 
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Log. dia- l~istaiice in 
taiices. meters. 

Stations, Latitude aiiA 
longitude. 

dJl7 i.vfamf-coii tin lied. 

Clslioriies Ruin * 

Pri nci pi0 

Pooles Island* 

Soper * 

Stabler* 

Sugar Loaf* 

Swaii Point * 

Taylor * 

Turkey Point * 

\Vebl>* 

I 'irgi#zia. 

IiiilTalo 

BIIII KIlIl* 

, Calla?; 

Clark * 

Pkll Top 

Fork * 

Hiiniphack * 

1,0;1g aIolintain 

31onni aIarahall* 

Peach r;rove * 

Rogers 

Siiiith ~ o i i i i t a i n  

.4zit11uth. Back azimuth. To stations. 

*Stations in COII~IIIOII with aird fixer1 the transcoiitiiieiital triaiigulatioii. 

41g-.-No. 7-02-16 
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latitude and 

lorigitiide. dtatious. 

I 'irgiriu-coiiti~riied. 

Spesr' 

Tobacco ROW* 

North Cir ralimz. 

Benil 

Iiiiig 

Moiiiit nIitcliell 

Moore 

Poore 

Koaii High BluK 

YC>llli~ 

.Y<,fffh c'fru~ill,f. 

Hogback 

Maiildiri 

Paris 

Piiiiiacle 

W o  Kord 

( ; F O l ~ h 7 .  

Acsdeiii y 

Atlanta I\liddle I3asc 

Atlanta N6rtheaat 
Rase 

Atlaiita Soiith\vest 
Base 

nioo<i 

Cariies 

Ciirrahee 

Grassy 

Back azriiiiiith. 'I'u stntioiis. Log. dis- Distalice in 
tancc. iiietera. 

~~ - 
*I;tatioiir it1 coliiliioli with and fixed hy the ~mrl.;cniitillental tria~~giilatioll. 
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stations. 

Gulf Point 

Johns 

t<eiiesaw 

I,ave!ider 

Pin* Log 

Kahuii 

Sawllee 

Skitt 

stone Mountain 

Sweat Mountain 

.dl labarin. 

Alpine 

Irargenier 

GIL Island 

Cedar Point 

Cheehahaw 

Cold Creek 

coo11 

Creagh 

Daphne 

Azinrnth. Back azimoth. To stations. Log. d i s  Distance ill 
tarice.' meters. 

149 27 55.40 329 2 1  48.91 Pine Log 
2 ~ 5  15 57'16 SF 25 53'73 Sawnee 

141 33 51'36 321 13 17'60 Cahaba 
257 27 29.92 77 40 41 '45 Cheehahaw 

236 a6 31 '43 56 51 03 'q Rraiidoii 
.So 12  46'25 IW 3s 16.17 Indian 

4 '507 ma g 32 136 ' $2  

4'465 673 Q 29 4 2 3 ~ 5  

4'555 422 2 .IC; 176.14 
4'619 2y3 4 41 619.1; 

4'357 27- 3 2 2  ;fig.,* 
4'257 I20 0 1s u76.7; 

4 '725 276 4 53 I22 '24 
4'415 567 I 26 059.56 



24.1 
Stations. 

-4 lulmrri~r-co~~ti~~uecl. 

Daiiphin Island East 
Base 

Dauphin Island West 
Base 

Dean 

Ethridge 

Fataiua 

Fort Morgan 

Fort Morgan, Ask. As. 
Station 1 4 7  

Gunter 

-_ rlurll 

Indian 

Jamison 

Kahatchee 

T.xl?rel 

Lovers Leap 

Lowndesboro 

Midway 

Yinette 

Mounl Carmel 

Parker 

Perry 

, Point Aux Pins 

Pollard 

N e d  Hill 

Latitude arid 
longitode. 

THE EASTERN OBLIQUE ARC. 

Azimuth. Back axinnith. To stations. Log. dis- Distance in 
tance. meters. 
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Log. dis- Distance i n  

tancc. meters. Stations. L72:$,t$ Azirnuth. Hack azimuth. Tu stations. 

~brb~i i im~oti t i i roer l .  

Rowe 

At. Elrriu 

Spring Hill 

Surnmit 

Weogufka 

\VI: t 11 111 pka 

White 

Wilder ' 

\Vil.soli 

Worl1ock 

Mississipji. 

Iiellcfontnine 

1in)'oii Casotte 

Cat ISI~IICI  1952 

Cat Islarid 1S55 . 

Cat Island Light 

Deer Islniid I 

Enst Pearl Kirer 

Fast I'axagoula 

Grande Ihttiire 

Horn Islaiirl East IS55 

Horn I$Iaiid West 

Mississippi City 

Petit Bois 



Latitude niid 
loiigi t ucle. 

df;s~is.r;~~i-continued. 

Pitcher Point 1 

Point Clear 

Ship Islaiid 1S5s 

South Point 

Lor1 ls;,7ll,l. 

Battery Bienrenue 

B a y m  Pierre 

Caerriarwii 

Ducms 

Fort Wood 

r:,rarid Island isg? 

Grand 14aiirl 1955 

3lalllelireiix Point 

3larteIlo Tower 

Nine Mile Bayou 30 01 . j i '344 * 24 3i'qlCw 

Shell Point 3" '4 19'4Q2 

Azimuth. Back azimuth. TQ stations. 

?36 OS :,a'.; j6 15 zh'o Rigolet Light 
265 .+S ~S'I 85 5' 32'5. Shell I'oint 

Log. dis- Distance iii 
tance. meters. 

S'SSI 619 7 614'11 

3'&2 717 6 39.17 
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D. ADDITIONAL GEOGRAPHIC POSITIONS O F  ASTRONOMIC STATIONS 
FOR WHICH TRIANGLES ARE NOT GIVEN I N  THIS PAPER AND 
WHICH WERE DERIVED DIFFERENTIALLY. 

Stations. 
fl/niJJt=. 

Bangor 
Cape Small 
Farniingtori 
Isles of Shoals, astronomic latitude station 

Latitude. Longitude. 

Cambridge, Cloverdeii Observatory 
CatnhriQge, Harvard Observatory 
Indian 
Shoot flying 

Spencer 
R110dta Zsln?td. 

A7cw Y01-k. 

New York, Rutlierford Observatory 40 43 49'37 73 59 15-13 

Cape I-Ieiilopeii Light-House. astronomic aziniuth station * $3 46 39.42 75 05 q . 5 2  
Dover, astroiioinic 1;ititude station 39 09 IS39 75 31 24-56 
Dover, astronoiliic longitude station 39 og IS'S9 75 31 24-51 

l!L-rll X J l I  rL?. 

f1117 J : V h  Jld. 

Rockville, astroiioniic latitude station, 39 os' 09.0s  77 Og 37-20 

]!is irid @' Coh 111 bin. 
Causten 38 5s 33'16 77 04 34'37 
Georgetown Uiiiversity Observatory 3s 54 27.SI 77 04 39'61 
Seatoil 3s 53 2 6 . Y ~  77 00 0 0 ' 1 0  

Uiiiteil States Coast and Geodetic Survey Office, transit in yard :,S 53 10 '01 77 3 2 ' 7 1  

United States Naval Observatory, old site, donie 3s 5.j 40.12 77 03 ~ 6 . 6 5  
United States Naval Observatory, Georgetowii Heights. center of 
- clock room 3s 55 q ' s g  77 04 0 2  .so 

C'irgiu io. 

Cliarlottesville, McCorriiick Observatory 
Elliott Kiiob. astronoinic aziniuth station 
Strasburg, astronomic .latitude station 
Strasburg, astrononiic loiigitude station 

l\.701.~h G7 JVbiJliZ . 
Statesrille. astronomic longitude station 

*Stations in coiiiiiioii with and fixed by the traiiscoiitirretital triangulation. 
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Statiniia. 1.atitudr. 

Gcoq-iir. 

Atlanta. astroiioniic station 

~~~Ibi7lN17. 

Lower Peach Tree. astronotnic station 
hIobile, astronomic station 
Moutgouiery, astronomic statim 

Lori isiamr . 

New Orleans, astronoiiiic statioii of I S ~ S  
New Orleans. astroiiotiiic statioii of ISSO and 1S95 

Longitude. 

G I / I  

Sq 23 19.41 

s7 3 7  43.57 
SS ' 0 2  jq'S3 
S6 18 00.92 

E. ADDITIONAL GEODETIC AZIhlU'I'HS COMPUTED DIRECTLY FROM 
THE GIVEN POSITIONS O F  THE TWO STATIONS. 

.Iziiriiith. 

210 5-1 3s.3 
265 5;: 42'33 

Rack ariiriuth 

u I I I  

33.5 Og 17'1 

To stotioiis. 

Sabattus 

Blue Hill 
Copecut 
ivi:inotiitt 

Rencoiipole 

Soper 
Hill 



P A R T  111.  

TH-E ASTRONOMIC MEASLJRES. 
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111. THE ASTR0NC)IVlIC MEASURES: 

A. RESULTS FOR LATITUDE A T  THE ASTRONOMIC STATIONS O F  THE 
OBLIQUE ARC. 

I .  GENERAL STATEMENT. 

Tlie area covered by the triaiigulatioii estendiiig from Maine to Louisiana is well 
supplied with astronomic latitucles, cletermined hy the  Horrebow-Talcott method. The 
iiuiiiljer of stations is 7 I ). irregularly distributed over the arc, as may be .seen in the 
general sketch * of the locatioii of the ast.ronomic stations. In  the northeastern half of 
the arc there are twice as iiiaiiy stations as in the other half. In  some localities the 
stations are closely clustered. as in latitudes 3s" 4j' to 4oo. and in latitudes -1.4'' to 4so, 
but upon. tlie whole a satisfactory nuiiiber of fairly well distributed stations are avail- 
able for tlie study of tlie local and regional deflections of tlie vertical. 

At nearly nll the stations the latitude was cletermined with a ~e i i i th  telescope. At 
four stations tlie deterinhiation clepeiids entirely upon observations made with Airy's 
Zenith Sector.? At two stations hdth the above .instruments were used, and at one of 
these n transit in the prime vertical was also used. At a few stations observations 
were iiiacle with other iiistriuiieiits, as stated in the abstracts of. results. 
for latitude are here presented in tlie form used in the cliscussion of the arc of tlie par- 
allel, Ilut for those stations which are in coiiiiiion with that arc the final values alone are 
given. What has been said respecting instruiiirnts, observations, and method of recluc- 
tioii of latitudes,iii the publication of tlie arc of the parallel applies equally well to the 
present publication, aiid tliat publication'shoiild be consulted for further details. 

The observations used estend over the interval between the years 1Sq6 and IS~S. 
The observations macle before that time have been superseclecl by the introduction of 
new iiieasures, using niore refined methods and superior iiistruments. Some results at 
the Harvard College Observatory and the old Naval Observatory at Washington are 
iiicorporated in the table of results. The reduction of tlie observatioiis for latitnde was 
esaiiiiiiecl with a view of improving the mean star places, and in those cases where the 
residual, or difference of result froin any pair of stars from the incliscriminate iiieati of 
all. was greater than s;.< times the prolialile error of the result from that pair, the mean 
places of these stars were recomputecl. 

Tlie results , 

*see 3lap n in pocket. 
t Far diwiissioii of the results obtaiiird tay osiiip this iostniiiieiit. see Special Publication No. 4, "'Che 'I'mllKnl!ti- 

neiital l'riaiiyulation," Viiited States Coast and a>eoaletic 5iirvey. \Vaehiilgton, D. C.. i G m .  

25 1 
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The method of deteriiiiniiig iiieaii places of stars was to abstract from all available 
catalogues the north polar distances and to apply to them such systematic corrections as 
were kno\vii to attach to the catalogues (,principally deterniiried by the researches of 
Professor Lewis Boss ). These north polar distances were liest reduced to a coinmoii 
epoch. usually tlie year I 890. using the given precessional values and approsiiiiate 
values for tlie proper iiiotioii , and applying relative weights conformable to a well- 
proportioned system. enibraciiig the catalogues in geiieral. Finally the most probable 
corrections to the assumed north polar distances aiid proper motions were clerked by 
applicatioii of the method of least squares; the probable errors of these quantities 
likewise became kiiomii. For coiiveiiieiice of reference the star nuiiibers given in the 
abstracts are those of the British Associatioil Catalogue: when not coiitaiiied therein. 
the number in parenthesis (: ) refers to the Greenwich Ten Year Catalogue of ISSO: a 
number in b;ackets [ ] refers to the Coast Survey Catalogue given in Appenclis No. 7 
of the Report for 1876: an asterisk attached to an!; star number directs attention to the 
fact that the star is also used in another pair or pairs at that station. The observed 
coinpoiieiit of R close cloul>le star is identified by the subscript letters P, F. and hl. 
meaning preceding. following. or mean, respectiuelv. 

Referring to the abstracts of results at the several stations the column headed 
"AC1optt.d secc.!rIds meail N. P. D.'' coiitaiiis the secoiicls of tli'e star's illex11 

north polar distniice for the beginning of the year of obserhtion, as adopted in tlie 
latitude computation: the column lieacled 11' gives the iiiuiiber of observations made 
upon the pair; the column headed w gives the relative weight assigiiecl to the result 
from the pair: the last column. lieacled TI, eshibits the residual of tlie result from each 
pair froiii the weighted mean of all the pairs. 

The probable errors and relative weights as given in the abstracts were determined 
as fullu\\.s: 

. Let I I  = the total number of observations ab a station atid i f =  the number :ipoii 
any pair, also j = the number of pairs, aiicl J = the differeiice of each individual 
result froiii the mean resiilt from f h t  pair, then the probable error of a single 
observation for latitiid: is given hy 

For the determination of relative weights w we need c, or the v$ue of the prob- 
able error of the mean of two declinations of i pair; this may be o1)taiiiecI either froiii 
the catalogue iiieaii places or more directly from the latitude observations themselves. 

The probable error cp of a tiieaii result froniaiiy pair is given by cpp= -- . where 

the vk arise both froiii errors of observation aiid errors of declination, aiicl are found by 
subtracting the particular values 9,. qc9 qp3, . . . , of which there are p in number 
from q or the mean latitiicle of all. 

o 'qs 27= 
P--I 

The probable errors t;,, e,,2, etc. of the latitudes pIq q=, etc. are gireii by: 

where 8? =c2,,-P and . . . ] : hence the weights Z ~ J  become: 
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There are exceptional cases in which tlipe expressions do not apply. When a north 
or south star is coiinected after reversal of instrument, with two south or two north 
stars, the weight assigned to tach of the two pairs or doublets so formed is two-thirds of 
that given by the general espression. and ii; case of triplets the weight is but one-half. 
Several stars observed on one side of the zenith may occiir with several ,stars observed 
on the opposite sick; in  such a case the combination niay l x  lx-oken up into ordinary 
pairs or into doublets or triplets and the weights detrrniiiied as indicated above. When a 
single or close zenith star is observed with instriunient direct and instriinieiit reversed. 

the expression for the weight becomes ~ P = ( ~ c ' ~  + ;) . -1 

2'6* Two values can be obtained for tee I one from the star catalogues -- where the 
4 

summation este'nde over the two stars of the group, and the other from the latitilde 
observations P,,-E=~ and the larger of the two values was used. 

The resulting latitude+ is given by 
XI, qr + it', q=+. . . . 

w,+alc+. . . . 

( fi  - I j 2 7u 

40" 
and its probable error by 

I -0 '4 jg  2' W (  -I 9)' e-$ - 

2. DETAILS AT STATIONS. 

I .  Cnlnis. 1\Iaine.-G. W. Dean. Zenith telescope No. 4. September 2 to 29. 1S57. Onedivision 
of level = I/"CIO. One turn of iiiicroiiirter = 4j".Q. 

Pairs of stars. 

6 j j o  .*6 365 
"6 365 6 372 
6 39-1 6 4x9 
6 475 6 520 
6 qSo *6 496 
6 491 *6 496 
6 547 6 555 
6 566 6 593 
6 629 6 690 
'6 635 6 651 
'6 635 6 667 
6 6S7 ' 6 711 
6 721 6 745 
6 717 ' 6  769 
6 7.11 '6 769 

Il' 71, Adopted secorids of 
meail N. P. D. 

I /  

4s '27 
'3 '37 
03 '35 
57 '12 
25 '32 

25 '32 
13'12 
17 'S7 
16 36 
40 '97 
g S  .60 
50 '24 

35 '79 
04 '9 
04 '90 

5 3 
5 ' 3  
5 5 
1, 

5 3 
5 3 
3 '  4 
4 4 
2 3 
5 3 
5 3 
4 4 
3 4 
3 2 

4 3 

2 

1.atitude. 

0 I // 

45 'I long 
IO '30 

09 '23 
09.70 
09 .ZS  

og 2 6  

OS '36 
IO '27 

IO '09 

IO '96 

09 '00 

Clg '$9 

10.21 

os '54 
0s '30 

// 

-0 '69 
-0 '90 
$0.17 
-0 '30 
t o  '15 

$0'40 
+ o w  
-0 .49 
-+-I 

-0 'S7 
-0 '69 
-@ 'SI 
--I '56 
+o .56 
$ 1  'IO 

- 

t The details of the method of making and reducing astronomic ohservatioiis iised in the Coast and Geodetic 
$urvey are puhlishecl in the Report for ~.%j-yS.  Appendix No. 7, "Determinatioii of Tittle. Longitade. 1.etitude. 
and Azimuth." 
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I. G7his, l\laiiie-coiitiiiue,l. 

Pairs of stars. Adopted SeCOIld5of  
iiienii N. P. 1). 11' 

4 
5 

4 
2 

I 
n A. 

4 
6 
6 
'5 
1 
5 
3 
3 
6 
6 
6 
3 
6 
7 
6 
5 
4 
3 

4 
1 
6 
4 
1 
5 
4 
4 
4 
5 
5 
5 
5 
5 
5 
1 
5. 

7 - 

:I' 

3 
5 
3 
3 
I 

, 
4 
3 
3 
5 
4 
5 
2 

2 

3 
3 
5 
4 
5 
5 
3 
2 

> 

2 

3 
3 
3 
3 
4 
5 
4. 
'I 
3 
3 

5 
3 
3 
.5 
3 
3 

2 

Latitude. 

0 / I /  

45 J 1 10  '33 
09 '90 
0; $4 
os '54 
0 7  -45 
og '63 
os '4s 
os '99 
09 '65 
os '9s 
09 '40 
og '40 
a5 .S6 
OS '67 
09'9-1 
op '92 
IO '30 
OS .6 j 
09.1s 
IO .43 
09 '54 
I O  '03 
09.47 
1 0  - 1  I 

uy .gS 
09.13 
09 '32 
09 '63 
IO '16 
OS '62 
og .S6 
07 'S9 
OS . jo 
os .56 
09 '.zs 
09'1s 
09 '46 
10 '30 
og '22 

OS '63 
09 '7 I 
09 '92 
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2. Coofiei; Maiiie.-E. Goodfellow. Zenith telescope No. 5. September S to IS, 1S5g. One 

division of level =o" .96 froinobservations at this station. 
circunipolar observations at this station. 

Pairs of stars. 

6 365 6 372 
6 404 6 428 

6 473 6 476 
6 497. 6 500 
6 491 6 496 
6 542 6 5S6 
6 602 6 612 
6 657 '6 662 

'6 662 6 674 
*6 662 6 676 

6 730 *6 S17 
6 734 *6 S17 
6 S57 6 S95 

*6 930 6 940 
'6 930 6 943 
*6 957 6 970 
"6 957 7 024 
'6 957 7 051 

7 060 7 r j r  
7 152 "7 176 

*7 176 7 194 

7 26s '7 333 
7 301 '7 333 
7 42s 7 444 
7 455 7 477 
7 501 7 503 
7 533 7 565 
7 595 7 607 

7 693 7 70s 
7 721 '7 749 
7 751 '7 749 
.7 7s9 7 79s 
7 so3 7 .s45 
7 sso 7 sss 
7 9'3 7 950 

7 213 7 262 

7 611 7 627 

Adopted secoiids of 
IIICRII N. P. D. 

I /  / I  

42 '25 '06 -93 
28-30 32-64 
33-20 54'70 
57'59 04.66 

54.w 26'2.5 
30'S6 11 '47 
19.92 24.50 
24.50 04.41 
24'50 Qg's7 

05'02 15.97 

33 .so 25 '32 
14.20 25'32 
32.7s 10.09 
5 5 ' 2 2  40.40 
55.22 32-27 
4s.49 51 '27 
4Syg 2 2 7 0  

36'32 04.62 
27'25 12'79 
12-79 35.04 
31 '52 21 7 3  
1.5'44 5S.Sr 
40'50 5S.SI 
30.5s 49.10 
41 .gS 3SSS 
12.63 4S.21 

03'43 33-26 

4s.49 '9'74 

44.3s .50 '73. 
06.gr 12'34 
09.71 19.01 
53.76 34'6s 
43:1S 34.6s 
06.30 42.3r 
50-59 49.5s 
39'73 54'17 
39%3 31.60 

81' 

6 
6 
6 
4 
2 

5 
5 
5 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
4 
6 
6 
6 
6 
6 
6 
6 

5 
6 
6 
6 
6 
6 
6 
6 

5 
6 
6 

~. - .  
One turn of rriicrometer=41" .416 from 

:U Latitude. 

0 I / I  

12 44 59 13'06 
I2 

I 2  

9 
6 

I1 

I 1  

5 
6 
6 
S 
S 

I 2  

S 

S 
6 
6 
6 

9 
S 
8 

I 2  

S 
S 
I2 

I2 

I1 

I2 

I2  

I 2  

I2 

S 
S 

I 2  

I1 

I2 

I2 

Indiscriiiiinate mean = q4° 59' 12'1 '59. 
Weighted iiieaii = 44 59 12 .60-~-0// '05. 

209 observations, 37 pairs. 
e'= fO'"52. 

[Reduction to p = + o/' '04.1 

12.42 

12.55 
I 2  ' 2 0  

'3 '35 
I 2  -24 
I3 '02 

12 q s  
I I '97 
12 .@4 
1 2 ' 2 1  

12  'cg 
12.75 
I?  '67 
I 2  '70 
I 2  '21 

I1 .SS 
13 'i'5 

12.66 
" I 2  '57 

12.44 
13 'OS 

I 2  .qs 
13.11 
I2 '19 
12 '65 
11 '92 

12 '34 
13 '35 
'3 '92 
'3.19 
12 '32 

13.m 

13 '39 

I 2  . I 0  

I 2  'SI 

I2 '22 

v 

/ I  

-0 '46 
+@'IS 
t o  '05 
+o '40 

-0 '55 
+@ '36 
- 0 . 4 2  

-@ '3s 
+0 '63 

' $0 3 6  
$0'39 
+ o w  
---0 '15 

-@ '07 

-I-0 '39 
f o  '72 

-0 '45 
$0 '50 
-0 36 
+o '23 
$0.16 
-@ .$ 
-9'21 

+@'12 

-0'51 

t o  .41 
-0 '05 

+0.65 
- to  .26 

-@ '7.5 
-0 '42 

-0 '59 
+o 2s 
-0 .40 
-0 :79 
+o *3s 

-0 '10  
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3. Hnnzbhzi-k, BIaiiie.-A. T. Mosn~aii. Zenith telescope No. 5. Jnly 26 to August 19. 185s. One 
division of level = ol/ '66. 
station. 

Pairs of stars. 

One turn of niicrometer = 4 1 ) ~  .416 frorii circumpolar observations at' this 

Adopter1 secoiids of 
mean N. P. D. 

/ I  

2Q .6S 
24 '73 
1 4  .s4 
IO '07 
57 '5' 
06 'gr 
46 '63 
$3 '60 
34'31 
31 '92 
0 2  '32 

10.36 
16 '63 
OT '71 
36.42 
34.24 
05 *46 

59 'OS 
I2 '07 

"5 XJS 
c'lg .ys 

35 ' 5 0  
34 .47 
01 .42 

5s '77 
* '53 
2 0  '09 
1g"jCr 
27 "71) 
27 '70 

* '73 
24 '31 
1 0  3 9  
5s '50 
$3 '56 

0 1  '313 

25 '$J 

11' 

S 
S 
S 

7 
8 
S 
S 
S 
5 
5 
S 
S 
S 
S 
7 
S 

IO 

S 
S 

9 
9 

IO 

5 
S 
8 
8 
s 
9 
s 
7 
8 
9 
9 
6 
S 

9 
S 

P' 

I I  

+o '23 
$0 '24 
- 0 ' 7 2  

-t 0 '40 

+@ '57 
$0 '33 
-0 '-12 

- 0 ' 1 2  

4-0 '16 

-0 '55 
+o '2s 

+o '26 
-1-0 ''3 
-0 '04 
+o '33 
-0.r4 
-0'10 

+o '.\io 

$0.59 
$0 '25 
+o .rSs 
-0 'OS 

+n ',? 

-0 '.jS 

-0 '37 
-0.45 
$0 '26 
-0.62 
+ 0 '02 
-0 as4 

-0 '5 7 
+u '06 

-0 '02 

0'00 

-@ -24 
$ 0 ' 3 2  

-0 '54 
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4. L A 7 1 t p r .  Maiiie. E. Gooclfellow. Zenith telescope No. j. Septeiiiber 7 to October IO. ISjj .  

One division of level =r~"*S6. 

Pairs of stars. 

One turn of rriicrometer =41/"3g7. 
Adopted second< of 

Illeilll N. P. D. 

/ I  

40 'SO 
25 '33 
14 '26 
43.54 
24 ' I  I 

24 'I I 
19 '63 
27 ' S I  
27.4s 
15 '70 
54 s 2  

21.96 
44'19 
52 'S9 
0 1  '32 
IO '65 
I2 *40 

Ai ' 2 0  

IO '02 

09 '62 
53 *Q3 
26.31 
30.54 
30 '54 
54 '43 
54 '4.3 
09 '97 
3s '61 
r5 '26 
44 ..54 
57 '50 
37 S J  

07 '92 
47.8 j 
06 5s 
42 3s 
42.5s 
32 '53 
32 '53 
31 '24 
19 '90 

11' 

5 
2 
.) 

6 
6 
6 
6 
4 
5 
6 
6 
6 
6 
6 
5 
6 
6 
6 
4 
6 
6 
5 
5 
b 

3 
4 
6 
5 
6 
6 
5 
6 
6 
6 
6 
6 
6 
5 
3 
3 
6 

:o 

IO 

7 
7 

7 
7 

6 
6 

IO 

IO 

10 

1 0  

7 
7 
IO 

IO 

IO 

I O  

7 
6 

IO 

I O  

10 

6 
7 
5 
6 

6 
7 

6 

IO 

I 0  

- 
I 

IO 

7 
7 
IO 

IO 

5 
5 
8 
IO 

I /  

4-0 '99 

+IO $5 
+o '60 
-O . x j  

$0 ' 3 2  

-0 '5s 

50.19 
-to '04 
- t o  '02 
-0.14 

--0 mtj 

t o  '53 

$0 '0 j 

+ 0 ' 4 1  

-0 '36 
-0.6 j 

$0 '25 

+o '66 
$0 '91 

-0 '30 
-0 '52 
-0 .-I4 
-0 '.I.4 
-0 '49 
$0 *so 
-0'15 

$0 '09 

+0'16 
-0 '57 

-0 '95 
-0.32 

--0 '13 
-0.26 

+o 'LO 

50.17 
+o '60 

-0 '20 

- 0 ' 1 2  

-0 '20 

--I ' 0 2  

-lJ''3 J- 
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5. Fffruiingtoii, Maine. C. 0. Boutelle. Zenith telescope No. 5. 
Onedivision of level = n'/*go. One turn of iiiicroriieter = ~I'".IS. 

Pairs of stars. 

6 599 6 697 
6 723 6 So6 
6  SI^ 6 S75 
6 92s 6 937 
6 973 7 024 
7 091 7 114 

7 233 7 241 
7 253 7 3 6  
7 36s 7 3S7 
7 444 7 449 
7 474 7 
7 524 7 560 
7 627 7 700 
7 7-46 7 76s 
7 s45 7 b50 

7 sss 7 90' 
7 9.50 7 933 
7 99.1 s "59 

8 114 s 11s 

s 159 s ISS 
s 212 s 331 

4 46 
67 83 

15s 201  

244 "5 
3 14 334 
425 14 I 

49' 540 
610 647 
691 700 
721 7S6 

s 037 s Os2 

s 279 s 2s4 

1f' 
Adopted seconds of ,,, 

iiiraii N. P. D. 

5 5 
5 5 
6 6 
7 6' 
7 6 
6 6 
6 6 
6 6 
6 6 
6 6 
6 6 
6 6 
S 6 
S 6 
7 6 
7 6 

5 5 
6 6 
6 6 

5 5 
6 6 

I 6 
6 6 

- 
57 '5 43 '0 6 6 
25 'I 46-5 6 6 
rS.0 46-7 6 6 
14.0 55 '6 6 6 
rS.7 26-5 6 6 
I$ y 06'3 6 6 
48 '4 23 '0 5 5 
51 .4 10.7 5 5 
56.0 09.5 5 5 
I I .6 55 '7 5 5 

October S to Novernlwr 6,1566. 

Latitude. 7' 



Pairs of stars. 

6 930 
6 996 
7 os5 
7 171 
7 27s 
7 365 
7 399 
7 469 
7 4SS 

7 54s 
7 56s 

*7  66s 
'7 665: 
7 753' 
7 s55 
7 95s 
5: 023 
s 15s 

s 224 
52 

' 73 
239 
395 
55s. 
66s 

705 
75:s 
962 
9SI 

I 006 
I 129 
I 219 

6 944 
7 062 
7 IO1 
7 254 

7 313 
7 373 
7 401 
7 477 
7 505 
7 554 
7 59s 
7 721 
7 731 
7 SI3 
7 9'5 
7 967 
8 126 
s 211 
s 237 

79 
232 
299 
450 
630 
679 
727 
s7 I 
963 
995 

1 os3 
I I39 
I 254 

Indiscriminate inem ao 40) 19'"55. 
Weighted ineaii =44 40 19 *54&0/~-05. 

397 observations, 65 pairs. 
r =--co'/'55. 

[Reduction to A =o"'m.] 

THE ASTRONOMIC MEASURES. 

5. FiiriniiigYoii, Maine-continued. 
Adopted .seconds of 

meail N. P. D. 

/ I  

43 -4 
0; D 

51 '6 
50 '0 

os .6 

51 '0 

57 '0 
47 -s 

00 '0 

27 '5 
22 '5 

55 '7 
5.5 '7 
IS -8 
20 -6 
IS '5 
36 '0 
59 '3 
03 '5 
44 '5 
37 % 
44 '1 

27 -0 

21 .6 
03 'S 
31 '0 
04 '5 

12 .6 
39 '0 
49 '7 

56 '3 

00 '0 

/ I  

07 '5 
36 ' 2  

00 '5 
2s '6 
06 '0 

05 '0 
53 '0 
50 '0 

56 '0 
07 '2 

35 '0 
5 2  '5 
43 '0 
50 'I 
25 .S 
rq '2 
IO '5 
36 '0 

2s '0 

22 '2 

22 .s 
'9 '5 
52 .S 
43 '3 
4s '2 
4s '5 
05 D 

46 '5 
44 '4 
or '3 
5 1  '5 
57 '5 

I f '  

7 
S 
6 
S 
7 
7 
6 
6 
7 
6 
7 
6 
5 
6 
6 
6 
6 
7 
6 
6 
6 
6 
6 
4 
6 
6 
5 
5 
5 
6 
6 
6 

W 

6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
5 
4 
4 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
5 
5 
5 
6 
6 
6 

Latitude. 

0 I / I  

44 40 20'06 
1g .46 
'9 '57 
'9 '91 
'9 '35 
19'4.5 
1.5'26 
20 a*. 'J 

19 '45 
20-1s 

IS .S6 
I 9.96 
19.10 
IS *S6 
'9 '59 
19'29 
I g .SS 

I 5: .66 

'9'51 

20 '57 
20 -36 
19.36 
IS '26 
20 S I  

'9 '51 
20 ass 
20 -76 
20 ass 
IS '49 

20 ',2 

2 0  '02 

20 '42 

259 

pr 

/ I  

-0 '53 
$0 .os 
-0.03 

-0 '37 
+0'19 
+o '09 
+I *as 
-0 '69 
+o '09 
-0 '64 
+o .6S 
-0 .a2 

$0'44 
+0.6?3. 
-0 .os 
+o '25 
-0 '34 
+o .ss 
+o '03 
-0 .4s 

-0 .SZ 

+ O . I S  

+I  .25 
--I '27 

- I ' 

0 '00 

-1 'q 

'-I eo4 
+ I  'O j  

-0 *4s 
-0 -8s 

--I ' 2 1  
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6. Zonrrt firrris, Maine.-G. W. Dean. Zenith telescope No. 2. First series. August 15 to 
One turn of micrometer = ~ . I " ' S O ~  from circmnpolnr obser- 24. 1S55. One division of level = ~'I .16.  

vations at this station. 

Pairs of stars. 

5 S ~ O  5 922 
6 129 6 21s 

6 232 6 311 
6 237 6  IS 
6 335 6 394 
6 372 6 392 
6 419 6 466 

*6 477 6 553 
+6 623 6 651 
*6 623 6 667 

6 711 6 723 
6 731 6 754 
6 S q  6 s75 
6 92s 6 937 

++6 477 6 -197 

6 973 " 7  024 
6 9jS "7 024 
7 062 *7 114 
7 091 +; 114 

7 2;s 7 241 

I -33 i . ~ 6  
7 ~ 6 8  7 $37 
7 399 7 40' 
7 469 7 477 
7 4ss 7 505 
7 524 7 
7 571. *7 611 
7 $34 '7 611 
7 6.51 7 69.3 
7 7-16 7 765 
7 $45 7 sgo 
7 962 "7 999 

s a37 s os2 
8 '14 8 12s 
S 1.56 *S rSS 
s 159 " S  18s 
S 2 1 2  S 231 
S 237 S 261 

,l -,-* 

' j  999 S 023 

s 279 . s 2s4 

11' 

5 
5 
3 
3 
3 
2 

5 
1 

2 

5 
5 
5 
5 
5 
6 
6 
4 
5 
5 
5 
5 
5 
5 
4 
5 
5 
5 
5 
5 
5 
5 
3 
2 

4 
5 
5 
5 
5 
5 
4 

:U 

I1 

I1 

9 
9 
9 
7 

6 

5 
7 
7 

I1 

I1 

I 1  

I1 

I r  

7 
7 
7 
7 

I1 

I1  

I1 

I1 

I 0  

I1 

I1 

7 
7 

I1 

X I  

I1  

6 

5 
IO 

I r  

7 
7 

11 

I1 

JO 

Incliscriininate mean =w0 39' 54"'68. 
Weighted mean ==44 39 54 '69&0'/'05. 

179 observations. 40 pairs. 
c'= *@"'37. 

I /  

+o .-I4 
-0 '5 I 

-0 .19  

$0.37 
+0 '57 
-0 '39 
-0.38 

-0 .49 
+o '26 
$0 '74 
-0 '23 
-0 '13 

-0 '04 
+0 2 4  
$0 'jS 
-0 '32 

+ U ' j I  

+@ '07 

-,I, "3 
+o.j; 
-!-n '39 
-@ '95 
-0 '62 
-0 . i 3  
+o '50  

+o '49 
-0 '29 

+o .47 
-0.17 

-0 '45 
-0 .st> 
$0 $6 
-0 '03 
$0 '25 

-0 'iu 

--0 '39 

+o :65 

-@'21 

t 0 *36 
-0'12 
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6. Moitst H t ~ r ~ i s ,  Maine.-G. W. Dean. Zenith telescope No. IO. Second series. August 6 to 
One turn of  niicro- 27. 1S55. 

meter 
One division of level =o" '632, froin observations at this station. 

'522 froiii circunipolar observations at this station. 

24.29 6 . 9 4  

11' 

5 
6 

5 
5 
5 
4 
3 
2 

5 
5 
5 
5 
5 
5 
5 
6 
6 
6 

5 
6 
6 
6 
6 
6 

5 
5 
5 
5 
6 
6 
6 
6 
6 
6 

5 
5 
4 
3 
2 

5 
5 
5 
5 

rc' 

16 

17 
16 
I6 
16 

'5 
14 
I 1  

T I  

11 

I1 

I1 

16 
I1 

I1 

17 

17 
'7 
16 
I 1  

I 1  

X I  

11 

'7 
16 
11 

I1 

16 

17 
17 

'7 
I 1  

I 1  

17 
16 
16 

15 

- 9  
S 

16 
11 

I1 

16 



2 6 2  

s 114 .s 12s 

S 156 'S ISS 
s 159 *s Iss 
S 212 8 231 
S 237 S 261 
s 279 s 284 

THE EASTERN OBLIQUE ARC. 

35'50 53'70 5 16 44 39 54's; -0'32 
55'19 00.36 5 I1 54'23 +02s 

I1 54'69 -0'1s 39'44 00.36 5 
54'41 + O Y O  45'25 5' '97 5 16 

06'22 04-35 5 16 54.20 -+o '31 
2i.94 51 '44 5 I6 55'13 -0'62 

*6 419 6 456 

"6  177 6 437 
*6 477 6 553 
6 566 6 $1 

*6 623 6 651 

6 711 6 --- I -J 

6 731 6 751 
6 S q  6 S i 5  

6 928 6 937 
6 973 "7 024 
6 57s "7 024 
7 062 7 114 
7 233 7 241 

7 253 7 306 
*7 368 7 377 
*7 36s 7 $37 

*6 419 6 466 

"6 623 6 667 

7 399 7 401 
7 469 7 477 
7 4ss 7 505 
i 524 I 560 
7 571 "7 611 
7 $4 .>7 61 1 

7 651 7 693 
7 7-16 7 i65 
7 7s9 7 79s 
7 s45 7 s50 
7 $79 "7 888 . 

/ I  I /  0 I / I  ,I 

10'93 24'22 J 2 14 39 54'74 $0'05 

47'66 16-62 5 6 54-17 +11'62 
47 6 6  25 'Sg 5 6 55'24 -0'45 
05'37 03.90 6 9 55 '02 -0 '23 

51 '94 54'43 6 6 54%6 -0.07 

O j * j b  21 '21 5 9 54'43 i-0'36 
25.2s w.gs 5 9 55 '50 -0.71 

roxJ3 5s '35 I 2 5 - i . q  $0'70 

51.94 12'59 6 6 53'74 $0'05 

43.20 09.0s 6 9 54'71 +O'Q5 

41 .SI 05'1s 6 9 54'45 +0'34 
J0.25 oQ.02 6 6 54'42 +0'37 
03 .2S OS '02 6 6 54.30 +o.49 
45.20 55-23 6 9 5 4 s  - 0 u g  
19.1s 06.10 6 9 5.5'74 + I  '05 
35 .SI 4.3 .49 6 9 55'44 -0.65 
56'50 31.10 5 6 54.12 +0.67 
56'50 5s.31 6 6 54'59 +0.20 

35.19 3 6 . 2 2  6 9 54'37 +0'42 

4630 41 'IS 6 9 55'jo -0.51 
41'12 50.84 6 9 55'45 -0.66 
00.92 14'76 6 9 54.91 - 0 ' 1 2  

lo's; 1.3'60 4 5 54 6 6  +o'1.3 
5s.95 '3.60 7 6 54',59 +0'20 

9 55'02 -0'23 43.49 1s.07 6 
30.45 12'20 6 9 53 $SJ + 0 9 g  
IS-05 53 '50 6 9 55 '03 --0'24 
0 2  '93 07.71 6 9 54.M -0.09 
16'69 crS.20 3 5 5 5 . q  -0.30 



7 Sa% *j SSS 

7 91.3 7 950 
7 962 %7 999 

9 999 S 023 
S 037 S os2 

s 114 s 12s 

8 156 "S ISS 
s 159 's Iss 
t: 212 S 231 
S 237 S 26r 
s 279 8 2Y4 
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54.02 0s-20  3 5 44 59 55'47 
54.44 46.74 6 9 55 '00 

22'SI 0s.m 6 6 55 '92 
24'29 0694 6 9 54 '37 
3.5'50 53'70 6 9 55 .2S 
55 '19 00.36 7 6 54 '47 
39'44 00.36 6 6 54 9 3  

45 '25 51 '97 5 9 54 '89 
0 6 . 2 2  r?'j5 6 9 53 .Yo 
27'94 51 '41 6 9 55 '3s 

47S3 x . S r  6 6 55 '23 

V 

/ I  

-0 '6s 
- 0 ' 2 1  

-0 .44 
-1 "3 
-to .a2 

-@ '49 
+o '32 

- 0 ' 1 1  

-0'10 

So '99 
-0 '59 

7. Nmwd, I\laine.-E. Goodfellow. Zenith telescope No. 5. July 13 to 23. 1S5g. One division 
of level = I " . O I ~  froiii observations at  this station. 
polar observatioiis a t  this station. 

Adopted seconds of 
iueaii N. P. D. Pairs of stars. 

One turn of niicrorrieter = 44'/-4rS froin circum- 

'1' 

3 
3 
4 
4 
5 
6 
6 
6 
6 
6 
6 
4 
4 
6 
6 

5 

:0 Latitude. 

0 I / I  

5 44 37 4S.Q 
5 $3 *46 
S 4s .44 
S 4s $5 
S 49 '43 
9 4s 'SS 

9 49 '59 
9 4s '61 

9 49 5s 
9 ' 49 ~6 

9 49 '35 
S 49.61 
S 49.42 
9 49.46 
6 4s '89 
6 50.02 

V 

/ I  

-io *40 
t 0 .7s 
+o .so 
t 0 '39 
-0.19 

+o '39 
-0 '35 
+o '63 
-0 *34 
$0 'IS 

-0 '37 
- 0 .IS 

+o '35 
-0 7s 

-0.11 

-0 '22 



Pairs of stars. 

6 2.71 '6 272 

'6 316 6 322 
"6 316 6 j4i 

5 372 6 352 
'6 415 6 456 
*6 419 6 466 

'6 251 "6 272 

6 476 6 493 
6 477 6 553 
6 566 6 jS1 

*6 623 6 651 
'6 723 6 So6 

"6 7 2 3  6 765 
x6 723 6 S i 3  

6 S q  6 S75 

"6 52s 6 967 
"6 92s . 6 997 
*7 027 7 062 

'6 623 6 667 

'6 92s 6 937 

*7 027 7 a51 
7 T c K l  7 I 1 2  

7 233 "7 253 
'7 253 7 j06 

Adopted iiieilii rccoiid- N. F. 11. e ~ f  11 ' w 

6 
6 
6 
6 
9 
6 
6 
S 
s 
5 
6 
6 

4 
4 
4 

0 
4 
4 
4 
6 
6 

5 
6 
6 

S. Morrirt Desert. Maiiie.-S. Harris: Zenith telescope No. 5. First series. August IS to Sep- 
One turn of microin- tember 5, 1Sj6. 

eter =41" '42 from circuiiipolar obsrrvatioiis at this station. 
One division of level =o'' '73 from olxervations at this station. 

Pairs i B f  stars. 

6 062 "6 129 
6 06s <.6 125 

"6 a55 6 26s 

6 595 '6 429 
"6 425 6 522 

6 553 6 5Sj  
6 629 6 637 
6 6Yj 6 723 

*6 155 6 357 

I1 ' 

5 
7 
6 

7 
6 
6 
6 
6 
6 

/ I  

$0 '13 
.- 0 '05 

0'a3 

+ O . I S  

4-0.66 

+@ '37 
+0 '12  

+0'j2 

+0 '$3 
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S. M w i i f  Dcscrf, Maine. 

Adoytcd seconds of 
mean N. P. L). ]'airs of stars. 

First series-~untiiiuerl. 

11' 

6 
6 
6 
6 
6 
6 
4 
4 

5 
6 
6 
6 
6 
6 
6 
7 
5 
6 
i 
6 

5 
6 

7 
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Pairs of stars. 

6 879 6 932 
6 979 6 994 
7 022 7 062 

7 'j7.1 7 I53 
7 21Y 7 253 
7 220 7 256 
7 310 7 36.5 
7 416 i 461 
7 521 7 54s 
7 569 7 595 
7 615 7 623 
7 721 7 754 
7 7 3 1  7 77.5 
7 so0 7 .sa3 
7 s55 "7 sr;s 

"7 85s 7 ss2 
7 fig4 7 913 
s 1-11 s 15s 

M 2 q  s 544 
S 366 S 374 

:,I Lntitiidr. 

0 I I /  

S 44 21 06.61 

S 0.5 '77 
S 06 6 6  
7 I& '7s 
7 07 '32 
7 06 '1-1 

S C I ~  '42 
s 06 '09 

S 06.73 
S 0 7  '23 

Y 07 '1 T 

s 06 '07 

S 07  '39 
7 07 '73 
5 06 '2" 
5 06 'W 
s oh '73 

s 07 '32 
s 06'21 
7 06.19 

I /  

-0 .os 
+o 7 6  

-0 '15 
-0 .25  

-0 '79 
-to 'jq 
+ O . l l  

$0'44 

---0 70 

+o '46 
-0.55 

--0'20 

-v .S6 
--I ' 2 0  

+0 '33 
+a .53 

--o '79 
10.32 
$0'34 

-0 .20  

9. Ragged i7hi1111ttrii1, Maiiie.-G. W. Dean. Zenith telescope No. 5. First series. August IS to 
( h e  turn vf Srpteniljer 7 .  rS54. 

microrrirter = 41~j.426 from circumpolar observations at chis station. 
One division of lcvel = a'"71 frcjni 0bsrvatioli.i at this statitxi. 

Pairs of star<. 

5 596 5 617 
5 795 5 s47 
5 s74 5 911 
5 922 5 97s 
6 no6 6 030 
6 1 5 2  6 os2 
6 177 6 223 
6 241 6 316 
6 ;95 '6 429 

"6 429 fi 522 
6 534 '6 5s; 
6 hjg 6 711 

6 754 6 So6 

11' 7C. 

2 9 
4 io 
5 1 0  

5 1 0  

6 11 

6 I 1  

6 I 1  

6 I 1  

6 7 
5 7 
5 , 7  
6 I 1  

5 IO 

7' 

I /  

-0 '10 

--0 '25 

-0 '5.3 
-0 '55 
+@ $0 

-0 '59 

f0 '45 
-0 '09 
fo  '27 

$0.66 
fn '02 

+0 '45 

-0 '02 
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6 763 
6 S24 

*6 915 
6 940 
7 c ~ S  

7 171 
7 27s 
7 3% 
7 512 
7 595 
7 679 
7 721 

7 7.31 

7 s94 

'5 szs 
7 913 

5 900 
6 056 
6 06'3 
6 079 
6 234 
6 233 

6 477 
6.496 
6 497 
6 657 
6 740 
6 926 
6 956 
7 04s 
7 4 3  
7 569 

. 7  570 
7 752 

"7 s55 
"7 %5 

6 S13 

5 9'5 
6 92s 
7 "2$ 

7 126 
7 25.; 
7 336 
7 44s 
7 566 
7 613 
7 695 
7 754 
7 77s 

"7 9s3 
"7 9s3 
5 $40 
5. 972 
6 062 
6 129 
6 17s 
6 ;IS 
6 311 

"6 571 
'*6 571 
"6 553 
6 722 
6 S67 

6 975 
7 076 
7 0% 

7 337 
"7 615 
.E7 615 

7 s43 
7 s79 
7 sso 

Pairs of stars. Adopted secoiids of 
meail N. P. D. 

/ I  I /  

41'32 03'10 

51 '20 37.67 
37'67 52.01 

3 7  '54 19-33 
-14'25 36'50 
22.17 4923 
50'% 57.50 
32'9s 09.03 
0 3 ' 2 0  $3.74 
0 6 ' 7 5  1 6 3 s  
19-74 29-95 
21.09 07'9Y 
10.96 00.03 
29'04 34'41 
13'0s 34.41 
oS.2S 31 UJ 
29-61 20'S3 
51 -8s 00.75 
43.5s 26'00 
10.s3 .loy 
41 '27 50'4s 
46'34 6 . 5 5  
52'10 2674 
39'21 26'74 

30'Y7 3 S . 9  
49-65 34.41 
33'73 45'95 
a . 2 0  54.0s 
29'07 73'97 
29'75 02.50 
53'44 24.00 

04'44 24mC 
25 30 24-04 
01 '25 34'92 
01 '25 12 '50 

21'36 17.51 

First series-continued. 

11' 

6 
5 
5 
5 
6 
6 
6 
6 
6 
6 
6 
6 
6 

5 
5 
4 
4 
3 
3 
2 

5 
5 
2 

2 

2 

4 
4 
5 
5 
5 
4 
I 

I 

5 
5 
5 

11' 

XI 

7 
7 

I O  

I1 

I 1  

I 1  

I1 

I 1  

11 

I1 

I 1  

J I  

7 
7 

IO 

IO 

IO 

I 0  

9 
10 

IO 

6 
6 
6 

1 0  

IO 

10 

IO 

IO 

10 

4 
4 

7 
7 

IO 

Indiscrirriiriate iiieaii =44O12' ~ 2 ~ I . 9 2 :  
Weighted mean =44 12 42 .92-c0~~.05. 

22s observations, $9 pairs. 
&=-c 0"-25. 

[Rerluctio!i to A =+0~~.40.] 
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1' 

I /  

-0 '22 

-0 '33 

-0 '53 
-0'19 
+o ' 2  I 

+o 'OS 

-0 '73 
+o 'IO 

3-0'51 
-0 ;lo 
-0 '64 
50.17 
3-0 '51 
+I 'os 

t o  '65 

-+ 0 'I2 

+o '27 
--o'r7 
-0.35 
-t 0 'OS 

-0.51 

- 0 . q  

+ O ' U  

t o  'IO' 

-0 '61 

- 0 ' 2 0  

-0 '22 

0 'oil 

- 0 ' 1 0  

-0 '39 
-t I .43 
-0 '30 
$0 '25 

-0'53 

+o. 22 

f @  '40 
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9. Riii,yt?f Noiti tfniu, Maiiie.--S. Harris. Zenith telescope No. 5. Secoiii-l series. September 11 
to October 6, 1S54. One division o f  level =n" '77 from observations at this station. One turn of 
micrometer = 4 ~ "  '420 froiii circuiiipolar observatiolis at this station. 

Pairs of stan. 

6 052 6'0S2 

6 241 6 316 
6 395 "6 429 

"6 429 6 5 2 2  

6 534 6 553 
6 659 6 711 
6 734 6 So6 
6 763 b S r j  
6 S q  *6 915 

*6 915  6 92s 
6 940 7 024 
7 09s 7 126 
7 '71 7 253 
7 27s '7 336 

6 177 6 223  

7 $55 7 44s 
7 512 7 566 

' '7 595 ' f 623 
7 679 ' 7  695 
7 721 "7 754 
7 731 "7 754 
7 s g  97 9s3 
7 $31; 9 9s3 

"6 23s 6 311 

"6 23s 6 31s 
6 477 *6 571 
6 496 "6 571 
6 6S7 6 722 

6 526 6 975 
6 986 7 076 
7 04s 7 os5 
7 243 "7 3$ 
7 7s2 7 s q  

"7 s55 7 879 
' j  ssj 7 SSV 

6 740 6 567 

11' 

3 
2 

2 

4 
5 
3 
6 
6 
6 
4 
6 
5 

7 
5 
4 
4 
4 

3 
4 
4 
4 

- 

2 

I 

I 

4 
4 
6 
6 
3 

5 
3 
5 
3 
4 

2 

S 
6 
6 
7 
7 
8 
I2 

I2 

I2 

7 
S 
ri 
'3 
13 
7 
IO 

IO 

i6 
6 
6 
7 
7 
7 
3 
3 
7 
7 

I2 

I2 

S 
6 

6 

6 
7 

11 

I1 

I~~cliscrirr~i~iate iiieaii = 4~~ 12) 42'' '97. 
Weighterl mean = a 12 4.; co 0" *oj. 

147 observations. 36 pairs. 
L. = f 0" '4 7. 

[ Recluctinn to A = + 0".40.] 
C b i i i O i i i ~ r / i ~ ~ ~ i  ~f ~ i ~ t l f ~ .  

S. Harris 4; '130 c 0 '05. 
G. W. Dean q = 4~~ IZ/ JY' '92 =k 0" '05. 

Mean 42 y 5 k n  rq. 
[Reduction to A = + o" '40.1 
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IO. .%617ff/(.c, l\laine.-J. E. Hilgarcl. Zenith telescope No. I. 
division of l e d  = 3 ' / . ~ .  One turn of iiiicrorneter =455/"52. 

Pairs of stars. 

4 ?43 
5 079 

*5 q'l 
-3 094 
5 165 
5 34s 
5 4% 
5 596 
5 592 
5 692 
5 714 
5 747 
5 s2s 
5 9 0 0  
5 922 
5 991 
6 006 
6 052 

6 079 
6 9.- -3 I 

*6 23s 
"6 13s 

6 357 

6 391 
6 36s 
6 453 
6 4-30 
6 5S2 

6 625 
6 667 

6 783 
6 535 
6 S56 

6 390 

6 -1- 
1 5 )  

II ' 

4 
3 
2 

2 

3 
6 
6 

3 
9 

4 
1 
4 
4 
3 
3 
3 
, 
2 

3 
2 

2 

2 

3 
3 
3 
3 
I 

4 
4 
4 
-1 
4 
2 

-i 
I 

7u 

4 
3 
* 
2 

3 
5 
5 
3 
3 
4 
4 
4 
1 
3 
3 
3 
3 
3 
3 
3 
2 

2 

2 

2 

2 

3 
I 

4 
4 
4 
4 
4 
3 
4 
I 

June 29 to July I &  1Y5j. One 

Latitude. 

0 , / I  

44 0s 37 '35 
39 '26 
39 '30 
3s '92' 

3s '50 
3s a04 
37 '95 
37.54 
37.6s 
36 '96 

37.9s 
37.64 
36 '17 
36 'I I 
33 '24 
3s '49 
37 .os 
3s '-17 
37 .so 

3s '37 
37 '19 
35 '53 
36 '90 
36 '90 
36 'Y3 
3s '15 
37 "3 
3s '55 
3s ' 02  

37 -47 
37 .SI 

37 "3 
36 '79 
3s '27 
3s .24 

I /  

fo .js 
-1 '53 

--I '57 
--I ''9 
--0 '77 
-0 '3 I 

4-n '19 
$0 'OS 

--o '25 
+o 'ng 
+-I '26 

-0 ' 2 1  

+CB '77 

+I  '62 
-0 '5 I 
---a .76 

+ 0 '65 
-0.74 

-n '64 
+o '11 
+ I  '90 
+o 'S3 
3-0 'S3 

+o '90 
-0.72 
fo '60 
.-0 'S2 
-0 '29 
+o '26 
-0 'OS 

$-0 '50 

$0 '94 
-0 '54 
-0 -51 

-0 '07 

Iiidiscriniii~ate iiieaii=-14O 0s' 37/"71. 
Weighted nieaii =+l OS 37 '73Cd"og. 

IIO observations. 35 pairs. 
c=*0//*77. 

[Reduction to A =-0"'15.] 
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11. Il /oid Plemrrrl, Maine.-G. IV. Dean. Zenith telescope No. 5. July 20 to August 19, rSgr. 
One turn of iiiicrometer = ~ I " * ~ G O  

' 
One division of level = r'"5S from observations at this station. 
from circurripolar observatiolls at this station and Cape Small, Maine. 

Pairs of stars. , 
Adopted aecoiids of 

iiieaii N. P. D. 
/ I  

16.00 
1 0  'so 
53 '44 
03 '73 
55 -16 
55.6s 
.?S '73 
03.36 
1-I '90 
40 '77 
56 'S9 
25.76 
07 '90 
03 '50 
0.3 '50 
49 '59 
44 ' I 8  
05 '21 

52 '67 
13 ' j S  

58 '94 
23 '50 
2s 5 5  
25 '13 

03 .SCJ 
IS .os 
32 .16 

2s '67 
52'21 
13 *46 
52 '15 

49 '65 
51 '9" 
0 j S6 
'3'79 
04.2s 

44 '47 
20 a s s  

'I' '5s 
17 '65 

11' 

4 
I 

3 
5 
5 
6 
6 
6 

5 
6 
4 
5 
6 
5 
6 
6 
6 

5 
6 
6 
6 

5 
6 

5 
6 
6 
6 
6 
5 
6 
6 
6 
6 
6 
6 

5 
5 
6 
6 
6 

Latitude. 

0 I I /  

44 01 36.53 
. 36'65 

36 .06 

35 *96 
35 '92 
35 '60 
36 '67 

36 '59 
37 .a$ 

35 '93 
36.43 

35.9s 
36 '67 
36.1n 
36 '92 
36 '32 

3.5 '95 
37 '33 
36 '9' 
36'11 

36 '9' 
36 .44 

35 '74 
36 6s 
36 .JS 
36 '31 
36 '7 I 

36 '45 
36 $0 

36 -41 

36 '59 
36 '71 
35 '63 
36'12 

36 '75 
36 '44 

36'15 
36 '43 

35 :77 

36 '23 

t Grooiiihridge. 



THE ASTRONOMIC MEASURES. 

I I. ! V ~ ~ i i f  Z ' ~ ~ ~ ~ r . w i ~ / .  l\.Iaine-continued. 

Adopted seconbs of If' m Latitude. iiieaii N. P. D. 
' / I  / I  0 I I /  . / I  

26'44 39'9s 6 14 5-1 01 36'51 -0'07 
oo'm 19.65 6 14 3 6 % ~  -0.36 

7' 

27'40 55'36 5 '3 36-46 --O*OZ 

22 '70  24'00 2 I O  36% -0.36 
Indiscriininate mean = ~4~ 01' 36"*42. 
Weighted mea11 -44 - 01 36 '44&o'/.oj. 

r' = c o'"30. 
236 observations, 41 pairs. 

[Reduction to A = +  OS.] 

27J 

Pairs of stars. 

7 90' t 3  90' 
S 053 S 076 
S 171 S 224 
S 229 S 261 

12. Ci/wSiirall. Maine.-G. W. Dean. Zenith telescoue. September 17 to Octoher IO, 1S51. One 
division of level = r'"595 froin o1)servatious at this station. 
circumpolar ubsrrvatioiis a t  this station. 

1'nir.s of stars 

6 497 
6 571 
6 599 
6 667 
6 673 
6 745 
6 S4g 
6 S5i 

6 9.72 
6 9s3 
7 00s 
7 024 
7 1 0 0  

7 m4 
7 277 
7 317 
7 315 
7 39s 
7 44s 
7 503 
7 ssz 
7 598 
7 731 
7 s43 
7 h 3  
7 SY2 
7 906 
s 02s 

t3 952 

6 522 
6 $33 
6 659 

697 
6 712 

6 754 
6 s95 

6 943 
6 996 
7 076 
7 126 
7 171 

7 262 
7 501 
7 333 
7 383 
7 411 

7 462 
7 544 
7 607 
i 614 
7 SI3 
7 S71 
7 s94 

7 983 

6 92s 

7 901 

S 05s 
*S 076 

Adnpted .;ecoiids of 
i l l ra i i  N. P. D 

/ I  / I  

35'57 13.96 
43.9s 35.34 
4.1'20 os '20 

40 'oo 09 '20 

01.34 5s.24 
24'42 3.3'70 
25 5s 2S.55 

35'46 23'13 
~ ' 6 s  56.30 
29'56 4S'jo 
52.45 2S.65 

53'63 13'46 
50.4s 00.12 

07.46 11  '69 
15.44 31 'IO 

42-19 52.26 
54'64 mu6 
40.36 os.70 
54'90 43'25 
54-30 02 .# 
07.09 03.56 
42 '00 33'SI 
04'22 22.40 
16'70 41.60 
14'73 24'76 
$3'92 26'46 
01.1s 31'20 

33'27 59'% 
24'35 IS'SS 

PI' 

6 
6 
6 
6 
6 
7 
6 

7 
6 

7 
7 
6 

7 
6 
6 

5 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

One turn of micrometer = 41".429 from 

71' Latitude. 

0 I I I  

18 43 46 43.13 
IS 43.72 
IS 43.4s 
IS 44 '32 
IS 13 '26 
IS 43 '63 
IS w '29 
IS 4s -24 
IS 43 '75 
IS 43 '20 

IS 43 '69 

IS 44 -26 
IS 43 .os 
IS 41 '26 
IS 43 '32 
IS 43.60 
IS 43 '42 
IS 43.96 
IS G '95 

I 8  43 '79 
IS 43 '53 
IS 43 '03 
IS 44 'I7 
IS 43'77 
IS 43 '50 
IS 43 '99 
IS 43 '99 

IS 13 '30 

I2 43 '53 

I /  

+o 3 6  
-0 '03 
$0 '2 I 

-0 '63 

+o .13 
+o -06 
-0 6 3  

-t 0 *45 

-0 rJ6 

+o .49 

-to '39 
-0 '57 
+o '61 

+n '37 
t o  '09 
+o '27 
-0.27 

-0 '29 

+0.16 
+o '66 
-0 *4s 
-0 'OS 

+0.19 
-0 '30 
-0 '30 
f0.16 

0'00 

-0 ' 57 

-0 ' IO 

t Grooinhridge. 
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Pairs of stars. 

*S 076 
s 114 

S r 7 r  
I so 
330 
4s7 
6-19 
706 
Si9 

9'5 
553 

s 115 

s 212 

S 261 

259 
33 7 
502 
673 

577 

947 
I 043 

727 

/ I  

-0 '07 
-0 '30 

-0.15 
- il ' 1  6 
- - 0 ' 1 1  

-0.2: 

Jr05-l 
-0.26 

+o .& 
-0 '02 

-0 ' 22  

I ,  

06 '00 
30 '02 

53 .So 
0 2  '30 

c 4 . 2 0  

20 . j0 
21 '50 
I 3 .4" 
'1 "0 

o /  

4 1s 45 
5 
+ 
4 
I 

3 
3 
3 
4 
3 
6 

4 
4 
S 
I 

3 
4 
3 
4 
4 
4 

D I  

4 43 45 
4 
4 
3 

3 
3 
3 
4 
3 
3 
3 
S 
6 

4 
4 
2 

4 

1 
4 
3 
4 
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13. A h i t i t  Itid@ctufetil~. Maine. First series-continued. 

' I  0 I ' I  / I  

25'40 7 43 45 33's4 -kI*I7 
33 6.1; 34'SI 1 0 . 2 0  

5S.SO 4 36'12 - 1 . 1 1  

10.1s 2 33.56 + I  ..!s 
23'20 2 34'04 +0'97 
35.SO 3 33'60 + I  '4r 
25 '50 4 36-24 -I '23 

25'75 5 35.M~ -n.Sr 
39% 3 35'73 --0'72 
'5.40 4 34'74 $0.17 
oS.Sr 6 35'42 -0.41 

54'00 2 37'07 - 2 . 0 6  

5s'm 4 3.1'18 + O ' S 3  
IS'50 5 33 'rJ7 + I  '94 
35'96 3 35.5:: -0.51 
01 .so 4 36'01 --1'oo 
c9.40 3 35'17 -0'16 
$ ' 5 0  5 36'50 - I  .4g 
6 . 0 4  4 33%6 +1'15 

04'20 4 34'99 +0.02 

26'40 4 34'46 +0'55 

Stars. 

I' 0 I / I  

7 100 I 14.58 3 43 45 34'SS 
7 204 34'00 4 32 .gr 
7 277 42.k 4 34 '75 
7 333 2 0 . 6 0  3 34 '31 
7 336 24.56 1 34 '47 
7 j 6 Y  2 3 S o  5 34 '05 
7 353 39'40 3 32 .S2 
7 jgs  10'10 4 36.6s 
7 462 14'10 4 34 *46 
7 544 34'YO 4 33 '57 
7 607 36'70 4 33 -91 
7 614 07'16 3 33 '2s 

7 731 39'20 4 34 '37 
7 so3 50'75 3 33 .@4 
7 s43 53'50 2 35 ' I 5  

7 go1 03.73 4 33 '99 
7 54s 55.31 3 34.7s 
8 02s 1 1  '85 5 34 '71 
S 076 55.20 3 33 '67 
S 171 06.95 4 35 '07 
S 229 02.57 4 34 s 

7 171 
7 267 

7 301 

7 317 
7 345 
7 411 
7 44s 
7 50.3 
7 ss2 

7 595 
7 643 
7 7s2 
7 SI3 
7 S7I 
7 ss2 
7 s94 
7 9.53 
s 05s 
s 115 
S 261 
S 310 

6 365 6 427 
6 497 6 522 

6 571 6 $3 
6 673 6 712 

6 Sgi . 6 92s 
6 745 6 754 

6 9s3 6 996 
7 cloS 7 076 
7 1 0 0  7 171 
7 ?q' 7 262 
7 277 7 30' 

Stars north 

32'92 13'94 
45 '01 23 .S4 
55-50 47.30 
15.30 &.IO 

40.70 50:06 
54'00 45'54 
51 '30 10.60 
14.72 52.10 

34.00 5S.6S 
42-So 58.80 

14.5s 75  .JO 

Adopted 
secolldrj 
ofiiieaii I" 
N. P. D. 

of zenith. Stars sooth of zenith. 
Adopted 
seconds 

N. I?. D. 
V Latitude. Stars. of ,llelll 11' Latitude. 

I /  

-0 -72 
+I ' 25  

-0 '59 
-0.15 
-0 -31 
+ O . I I  

4.1 '34 
-2  '52 

-0 -30 
+o '59 
$0 '25 
$0 .ss 

$1 '12  

--0 'cjg 

+0'17 
-0.62 

-0 '55 

- 0 ' 2 1  

+o '49 
-0 .gr 
-0.72 

13. AIontil I t 1 d t p t ~ d 6 t 1 ~ ~ ,  l&ne.-G. W. Dean. Zenith telescope No. 2. Second series. Sep- 
One tember 20 to October 20, 1S4g. 

turii of riiicroiiieter = +f/-SSo from the latitude observations a t  this station. 
One divisioii of level = o'I.90 from observatioiis at this station. 

. 

I ,  

4 5 
4 5 
4 5 
5 6 
5 6 
4 5 
4 5 
5 6 

4 5 
4 5 

2 

1.atitutle. 

0 I ' I  

43 45 33 '67 
33.48 
34.2s 
34 'S3 
34 *49 
33 '45 
33 '25 
33'" 
34 .so 
33 .S, 
34 '65 

/ I  

+o .66 
$0 'S5 
$0 '05 
-0 '50 

-0 '16 
$ 0 -YS 
+ I  'OS 
+I '22 

-0 '47 
t o y  
-0 '32 
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pairs of stars. 

7 317 
7 345 
7 44s 
7 593 
7 5s2 
7 731 
7 sa3 
7 ss2 

5: 076 
S 171 

I so 
330 

s 02s 

7 39s 
7 59s 
7 803 

@7 
6.19 
706 
S19 

975 
953 

7 333 
7 3% 
7 462 
7 5.1.1 
7 607 
7 Si3 

7 S71 
7 9QI 
S 05s 
s I15 

s 261 

259 
337 

7 411 

7 614 
7 s94 

673 
727 
s77 
947 
"43 

502 

Secoiid series-contiiiuerl. 

II' R, ' Latitiu:lr. 

0 I / I  

5 6 43 4s 34.01 
4 5 33 .s2 

4 5 33 '71 
4 5 33 '92 
J 5 33 'S5 
5 6 33 ..<a 

.I 5 31-16 
4 5 33 '79 
5 6 34 '35 
4 5 35 '19 
4 5 34 '3 r 
3 5 34 '27 
> 5 31 '30 
6 6 34 '97 
7 6 34 '70 
6 6 35 ' 3 2  
6 6 3 j '6.1 
6 6 .;J .70 

5 6 35 -2s 

6 6 .34 *a 
6 6 35 '14 

6 3; '37 C 

I~idiscr i~~i i~iate  mean = 43"45'34"-zg. 
Weighted iiieaii = 43 45 54 -33 c o"*oS. 

151 observatiotis, 33 pairs. 
t* = & o"'52. 

[Reclnction ton = -0"'03.] 
Rcsriltiitg hztitridt by miirbiitntioir of sc.rit.s 

14. Gtr.irstork. New Hampshire.-J. H. Tootner. 
1s60. 
= 41"'391 from circumpolar observations at this station. 

= 43°45'34"*47 c 0"-06. 

Zenith telescope No. 5. July II to August 9; 
One timi of iriicronieter One division of level = n"'94S from observations at  this station. 

Pairs of stars. 

5 4m 5 417 
5 479 5499 
5 531 5 599 
5 629 *5 73r 
5 65s *5 731 
j 7% 5 S63 
5 91s 5 931 
6 079, 6 os7 

"6 147 6  IS^ 
"6 147 6 216 

Adopted secoiids of 
iiieaii N. P. D. 

/ I  / I  

18'63 53'62 
09.3" 24.77 
1 j . Q  35 '36 
05'31 53'90 
27'34 53'90 
40'02 5s-20  

48-28 .19'5S 
15.06 4S.'61 
20.29 50'90 
29'29 31 '23 



Pairs of stars. 

THE ASTRONOhlIC MEASURES. 

14. Gzorsfooik. New Haiiipsliire.-contiiined. 

"6 235 6 246 
*6 235 6 25s 
6 365 6 42s 
6 45.6 6 470 
6 493 6 520 

6 599 6 626 
6 64s 6 6S1 
6 734 6 771 

"6 S61 6 940 
*6 S61 6 943 
*6 gS3 7 022 

*6 gS3 7 04s 
7 064 *7 132 

' 7  105 *7 132 
7 174 7 233 
7 297 7 345 
5 643 "5 666 

*5 666 5 752 
5 7ss ' 5 795 
'5 $3 5 SS6 
5 91' 5 929 
6 095 6 162 
6 231 "6 316 
6 251 *6 316 
6 392 6 421 
6 495 ' 6 516 
6 542 6 629 
6 656 "6 720 

*6 720 6 72s 

6 745 6 779 
6 Sz4 6 851 
6 S S ;  6 915 
6 962 6 996 
7 027 . 7 I12  

7 1.5s 7 19s 
' 7  24' "7 333 

7 253 "7 333 
Indiscriininate mean = 4 3 O  31' 03//'.$4. 
Weighted mean =43 31 03 'S1&0".05. 

333 observations. 47 pairs. 
e=&o'f '50. 

Adopted seconds of 
tileail N. P. D. 

/ I  

46 '72 
46 '72 
39 '25 
03 *76 
40 '5 I 
49 'I I 

59 '50 
Or; ' IO 

4s '55 
4s '55 
52 *m 
52 x n  
IS '51 

39 '9' 
5S.31 
3s '90 
00 'S5 
07 *gS 

50 '41 
27 '70 
14 '74 
OS '63 
42 5 6  
26 '59 
20 '43 
27 '5s 
4s '49 
58 '16 
38 '07 
11 '43 
57 '28 
36 'S9 
22 -23 
I 1  '21 

49 %6 
59 '45 

-2s '64 

I /  

43 '73 
55 '44 
25 *7s 
52 '25 
12 *42 

IS 7 6  
14 *61 
51.19 
29 '95 
21 -so 
22 '25 
19 '67 
49 7 1  

49 '7 I 
13.31 
45 '46 
07 
17 *49 
42 70 

39 '7' 
13 '3' 
23 7 2  
23 -72 

1s '35 
14 '53 
49 '29 
3s '07 
20  '67 
33 '0' 
I 1  '96 
40 .os 
og -6s 
06 '9s 
35 '97 
44 '63 
41 '63 

22 .OD 

I!' 

S 
S 
7 
7 
7 
S 
S 
7 
7 
7 
7 
7 
7 
7 
7 
7 
3 
4 
S 
S 
7 
6 
S 
9 
7 
6 
6 
6 
6 
6 

7 
S 
7 
7 
7 
7 
7 

I' 

/ I  

-0 '09 
-0 '06 
-0.14 

-0 '40 
f o  '07 
f0.19 
fo  '1 I 

+o .os 
f0.01 
-0 *40 
-0 '42 
-0 '2s 

-0 '07 
-0 '92 
-0 '40 
-0.24 

+o '09 
-0 '03 
-0 a 1 0  
+o .06 
+o .34 
-0 *64 
-0 '34 
-0 '46 

+o '23 

+0'72 

fo *60 
-0 '67 
-0 -10 
+ o '23 
-0 'og 
-0 '50 

+o '73 
-0 -23 
-0 70 

-0 '20 

-0.11 

[Reduction to $, =+1"'33.] 
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15. =lgflnzc//fims, Maine.-T. J. Lee. Zenith telescope Military Acaalemy. First series. Sep- 
One turn of micrometer = 44/"7g1 tember 15 to October IO, IS47. 

from latitude observations at this statioii. 
One division of level = 1"'~s. 

7 091 
7 171 
7 345 
7 560 

Pairs of stars. 

3S.10 I 43 13 25.7s -0.23 
50'60 5 25'42 i 0 . 1 3  
51 '60 5 2572 -0 .17  
24-60 6 26'55 - 1  'a3 

6 5s2 6 662 

6 735 6 74.4 
6 75.5 6 Sj4 
7 377 *7 461 
7 357 9 461 

*7 533 *7 571 
"7 533 *7 9 4  
*7 533 "7 533 
*7 542 "7 571 
"7 542 "7 5s4 

7 607 7 66s 
7 693 7 71s 
7 755 7 798 
7 Sag 7 95s 

*7 997 =s 077 
"S r45 ' S  c:,g 

"7 542 "7 5S6 

+I nn3 *u n.n 
I Y Y I  .J .-..?Y 

"s 146 's 077 
*S 256 S rSS 
*S 256 s 26s 
s 374 *7 

4 -* 7 
32 6S 

164 182 

253 395 
412 430 

7 277 
-7 39s 
7 462 
7 731 

n' w Latitude. Adopted seconds of 
rilean N. P. D. 

I f  / I  Q / I /  

54'24 47'00 3 2 43 13 25'79 
5 6 . 9  2 S 9 3  5 3 25 '06 
26'63 00'50 4 3 23 'Si 
2S.16' rS.13 5 2 26'16 
55S4 IS-13 5 2 26'21 
1S.m 19'17 5 I 25.76 
1S.m 10.37 4 I 24 '03 
IS'OO 31.50 5 I 25 '70 . 
25 '30 19.17 4 I 24 '62 
25.30 10.37 3 I 23 '07 
25.30 31 '50 4 I . 24-70 
10'00 21.h 5 3 2 5 . q '  
36-97 16'70 5 3 25 a 2 4  

19.70 17.07 6 4 2 j .SS  ' 

56'32 ISUJ 6 4 25 '56' 
2 24 %c! GS .%I 54 '2<> 5 

m-So 17 '43 5 - 24'93 . 

j r  54'20 5 2 24 '41 
31.74 17'60 5 24 74 
08.4s . iS'qo 7 > 24 ' 25  

oS.4S 00.32 7 3 24 '73 
ZO'S7 39.60 I 25 '00 
15-67 39.60 3 2 22 '7s 
39.66 3 3 2 6  4 3 25 -0s 
1 1 . p  11-13 4 3 26 .IS 
47'50 31'04 2 2 25 '50 
15'52 30'52 3 2 24 '43 

7 

2 

4 

Indiscriminate mean = 43O 13) z#/.go. 
Weighted mean =43 13 24 -95 c 011.10. 

121 observations, 27 pairs. ' 

e = & o//.gg. 

[Reduction to a = - o / / ' I I . ]  

09.90 5 43 '3 25.47 -0.70 
3975 4 24.Sg -0.12 

44'90 5 24'26 +o.gr 
14.50 3 24'45 +0'32 

I I  

--o 'S4 

+ I  .I4 
-0 'I I 

-1 "I 

-I '26 
-0 'SI 
t o  '92 

-0 '75 
$0 '33 
+ I  *ss 
+O '25 
-0 '14 
-0 '29 

-0'61 
t-c '35 
+o '02 

+o .54 
+o '2 I 

f o  .22 

-0 '05 
+2 '17 
-0 '13 
-I 2 3  
--0 '55 
+o '52 

+O '07 

+O '70 

15. Agav/zc?tfh.c, Maine.-A. D. Bache. R. H. Faantleroy, C. 0. Routelle. Zeuith sector No. I. 

Second series. October 4 to November 1 5 ~  1S47. Mean value of.one division of level = o'I.727. 

Stars north of zenith. Stars south of zenith. 
Adopted 
semiids 

N. P. D. 
Latitnde. stars. of incan. I" 

v 
Adopted 
seconds 

N. P. D. 
Latilode. Stars. of mean. I" 
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15.. -4gmrier/ficiis, Maine. Seco11c1 series-continued. 

27 7 

Star5 north of zenith. Stars sonth of zenith. 
Adopted Adopted 

seconds 
of tiieaii ’I‘ 

N. P. D. 
stars. ~~~~~ til 1.atitude. I’ - Latitude. V 

7 705 
7 .SI5 
7 88s 

7go6 
8 036 
8 107 
s 224 
fi  2.31 

8 2Sg 
.16  
IO0 

IS0 

330 
w4 
735 

I’ @ I , I  

41’17 2 43 13 ~ 4 %  
I O  .r;6 2 26 ‘93 
36.40 2 27 ‘46 
‘ 5 ‘ 9  4 25.04 
42.56 3 26.34 
39.28 2 23.72 
13’20 2 25 ‘35 
30’50 4 27 ’05 
40.30 4 24’21 
4s575 3 23.7r 
07.90 5 25 ’52 

39’20 2 26 %I 

32’45 I 24 ‘32 
29.28. 2 25 ’Y6 
03.30 I 25 ’06 
tp,, = 4 3 O  13’ 25” ‘55 C .  

56 observations, 19 stars. 

P I  

$0 ‘67 
- 1  ‘3s 
- 1  ‘91 
$0 ‘5 I 
-0 ‘79 
+ I  ‘83 
+o ‘20 

-1 ‘50 

+ I  ‘34 
+ I  *SA 
+o *os 
-1  ‘06 
+ I  ‘23 

>I  

+o ‘49 

-“.I 

7 777 
7 YjO 

7 572 
7 994 
S 136 

s 345 
5s 

4.k 
566 
6 56 
s2 I 

91 2 

91 

0 / II 

2 43 1s 24.4s 

3 24 ‘89 
3 25 ‘65 

I 25 ’25 
4 “4 ’30 
2 24 ‘7 1 

3 23 :17 

3 24.96 
3 24’69 
3 25.13 
9 25 -63 

2 24.46 
I 24.65 

q8 = 43’ T3’ 24’’ ‘77. 
jg observatioiis. 17 stars. 

I I  

+O ‘29 
-0 ass 

-0 .$S 

+o .47 
+o ’06 
+ I  ’60 
-0.19 
+o -0s 

-0.36 
-0 ‘56 
+o ‘3 I 

+o ‘09 

-0.12 

15. Agt~nzcriticiis, Maine.-A. D. Bache, R. H; Fauntleroy, G. Davirlson. Transit No. 2 in prime ver- 
.tical. Third series. October 18 to November 26, 1847. 

Stars. 

6 355 
7 022 
8 023 

60 

7 972 
s 229 

96; 
I 320 

I jgs 

Adopted 
seconds 
of iiieaii 
N. P. D. 

I I  

20 ‘24 

49 -40 
$2 ‘25 

32 ‘05 
5s ‘72 
42 .IS 

.I7 .40 
0 2  ’25 

0s ‘CmJ 

0 

4 4 43 
4 4  
4 4  
2 2  

2 2  

2 2  

I 1  

1 1  

1 1  

Latitude. ’ 2’ 

I I  

+o ‘05 
+o ‘30 
$ 0 ’ 3 2  

-0.56 
+a ‘5’ 
-0.36 
-0 ‘30 
-0 ‘68 

- 1  ‘75 

Ii1discriiiiiiiate mean = 43O 13’ q”.oo. 
Weighted ineaii = 43 13 24 ’97 & o’”14. 

21 observations. g stars.. 
t! = c OII .44 .  

[Reduction to A = o’(.oo. 3 
Coinbiriufios of rmt l f s  for  l d i f  iide rtftv-rt-tl to A. 

By zenith telescope 43@ 13’ q’”S4 =k d/*ro. 
By zenith sector 43 13 25 ‘o5&0 ‘11. 

By transit in prime vertical 43 13 24 ‘97 o ‘14. 
Weighted mean 43 13 24 ’96&0 ‘06. 
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16. /s/c:,- tzf Slrods, Maine.-T. J. Lee. Zenith telescope Military Academy. 
1S47. Urre division of level = ~".zS.j. One turn of rnicroriieter = 44//-962. 

Pairs of stars. 

*6 079 '6 150 
'6 079 46 2 3  

*6 079 *6 23s 

*6 34s 150 
"6 348 "6 234 
*6 348 *6 23s 

6 642 "6 735 

6 762 6 SIS 
*6 SS2 "6 932 
*6 SS2 +6 970 
*6 883 *6 932 
'6 SS3 "6 970 
"6 979 "6 932 

7 or; 7 024 

7 1SS 7 2 2 0  

7 ZSI 7 363 
7 4:: 7 658 

6 547 6 601 

6 6-17 *6 735 

97') '6 97u 

7 10-j 7 152 

Adopted seconds of 
mean N. P. D. 11' 

7 
5 
7 
7 
5 
7 
5 
6 
5 
6 
7 
7 
6 
6 
7 
s 
S 
7 
7 
S 
6 

: r p  

2 

2 

2 

2 

2 

2 

4 
3 
3 
5 
2 

-3 

2 

2 

2 

3 
G 
6 
6 
6 
5 

Latitude. 

0 I I /  

42 59 12'97 
12 .ss 
12 '69 
13 .49 
13 .Os 
'3 '15 
12 '35 
12 S 6  
13 '69 
13 '03 
I 2 -65 
I2 '22 

1: -04 
12 '62 
I2 '33 
12 'io 
3 24 

13 '44 

I.. - 1  

I 1  'sg 
13 '70 
i j  '52 

August 4 to 22, 

I /  

0'00 

$0 '09 
+o .2s 

-0 '52 

-0.15 
+o '62 

-0 '11  

+O'JI  

-Q 7 2  

-Q '06 

+o '29 
$0 '75 
-0 '07 
$0 '35 
+o '64 
+o 'S7 
--u '37 
-0 '47 
+ I  'OS 

-0 '73 
--O '55 

Indiscrii!iinate IXSE = 420 59' 12'1 '91. 
Weighted mean = 42 59 12 '97 c 0 ~ 1  q. 

137 observations, 2 I pairs. 
t' = & 1" '12. 

' 

[Reduction to A = - of/ *IO.] 

17. ~b~ko~roorrnc-. New Hampshire.--J. S. Ruth. Zenith telescope No. 5. September 16 to October 
One turn of micrometer = 46//-615 from circumpolar observa- S :  IS& One division of level = ~"~64. 

tions at  this station. 

Pairs of stars. .4clopted seconds of 
tileail N. P. u. 

I /  

'9 '13 
23 '59 

16 '33 
29 .S6 

37 '95 
32 '51 
47 '13 
3s ' 2 0  

55 *go 
3' .06 

21 '01 

35 3 6  

lb' Latitude. 

0 

3 5 42 
3 5 
5 S 
6 9 
6 9 
4 7 
3 5 
4 7 
5 S 
7 IO 

4 7 
4 7 

I /  

$0 '05 
'-0.16 
+o '57 
$0 '22 

t o  '27 
$0 '57 

+o '27 
+o *42 
-0 '27 

$0 '63 
+o '35 

+I 'I4 



Pairs of stars. 

7 76s 
7 s94 
s 054 
S 26s 
S 296 

I73 
224 

337 
441 
535 
610 
673 
s2 I 

92 I 

I 066 
I 175 
I 424 

I20 

7 s45 
S 023 

s 097 
s 384 
s 355 

146 
I 98 
244 
404 
502 

SSI 
644 
772 
897 

I 0 0 1  

I 123 

I 293 
I 520 

THE ASTRONOMIC MEASURES. 

I 7. Ch~ko~rooir~tc, Alainr-contiiiueil. 

:,I Latitude. Adoptrcl secotids of 
iiieali N. P. D. 
I' ' I  0 / / I  

IS '00 11'10 4 7 42 55: 59'65 
21.11 2j.00 2 4 59.66 
03.00 46.00 3 5 59 '7 1 

40.30 11-44 4 7 59 
25 '50 50 '92 3 5 59 .so 
28'92 11 .73 4 7 5s *4 I 

35.m 54.70 4 7 55 ' 0 2  

36.26 06'34 4 7 5s .SS 
41 '1.5 10.25 3 5 60 '36 
44'10 .+..arr 3 5 59 '40 
02.55 12.71 4 7 60 -13 
09.68 42,So 3 5 59 '47 
3 S . S  49.2s 3 5 59 '5 I 

OS.& 23 '.IS 1 7 60.60 
16.0~1 35 So 3 5 5s 'SS 
22.02 54.56 3 5 60 6 3  
45'83 35.14 4 7 59 '47 
00'00 49'50 3 5 59.9s 

2 79 

IS 

' I  

-0.31 

-0 '37 
-o .26 

-0 '46 

f o  '93 
f o  '31 
+ 0.46 

-G '32 

--I .02 

-0 '06 
-0 '79 
- ~ ' 1 3  
-0.17 
- I  '26 

+o .49 
-1  '34 
-0 '13 
-0 '64 

Indiscriniiiiate mean = 4 2 O  5s' 59" '37. 
Weighted mean = 42 53 59 'jq -C 0~1.07. 

I 15 ol~sersations, 30 pairs. 
L- = _C of/ '67. 

[Reduction to A = ol/  '00.1 
I 8. T h u ~ i t p o ~ r ,  Massachusetts. -T. J. Lee. Zeiiitli telescope, Military Academy. September rg 

to October 16, 1.346. One clivisioii of level = I "  '32. One turn of micrometer = 45" .oQ, from 
observatioiis a t  this station. 

I'airs of stars. 

*6 640 
*6 640 
6 737 
6 861 
6 Sh-7 
7 034 

7 246 
7 41s 

7 595 
7 651 
7 812 

7 573 
s 104 

6 6go 
6 691 
6 810 

% 966 
"6 966 

7 143 
7 3'0 
7 4s2 

7 637 
7 7 6  

s 052 
s 182 

*' 70 

I 1  6 

5 3 
9 s 
3 2 

12 7 
14 I1 

13 I1 

5 5 
7 7 

14 1.J 

I1 IO 

I2 10 

I 3  IO 

tatitiidc. 
0 I I /  

42 56 37.16 
3S.16 

3s .72 
37 .s2 

37 '55 
3s 'S9 

37 '99 
37 '97 
37 .sy 
3s '4s 
37 .49 
37 '97 

3s '72 

/ I  

+o .86 
-0 . I 4  
-0 -70 
-0.70 

$0 ' 2 0  

+o .64 
-0 'S7 

$0 '0.5 

sow 
-0 '46 

$0 '53 

$0 '03 

$0 '05 
Indiscriniinate 111ea11=42~ 36' 38" '05. 
Weighted mean =42 56 j S  'OZ&O" 'IO. 

129 observations, 13 pairs. 
,.,*0'/ $7. 

[Reduction to B=f0'~.35.] 
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19. Mrfhmett~ Massachusetts.-J. H. Toomer. Zenith telescope No. 5. September 25 to October 
One turn of micrometer 16. IS&. One division of level =o".gr. from ol~servatioiis at this station. 

41"-4r3~ froin circuinpolar observations at  this station. 

Pairs of stars. 

6 654 6 6 6 2  
6 695 6 723 

6 851 6 S65 

6 932 6 96s 

6 764 6 777 

6 Sg5 6 915 

7 007 "7 073 
7 6 2  "7 073 
"7 073 7 091 
7 158 7 171 

7 215 7 256 
7.301 7 320 
7 337 .7 345 
7 3a 7 401 
7 4.31 7 453 
7 474 7 533 
7 S i '  "7 605 
7 $56 *7 605 
7 616 7 721 
7 676 7 737 
7 749 7 79s 
7 SI2 7 91.1 
7 932 "7 983 
7 94s 7 962 

*7 9% 7 994 

s 075 "S 079 
S 126 S 136 
s 212 s 224 

S 277 S 296 
"S 324 s 344 
*S 324 8 366 
*S 324 46 

s 054 "Y 079 

11' 

5 
S 
6 
S 

7 
7 
6 
S 
S 
7 
6 

9 
6 
6 
S 

7 - 
I 

7 
7 
s 
7 
7 
7 
7 
7 
9 
9 
S 
6 

7 
7 
7 
S 

7 0  

7 
13 
I 1  

'3 
I2 

I2 

5 
7 
7 
I2 

It 

'4 
I1 

I1  

' 5  

S 

S 

I 2  

I 2  

' 3  
I 2  

I 2  

S 
12 

s 
9 
9 
J j  

I 1  

12 

6 
6 
7 

P 

/ I  

to '45 

+0'32 
$0.26 
-0.16 

-0 '12  

fo '$3 
-0 -36 
-0-23 
-0 '55 

+o .3s 
-0 '21  

-0 'IO 

+o '19 
+o .4.5 
$0 '33 
$0 '99 
+o' iS  

+0'17 

-0 '52 
-0 '64 
-0.36 
-0.16 
-0.52 

-0 .s5 
-0.45 
+o .2s 

+0.65 
+o . I 8  

+o '35 
$0.46 
$0.42 
$0 5 6  

-0 '02 



Pairs of stars. 

92 
I j o  

229 
2s5 

339 
$73 

465 

576 
579 
656 
706 
sQ2 

535 

THE ASTRONOMIC MEASURES. 

1.9. If i71-h//St.fl. l\lassachusetts-continued. 

I f ‘  Q’ 1,stitude. Adopted seconds of 
riieaii N. P. D. 

‘ I  

13 ‘69 
15.60 
IO .6S 

05.71 
15 ‘99 
09 ‘44 
0 1  ’35 
IS 6 s  
55 ‘90 
55 *go 
13 ‘io 

22‘40 , 

51 .90 

0 I ’ I ‘  

7 12 42 29 16‘7s 
6 11 16 ‘65 
6 11 15 ‘77 
7 I2 16.03 
7 I2 16 ‘01 

6 I1 16 ‘60 
6 I 1  17 ‘07 
6 T I  16 ’57 
7 S 15 ‘95 
7 S 16’16 
53 13 16 ‘09 
6 I 1  15 S 4  
6 I1 16.12 

2SI 

Iiirliscriiiiii~ate iiieaii=4zo 29’ rG”’iz. 
Weighted iiieaii , =4z 25 16 ‘13fo’I’o4. 

322 observations. 46 pairs. 
‘!= &O”&>. 

[Reduction to A =+0’/.95.] 

20. ffai-aird Co//t:p O ~ S ~ I . ~ ~ ~ O I : I ~ ,  Cambridge, Massachusetts.-The report of Dr. B. A. Gould 
to tlie Superiiiteildent of tlir United States Coast Survey, dated Canibriclge, Noveriiber. 1865. aid  printed 
iii  tlie Report for 1S65, gives tlie following iiiforiiiation respecting tlir latitucle of this observatory: 

fouiirl froiii transit observations iii the pririie vertical by Messrs. W. C. 
13niid. J. D. Graham, and G. 1’. Boil11 the following values for the latitude of the observatory: 

* I  Prof. B. Peirce iii 

W. C. kiiiil,  63 observations. 42” 22’ 48” ‘Sj 

G. P. Roiid. 65 observations. $3 :Y6 
J. D. Grahiii.  4 1  o1,srrrations. 4s: ’29 

fileail by weiglits 42 22 4s ‘60 

“This result lias bee11 used to tlie present time. The adoptioii o f  later deteriiiinatio~is of the 
clecliiiatioiis of tlie 5 stars observed ~ ~ o u l d  solliewhat dii~~iiiish tlie resultant value; but tlierc seems 
little doubt that thi- value slioulcl, be lesseiied b?; about half a second, iiiiless strong local clisturbances 
of tlie pluiiil~-line esist iii tlie vicinity.” ’* 

Other references will be foulid in the Xiilericaii Epheiiieris awl Nautical Aliiiaiiac for 1Ss5 aiid 

i n  Rleiiioirs of the Aiiiericaii Acadeiiiy of Natural Scieiices. 11, 20;. 

The re~luction to tlie center of the iloiiie is --0/”55. lieiice tlie latitude of the rloriie 4a0 z2/ +S”m5 
with estiiiiatecl prcJ)al)le error &0’”2? wliich is ado1)ted.t . 

*’rliis last reiiinrk Iias i iu  btariiig OII the resolt here iieeiled. 
f The Elilieiiieris for iSsS gives 4-P 22’ 48”’3. aiid that uf IS%, 42’’ 22’ 47’5, for which values 110 explariatioii is offered. 
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21. C/wfr.dtw C%S~'I?V~/OI~I )  Cambridge, ~Iassacliusetts."-B. .\. Gould, J. Searles. and C. H: F. 
Peters. Zenith telescope No. 5.' August to October. 1S55. One division of level =o".SQ. One turll 

5 157 5 165 
5 249 5 252 

5 295 5 33s 
5 376 5 453 
5 463 5 496 
5 512 5 530 
5 5-19 s 619 
5 602 5 643 
s 624 5 629 
5 775 5 7 9  

of micrometer =41"'369. 
Pairs of stars. 

25SY 43'00 I 3 42 14 27'0s +n..y 
5 7 27'61 $0.01 23.24 17.25 

oS.47 42'79 5 7 ZS'ZO -0.5s 
3"'Ig 49s; 3 6 28.m -0'38 
23'00 22.67 6 S 27'4s 4 0 . 1 4  
21'76 16.74 6 8 2s .33 ---o '7 I 
57'65 19.40 5 7 27'52 $0.10 

j 2 2 6  14.21 5 7 2 7 6 2  +0.02 

15'64 1S.76 5 7 28.32 -0'7n 
54'97 05'14 5 7 26.49 + I  '13 

6 372 6 426 
6 452 6 497 
6 72s 6 769 
6 S6r 6 SS2 

6 91.- 6 932 
7 073 7 091 

7 15s 7 171 

7 219 7 297 

7 43' 7 453 
7 503 7 521 
7 765 7 
7 950 7 97s 
S 0j4 S 079 
s 2s4 s 3'" 

8 324 s 344 
92 I C 9  

158 219 

7 Is8 7 193 

7 36s 7 40J 

Adopted secoiids of 
mean N. P. D. 

I /  / I  

20.70 15.11 
$3 '75 17 '17. 
5g'oj  21 2 6  

n2.71 25.75 
36.14 01 .g'3 

42'34 13 '63 
n3.34 51 '01 

56.26 35.34 
51 ' 2 0  25'16 
51'13 0s-56 
10.30 32'35 
46.46 06So 

50.33 26'02 

51 '07 04'50 
43'70 53.7. .  
55'22 25.2s 

36.40 55'43 

51 *SI 09'23 

47 '.z4 04 '57 

11' : l o  

IS 9 
20 9 
IS 9 
17 S 
21 9 
21 9 
'9 9 
'9 9 
IS 9 
17 B 
16 S 
'5 S 
I2 S 
I2 S 
14 S 
12 s 
I2  S 

1 0  7 
1 1  S 

I /  

+0'i5 
+0'6r 
-n $6 
-0 '4.3 
+ I  ' I 1  

-n .;4 
+0'j2 

-0 '56 
+0'r6 
i o  '28 

+o '09 
-0 '33 
-0.16 
-0'51 
-0 .g 
-0 '"4 

+o 36 
+o '60 
$0 "3 

Indiscriminate mean =@ 22' 4of'.g7. 
Weighted mean =42 1 2  40 -97fo'/-oS. 

302 observations, 19 pairs. 
L' =*of'. 67. 

[Reduction to center of dome of Harvarcl College Observatory =+7//'20.] 

22. ilfonirf Thn, Massachusetts.-E. Goodfellow. Zenith telescope No. 5. July IS to August I I .  

One turn of micrometer 1S62. 
= 41/'*3% from circun~polar observations at this station. 

One division of level = n"76 froin olxervations at this station. 

Pairs.of stars. Adopted seconds of >I' w Latitude. mean N. P. D. 



Pairs of stars. 

5 763 5 776 
s 795 5 s42 
5 944 5 997 
6 013 6 062 

6 0-71 6 079 
6 199 6 793 
6 r47 6 is5 
6 162 6 21s 

6 300 6 373 
6 341 6 410 
6 466 6 516 

6 475 6 493 
6 533 6 551 
6 530 6 553 
6 655 6 602 
6 659 6 69s 
6 71s 6 745 
6 740 6 74s 
6 771 6 799 
6 Y27 6 S34 
6 547 6 S79 
6 S62 6 SSn 

6 930 6 941 
6 957 6.976 
6 9% 6 9 ~ s  
7 073 7 091 

THE ASTRONOMIC MEASURES. 

22. A h i r t  Toiir, Massachusett~continueil. 

Adopted seconds of 
mean N. P. I). 
r /  

20. 2 j 

51 '53 
25 '05 
I3 ' IO 

46 '00 
25 '77 
I9 *41 
12 '05 

22 '39 
1; $2 

2Q '62 

03 '15 
35.24 
16 '57 
45 "9 
50 '65 
17.11 

45 '33 
3s '24 
41 '92 
14.06 
05 .06 
24 -4s 
16.56 
2.9051 

15 '92 

11' 

6 
5 
5 
4 
4 
4 
4 
5 
5 
3 
5 
4 
5 
5 
5 
5 
5 
5 
5 
5 
6 

5 
5 
5 
6 

5 

w Latitode. 

0 I / I  

8 42 14 27.Sg 

7 27 '57 
7 .S'IZ 
7 27 T.6 

7 2S '70 
7 26 $5 

7 27 3 6  
7 2s '05 

7 2 7 % ~ ~  

6 27 '09 
7 27 '95 
7 26 -66 
7 27 '00 

7 27 '96 
7 26 7s 
7 27 '23 
7 2s.14 
7 27 O S  
7 27 *S6 

7 27 '75 
S 2S.IS 

7 27 '67 

7 27 -36 

7 2s -72 

7 27 '"3 

S 27 '15 

283 

v 

I /  

-0-27 
$0 '05 
-0 '50 

+0 5 6  

to. 79 
+o .06 

-0 *43 
+o '02 

$0 '53 

-1 ' G s  

-0 '33 
-1-0 .96 
+o .6n 

-0.34 
$0 'S4 
$0 '39 
-0 '52 

$0 '54 
-0.24 

-0.13 
-0 '56 
-0 '05 

i -0 '39 
+o .26 
$0 *47 
--I ' IO 

Incliscriniinate mean = 4 2 O  14' 27/"61. 
Weighted rnean =42 14 27 '62fo"'o6. 

172 ohservations. 36 piirs. 
L'=&0'/'45. 

[Reduction to A =+o".gr.] 
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23. ~lZairoirref, Massachusetts. -C. 0. Boutelle. F. H. Agnew. and C. S. Peirce. Zenith telescope 
One division of level = o"'95r from observations at this station. No. 5. July S to August 21.  1S67. 

One turn of iiiicroineter = 41" .423 frwi  circunipolar observations at this station. 

Pairs of stars. 

4 SI2 4 s43 
4 s73 4 9-19 
4 961 4 974 
5 05s 5 oY5 
5 IS1 5 204 

5 336 5 465 
5 512 5 525 

*5 541 5 574 
5 541 5 575 
5 628 5 702 

5 7x4 5 797 

*5 S71 5 SS6 

"5 5 951 
3 997 6 1-62 

*s 997 6 06s 
*6 1.55 6 232 
*6 rSg 6 237 

5 s47 5 S71 

5 93' 5 950 

6 341 6 373 
ft .!29 6 !50 
6 522 6 547 
6 571 6 623 
6 637 6 651 
6 69s 6 734 
6 763 "6 7S4 
6 764 "6 734 
6 Sro 6 932 
6 962 "6 ggo 
6 965 "6 ggo 
7 @62 7 103 
5 168 3 271 
5 295 5 3ss 
5 444 5 459 
5 530 5 560 
5 6 0 2  5 752 
5 795 5 563 
5 927 5 937 

"6 223 6 311 
"6 223 6 31s 

t r  631 " 6  427 17-75 oj'Y2 

)I' 

6 
6 
7 
7 
7 
7 
7 
5 
5 
6 
7 
6 
7 
5 
C " 
5 
5 
6 
6 
6 
'6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
4 
6 
5 
5 
6 
6 
6 
6 

:1, 

5 
5 
5 
5 
5 
5 
5 
3 
3 
5 
5 
3 
3 
1 

3 
3 
3 
3 
3 
5 
5 
5 
5 
5 
5 
3 
3 
5 
3 
.3  
5 
5 
5 
5 
5 
5 
5 
5 
3 
3 
3 

Latitude 

0 f / I  

41 55 34.56 
35 ' I 2  

34 '94 
35 '3' 
35 '61 

35 '23 
35 3 6  
34 -24 
34 
35 '92 
34 '47 
35'11 

35 '74 
35 'S2 

35 .S& 
35 .so 

35.4s 
34 'S3 
36 '53 
33 '99 
55 '75 
34 '36 
34 OS2 

35 '29 
34 5 1  

35.46 
35 .43 
35 '55 
36.24 
36 '00 
35.06 
34 '90 
35.66 
j 6 % 1  

36 '72 
34 s o  

36 '70 
35 '87 
35 
34 '72 
36 '70 

z, 

I /  

+o '79 
+o '23 
+0'41 

-0.26 
+@'12 

+ I  'I1 

+I '31 
-0 '57 
+o .8S 
t0.24 
--0 '39 

-0 .47 
-@ .49 
-0 .-15 
-0.13 

+0'52 
--I 'IS 

+ I  -36 
-0 ..io 

+b .04 

-0 a 2 1  

+o '99 
+o '53 
+o '06 
t 0.54 
-0.11 

-0 .os 
-0 '20 

-0 'Sg 
-0 '65 
- to  '29 
$0.45 
-0.31 

-1  a46 
--I '57 
+o '55 
- 1  '35 
- 0 . 5 2  

+o '27 

+o '63 
--I '35 



Pairs of stars. 

t 1 633 
6 456 
6 550 
6 5S.2 
6 673 
6 714 
6 75s 

6 973 
7 035 
7 055 
7 215 
7 256 
7 306 
5 321 
5 535 
5 747 
'5 97s 
6 23s 
6 497 
6 603 
6 745 
6 547 
6 9s3 
7 041 
7 143 
7 204 
7 353 
7 277 

7 3% 
05 241 

7 533 
7 542 
7 623 
7 656 
7 695 
7 754 

"6  427 
6 5 2 0  

' 6 629 
$ 2  S72 

6 74s 
6 S67 

6 976 
7 067 
7 152 

7 246 
7 2SI 

7 320 
5 341 

6 534 

5 619 
5 553 
6 106 
6 36s 
6 530 
6 69s 

6 769 
6 wo 
6 997 
7 1'9 
7 176 
7 243 
7 260 
7 333 
7 455 
7 505 

II  4 739 
7 5.s5 
7 636 

++7 706 
* 7  706 

7 757 

THE ASTRONOMIC MEASURES. 

23. .d~nnom'f, 1\3assacliusetts-coiitinu~d. 

Adopted seconds of 
mean N. P. D. 

/ I  I /  

'I 0; .s2 

34'62 OS'OO 

50.92 09.19 
53'36 04.14 
05.04 25'16 
39 'gn '3 .so 
40 '71 .?O '44 
31 '50 rS'20 
rS.53 25 -20. 

02 '17. 45 *62 
47'65 57'30 
47.so '5'30 
56.35 01 '30 

3030 jS.69 
52.27 56'15 
14.64 54'19 
24.1s 04'14 

27'7s 37'64 
19'57 50'92 
46'00 40.00 
15'20 4 0 s  
2 7 ' 9 0  16'70 
55.50 53'00 
44.76 07'44 
55 '00  30.50 
35'44 3s.09 

36.50 05.30 
16'22 sS .12  
01 '30 .39'30 
52.74 30.94 
03.52 44.70 
39'55 49'67 

js.55 I2 '22' 

54.4s 06.9s 

45'94 12'22 

1 6 x 1  5 7 . ~ 6  

11' 

6 
5 
5 
5 
6 
6 

5 
5 
6 
6 
5 
6 
6 
2 

3 
S 
6 

7 
6 
6 

7 
7 
7 
6 
7 
5 
5 
6 
6 
7 
7 
7 
7 
7 
7 
5 

I 

3 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
4 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

5 
5 
3 
3 
5 

Latitude. 

0 I I' 

31 55 34% 
35 .s2 

35 31 

34 '02 

31 '63 
34 '73 
34 .42 
35 '24 
34 '43 
35 '62 

35 '71 
35 '43 
35 '30 
35.60 
34.45 
35 '39 
35 '55 
35 '33 
35.6s 
35 '43 
35.7s 

35.17 
36 'I5 

36'16 

35 '59 
34 '90 
35.64 
35.66 
35.6s 
35 '32 
33 '9s 
36 '52 
35 '29 
34 *S6 
35 '32 
35 '65 

285 

2, 

I' 

+O '50 
-@ '47 
-0.56 
+ I  '33 

$0 '62 

+o '93 
+0*11 
$0 '92 

+O '72 

% -0 '27 
-0.36 
-0 .os 
+O '05 
-0 -25 

-0 '04 

$0 '02 

-0 '33 
-0 .OS 

-0 '43 

-0 'so 
-0 'SI 
-0.24 
$0.45 
-0 ''9 
--13 '31 

--O '33 

+' '37 

+@ '90 

-0 ' 2 0  

-0 'I2 

+O '03 

--I '17 

1 +0.06 

+o '49 
+o '03 
-0 -30 

Indiscriminate mean 
Weighted meail = 41 55 35 '35 -~0"*05. 

456 observations, 77 pairs. 

= 4 1 ~  55' 35/"36. 

t- = + o l / .  . - 50. 

[Reduction to A = 0'/.00.] 

)Greenwich, iz-year catalogue. 1 Grcwmbridge. $ RaUcliffe. 11 Arniagh. 



2S6 .THE EASTERN OBLIQUE ARC. 

24. Smrdfon?, New York-E. Goodfellow. Zenith telescope No. 5. September 11 to October 5, 
rS62. One division of level = o'"6S7. One turn of micrometer = 41"'40. 

Pairs of stars. 

6 421 
6 427 
6 475 
6 520 
6 530 
6 555 
6 629 
6 69s 
6 731 
6 779 
6 RIS 
6 S61. 
6 Y67 

6 937 
6 965 
6 373 
7 027 
7 1113 
7 OS4 
7 I20 
7 I53 
7 IS. 

7 19s 
7 220 
7 397 
7 345 
7 365 
7 $47 
7 41s 
7 455 
7 474 
7 5 8  
7 544 
7 571 
7 5% 

6 465 
6 470 
6 495 
6 556 
6 571 
6 589 
6 652 
6 717 
6 765 
6 %  
6 S27 
6 S66 
6 SS2 
6 962 
6 967 
6 975 
7 041 
7 06s 
7 I12 
7 164 
7 194 
7 201 
7 213 
i 275 
7 333 
7 373 
7 36s 
7 410 
7 449 
7 462 
7 495 
7 505 
7 554 
7 gS2 
7 595 

Adopted seconds of 
meail N. P. D. >I' 

2 

4 
5 
3 
3 
3 
5 
5 
5 
5 
5 
5 
5 
5 
5 
C 

5 
5 
5 
5 
5 
3 
3 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

7 x 0  

4 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

Indiscriminate mean 
Weighted mean = 41 27 40 '47 -C o/'.oS. 

161 observations, 35 pairs. 

= 41' 27' 40'~ '47. 

r = c 0".3g. 

[Reduction to A = - ~~"'39.) 

V 

I /  

-0 '63 
-0 'OS 

$0'12 

--0 '99 
-0 -03 
+I '"3 
-0 '33 
-0 '53 
+o '73 
$0 '63 
+o "9 
-0 '03 
-0 '61 
-0 '31 
--cr'3I 
-to '36 
-0.14 

+o '26 
- I  '05 
-0 '05 

+ I  '9 
+o.r j 
-0.52 

-O '62 

+ I  .36 
$0 '60 

-0 '95 
$0 'sq 
+o '09 
-0.32 

+o '09 
-0 'S3 
-0 '92 

+ I  '01 

0 '00 
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25. lb'fsl Hills. New York.--A. T. Mosman. Zenith telescope No. 5. August S to 24, 1S65. One 

One tiirii of micrometer = 41"'397 froin division of level = o"'76 from observations at  this station. 
circumpolar observations at this station. 

Pairs of stars. 

5 617 
5 643 
5 65s 
5 702 

5 714 
5 752 
5 s40 
5 s42 
5 x74 
5 932 
5 57s 
6 005 
6 013 
6 147 
6 231 
6 251 

6 373 
6 387 
6 421 

6 465 
6 473 
6 534 
6 553 
6 5Sr 

6 635 
6 69s 
6 711 

"6 72s 

6 Sro 
"6 YrS 
6 S27 
6 Y6S 
6 576 
6 915 
6 966 

6 933 
7 022 

7 6 4  

6 745 

5 644 
5 677 
5 703 
5 734 
5 Sor 

5 79s 
5 S56 

5 911 
5 944 
5 950 
6 030 

6 079 
6 oQ2 

6 246 
"6 311 
-%6 311 
6 43s 
6 diu 
6 427 
6 5 1 6  

6 493 
6 566 

6 579 
6 656 

6 6go 
6 721 

*6 72s 

6 762 
*6 SrS 
6 566 
6 S63 
6 go5 
6 937 
6 965 
6 976 
6 99s 
7 041 
7 117 

6 765 

?I' 

6 

4 
2 

4 
6 

1 
6 
6 

7 
6 
4 
5 
4 
6 
6 
7 
6 
6 
6 
0 

6 

5 
6 
6 
6 
6 

7 
6 

5 
6 
6 
6 
6 
6 
7 
6 
6 
7 
7 

7Z' 

16 
14 
IO 

14 
16 
14 
16 
16 
16 
16 
14 

15 
' 14 
16 
I O  

I1 

I 6  

16 
16 
16 
16 

1.5 

16 
16 
16 
16 
I 1  

I O  

15 

I O  

I O  

16 
16 
16 

16 
16 
16 
16 

16 

Latitude. 

0 I I /  

40 4s 50'SS 

49 '69 
5 0 . j I  

49 '67 
49'51 
49 6 6  
49 '69 
50'14 

49 '97 
49 '69 
49 '99 
50.27 
50 'I4 
50 .S6 
50.33 
49 -91 
49.76 
49 '53 
50 "7 
50 m6 

45 '75 
5 0 . 2 2  

49 '52 

50 '2 I 

50 .lo 

49.94 
50 '50 

49 '99 
49 '33 
50 '93 
50 '37 
5@'15 
50 'oq 

50 6 7  

49 'S3 

49 'S7 
50 "5 
50.47 
50.21 

Indiscriminate mean 
Weighted iiieaii = 40 4s 50 '06 Co" -04. 

223 observations. 39 pairs. 

= 40" 4s' 50" ~ 6 .  

r' = =k 0" '34. 

[Reduction to = - 0" * 16.1 

V 

I /  

-0 '79 
$0 '37 
-0 '25 

$0 '39 
+o '55 
$0 .40 , 

$0 '37 
-0 .os 

$0 '9 
$0 '37 
+o '07 

-0 .os 
-0 .so 
-0 '37 

$0.15 

$0 '30 
+o .53 

- 0 ' 2 1  

-0.11 

0 '00 

+0'31 
-0.16 

+o '54 
-0.15 

-0 '34 
-0 a 0 1  

+0'12 
-0 '4 

$0 '23 
$0 '07 
$0 '73 
-0 'S7 
-0.31 
-0 'og 
-0 '03 
+0-r9 
-0 '09 
-@ '41 

-0.15 
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26. Ntw Ibr-k, New Sork.-E. Goodfellow. Zenith telescope No. 5. June 22 to 25, IS$. ( h e  

Pairs GF stars. 

rlivision of level = o"'S45. One turn of ~nicrometer = 41"'516. 

Indiscriminate I I I ~ B I I  = .po 43/ ~S"'4.3. 

Adirpted seconds GF 
mean N. P. D. I&' 

3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
2 

3 
3 
1 
-1 

4 
4 

:o 

1 
4 
5 
5 
3 

3 
5 
5 
3 

3 
5 
5 
1 

3 
'3 
1 

3 

4 

4 
S 
5 
5 
S 
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27. Bcacoir Hill New Jersey.-J. R. Raylor. Zenith telescope No. 4. July 24 to August 27, 1875. 

One turn of micrometer = 43//'462 from circumpolar observations at  olle division of level = 2/'.04. 

this station. 

l'uirs of stera. 

5 400 5 411 
5 432 *5 463 

' X 5  463 5 479 
s 523 5'546 
.5 629 5 677 
5 703 5 785 

*5 ,%I 5 828 
"5 801 5 860 
5 931 5 937 
5 997 *6 a 2  

*6 082 6 095 
6 193 6 203 

*6 232 6 246 
*6 232 6 258 

6 357 6 404 
6 300 6 348 

6 438 6 463 
6 476 6 497 
6 530 6 547 
6 571 6 579 

6 697 6 714 
6 602 6 681 

6 728 6 771 
6 800 6 830 
6 862 6 933 
5 596 5 604 
5 951 6 033 
6 0 8 4  6 0 9 1  
6 184 6 223 

6 238 6 335 
6 711 6 718 

6 745 6 765 
6 810 6 867 

Indiscriminate meail =40° 22/ 27/"84. 
Weighted mean =40 22 27 *81&0//*07. 

195 observatioi~s, 33 pairs. 
c=&ot/.42. 

[Reduction to A =d/'oo.] 

Adopted seconds of 
nieeii N. i'. D. 
/ I  

46 *SS 
23 '74 
17 ' 20  

29 '40 
47 '64 
58 '75 
22 '52 
22 3 2  

01 -51 

01 '30 
53 '10 
37 '14 
1 2  '63 
I 2 '63 
55 6 
29 %o 
25 *60 
45 *92 
10 '05 

25 '20 

52 '77 
09 '04 
22 '43 
28 '50 
00 '07 

35 6 3  

29% 

15 'O9 
40 '87 
16 a 8 0  

32 '99 
EJ 'SI 

22 '04 

/ I  

03 '00 
17 '20 

20 '84 

04 '37 
56 '00 

53 '32 
43 *46 
29 '70 
19 *66 
53 '10 
16.61 
56 '45 
21 '59 
31 .66 

58 '33 
29 '83 
50 '95 
41 .r6 

01 '35 
41 .So 
28.68 
40 '44 
47 '42 
24 '52 
17 '42 
10 '20  

01  '85 
4 *68 
16-26 
40 '07 
36 '4 
30 '62 
14 '83 

11' 

3 
5 
7 
5 
5 
6 

7 
6 
7 
6 

,7 
7 
7 
7 
7 
6 
6 

7 
6 
7 
7 
6 

7 
6 
6 
3 
5 
5 
5 
5 
6 
5 
5 

tu 

6 

4 
5 
7 
7 
7 
5 
5 
7 
5 
5 
7 
5 
5 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
6 
7 
7 
7 
7 
7 
7 
7 

Latitude. 

0 / / I  

40 22 27'73 
28 '95 
27 '77 
26.86 
26 *78 
27 3 8  
27 '59 
28 *60 
28 '15 
28 '02 

28 '64 

28 *08 

28 '30 

28 '3 I 
27 '62 
27.66 
27 '41 
27 *38 
27 . IO  

27 *50 
27 *61 
27 *46 
27 '39 
28 '24 
28'11 

26 '95 

27 '65 

2 1  '30 

27 '87 
28 '26 
28 '26 
28 '67 
28 '97 

v 

/ I  

+o '08 
-1:14 
$.O '04 
+o '95 
41 '03 
-1-0 '23 
+ 0 ' 2 2  

-0 '79 
-0 '34 

-0 *83 
+- 0936 
-0 '27 

-1-0.16 
-0 '49 
+ - 0 Y  

---0 '50 
.to'19 

-70.15 
+o '40 
f o  '43 
f-o *71  

+o ' 2 0  

f o  '35 
$0 '42 
-0 '43 
--o '30 
-0 a6 
-0 '45 
-0 '45 
-0 *86 
-I '16 

-0 '2 I 

+0'31 

4192-No. 7-02-19 
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2s. Moortnl RLW*, New Jersey.-J. E. Hilgaril. Zenith telescupt. No. 2. July rg 10 August j. I S52 
OIW turii of rnicror11eter=44".j5~, Oiie rlirisioii of level=~~'~m, from observations at this station. 

froiii circmiipolar olsermtions at this station: 

Pairs o f  stars. I/' 

4 
, 
, 
4 
4 
\ 

4 

4 
1 

4 
1 

, 
7 

.! 
1 

3 
\ 

\ 

,! 

3 
3 
4 

-a. 

4 
6 

4 
4 
6 
b 

4 
6 

4 
6 

4 
6 

4 
4 
i 

-i 

> 

4 
4 
4 
6 

4 
4 
6 
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29. I ; I I ~ ,  Pennsylvania.-J. E. Hilgarcl. Zenith telescope No. 6. October 17 to November 2, 
One turn of iiiicroiiieter=j6/"Ig, from circunipolar obsevatioiis rS54. One division of lerel=o/"So. 

at this station. 
Fairs d rlars. #I' 

6 

4 
4 

3 
8 

4 
J 
6 
1 

J 
I 

6 

5 
4 
5 
4 
J 
4 
-I 
6 
6 
2 

5 
2 

5 
2 

S 
5 
4 
5 
2 

1 

1 

-i 

1 

3 
4 

-, , 

13 
6 
6 
6 

17 

9 
6 
9 
2 

9 
1 

9 
I 1  

9 

5 
6 
6 

9 
' 3  
'3 
4 

11 

1 1  

4 
1 1 '  

, 
I 

11 

9 
T I  

4 
6 
6 
6 
6 
6 

9 

La t i t ode. 

0 I I /  

39 58 2S5S 
29 '63 
25.9s 
25'16 
29 '63 
29 60 
25.46 
30 .cq 

29 '91 
2s '54 
29 '40 
29 '54 
29.66 
29 36 
28 64 

29 '39 
29 '53 
2s .s3 
2s '36 

30 .54 
29 '20 
29 'OS 
25 7 2  

30 '57 
30 '30 
29 -29 
29 '5 1 

29 *'P 
2Q * j S  

29 '57 
29 .SI 

29 '35 
29.17 
3~105 

' 2s '75 
28 '30 

29-31 

I /  

+o '81 
-0.24 

-0 '59 
.to '23 
--0 .24 
-0 '3 [ 

-0 '07 
-0 '65 
-0.51 
+o '85 
-0 '01 

-0.15 

-0 ' 2 7  

+o '03 
$0 '75 
0 '00 

-0.14 

+o 5 6  
+ I  .q 
- 1  '15 

+0'19 
$0'31 

-0 '33 
--I .is 
-0 '91 
+o ' IO 

-0.12 

-0 '01 

+o '61 

-0.15 
-0 '42 
+o .04 
+o ' 2 2  

-0 '69 
+o '64 
+I  'og 
fo -0s 



50. Principio. %Id. 
31. &Iaryla~~d Heights, %Id 
32. Pooles Island, nld. ' 

3;. S11pr Loaf, Md. 
54. Dover. Del. 
jg .  Webl', Md. 
36. Soper. nld. 
37. Rockdle .  Md. 
jS. Taylor, Md. 
39. Strasljurg. Va. . 
40. Cape May. N. J. 
41. Causten, D. C. 

Deceriiher 4. 1S76. 
polar ohservntions at this station. 

One division of level= r"m6. 

' 42. Naval Observatory (iiew), U. C. 
4j. Hill, NId. 
44. Naval Observatory (old), D. C. 
15. Seaton, D. C. 
46. Coast ai111 Geodetic Survey Office, D. C. 
47: Bull Run, Va. 
4% Marriott. Md. 
49. Cape Henlopen, Del. 
50. Clark. Va. 
5 1 .  Elliott Knolj, Va. 
52. Charlottes\~ille, Va. 
gj. Long Xountain. Va. 

7 973 
S n71 
S 146 
s 2 6  

S 256 

26 
rr>g 

153 . 
264 

349 
43s 
-1 76 
56s 
61s 
66 I 

791 
s27 

9'3 
953 

I 1j17 
I 057 
1 126 

/ I  

4-1 '53 
s4 
1 s '72 
I2 '67 
42 'IO 

0 2  '79 
28.90 
19.20 

32.13 

os '41 

19 '60 
rg '26 

1-6 '6s 

45.44 
CY3 .44 
' 3  
34 '62 

14 '43 

39.36 
.;7 '46 

19 'S3 

.jj ' 0 3  

One turii of 11iicrometer=44"'S67 from circurn- 

I!' 

7 
6 
6 
7 
5 
9 
7 
4 
7 
6 
6 
6 

7 
8 
6 
4 
5 
7 
7 
6 
7 
6 

/ I  

-0 .S4 
-0 '59 
+ I  '23 

+o ' 2 0  

-I-0 '19 
-0 '57 
-0.76 

f a  '-15 
-0.19 

- 1  .OS 

e-0 ' 2  1 

-13 'IO 

+0 '-I 9 
-0 'OS 

-1-0 '"9 

-0 'SI 
- 1  '65 
-1- 1 .$ 
+ 1 '49 
-1- I .24 

- 1  '79 

L" . I  I 
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54. iI/ooi-c, North Carolina.-\\’. R. Fairfield. Zenith telescope Nu. 2 .  Second series. Novein- .. 

ber 23 to December 6, rS76. 
circumpolar observations at  this station. 

One division of level=r”.o6. 

l’airs OF stars. 

7 9.1.; 
s 06s 
S 107 

S 171 

8 245 

7 
IO0 

130 

219 
31s 
3ss 
456 
51s 
595 
656 
7.10 
863 
9’5 
9s I 

I 030 

1 og9 

7 973 
S 071 

8 146 
s 206 
.I( 256 

26 

‘09 
‘53 
264 

349 
43s 
476 
56s 
615 
661 

79‘ 
903 
953 

I 017 

I 057 
T 126 

AdrJl>ted srcolltls of 

44’53 43‘67 
51.41 5s-91 

iiirati N. P. D. 

‘I I‘ 

1Y.72 01 ‘91 
12’67 52.56 
42.10 29’75 
02.79 
2s.90 55.78 
19.20 chq.34 
32 ‘13 OS ’30 
oS’4r 09’42 
19.60 2Y.61 
19’26 23.30 
26’6s 31 ‘00 

45’44 .1S‘2t 

00’44 47’9’ 
23-64 07‘52 
14.63 20.50 
57’00 2Q’St 

39’36 01 ‘35 
37.46 31 ’60 
19-53 24-60 

11’ 

6 
6 

5 
6 
h 
6 
6 
6 
6 
6 
6 

7 
7 
6 
5 
6 
6 
6 
6 
6 
6 

One turn o f  1nicroiiieter=~4”’S67 from 

TO Latitude. 

0 I / I  

3 36 23 56.04 
1 ’ 55.r4 
3 53 ‘95 
3 55 “3 
3 54 ‘87 
3 53 s 2  

1 55 ’55 
1 55 ’41 
, 52 ‘76 
3 55’4’ 
3 5.1 .S6 

> 55 ’69 
3 53 3s 
3 54 .so 
3 55 ‘ 2 ‘  

3 56.47 
3 54 ’90 
3 54 ‘03 
3 55 ’37 
> 53.76 
3 54 ‘74 

Indiscriminate mean =36O 23’ 5a”-S2. 
\i7eigliteil iiieaii =36 23 51 ’S2&0’”13. 

126 observations, 21 pairs. 
z=-~0”-67. 

[Reduction to a =-0”‘04.] 
[Reduction to ~ = - o ‘ I - o ~ . ]  

klopted value =36O 23‘ 54”‘95fO”’Og. 

7’ 

I’ 

- 1  ‘ 12  

- 0 . 3 2  

+o s 7  
-0 ‘3 I 
--0 ‘05 

+ I  ’ ~ J o  

-0 ‘73 

-0 ‘59 
+2 ‘06 
-0 ‘59 
-0 ‘04 
-0 ‘87 

+ I  .2.1 

$0 ‘32 

-CJ ‘39 
- I  ‘65 
-0 .os 
$0 ‘79 

+ I  ’06 
t o  ‘OS 

-0 ‘5 j 
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5s. J ' - o I ~ I / . ~ ,  North Carolina.-H. 1x7. Blair. Zenith telescope No. 4. First series. October 1:~ 
One turn of riiicronieter=43/"38S from circumpolar to 31. rS76. One divisioii of levcI=2"~3o. 

ohservatians a t  this station. 
Fairs of stars. 

6 S56 
6 962 
7 022 

7 174 
7 253 
7 399 
7 465 
7 595 
7 712 
7 914 
s os2 

s 114 

s 229 
195 

.+iloptrd secorids of PI' 7LP ' llleSll N. P. IS. 

6 

5 
6 
6 
6 
6 
6 
6 
6 
6 

5 
5 
5 
5 

,? 

2 

2 

2 

. -  

2 

,? 

L 

1 

2 

I /  

- 1  '55 
- 1  '57 

t o  $5 
+I 3 6  
- 1 '67 
- 1  '35 
tl .o3 

$ 1  '17 
+o . r j  
$0 '69 
$1 .IS 
.fo ' 25  

-0 '70 

-0 'IO 

55. Jb~oig~ North Carol ina.4.  R. Eoutelle. Zenith telescope Mu. 4. Second series. October 
One turii of I?iicr,~r!?i.te?=1.;".:,SS fra::: circxii@r 24 to 3 1 ,  rS76. Chic division of level =?'"zn. 

ohserwtioiis at this station. 
Pairs of stars. 

7 664 
7 961 

s 203 
S 153 

R 370 
25 

120 

19s 

244 
2S3 

395 
4ss 
55s 
62s 

7 755 
7 935 
s IS2 
s 231 

7 
[no] 

I73 
2 15 
269 
345 
404 
515 
592 
675 

I /  

22 '67 
I; 55 
46 '26 
06 'I 3 

37.17 
57,'4'J 

40.1s 

57.9s 

17.46 
34'53 
04 '50 
5s '85 

10'57 

IS .6Y 

6 3 
6 3 
6 3 
6 3 
6 3 
6 3 
6 3 
6 3 
6 3 

6 3 
6 3 
6 3 
6 3 

6 > 

E I I ,  

35 44 21.34 
3ti '95 
21 .os 

21 

23 '26 
22 -1s 
22 '05 
2 3 . 6 ~  
21 '07 
20 '5.5: 
20.77 
21 6 5  
?ti '41 
Z I  '17 

Iiidiscriminate mean = :so 44/ 21".47. 
Weighted mean = $5 44 21 '47 -e O / " I ~ .  

S4 observations. 14 pairs. 
c=&d' '64. 

[Reduction to A =+d"o~.] 

[Reduction to =-!-o"'or.] 
+5doptecl value = 350' 44' 3 1 " ' ~ 0  c 0''.12. 
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56. A - i q ,  North Carolina.-H. W. Blair. Zenith telescope No. 5. First series. December 5 to 

One turn of rnicrometer=~~"-~po froni circumpolar observa- I;, 1S76. One divisiwi of level=o"-gS. 
tions at this station. 

Pnirs of stars. .idopted seconds of 
I I I C ~ Y I  N. F. 1). 11' 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

:v Latitude. 

0 I ' I  

5 '  35 12 I j .37  
5 12*j6  

5 13 3 4  
5 13 '92 

5 14 '17 
5 13.3s 
5 12 '60 

5 12 '39 
5 14 " 9  
5 1s '10 

5 I2 'yo 
5 1.1. '06 
5 I:, '85 

5 13 '97 
5 13 '2.1. 

5 13 '37 
5 13 '61 
5 I1 '43 
5 12 '60 
5 I 2  ' 2 0  

V 

I? 

-0.11 

+O '70 
-0 as 
-0 -66 
-0 '91 

+o -66 
So 'S7 
-0 '93 
+0-16 
$0 '36 
-0 'SO 

-0 '59 
-0.71 

+u '03 

-0 '3.5 
+o 33 
+o .66 
+ I  '06 

-0 '12  

-0 'I I 
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56. K i q ,  North Carolina.--J. B. Routelle. Zenith telescope No. 5. Second series. Deceiiiber 

One ilivisiori of level =o".gY. One turn of i i i i c r~ t i1e te r=~r"~~6 I frnin latitude ohserra- 12 to 20. 1576. 
tioiis at  this station. 

Fairs of stars 

S 256 

S 364 
26 

17s 
I gs 
283 
515 
569 
682 

769 
s42 
y 4  
94 7 
9s3 

1 469 
1 123 
I 155 
I 2Sg 

I 301 

IO1 

Indiscriiiiiiiate mean 
Weighted iiieaii 

Adopted secoiiils of 
tiiean N. P. U. 

/ I  

54 '74 
37-17 
43 .- 
os '34 
13 '57 
0% '30 

og '42 
IS ' 2 0  

5s '85 
og '14 

56 '30 

11 :63 
05 '-17 
59 'S9 
ag '77 
q . 5 5  

03 '57 
41 '87 
29 '71 
43 '20 

11' 

5 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

' 5  

7s. 

4 
4 
4 
-1 
4 
4 
4 
4 
4 
-1 
4 
4 
4 
4 
4 
.i 

4 
1 
1 
1 

i o 0  observations, 20 pairs. 

Adopted value ' = 35O 12' 1 ; ' "31~0~~~07.  
[Reduction to A =+16":07.] 

. [Reduction to A=+ 16"-q.] 

7' 

I ,  

-0 ' 02  

+0'13 

-0 -ss 
-0 .s5 

-0 '97 
-0 '25 
-0.71 
+ O ' . g s  

+o '94 
+o '79 
+o .6S 

'05 
-0 -25 
+ I  '17 
- I  '0.3 

-ti? '67 

+0.r1 
+ o y  
-0 '03 

--n '0. r J  

t Groombridge. 
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57. Pnris. South Carolina..-J. R.  Boutelle. Zenith telescope No. 5. First series. October J to 

One turn of micrometer=4 I".SIJ from latitude observations 17, rS75. One divisioii nf level=o"-g+). 
at this station. 

h i r a  of stars. 

6 SIO 6 S3c.B 
6 Y76 . 6 882 

6 911 7 -37 
7 029 7 061 

*7 103 "7 103 

7 152 7 15s 
7 200 7 262 

7 "71 7 377 
7 41s 7 4.50 
7 512 7 520 

7 554 7 h7 
7 664 ' 7  653 
7 73' 7 777 
7 79s 7 850 
7 yss 7 goo 
7 9'4 7 9.;2 
7 972 s 032 
S 052 S 056 
s IS2 s ISS 
s 206 s 212 

S 227 8 251  

s 2so s jcm 

Indiscriminate 111ean=34~ 56' 32/'*05. 
Weighted mean =34 56 3" 'o6co/'-ro. 

116 observations. 22 pairs. , 

r=&d"36. 

[Reduction to Q =-o'/'S7.] 

Adopted seconds of 
meail N. P. U. 

I /  

2 2  .04 
04'16 

0s '57 
43 '72 
35 '32 
I O  '61 

29 '45 
31 .86 

47 .os 
29.36 
42 'OS 
40 7 6  
04 '25 
, 5 4 7 4  
5s '00 
40'15 
05 '77 
22 -6 
43 '65 
5 2  '60 
29 ' jo  

57 '77 

/ I  

24 '52 
J2 '50 
3s '26 
IO '03 

35 '32 
41 'S5 

45 '40 
37 'SS 
53 '92 
33 '53 
24% 

07 '67 
22 -80 

00 '34 
09 '09 
10.15 

41 '03 
26 S6 
23 '73 
0'3.6s 
26 '9s 
5.3 '55 

11' 

5 
6 
6 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
6 

5 
6 

5 
5 
6 
6 

5 
S 

w 1.atitiitlr. 

, o /  If 

s 34 56 31 6 3  

5 33 '13 
5 33 %I 

5 33 'no 
3 31 .* 
5 31 .os 
5 j r  ' 1 0  

5 30 '63 
5 32 '.io 

5 3'  '93 
5 32 '44 
5 3 2  '5s 
5 33 n 6  
5 32 ' 2 1  

5 3" '73 
5 32 '33 
5 3' '57 
5 3' '71 
5 3' '90 
5 32 .IS 

5 31 '9" 

5 3' '77 

7.n 

/ I  

+o .46 
-- I -07 
--0 '55 

-0 '91 
+n '62 

-h .gS 
+0 .96 
-t 1 '43 
-0.24 

$0 '13 
-0.35 
-0.32 
- - I  '00 

-0 '15 

-0 '67 
-0 '27 

+o '49 
+0'35 
+0.16 

t0.16 
+O '29 

- 0 ' 1 2  
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57. Arris. South Carolina.-H. W. Blair. ' Zenith telescope No. 5. Second series. Octoher IS to 
One turn of micrometer = 4r// -3S6 from circumpolar 25, 1975. One division of level = o'/ ,944. 

observations at this station. 

Pairs of stars. 

7 204 
7 160 

7 437 
7 495 
7 fjo6 
7 674 
7 7.53 
7 So7 
7 871 

s 
s 029 

s 099 

9 5.15 
S 261 

92 
i G2 

1Sy 

*334 
339 
416 
470 

226 

I' 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

71' Latitude. 

0 I I /  

6 34 56 31 '57 
6 ;2  .02 

6 3' 6 9  
6 3 1  '30 
6 31 36 
6 3' '72 

6 30 .SS 
6 31 '32 

6 32 '21 

6 37 '57 
6 3' '54 
6 32.06 

6 3' '39 
6 J' YZ 

6 32 '03 

6 3 2  71 
33 '33' 

b 30 '99 

6 .+ 90 

6 j l  '70 

6 32.06 

-.  .I- 

. '  
.-. 

6 3 2  '13 
Indiscritniiiate mean = 3~~ 56' 31/'3S. 
Weighted mean = 34 56 3 I % c 0"'oS. 

I IO observations, 22 pairs. 

Adopted value 

= & oIf.27. 

[Reduction to A = -o."S7.] 

[Reduction to A = - o./'S7.] 
= .34O 56' 3 P . 9 6  C o"'07. 

7, 

' I  

+o "9 
-0.16 
-13 3 2  

$0 '56 
+o '30 
+C) 

+0.16 
+u -9s 

+0 '51 
-0 '35 
+o '29 
-0 '65 
-0 ' 2 0  

-0 '20 

--c .- 
-0 .Q6 

' 3.5 

-ti .r7 
-0 '95 

--I '47 
+Cl'S7 
i o  '96 
-0.27 

-____- 
t Radcliffe Catalogue. 



THE ASTRONOMIC MEASURES. 299 
5s. C~irlalrt~,  Georgia.-H. >\7. Blair. Zenith telescope No. 5. First series. September 28 to 

One division of level = of'.% from observations at this station. One turn of October S. rY74. 
uiicroiiieter = ~ I / ~ . $ I  froiii'circumpolar ohservatilns a t  this station. 

Pairs of stars. 

6 571 6 599 
6 637 4 656 
6 697 6 739 
6 764 6 754 
6 S y  6 S;5 
6 SgS 6 Sp,s 

6 944 6 963 
"6 995 '6 ggS 

7 00s 7 067 
7 094 7 105 
7 215 7 757 
7 275 7 301 
7 550 7 377 
7 402 7 443 
7 474 7 4yo 
7 52s 7 54s 
7 6cd 7 612 
7 641 7 6Y3 
7 705 7 7 6  
7 So7 7 Sio 
7 555 7 556 
7 9'5 7 93.3 
7 953 s 003 
s 023 .y 052 

s 097 s 12s 

s 15s s IS2 

s 076 s 079 

S 250 S 280 

)I' 

5 
5 
5 
5 
5 
5 
6 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

?L, 

5 
5 
5 
5 
5 
5 
5 
1 

5 
5 
5 
5 
S 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 '  
5 
5 

Latitide. 

0 / / I  

34 $1 37.32 
3s .os 

3s .32 
37 '73 
37 '53 
37 6 3  

37 '64 
j r j :  '33 
j S  '03 
3s -46 
3s '50 
35 '09 
36 '15 
36'rg 
3s ''9 
36 '64 

37 '50 
3S.12 

36 '97 
37 ' 22  

j S  '05 
37 'HI 
3s .41 
3s '59 
js '55 
3s '29 

37 '36 
37 '60 

Illdiscriminate meail = 340 31' 37/"75. 
Weighted meaii = 34 31 37 7 5  c o'/ng. 

141 observations, 2s pairs. 
= I+ ly1.32. 

[Reduction to &, = + 6//.21.] 

I /  

-k 0 '43 
-0 '30 

-0 '57 
+o '02 

+o '22 

S O ' I S  

+o 'I 1 

-0 $3 
-0 2s 
-0 '7 I 

-@ '75 
-0.34 
+ I  .kl 

+ I  36 
-0 .54 
+ I  'I1 

+0 '45 
-0 '37 
+o 78 
+Q '53 
-0 '30 
-0 '06 
-0 66  
- 0 .s4 
-0 .so 
-0 '54 
+@ '39 
f o  '15 
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58. ~ ~ ~ i m z h c c ,  Georgia.-J. B. Boutelle. Zenith telescope No. 5. Second series. October 12 to 21, 
One turn of inicrometer 1874. 

= qr".$r from circumpolar observations at this station. 
One division of level, = o"'o4 from observations at this station. 

Paira of stars. 

6 754 

6 957 
7 I74 

t 4  502 
7 372 
7 437 
7 565 
7 674 
7 7-19 
7 s25 

7 912 

s 0 5 2  

S 136 

8 299 

6 S6S 

I 

t Arinagh. 1Qo. 
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59. Luzvnder, Georgia.-F. P. Webber. Zenith telescope No. 3. October 20 to November 4,1S74. 
One turn of microrneter=~6"'60 deterniinerl from latitude observa- One division of level=r//'no. 

tions at  this station. 

Pairs of stars. 

7 310 7'350 
7 553 7 9 2  

7 6cJ7 7 614 
7 643 7 664 
7 712 '7 729 
7 S20  7 856 
7 s79 7 9'3 
7 997 s 059 

s 149 s 15s 
s 283 s 300 

79 101  

I21 156 
ISO 214 

305 339 
377 395 
560 572 
557 644 

7 559 7 56s 
7 641 7 66s 
7 855 7 900 
7 962 S 032 
S 05s 8 131 

142 169 
219 247 
321 343 

s 097 8 11s 

Y 160 s 224 

Adopted secoiids of 
iiieaii N. P. I). 
I /  / I  

12.79 29'42 
57'49 49.75 
41 '51 09'32 
07.12 56.93 
34'99 56.79 
43.26 06-71 
29.57 13.32 
23'27 35 TJ.3 

17.90 50.30 

3351 21 '79 
12.56 13'53 
42.4s 17.29 
25.11 40.70 
44'9' 36.50 
55'35 15.39 
30So 55'6s 

13'00 11 .6S 

5o'Sg 32.05 
1357 39 22 

53S4 26.6s 
47'41 00'52 

34.35 56'50 
21'00 27.55 
16.55 14.So 
I I  '4s 40'63 
3s.90 47'53 

52.73 20'70 

11' 

S 
6 

5 
5 
6 

7 '  
5 
6 
5 

5 
5 
5 
5 
5 
5 
S 
6 

5 
5 
5 
5 
6 

5 
7 
5 
5 
6 

iU 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

Latitude. 

0 / / I  

34 19 16'41 
16 '67 
16'12 
16 '02 

14 '73 

14 *45 
15.62 
17 ' j 2  

16 .nS 

1.5 '65 
17.15 
16'17 

14 'S7 

I5 '14 
14 '73 
16 '5 I 
14 '42 
17 '40 
15 '70 
1722 
15 5s 
16 -25 
14 5 s  
15 .SY 
16 '07 
1.5 -56 
14 '55 

Indiscrirriinate mean =3q0 I 9' I~/ / 'SI .  
Weighted mean =34 15 15 .SI = ~ O " . I Z .  

151 observations, 27 pairs. 
e= &0"'65. 

[Reduction to A = + 1??4.] 

J 

/ I  

-0 '60 
-0 'S6 
-0.31 

+ I  .os 
$0'94 
SI .36 
$0.19 
-1 '51 

-0 '27 
$0.16 
-1  '34 
-0.36 
$0 '67 
+I  .os 
-0'70 
$1 '39 
-1  '59 
$0'11 

--.I .qr 
$0 '23 
-0 '44 
+ I  '23 

-0 '07 
-0.26 

$0 '25 
+ I  '26 

-0 '21  
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60. Str:e,rr~-t-, Georgia.-H,. IV. Blair. Zenith telescope No. 5. First series. October 6 to 17 ,  1873. 
One turn of niicroiiirter=41".42g frorn circunipular ubserratioiis at Orie division of level=r"'oo. 

this station. 

Pairs of stars. 

6 5s; 6 644 
"6 69s 'i6 69s 

6 762 6 769 
6 779 6 S27 
6 So5 6 S67 
6 S;g 6 Ssh 
6 SI 6 Y96 
6 Sgo 6 928 

7 006 7 029 
7 055 7 107 

7 113 7 171  

7 1 s  7 241 
7 257 7 2Sr 

7 3!C! 7 j j i  

7 36s 7 395 
7 474 7 501 

7 553 7 5s2 
7 607 7 614 
7 641 7 66s 
7 712 7 727 
7 820 7 Su6 
7 8S2 7 p 
7 923 7 927 
7 94s 7 95s 

6 723 6 739 

6 975 6 9s3 

Adopted seconds of 
iiieaii N. P. U. H' 

5 
6 
6 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

71' 

9 
5 
IO 

9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
5, 

9 
9 
9 
9 
9 
9 
9 
9 
9 
9 

Y 

/ I  

+o '26 
+O '40 

-0 '95 
+o -49 
f o  7 s  
+I 'I5 

+o .22 
+o '75 
-0 '07 
+o '22 

-0 '29 
-0 '03 

-0 '33 
--cB -36 
+ o ':52 

-0 '70 

--IJ '44 
-0 ' 2 2  

$0 '$3 
-0.23 

-0 .'..) -9- 

+n ' 2 0  

+o '27 

-0.27 

+0'"3 
--o $2 



THE ASTRONOMIC MEASURES. 303 
60. Sawpree, Georgia.-A. H. Scott. Zenith telescope No. 5. Second series. October 30 to Novem- 

ber 15, 1873. One division of level=I" '00. One turn of niicrorneter=q~'/ '429 from circuinpolar 
observations at  this station 

Pairs of stan. 

7 I37 
7 306 
7 380 
7 559 
7 590 
7 674 
7 855 
7 9x3 
8 114 
8 282 

92 
I 64 
224 
305 
352 

7 166 
7 361 
7 449 
7 568 
7 612 

7 749 
7 893 
7 958 

8 3- 
8 146 

142 
IS1 

227 
314 
365 

/ I  

45 9 
32 '55 
33 '30 
07.17 

30 %o 

33 '52 
1 2 2 3  
18 '59 
42.11 
32 -54 
43 '14 
40 '52 

23 '05 
14%0 
21 7 8  

I /  

30'3[ 
14 '07 
04.16 

48.19 
42 '39 
27 '99 
0 2  %I 

06 '26 
0 1  '00 

33 '50 
36 '50 
22 '62 

47 'og 
'3 '77 
20 '62 

Adopted secottds of 
iiienii X. 1'. D. 11' 

5 
5 
5 
5 
6 
6 
6 
6 
5 
4 
6 
6 
6 
5 
6 

ill 

4 
4 
4 
4 
4 
4 
4 
4 
4 
3 
4 
4 
4 
4 
4 

Latitude. 

0 / I /  

34 14 0 3 . S ~  
04.61 
04 '26 

03 '79 
04 '23 
03 '53 
04 '01 

03 '12 
04.12 
03 '52 
05 '59 
0.5 '53 
04 -88 
02 '95 
03 '90 

Indiscriminate ineaii=3q0 14/ 0411 '13. 
Weighted mean =34 14 04 *15st0/ /  '14. 

82  observations, 15 pairs. 

Value adopted 

e=ko/' '5 I. 

[Reduction to A =+ 6 / /  39.3 

[Reduction to A =+6/' *89.] 
=34O r4/ 04// .20co/I*oS. 

V 

I /  

$0 '30 
-0 *46 
-0 '11  

+o .36 
-I3 'OS 
+o '62 

+ I  '03 
+o '03 
+o '63 
-1 '44 
--I -3s 
-0'73 
+I '20 

$0 '25 

f0.14 
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61. --f~tivi~r, Alal)ama.--F. P. Webber. Zenith telescope No. 2. May ZS to June 20, 1S77. One 
One turn of niicronieter = 45/' 'S52 from circumpolar observations at division of level = 11) '006. 

this station. 

Pairs of stars. 

4 057 
4 14s 
4 274 
4 335 
J 406 
4 6S4 
4 S70 

4 95s 
5 026 

5 075 
5 J3o 
5 I77 
5 295 
5 432 
5 502 
5 s34 
5 937 
6 09' 
6 151 
4 "," 
.I 597 
4 75' 
4 905 
5 1% 

5 322 
5 463 

--+- 

4 127 
4 156 

4 305 
-I 367 
4 456 
4 753 
4 576 
4 969 
5 03' 
5 0% 
5 143 
5 353 

5 3" 
5 479 
5 5s7 
5 9'7 
5 99' 
6 %  
6 303 

4 ?or 

4 s-15 
-I 9% 
5 313 
5 38s 
5 525 

t .In, - Ll-Ll 

11' 

5 
5 
5 
5 
5 
6 
6 
6 

5 
4 
5 
5 
5 
5 
5 
5 
6 

5 
5 
5 

5 
5 
5 
5 

a .  
5 

. -  

:v Latitide. 

0 / I /  

.; 34 OS $3'72 

.3 47 '74 
3 46 '65 
-I 4 i  '59 
3 46 '90 
3 46 '-19 
3 4s '73 
3 4s '30 
3 49 '43 
3 46.56 
3 .a6 '94 
3 47 'SI 
3 46 '53 
3 46'12 
3 4s.17 

3 47.36 
3 49 '32 
3 4s '2s 

3 46 '7.3 
3 47 ..i6 

3 4: .47 
3 4 i  '14 
3 47'11 

3 46 .So 

3 46 '55 

3 47.11 

Incliscriniiriate mean = 34O 0s' 47/"45. 
Weighted nieaii = 34 ,a3 47 '45 -1-d'*13. 

133 ohservations. 26 pairs. 
L' = -C o'I'60. 

[Reduction to = -j- 0".26.] 
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6 2 .  - - l l / t r i t f l r  i7f;dd/tlr. h'l~st-~ Ge0rgk-F. P. Wehher. Zenith telescope No. 5. Septerriber 4 to 27, 

One turn of iiiicroiiieter = 41" '427 from circunipolar ohserva- 1S72. One division of level = i f /  '00. 
tioiis at this station. 

I'nirs of stars. 

6 rog 
6 452 
6 5% 
6 656 
6 697 
6 739 
6 777 
6 S3g 
6 92s 
6 97s 
7 0 6 1  

7 164 
7 336 
7 431 
7 520 
7 602 
7 63' 
7 695 

7 sso 
7 9.45 
s 032 
s 05.l 

7 754 

S 115 
6: 203 

S 330 
s 250 

63 
I20 

16s 
6 475 
6 67s 
6 745 
6 is0 
6 S65 
6 962 
7 0 4 1  
7 146 
7 166 
7 256 
7 350 
7 453 

6 I34 

6 595 
6 4S7 

6 676 
6 724 

6 So0 
6 SSI 

6 952 
7 027 

7 067 
7 " 3  
7 36s 
7 450 
7 54s 
7 607 
7 &4 

7 796 
7 914 
7 95s 
s 037 
S 071 
S 131 
S 224 
S 265 

s.3 
15s 

'97 
6 542 
6 721 
6 75s 
6 So5 
6 S6S 

6 763 

7 712 

s 370 

6 975 
7 117 

7 '53 
7 223 
7 260 
7 417 
7 465 

419z-No. 7-0: 

.4dopt,tcd seco11ds of 
tnenn N. P. D. 

I f  

29 '74 
22 '16 
29,'2S 
36'16 
31 'So 
42 "5 
53 ??€I 

os '50 
44 '30 

44 '70 
4s '@5 
45 
32 '9" 
21 .ss 
13.42 
15.7s 
16 '75 

39 2s 
41 '79 
39'" 
IS '20 
33.6s 
25.61 
44 '62 
26.62 
36 '22 
30 .40 
25 '29 
IS.47 
57 0 s  

00 ' 1 0  

47 .4.+ 

33 '62 
16-12 
27 *I4  
14 '50 
46 -gS 
35 '47 
42 .gs 
40 $5 
57 '93 
04 '57 

2 0 - 

/ I  

2s '00 

14 ~od 

3s '41 
on '70 

22 ' 2 0  

15 '73 
54 '70 
41 '09 
a5 7 2  

5.5 .03 
26 '26 
43 '15 
49 '3 1 

40'10 

50 '34 
14 .s2 

31 '15 
og '92 
'9 '32 
35 .30 
25 '00 

55 $1 

16.60 
36 '09 
06 '67 
39 ' 2 0  

57 '53 
45 'S7 
IS '53 
16 '07 
44 3s 
47 '84 
5s '97 
I I  *64 
51 '36 
32 '30 
37 '15 
23 'SS 
55 '00 
00 '03 
03.61 
01 .s2 

11' 

5 
5 
5 
5 
5 
5 
5 
5 
6 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
6 
5 
5 
5 
5 
5 

71' 

7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
'7 
7 
7 
? 
7 
7 
7 
7. 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 

Latitode. 

0 I I1 

33 54 21 .6S ' 
20 .gs 
21 .4s 
21 .so 
22 '15 
22 '0; 

20.64 
20.96 
21 '53. 
22 .gr 
21 '63 

21 '99 
21 .60 
21 '62 
21 .-)I 

22 '47 

20 '63 
21 '74 
21 '75 
21 .S6 
20'60 

21 -52 

'22'19 
22 '24 
21.67 

20 '84 

22 .-I4 
21  '51 

21 '69 
22 .a1 

21 '69 
21 '31 

21 '69 

22.46 

22 '22 

22 '07 
21 '00 

22  .41 
22.03 

21 

21 '71 
22 '77 

PI 

I f  

$0 'I4 
$0 3 4  

+a '34 
+o -02 

-0 '33 

+ I  .IS 
$0 56 
$0 '29 
- I  '09 
$0 '19 
-0.17 
+o '22 

to.41 
-0 '65 

-0 '2 I 

+0'2Q 

+I "9 
-fo .os 
+o '07 
-0.04 
+ I  '22 

+@ '30 
-0'37 
-0 '42 

$0 'I5 
--o '64 
-bo .gs 
-0 '62 

$0.31 
+@ . I  j 

-0 '59. 
-0 '40 
f o  '13 
+ o w  
-0 '25 
f o  'S2 

-0 '62 

$-0 '2s 

+o 'I I 

-0 '95 

-0 '21  



306 

Pairs of stars. 

7 544 7 571 
7 66s j 674 
7 727 7 733 
7 9 0 1  7 923' 
7 937 7 595 
S 052 S 076 
8 125 8 147 
s 212 s 2s4 
S jw S 364 

54 I O 1  

152 17s 
rgS 217 

THE EASTERN OBLIQUE ARC. 

dthlnlrtir IlZiddlc ficist., Georgia-continued. 
Adopted semiids of 

iiitaii Ei. P. D. 
/ I  / I  

23-41 32.50 

13.61 55.06 
31.64 00.75 
5.5 '06 50'55 
25.96 57% 
19'57 34'05 
36 .34 32 '05 
oS.20 I 1  .SO 

40.s4 57 .45 
04.34 22.39 
59'42 2S.50 

Iiidiscriniiiiate iiieaii 
Weigliteil iiieaii 

53.12 50'24 

11' :,' 1,atitiide. 

0 I I /  

5 " 7 33 54 21 '55 
6 7 21 .g6 

. 5  ' 7  22  '27 

5 7 22 '36 
5 7 2 2  'S7 

21 ... . 5 7 JJ 

5 7 21 '55 
5 7 22  '37 

21 'I3 6 ' 7  
5 7 22 '45 
5 7 22 '33 

5 I 22  '09 - 
= 330 54t 21"'S2 
= 3 3  54 21  ~82zk0"'05 

L' = * 011 '33 
274 observations. 54 pairs. 

[ Keiluction to e = +- o ".40.] 

63. Af/~rir/~r, Georgia.-C. H. Siriclaii. Meriiliaii telesccqx Ko. 13. January I LO 22, ISSO. One 
One turn of uiicrniiieter = 77" '78; frolli division of lwel = 2" '7 31. 3;" F. nml 2" '64 nt 75O.2 F. 

circurripolar oliservations at  this station. 

Pairs of stars. AdOpted necoiiils of 
iiiraii N. P. 9. I/' 

6 
6 

5 
6 
6 

4 
4 
4 
4 

5 

5 
4 
5 

5 
5 
5 
5 
5 
4 

:o Latitude. 

' 0  I ,I 

4 33 44 S S ' S 3  
4 5s '42 
> jq '35 

4 55 '2.5 

4 $5 '63 

3 60 '44 
3 59 '5s 
3 5s '99 
3 59-12 
3 59 
3 58-19 
3 60 '5 I 

x 55: 3 0  
3 60 .a6 

3 5s '92 
3 59.45 
3 59 %6 
3 61 '14 
3 5s 'S5 

I' 

/ I  

+o '47 
+o .9s 
-0 'OS 

+@ '05 

+o '67 
-1 .I4 
-0.25 

f 0  '3 I 
+ O . I S  

-0.15 
+I  'I1 

+ 1 TN I 

-0.96 
+o '3s 

-1 '21  

-0 '15 
-0.36 
-1 .s4 

$0.4.5 
Indiscriminate iiieaii = 3j0 44' 59" -34. 
Weighted mean = 33 59 '30 & o '12. 

g j  olxerwtions. 19 pairs. 
. = & 0" '50. 

[Retluction to /.\ = 4- 0'' *os.] 
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6s. /\;7A~7lrhtu. Alabariia.--O. E. French. Zenith telescope No. 2. June 3 tog, ISgS. One division 

3 '09 3 112 

3 140 3 '176 
j 202 3 230 

3 241 3 =55 
3 307 3 327 
3 331 3 352 
3 399 3 423 
3 515 3 522 

*3 545 3 54s 
"3 545 3 560 
3 .5h 3 621 

"j 634 3 665 

of level = I ' I . 2  I I ,  as deterininerl l q -  E. G. Fischer, I S ~ I .  
latitucle observations at this station. 

11 . IS  07.13 
14uS 17.90 
16'72 42'66 
46.01 4S.07 
IS'20 55'11 

5.1'00 fXJ0S6 
39'20 29'.% 
16.10 mxm 
26.90 16.96 
2693 19.90 
57% 23'07 
27-20 27mo 

Pairs of stars. Adopted seconds OF 
iiieaii A'. P. D. 11' 

I I 

I1 '45 
3.5: '32 
3s '32 
IS'51 

04 -04 
56 '63 
I2 '97 
13 '70 
39.62 
41 '07 
47 '42 
33 '99 
33 '99 
31 'Sg 
3s .7s 

' 51 '95 
44 4 6  
59 ;76 
17 '33 

I /  

36.36 4 
04 .04 2 

56 '63 4 
56.6 j 2 

14.73 . 2 

14 '73 4 
40 .os 4 
36 'Ss 5 
51 '24 5 
32 '35 5 
21 '$7 4 
53 3s 4 

c9 '1.5 3 
04 4 
32 '52 4 
44 'S3 4 
44 'S3 3 
56 '50 4 
35: '06 4 

One turn of microiiieter = 46"-376 'from 

Latitudt. 

0 I ' I  

33 I3 39'S7 
39 -49 
39'45 
35: '99 
40 '45 
40 '07 

39 '95 
j g  '.so 
39 '72 
40 '29 
40 '54 
39 'jS 

39 ' i s  
39 '40 
40 '43 
40 '30 
39.60 

39 ti0 

39 :92 

2, 

/ I  

f o  .0.3 

f0.41 
+o '45 
f0 .91  
-0 5 5  
-0.17 
-0 '05 
f0.10 
+CI ' IS 
-0 '39 
-0 64 
$ 0 ' 3 2  

f0'13 
f o  '50 
-0 '5 j 
-0 

+o '30 
+O '30 
-0 ' 0 2  

IiiJiscriniiuate iiieaii = 33O 13' 39)"s~. 
Weighted mean = 33 13 39 'go f o'"06. 

71 observations. 19 pairs. 
c - = ~ o " ' j I .  

[Reduction t o n  = + o"'39.1 

65. Meirlgonreiy, Alabama.-G. W. Dean. Zenith telescope No. 5. March 2 2  to 2s. 1856. One 
@ne turn of niicroineter = 41" -45 from divisioii of level = 0" '929 as cleteriiiiiied at this station. 

Lati tnclc. 

0 I 'I 

32 22 15.66 
45.6s 
45.19 
45 '11 

14 '34 
4.5 .42 
45 '95 
45 '93 
45 '09 
44 'S9 
4.5 '35 
-14 -so 

7' 

/ I  

-0 '25 

-0.27 
+ 0 ' 2 2  

+o .27 
f I '07 
-0 '01 

-0 .54 
-0'52 

+u .32 
t-0'52 

+o .06 
fo.61 



Pairs of stars. 11' 

5 
6 

5 
5 
5 
5 
5 
5 
5 
5 
4 

5 
5 
4 
5 

5 
5 
5 
5 
5 
5 
5 
2 

2 

2 - 
2 

2 

Iiidiscriminate mean = 32' 2 9  45/' '43. 
Weighted mean = ~2 1 2  i s  -41 =!= o1/ -04. 

ISI ohserrations. 40 pairs. 
6- = + of/ '29. ' 

[Reduction to vr center of State House = + o ' ~  '22.1 

V 

I /  

+o '35 
-0 '45 
4-0 '"3 
-0 '40 
+b '26 
-0 '33 
0'00 

$0 '27 
-0 '19 
-0 '23 
-0 '25 

-0.15 

$0 '69 
-0'26 

$0 '01 

-n .24 
+@ '46 
t0.61 
-0 ?S 
-1-0 ..z I 

t-0 '15 
-0 '25 

-13 .q 
-0.60 
-0'5.3 
-0 '62 
-0 'og 

-0.39 
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66. Lazier. Pmch Th, Alabama.-E. Goodfellow. Zenith telescope No. 5. April 4 to 16. 1S57. 

One turn .of micrometer = qr//-qSr One clivisioii of level =o/"gg froni observations at this station. 
froni circumpolar observations at Mobile. Alabama. 

Pairs of stars. 

2 74' 
2 S41 

2 912 

2 995 
3 047 
3 095 
3 '40 
3 246 
3 27s 

3 355 
3 406 
3 505 

3 545 
3 610 
3 661 

3 691 
3 725 
3 562 

3 915 
3 9SI 

"4 017 
"4 017 

2 792 
2 560 
2 952 

"3 075 
"3 075 
3 xJ5 
3 228 

3 265 
.3  34' 
3 399 
3 421 
3 522 
3 6 0 2  
3 650 
3 6% 
3 729 
3 7s.s 
3 ss5 
3 952 
3 995 
4 027 
4 072 

Adopted .seconds of 
iiieaii N. P. D. 
!I  

29 '0; 
02.6s 
2i '76 

rS.92 
54 '29 

2s 60 
I4 '00 

25 '27 

23 '50 

24 '07 
45 '00 
34 '50 
21 '90 
20 '64 
21 'S4 

1.5 '50 
I I  -30 
40.12. 

37 '15 
37 '15 

01 ' IO 

29 '83 

I' 

4 
4 
4 
4 
4 
3 
5 
4 
5 
4 
4 
4 
4 
4 
4 

4 
5 
4 
6 

5 
6 

4 

71. 

5 
5 
5 
3 
3 
4 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
4 
3 

1,atitiiilr. 

0 I I 1  

31 50 21 ~3 
21 6 5  
20 '7 j 
21 '79 
21 '04 

22 '37 
21 .I6 
20 '22 

20.61 

21 '95 
2 I '37 
20 '74 
22 '41 
21 "$0 

20 6 1  

21  '37 
20 .ss 
22.3s 
20 -64 
20-71 
20 -76 
20 -16 

Iudiscriiiiinate mean = 3r0 50' 21"*1S. 
Weighted mean = 31 50 2 1  'r9 &d/-ro.  

95 observations, 22 pairs. 
53. - + o f / .  - _  

[Reduction to 4 = O/"OO.] 

Y 

I t  

+o '16 

-0 '49 
$0 '44 
--cI .60 
+O '15 
- 1  'IS 

$0 '03 
$0 '97 
+o 5s 
-0.76 
-0.15 

+O '45 
--I '22 

-0 '21 

$0 $S 
-0 'IS 
+o '3 I 

--I '19 

+o '55 
+o .48 
+o '43 
S I  -03 



4 I22 4 140 
4 222 4 257 
4 2 6 s ~  4 300 
4 347 4 352 
4 357 4 433 
4 4% 4 506 
4 5'3 4 536 

( 2  122) 4 59' 
4 607 (2  15s) 

"4 727 ( 2  232) 

"4 777 (2  237) 
4 so3 4 s?; 
4 s43 4 573 

(2  2s) 4 706 

56'10 51 '58 4 2 0  34 J J  ~ S . 2 6  -0.4 
01 .SI 03.45 5 24 47'77 +0'05 

21 'IS 44'39 5 15 47S6 -0.04 
29.62 42'79 5 24 47.75 +0'04 
5s.w 25.56 4 21 47'93 - 0 ' 1 1  

44'10 44'33 4 21 4s '00 -0 .IS 
12'91 42'60 2 1 0  47'11 +0'71 
19.62 54.04 4 21 47 S S  -0.06 
39'79 50.40 5 21 47.91 -0.09 
4 9 ' s  04.04 4 14 4s '06 -0.24 

49SS 56.63 4 14 4S.19 -0.37 
17.95 4*'% 5 15 4 7 s  -0.06 

19.29 13-70 5 24 47.46 +0.36 
35-02 34'43 5 '9 47'29 1-0'53 

215 259 ' 
2% 307 
330 34' 

*425 427 
*425 431 
446 '492 

510 523 
556 566 

469 "492 

01 ' 2 0  57'0s 5 6 30 41,33056 -0.44 
47'90 56'18 6 6 32'68 $0.74 
37.96 36.70 6 6 32'32 + I  'IO 

27'05 44'09 6 4 32'55 -to's7 
27.05 26.03 7 4 33'11 +o'31 
24'74 53'32 6 4 33.2s +o'14 
34.76 53'32 6 4 32'97 +0'45 
40.06 59'27 6 6 '33'00 +0'42 

1q-00 +0'42 - -  30.03 5S.50 6 6 



Pairs of stars. 

697 '710 

698 '710 
735 79s 
s72 9'5 
921 963 
956 993 

I 006 I 064 
I 095 *I 123 

*I 123 I 146 
*I 123 I 154 

I IS9 *I 219 
*I 219 I 257 
*I '19 I 260 

I 323 I 32s 

1 337 * I  414 
I 342 *I 414 
I 44s 1 46s 
I 492 I 52s 
1 557 *I  fw 
1 59' *I  609 
I 629 *I 645 
1 632 64s 
I 669 I 768 
I s45 I 925 

*I  935 I 951 
*I 935 2 016 

2 067 2 155 
2 IS2 2 22s 

2 306 2 4og 
2 423 2 429 
2 441 2 444 
2 463 2 563 

THE ASTRONOJIIC DIE.4SURES. 

6s. flhbrlc, Alabauia-continued. 
Adopted seconds of 

tileail K. P. D. 
I /  I /  

13.4s 2 6 . k  
15'75 26% 
33.7s 44.w 
09.44 50.4z 
1S.03 og.06 

15'97 !5'73 
zS.69 01 '30 
20.70 1S$3 

1S-58 01 -62 
IS.5S og'oo 

50.57 37'60 
37'60 55.27 
37'60 ~0.23 

59.92 26.34 
22.60 OSQ 
22.k OS'S1 

50'53 47.40 
41 '55 34'60 
02.42 13'00 
27-12 1 3 ~ m  

33.21 36.54 
34.83 36'54 
45'50 52 'SS 
56'45 2.3-05 
05.36 x o ~ g  
05.36 54.31 
47'13 13-70 
33.06 16-11 
2s.40 10'93 
rg.10 1S.03 

2s.79 os.55 
34'28 OS'S3 

If' 

6 
6 
6 
6 
6 
6 
6 

7 
6 

7 
6 
6 
6 

7 
5 
7 
6 
6 

7 
5 
6 
6 
6 
6 
6 
6 
6 

5 
6 
4 
6 
6 

W 

1 
1 
6 
6 
6 
6 
6 

3 
3 
3' 
3 
3 
3 
6 
4 
4 
6 
6 
4 
4 
4 
4 
6 
6' 

4 
4 
6 
6 
6 
5 
6 
6 

La tit udr. 

0 I I /  

30 41 3333 
34 "3 
32 .S6 

33 '27 

34 '02 

33 'S5 
33 '33 
3: '69 
34 '24 
34 '23 
33 
33 '77 
34 '47 
33 '32 
3' 6s 
33 
33 '52 

34 '50 

32 'S3 
32 '43 
33 '67 
32 '9' 
33 '15 
33 '32 
33 '20 

33.4s 
34 '29 
33 '57 
34 '37 
33 '37 
33 'I7 
34.38 

Iiidiscriniiiiate mean = 30° 41' 33"'43. 
Weighted mean = 30 41 33 '42 z!= o"'06. 

258 observations, 43 pairs. 
e = C d'. 46. 

[ Reduction to A (Episcopal Church. )= - I0"'72.] 

311 

v 

/ I  

-0.16 
-0.71 

+@ 3 6  
+ 0 ' 1 5  
-@ .60 
-0 'Q 

t o  'og 
-0 '27 
-0 .sz 
-0'51 
-0 '26 
-0 '35 
- I  '05 
$0 'IO 

$0 '74 
-0.15 

--I -0s 

+o '59 
-to '99 
-0 '25 

50.51 
$0 '27 
$ 0 ' 1 0  

+o '22 

-0 *06 
-0 'S7 
-0'15 

-0 '95 
+o '05 
t o  '25 
-0 -96 

-0 'IO 
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69. E d  Pus~*ugoii/u, Mis.issippi.-R. H. Fautitleroy. Zenith Telescope No. I .  June 25 to July 
One turn of iriicroiiieter = 45" '502 from latitude obsen-a- 26, 1S45. One division of level = 0" '90. 

tioiis at this statim. 

Pairs , if  stars. 

5 465 
5 625 
5 667 
5 795 
5 Qo2 
5 953 
6 01; 

6 052 

"6 224 
*6 224 
6 269 
6 42s 

6 460 
6 626 

*G 644 
6 720 
6 748 

6 So5 
6.891 
6 910 
6 9% 
7 062 
7 ''9 I 

7 125 

7 21.5 

7 324 
7 3.50 
7 476 
7 4ss 
7 5% 
7 642 
7 6x4 
*7 689 
*7 689 

6 155 

6 476 

6 7 7 2  

*7 766 
"7 766 
7 812 

5 563 
5 724 
5 749 
5 940 
5 s53 
6006 
6 og4 
6 1-13 
6 216 
6 41s 
6 420 
6 373 
"6 615 
*6 615 
6 553 
"6 644 
6 717 
6 744 
6 S33 
"6 shg 
% 865 
6 932 

7 oss 
6 970 

7 223 
7 257 
7 IS3 

7 269 
7 401 
7 44s 
7 537 

"7 561 

7 662 
7 705 
7 754 
7 77s 

7 %  
7 S 2 i  

* j  561 

7 795 

Adopted seconds of 
niem N. P. D. 

I' 

57 '00 
I7 "3 
01 '25 

'9 '77 
3 I .96 
I g '20 
@9 '65 

44 '99 
57'12 
29.64 
4s .06 
15-29 
'3 '29 
59 .os 

42 '24 
07 '51.1 
27 '39 
17 ' 1 0  

23 .Y6 
25 '56 
51 '27 
0 1  'IS 
47 '30 
24 '77 
47 '37 
26 '39 
25.41 
34 '7 I 

56 '16 
29 '07 
25 '73 
25 '73 

31 '69 
11 '54, 
12 '49 
04 36 
22 '52 
42 '31 
10 '45 

I2 ' IO 

/ 

n' 

2 

I 

3 
2 

2 

3 
2 

I 

I 

3 
3 
4' 
4 

3 
2 

> 

3 
3 
3 
3 
3 
4 
3 
4 
3 
3 
5 
5 

3 
4 
3 
2 
I 

3 
2 

3 
3 
2 

I 

3 

I' 

12 

6 
19 
I2 

I2 

'9 

6 
6 

12 

I2 

12 

24 
I2 

9 
s 

12 

12 

I? 
'9 
12 

I2 

24 
19 
24 

19 
'9 
29 
29 
17- 

'9 
24 
I? 

I2 

19 
I2 

I2 

I2 

S 

4 
19 

7' 

' I  

-0 '27 
+O 'oj 

+o '49 
+o '1; 

+O'OI 

+O '35 
-0 .16 
i o  'IO 

+o .+s 
-0 '79 
$0'32 
-0 '59 
+ 0 ' 2 2  

+o '30 
-0 'jJ 

+o .16 
4-0.12 

-1.) Ifi 
$0 60 
-+o '25 
-0.1s 

fn '07 

-1-0 '74 
+o .40 
+o '24 
f o  '14 
-0 '30 
+o '4 I 

-0.29 
-0 -24 

-0 '22 

fo '29 
i 0 5 5  
f o  '23 
-0 '87 
-0 '50 
-0 '50 

-0 .os 
-0 *so 
-0 -32 



I'sirs of ~Vtarx. 

7 Y J j  
7 sss 
7 953 
7 975 
S 036 

S 262 
S 322 

s ' 5 3  

THE ASTRONOMIC MEASURES, 

69. Em/ /~IS1'17JTc1/d17. I\Iis~issi~i~i-~c~iiti  iiuerl. 

W '  71' latitude. , Atlopted srcullcls uf 
iiieaii N. P. U. 

/ I  I ,  0 / / I  

I 29.35 51 ' i o  1 6 30 20 41 '39 
36'03 56.60 4 24 
23.16 27'29 4 24 

43.12 25.60 1 6 
09'30 43's3 3 '9 
17'5s 46.45 I 6 
42 '75 I 1  .gs 2 I2 

Iiiiliscririiinate nieaii = 30° 20) 40" '92. 
Weighteil meail = 30 20 .p '92 -C ol/ .od 

r2g oliservatioiis, 4s pairs., 

I 42'55 01 '65 2 I2 

c = c o/ /  '39. 

[Recluction to $, = 0" YIO.] 
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73 

/ I  

-0 '47 
-0 '04 

-0 '75 
-to '24 

+o '57 
-to '33 

-0'12 

-0 '01 

70. Fer? .Morpw., Alabama.-R. H. Fauiitleroy. 
1S47. 
= 45" '570 from latitide observations at this station. 

Zenitl! telescope No. I. Warcli 23 to April 30, 
One turn of niicrotrieter One division of level = o// '91 froin observations at this station. 

2 650 
2 725 
2 s44 

2 970 
3 105 
3 IS2 

3 325 
3 402 
3 592 
3 75s 
3 S6'j 

3 949 
4 og4 
4 22s 

4 271 
4 34' 
4 596 
4 699 
4 792 

2 673 
2 765 
2 YS9 
3 075 
3 140 

3 251 
3 36s 
3 532 
3 6S2 
3 84.3 
.i 910 
3 979 
4 12.; 

*-I 3% 
*4 50.3 
4 423 
4 637 
4 737 
4 y74 

kiirs of stars. Adopted secoiids of 
iiieaii N. P. U. 

I /  

34 .-Is 
32 '42 
22 :o; 

57 -3 
59.36 
31 '55 
42 '30 
33 '40 
'9 '97 
17 '75 
42.6s 
02 -56 
33 '95 
34 '29 
12 '79 
20 '69 
31 '2s 
56 '67 
2@ '54 

" 

4 
4 
4 
4 
7 
S 

10 

13 

I5 
I 6  

13 

14 
1 1  

IO 

I@ 

S 
7 
5 
3 

-, . 

24 
24 

24 

24 
42 
4s 
59 
77 
9' 

77 
83 
67 
59 
59 
4s 
42 

50 
IS 

1 0 0  

Latitude. 

0 I I /  

30 73 47'92 
4s '22 
47 '91 
4s -0s 

47 '75 
47.75 
47 '96 
47 '67 
4S..20 
47 '.i2 

4s ' 13  
4s 'OS 
47 66 
47 '92 
4s ' I O  

47 '73 
47 'S4 

47 '67 
47 '91 

Incliscriminate niean = 30° I 3' 47/' 'go. 
Weiglited itieati = 30 13 47 'S9 c nl' '03. 

166 observatioiis, 19 pairs. 
e = -O".JI .  

[Reduction to A = ol' '00.1 

7.4 

I /  

-0 '05 
-0 .-. 35 

-0 '02 

-0'19 
+o ' I 4  

$ 0 . 1  I 

-0 '07 
+o '22 

-0 '3 r 
t-0'37 
-0 '24 
-0.19 
+o '23 
-0 Y3.3 

+0.16 
+o .0.5 
+o '22 

-0 '21  

-0 ' 0 2  
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71. A7cw Orlenrrs, Louisima.--J. Kincheloe. Zenith telescope No. 5. January 16 to February IO, 

Cine turn of microineter 1S5Y. 
= 41"*516 from circumpolar observations at this station. 

One division of level = a"..5:45 from observations at  this station. 

707 
745 
766 
So6 
ss5 

'i9s I 
*9S I 
I 066 
I 107 
I 221 

*I 323 
*I 323 

1 376 
1 449 
1 i y 2  

1 571 
1 631 
I 690 
I 834 
I S62 

1 935 
+ I  gSr 
*I 931 

2 094 

2 090 
2 2m 

2 237 
2 301 

+2 440 
Q2 440 
Q2 504 
+2 504 

2 639 

2 73' 
2 s92 

3 -  
3 cXx 

3 035 
3 123 

Pairs of stars. 

3 IS2 3 227 

14' 

6 
6 

5 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
4 
6 
6 

5 
6 
6 
6 
4 
6 
6 
6 
6 
6 
5 

6 
6 
6 
6 
6 
6 
6 

UJ 

5 
5 
5 
4 
4 
4 
4 
5 
5 
5 

4 
4 
5 
5 
5 
5 
5 
5 
4 
3 
5 
4 
3 
4 
4 
5 
5 
5 
4 
4 
4 
4 
5 
5 

5 

4 
4 
5 
5 
5 

Latitilde. 

a I I I  

29 57 25'17 
24 :43 
24 '73 
24 '61 
24.66 
26 '01 

25 '30 

24 '90 
25 "9 

25 '39 
26 '35 
25 '30 

25 '50 
25 '70 
24 '06 
25 'S; 
24 .S8 
24 '16 
25 .SS 

24 'S9 

24 '4.3 
26 '05 

25 '60 
26.17 

24 '72 
25 '72 
25 '51 
25 .66 
24 '43 
2s '23 

24 '42 

26 '14 

25.'35 
24 '97 
25 '29 
26 '03 
25 5 8  
24 'S7 

26 '45 

^L .-- 
4" "1 

II 

I /  

+o 'I I 

+o .s5 
+o '55 
$0.67 
$0 .62 

-0 '73 

+o .38 
-0 '02 

-0'01 

-0.11 

- 1  '07 
-0 ' 0 2  

-0 '22 

-0 '$2 

4-1.22 

--0 '55 
si) .+ 
$ - I  '12 

-0 .&I 

$0 '39 
+0 'SS 

-0 '77 
- I  '17 
-0.32 

$0 '56 
-0 '44 
-0 '23 

-0 'S9 

-0.35 
$0 'S5 
$0 '05 
+o $6 

I .; 
-0 '56 
--I.) . 

$0 .03 
$0'31 

-0 '75 
-0 '30 

+ O " v  

-0 '01 



XO. 

1 

2 

3 
4 
5 
6 
7 
S 
9 

1 0  

1 1  

I? 

'3  
14 

15 
16 
17 

1s 

'9 
20 

21 

22 

23 
24 
25 

26 
27 

2s 

29 

Pairs of stars. 

3 242 
3 31; 

3 353 
3 3SI 

Calais 
Cooper 
H uiiipback 
Ihiigor 

3 2S6 '  

3 327 
3 359 
3 39s 

THE ASTRONOMIC MEASURES. 

71. Neio O~.lCnrrs, Louisiana-continued. 

:<I Latitude. .4dopted seconds of 
mean N. P. D. 0' 

I /  / I  0 I I /  I /  

41.74 46-75 6 5 29 57 16.12 -oSq 
35'56 29'75 6 5 24.02 + I  .26 

39.64 37%~ 4 5 25 -35- -0.07 
43'32 44.40 6 5 25'56 -0'28 

Indiscriininate mean = 2g0 57' 25/"2g. 
Weiglited nieaii = 29 57 2 j  '2s fo"'07 

C' = & 0~I.43. 

[Reduction to = 0/"00.] 
256 observations, 44 pairs. 

3. SUM3IARY OF RESULTS FOR LATITUDE. 

Xaiiic of station. 

Fariniiigton 
Mount Harris 
I-IowirrI 
RIouiit Desert 
hgg:erl 31ouiitain 
S:Ib;lttus 

Mount Pleasant 

I \~OIIIIL Iiirlclmitlc1ice 

Gullstock 
Ag:iiiieiiticiis 

Isles of Slloals 
Ullkolloonuc 

cape Slllell 

molllpsoll 
Wacliusett 
Canil,ridge, Xarvard College Observatory 
Caiiibriclge. Cloverden observatory 
XIoulit TWII 
3Iallolllet 

Saiirlforrl 
\Vest Hills 
New Vork 
Reacon Hill 
Mouiit Rose 
Yard 

State. 

Me. 
Me. 
Me. 
Me. 
Me. 
Me. 
Me. 
Me. 
Me. 
Me. 
Me. 
Ye. 
Me. 

N. H. 
Me. 
Me. 

E;. H. 
Mass. 
Mass. 

Mass. 
Mass. 
Mass. 
Mass. 
COlIll. 

N. Y. 
N. Y. 
N. J. 
N. J. 
Pa. 

315 

Resulting Proliable error 
latitude. of residt. 

a I /i 

45 1 1  09'40 
44 59 12.60 

44 51 47.56 
44 4s 1?'S7 

44 40 19'54 
44 39 54'66 
44 37 49'24 
44 21 06'51 
.w 12 42'96 
44 0s 37'73 
.w 0 1  36.44 
43 46 43'69 
43 45 34'47 
43 31 03.SI 

43 '3 24'96 
42 59 '2.97 
42 '58 59'34 
42 36 3S.02 

42 29 16'13 

42 22 4 S . o ~  

42 22 40'97 
42 14 27.62 
4' 5.5 35 '35 
41 27 40.47 
40 4s 50.06 

40 43 45'39 
40 22 2 7 W  
40 22 05 -41  

39 5s '9'39 

I' 

f o  .06 
0 '05 
0 '05 
0 '05 
0 '05 
0 '04 
0 '05 
o '03 
0 .04 
0 'og 
o '04 
0.04 
0.06 
0 '05 
o '06 
I:, 'og 
o '07 

0.04 

0.05 
0.06 
0 '05 
0 'OS 

o '04 
0=9 

o '07 
0.05 
o '06 

0 'IO 

0 '22 

*Center of dome. 



N O .  Name uf  station. 

66 
67 

30 
31 
32 
33 
34 
35 
36 
37 
3s 
39 
40 
41 
42 
43 
44 
45 
46 
47 
4s 
49 
50 
5 '  
52 

S3 
54 
55 
56 
57 
5s 
59 
60 
61 
62 
63 
64 
65 

Lower Peach Tree ' COOII 

Priiicipio 
Marylaiiil Heigliis 
Pooles I s h i r l  
Sugar 1,naf 
Dover 
\*7e1)lJ 
Soper 
Rockville 
Taylor 
Strashurg 
Cape M a y  
Cansten. \Vasliiiigtoii 
Naval 01,srrvatory (new ), Wasliiiigtoii *. 
Hill 
Naval Observatory (0111 1. Wasliiiigtim 7 
Seaton, Washiiigtoii 
Coast alii1 Geotktic Survey (.)fricc. Wasliiiigtoii $ 
Bull Kuii 

MarriidL 
Cape He~iltipeii 
Clark 
E1 lintt KII~OFJ 
Charlottesville 
Loiig Mcmiitaiii 
Moore 
Young 
King 
Paris 
Ciirrahee 
Lave rider 
Sawnee 
Aurora 
Atlanta Middle Rase 
Atlanta' 
Kahatchee 
Moil tgoniery 

6s 
69 
70 

Mobile 
East Pascagoula 
Fort Morgan 

st:ite. 

AXCI. 
Md. 
Mrl. 
Mrl. 
Del. 
Mil.  
Mrl . 
Md , 
1\11 I .  
ITa. 

N. J. 
I). c. 
rJ. c. 
m. 
1). c. 
D. c. 
1). c. 
Va. 
%Id. 
Del. 
V:t. 

va. 
' va. 

\7a. 

N. c. 
N. c. 
x. c. 
s. c. 
Ga. 
GR. 

Ga . 
Ala. 
Ga. 
Ga. 
Ala. 
Ala. 
Ala. 
Ala. 
Ala. 
Miss. 
Ala. 
La. 

uewlting l'roI>aliIe error 
Intitiide. ' of result. 

- 
+Center of aiiiall dnrne. :Statioii i t !  pard. . *Center of clock-room. 



B. THE RESULTS FOR LONGITUDE A T  THE ASTRONOMIC STATIONS 
OF THE OBLIQUE ARC. 

I. GENERAL STATEMENT. 

Connected with the arc there are fourteen well cleteriiiined longitude stations avail- 
able for coiiiparison of geodetic and astronomic longitudes. The stations are niarked 
by. their appropriate sign on the general Map B (in pocket:), and are irregularly dis- 
tributed over tlie region of the arc. Within tlie limits of the city of Washington there 
are four longitude stations, all within a few kilometers of one another, atid conseqiieiitly 
under the sake  general influence of zeiiithal cleflection. These four stations halie been 
treated a's one i n  this cliscussion. The following stations are coniiiion to the arc of the 
parallel in latitude 39' and to tlie olAique arc: Cape May, New Jersey; Dover, Delaware; 
three" of the Wasliingtoii, District of Columbia, stations; Strasburg, Virginia, and 
Charlottesville, Virginia. 

The lorigitucles here giveii depencl on the standard longitucle systeiii of the United 
States. as presjeiited in the Report of the U. S. Coast aiicl Geodetic Survey for the year 
1897, Appeiiclis No. 2, " The telegraphic longitude net of tlie United States and its con; 
iiectioii with that of Europe, ' I S ~ G - I S ~ G . " ~  

Six of the arc stations are standard stations, i. e., Calais, Maine: Cambridge, Massa- 
chusetts, Harvarcl Observatory: Cape May, New Jersey; Washington, District of Colum- 
bia, Naval Observatory (old); Atlanta, Georgia, and New Orleans, I.,ouisiana. For 
these stations, particulars and full abstracts of the inclividual results are given in the 
Report for I 897. I t  suffices. therefore, to present only the dates and results at  these 
stations, but for the remaining stations, abstracts are given to the same estent as ill 

the Report for 1 S g 7 ~  together with all necessary esplaiiatioii. In nearly ever); case 'of 
a telegraphic cleterinination of a difference of longitude the observers escliangecl places 
after one-half of the proposed observations liacl heen made, in order to effectively elimi- 
nate differences of personal equations. All these loiigitudes count frorii Greenwich, 
positive to the westward. The probable error of any one of the adjusted staticlard longi- 
tude determinatior~s is fo"og, aiicl none of tlie probable errors of the longitudes used in 
this discussion esceecls fo"og. 

(pp. 197-261.) 

*A foiirth. iinriied Seatoil (east of the United States Capitol), established in 1 % ~ .  was not a shtioii of s~ifficient 

t For no abstract of this paper see Gould's Astro110111ica1 Jouriial, No. 412 (September 1.1, ~ S g i ) .  
importance to he iiicliided in  the general loiigitiide net. 

3'7 
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2. RESULTS FOR LONGITUDE PKEVIOUSLS PUBLISHED. 

l<esirlts for- longilitdc qf statiolis f i i~-~)i i ) tg  part qf lhc sla~idlird fe)i,phit- 11cl qf thc Uniled States or 
clesdy co~ii~rc-ted tlie1-t-w'1h. 

['Takeii from Coast aiid Geodetic Survey Report for 1.S97. 1). 2,c.I 

Point of refererice. 

Calais, Maine. Transit. 4 29 07.557 67 16 57*S6 

Lniigitiirle west of I;ree:iwich. Xame of stntioii. 

8.  111. s. . ' I  

Cambridge, Massacliusetts. Doine of Harvarrl College Obserra- 4 .bl 31 '046 71 07 45 '69 

Cape May. New Jersey. Transit. 4 59 43.045 74 55 45.6s 
Washington, District of Columbia. Dorne of old Naval Observatory. 5 OS 12 '153 77 03 CIZ '30 

New Orleans, Louisiana. Transit. ISSO a w l  1S95. Lafayette 6 03 16.763 go 11 -44 

Charleston, South Carolina.* Citadel Syiiare. transit. 5 19 44.076 79 56 or-14 

Froiii the same Report we have two i i i o r e  of the Washington stations; pp. 257-259: 
aiid 261. 

tory. 

Atlanta, Georgia. Transit, rS96. ' ' 5' 37 33'33s Sq "3 20 '0 j  

Square. 

Xaiiie of station. Point of rcfcreiice. Loiigitiide west of Greenwich. 

h. 111.. s. ' 
Washington, District of Columlk  Clock-room. new Naval Observatory. 5 OS 15 '7Sq 77 o j  56 -76 
Washington. District of Columbia. Coast and Geodetic Survey Ofice, 5 0s or '709 77 00 25 a64 

A'c.ciilf.< ./br lou.qilnifc. i!f sfiilio~is in Lhd -41-1. I ! /  fhc 77iir(1~-1ri1ifh firniflcl. 

transit. 

Poiiit o f  reference. Loiigitiide west of Grreiiwich. Xaiiie of 4ntiarii. 

Dover, Delaware t Transit, rSg7 
Strasburg. Virginia t Transit. iSSr 5 1.7 z/j'$o 78 2r 35.7" 
Ciiarlottesville, Virginia 1' McCoriiiick Observatory ' 5 14 05.340 7s 31 20.10 

3. ABSTRr\CTS OF MBSLU.TS FOR DIFFERENCE OF LONGITUDE AND ADJUSTMENT OF 

THE LOXGITUDES OF T H E  REMr\INING STATIONS CONNECTED W I T H  T H E  ARC. 

UIFFEREXCCE OF I.OiXGITU;UE HETWEEW fi;-l.WGOR.I NE.. AKD C.4L.4f.C ME, 

Date. Olwrverk at- Difference of longitude. 
Bangor. Calais. 1Sj7. 

111. s. 
6 00'275 

I l l .  s. 

00 '330 
oo .z6S 
00 '229 6 a3316 

[ 6 00'341 1 

G. 117. Deal1 

s. 

E. tiootlfellow 

Sept. IS 

25 

26 

Oct. 1 0  
_ -  

11. 111. s. 
Bangor (transit) west of Calais (transit), 6 m316-~0'015. 
T.,oiigitude of Calais, 4 29 07 $57 - C O . O ~ .  
Longitude of Bangor (transit), J 35 oS.173. 

* This result is added Ixcniise i t  is iicrded fiirther oil. 

t These stntioiis are iiicliirled ill the disciissioii of the arc of Lhe 39th parallel aiidall iircessary details are published 
iii  Coast aiid Geodetic Siir\.ey Special Piiblicatioii No. 4. *' The Traiiscontineiital Triaiigiilntioii.?' Waaliitigtoii. D. C., 1100. 

2 The loiigitiide of this statim was diflereiitially deleriiiiiird froiii Caiiilmidge. M%ssachiisetts. iii h'overiiber and 
Deceinber. ISjI. h i t  the resiilt WRS foliiicl to he weak ~ t i d  iiiisntisfsctury. the oliservers iiot iiiterchaiigiiig places. lielice 
iin w e  \vas tiiade of those olwermtioiis. 

Piihlished for the first t h e .  
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.DIFFERENCE OF LONGITUDE HE'r\\'EEN SR.4 TO!V ST.4 Tf0Ar,* W.ISHIXGTOX. ri.  C.. AX11 :\'A I..:l.L 

OBSERV.4 TOR)'(OLDI. \\'ASHINGT@X. D. C. 

Weari western Date, Froin western 1~'rotii eastern easterll 1567. signals. sigiials. :iytinls. 

June 4 
6 

10 

T I  

21 

29 

5. S. S. S. 
12 -70 I 2 '67 +@ '03 I2 *6Y 

.60 .6n 0'00 .bo 

'7C '69 +O.OI '69 
'63 *6 I +o '02 .62 
'75 '69 +o.o6 7 
6 s  -69 -o mi '69 

R1e:iii 12.667 

Observers: G. W. Deaii. in cliarge of party. E. Goodfellow aiid other observers: three were 
engaged iii the work at  the Naval 0bserv:itory aid  two at  Seaton. but no interchange of ohservers 
took place. The results were corrected for the personal equation of the observers deriver1 from obser- 
vatioiis made for this purpose. 

Naval Observatory (I\rIeridiaii Circle) west of Seaton (transit) 
Reductioii to center of doiiie a t  Observatory 
Differelice of loiigittide Naval Observatory (old) and Seaton. transit 

Loiigittide of Seatctii (transit.) 5 07 59 '519 
Suile! as adjusted 5 07 59 '520 

I 2s 667 c o s  '0 I j 

-0 '053 
1 2  -6j4 cos 'or3 

Loilgitucle of doiiie, Waval Observatory (old) 5 h  os"' I Z S ' I 5 j  

I>lI'FEKI<SC1P 01.' I.@NGI'I*UI.)I~ l3W\\?l<EX .TT.4 TE.Tf.fLLE. K. C.. AXD f l , ' . 4 . S ~ f ~ ~ ~ ~ ~ T ~ l ~ ~ - ,  D. C. 

Froin west- From east- Meaii of IJifferellcc 
Ilnte. Olisewers at- ern or ern or \\-esterii Personal of loiigi- Weights. Differ- 
id7S-79. Statesville \\rasliiiig- ".-E* and enst- eqiiatioii. tude. 8. erice. 

Stntesville. \Vaaliiiiytoii. sigiinls. toil sigiials. ern signals. LlA 

111. s. 111. 5. s. 
I.; 22 '62  15 z ~ j ;  0.0; 

15 22'4s 15 22'42 0.6 

'32 .?a 0'03 

Weighted iiieaii 

3. W. Dean E. Siiiitli { '44 '39 0'?5 

I l l .  s. S. 
I j  22.5s -0.06 

'56 
'n6 
..54 

15 22'54 

Statesville (traiisit), west of Wasliiiigton (transit 
Reductioii to center of dome at  the old Naval Observatory, 
Statesville (transit) west of the dome of olil Naval Observatory. 
Loiigiturle of tloiiie of, old Naval Observatory. 
Loiiyiturle o f  Statesville. (transit), 

1s 22'51 9 
'4s 16 

'35 3 

15 21'47+0'016 

cl" Ism 225.477 

5 09 12 '153 

-!-a -124 
o 15 22 '601 

5 23 34 '754 

7'. 

S. 
+o .04 
+0'02 

-0 .o$ 
0 '00 

i-0 '03 

0 'a0 

- 0 ' 1 2  

*'This station was estalilished in 1S4g. to be used i n  place of the United States Karal Observatory. where it was 
found hoth iiicoiireiiiriit atid uiisatisfactory to make ohservatioiis, as  it interfered with the repillar duties of the obser- 
vatory staff. It wad locnted east of the Capitol. ill ai1 opeii fielrl. oii Fifth street east. i i m r  .A street north. now covered 
by biiildiiigs. Telegraphic corinectioii with the Nasal Oliserratory (old) was made in 1S67; distarice lip wire. 55 kilo- 
meters. or 3% statute wiles. nearly. 
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NO. 3s. 

1 

I 
I 
I 
I 
I 
I. 
I 
I 
I 
I 
I 
I 

Peach Tree 

I 
I ire- I 

In order to reach the longitudes of Mont- 
gomery, Lower Peach Tree, and Mobile. Ala- 
bama, it was necessary to iiiake a special adjust- 
ment of certain . intermediary longitude stations, 
which biiicl them together and coiiiiect them with 
the staiidard net. Tlley are Petersbnrg. Virginia, 
1S52: Raleigh, North Carolina. rS53: Charleston, 
South Carolina, I 853: Wihnington, North Caro- 
lina, 1854 aiid 1856: Coluinhia, South Carolilia, 
1554 a i d  1Y56: Macon, Georgia, 1855: Mont- 
goiiiery, Alabama, 1856; Lower Peach Tree, 
Alabama. rS57, and Mobile, Alabama, 1S57 aiid 
I 858. :$ 

DIFFEREXCF, OF LONGITUDE IlH'T\\'EEX I%TEk.CRURC. 
\'.A,, .AND S.E-4 T0:V ST.4 TI(.J:\:. D: C. 

Kttinher o f  Differelice of 
stars. lorigi tude. 

111. s. 
Date. 
rS52. 

July 7 
9 

27 

33 

Bug. 2 

7 

1.5 I 35-93 
21 .636 
13 '617 

'559 
9 '545 

'597 

6and 14 

-- 17 
5 

Memi I 353sg : 3'009 

Tlie ohservcrs were A. D. Bache 'niid G. 117. De:.tn, 
at Petershrg. ant1 L. F. Pourtales, a t  Seatun Station. 
The observers did not intercl~ange places. Their p r -  
soiial equatioiis were ascertained by direct obscrvations 
taken at  various times. The results. as gireii here. are 
correcteil accordingly. Giving weights t@ the iiidivir!iinl 
results in pq)ortion to the iiumher of stars observed each 
night, we get -31=i"'  35s'59~&b~oz-.o. 

I%terslmrg (transit) west of Seatoii (trailsit). I"' 355.591 
*W'flZ?. 

L)II:FEREXCB 0 1 :  1.ONC.lTUDB RE'I'WEEN R.4LEZGH. N. C., 
AND Sfi.4 T0.W ST.4 TION, 1). C. 

Date. 

i Sjj . 
Apr. 21 

26 
2s 

30 

Numlier of Difference of 
stars. loiigitude. 

j I I .  s. 
5 6 32'742 

2.3. '992 
23 %4 
16 '987 

6 32304~0'039 S. 

Mean 
6 32 'S7. &o '044 Lveighted mean 

The observers were B. A. Gould at  Raleigh and 
- 

*Details at these statio!la pnldished for the first time. See 
also report I I ~  Dr. B. A. Gould in Coast S1in.e). Report for 1%. 
Appendix Xo. I?. pp. 115. 110. 
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May S 

27 

Julie  5 

2o 

1.1 

17 

2.i 

111. s. UI. s. .I C. \V. nnnii. R. A. Gmilnl. 

13 { 2 11'213 ? I I T + ~  

'219 

'239 111. s. 

G .  \v. Dean. 1 I.. I:. Poiirtiles. 1 111. .c. 
2 I I  '23.1 1 A. 1). Ijaclie. '2% 

?J C. W. Iknil. I.. F. Poiirtales. '239 

'451 2 II '540 

27 I,. I:. Poiirtales. C;. W. Deaii. 1 $1 2 11'445 : I  23 

Colniiibia (transit) \vest of Raleigh (traiisit),p gtil 35"'S62fo"o4 t .  

* For further remarks 011 the niethotls iised a t  this nlid solile other statioiis reprr.senting the stage of tlie de\.elop- 
niriit of telegraphic lollgitiide tleteriiiiiiatioiis, see Coast Survey Report for 1Ss5, pp. 56-57. A part bf the \vork dolie a t  
Raleigh is used a?; a i 1  ex:liillile of a iiiethod for detertniliiiig differelices of loiigitude, il l  Vol. I of Chnii\~eiiet's Spherical 
aiiA I'ractical Astroiioing. 5th edition, 1SS7. 

tl'hc- ohserratiori for difference of !oiigitiicle of Charleatoil. South Carolilia. alld Seain11 Statioll. District of 
Coluiiibia. in Fehrliary, rSp. was experitneiital in character. aiicl to\) weak for \ise here. 

1 D. for Dean and P. for Pourtales. 
$Sue retilarks hy Dr. Golild i l l  Cmst Survey Report for IS54. pp. Jj. 50, 51, 5s. 56, and *IZ~-*I~:. for Raleigh slid 

Coloiiil>ia. 

4192-No. 7-02-21 
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Dnte, Niuiil>er Obserrrrs :it- Differelice lo i ig i tut le .  uf :\lt.nll il L. of stars. h ~ : l c ~ ~ l l .  Colii1ii11i:i. 

Dale. 

ISjh. 
Jan. g 

TO 

15 
I6 

Ft2lB. 10 

17 

Ohservers nt- 
r,ower Pencli Tree. i\roiitgoiiirry. 

I I;. \v. 1kSll. E. OoodCellow. 

b:. C:nndfrllow. 0. W. 1)enii. 

Differelice of 
longitude. 

111. A. 

Lower i'eacll 't'ree (trailsit) west of Moi i tgo t~~ery  transit). 4"' 5Ss.7S9 +oc.or6. 



THE ASTRONOMIC MEASURES. 323 
DIFFEREXCR OY LONGITUDE BETWEEN ilf0BlLF.. AI.4.. A X V  LOWER PE.-ICII TREK. ALA.  

Date, Nuinher Obser\.ers at- Difference of &reail 3L. of stars. Mobile. Lower Peach Tree. longitude. 
wv. I 111. s. I 

May 21 

'4 
35 
26 

1. 3. 

181. s. s. 
, I S?.'i65 f0'1,lh 

nieaii dA. Date. Niiinlier Ol~serrera at- Difference of 
of stars. N e w  orlcaiis. >lohilt.. loiigitiide. 

IS$. 
Jail. 19 
Feli. S 

' 5  
16 

l i  

19 
War. I 

26 
Apr. 2 

u. 07'075 
I). aiid M. I l l .  s. . 

1 1 1 . s .  I. 

R 0 ; ' I i j  '0'023 I I). aiid M. 07 '022 

o;'";9 

u. atid nr. O i ' O j j  , 

I s oi.25h J .  
.P 

a. Ooodfellow 1 '141 

New Orletuis. R;isin street, west of Mobile (transit), S"' 

3 d  N e w  Orleans. Lafayette Sqwire? a1111 Mobile 

C I ~ " I ~ ~ C ~ * O Z Z .  

S 6 * ~ Q I I + o  '032. 
Retliictioii to station Lafayette Square - o 'S66. 

A+iuhcnf q ~ . c c r o ~ t . d ~ ~ ~ e  lekgrafihic: /oq~r'fiidt* s t d i m s  f l i  lhc sfm~.d(~r1f  fdqqrofihic hnigiftd. 
iiet +f the United Sotcs.  

Referring to the preceding diagrani, which slio\vs the connection of the longitude sta- 
tions between Washington and New Orleans, i t  is seen that the three circuits denancl as 
many coiiditiotis to be satisfied. The conditional or observation equations are establishecl 
as follows+: 

Stations. 4 A ~urrectio~ir;. L. 
P 

111. J. 

dA New Orleans and Mobile 8 Cd'2SI ( 1 )  .5 

,4A kl'ol~ile aiirl Lower I'eacti Tree I 59.765: (2) 3 
dl Lower I'eacli Tree a i d  Moiitgon?ery 4 SS.7S9 (3)  5 
A,! nIontgomery m ~ d  niacoll In 4 1  '570 (4 2 

dA Coluiiibia and Raleigh 3 35 'S62 (61 17 
dA Raleigh and Seaton 6 32.S7.1 ( 7 )  19 
AA Seatoil and \Vashirigtoii (Old Naval Observatory) -0 12 '634 (SI 2 

A I  RIacoii and Coliitiibia I O  22 .290 ( 5 )  26 

2 52 04'759'  

* D. staiitls for G .  W. Deal1 and nr. for A. T. nroniiiaii. 

t The i i o i n k r s  ill coliiririi P equal IODM tiiiies the square of iirobablr error. 
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True value in standarcl system 52"' 04"610. hence the first observation equation: 
o=+o"w+( I )+(2)+(3)+(4)+(5)+(6)+(7) -(S) 

111. s. 

AA Columbia and Wilmington I 2  21.731 (9) S 
Wilmington and Petersburg 2 . I 1  a340 (IO) I 1  

dA Petersburg and Seaton. I 35'59' (11) 5 -- 
2 16 oS.662 

I l l .  s. 

A Raleigh and Seaton 6 32.575 (7) 19 
dl Columbia and Raleigh 9 35'562 ( 6) 17 -- 

B 16 oS.735 

liruce the secoucl ~qyuation: 
o=+oq'073+(6)+( 7)-( 9)-( IO)-( I 1). 

A1 Charleston and Raleigh 5 11'6S4 (12)  225 

A,\ Raleigh and Seaton 6 32'873 (7)  '9 
JA Seaton and Washington (Old Naval Observatory) -0 1 2 . 6 3 ~  (5) 2 

MI. s. 

3 I1 31.923 

True dl iii staiiclarcl system I I"' 3 1 ~ ~ 9 2 3 ,  hence third equation 
~ = o ' - ~ -  (. 12) - (7 :I + (,8) 

5 -1- I 

3 + I  

3 + I  

2 4-1 

26 + I  ................. 
' 17  + I  +I  

19 +I  + I  - 1  

+ I  __. , 2 

S -1  

I 1  I . .  ....... 
5 - 1 '  

225 -1 
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h'estdLi)y fongihidtx 
Q. I I1 k. 111. s. 

A Washiiigtoii, Old Naval Observatory Dome 5 OS 12 '153 77 03 02 '295 

325 

A I  \\Tashingt& a i d  Seatoii 
A Seatoii (transit) 

d,A Seatoil a i d  Petersburg 
I Petersburg (transit ) 

Ah Petersburg aiid ~ i ~ n i i n g t o i ~  
L Wlniiiigtoii (transit) 

dA Wiliiiirigtoii a i d  Coliiiiihia 
A Colmiibia (trailsit) 

Check: 
Ah Seatoii and Raleigh 
1 Raleigh (transit) 

d h  Raleigh aiirl Coluinbia 
J. Coluuihia (traiisit) 

Further- 
4 A  Coluiiibi;~ a i d  iMacoii 

A Macoil (transit) 
A I  hlacon aiid Montgourery 
1 Mo~itgoiiiery (transit) 

A h  Moiilgoiiiery aiid Lower Peach Tree + 4 5 . S ' i S j l  
A Lower. Pe:icli Tree (tnuisit) 5 SCl 10.72y-j s7 51 -ju.y.lr 

Ah Lo\ver I'eacli Tree a i d  Mobile -k I 55'7622 
A hTol~ile (transit) 5 52 rr1.4516 SS 02 57.374 

dA Mobile a i d  New Orleai~s. Lafayette Square -f- S 06 '2714 
1, New Orlems. Lafayette Square 6 c o  16 -7630 91 04 I r -445 

If the above results arc coinpared with those obtained i n  the prdiiiiiiiary adjust- 
ment of the telegraphic longtitude system as it stood in 1334,::: it will be seen that the 
present longitudes are about one-tenth of a second of tiiiie greater than those found in 
1884. This is mainly clue to tlie introduction into tlie systeni of the fourth cable line 
across the Atlantic Ocean in 1892. 

The probable errors given in the summary o f  results are close approsimations. 
- -- 

* Keilurl of IS%. Appendix KO. 1 1 .  pi'. 40;-430: a d  Keiwrt for is~:, hiqicndix No. 2, 1'11. qj-zji. 
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NO. 

I 

2 

3 
4 
5 
6 
7 

S 

9 

IO 

11 

I' 

15 
' 14 
15 

16 

17 

THE EASTERN OBLIQUE ..1RC. 

4. SOMMARY OB KESULTS FOR I.ONGITIJIIP. 

Staliorr. 

Calais 
Bangor, Tlioinas Hill 
Caiiil~ridge, Harvard Ohservatory 
Cape May 
Dover 
Washiiigtoii. Seaton Station 
Washiiigtoii, Coast aiid Geodetic Survey 

Wasliingtoii. Naval  Olxervatory (old ) 
Wasliingtoi~. Naval Observatory (ne\\,) ' 
Petershurg, Roslyn Station 
Wiliiiingtoii. De Rosset Station 
St.rasliurg 
Cliarlottesville 
Raleigh, Stnte House Groiiii~ls 
Cliarlestoii. Citadel Square 
Statrwille, near Siim?i!o:: Co!le- a - 
Colmnihia, Capitcjl Symre 
Macon. Acaderii~ 7 b "q uare 
A4t la~~ta  
Moiitgomery, Capitvl Hill 
Lower Peach Tree. Wilson County 
Mul~ile, PiiIJic Syiiare 
New Orleans, 1Sg5, 1,afayettr Square 

Office 

Slnle. 

%IC? 
Me. 
Mass. 
N. J. 
Del. 

I).  c. 
11. C. 

1). c. 
1). c. 
\'a. 
N. c. 
\la. 
\'a. 
x. c. 
s. c. 
s. c. 
s. C. 
GH. 
Ga. 
Ala. 
Ala. 
Ala. 
La. 

Keferred tu. 

Transit 
Traiisit 
D O I I I ~  

Transit 
Transit 
Transit 
Transit 

Dome 
Clock-RoolIl 

Transit 
Transit 
Transit 

Oliservatory 
Transit 
Tr:iiisit 
'I'm mi t 
Trailsit 
Transit 
Transit 
Transit 
'I'ransit 
Transit 
Transit 

rmwitinle 

0 I I /  

67 16 57'Yb 

6s 47 0 2 ' 6 0  

71 07 45'69 
74 55 45'6s 
75 3' rS.45 
76 59 52'73 
77 00 25.64 



C. RESULTS FOR AUIMUTH AT T H E  ASTRONOMIC STATIONS OF THE 
OBLIQUE ARC. 

The stations where an azimuth was detcriiiiiied 'astronomically are quite niiiiieroiis 
and are clistributed over tlie whole estent of tlie arc. There are 56 aziniuth stations, 
14 of which are iiz roiiiiizoii with tlie arc of the parallel in latitude 39O. All necessary 
details in regarcl to the oliservatioiis at these stations are given in the publisliecl cliscus- 
sioii of that arc. Some of the particulars are republished in this clisciissioii in tlie proper 
place. 

The various iiietliocls employed by the Coast and Geocletic Survey for the determi- 
nation of azimuths, together with tlie required foriiiulz and their iiunierical application, 
are so fully set forth in,Appendis No. 14, Coast and Geocletic Sur.veley Report for ISSO, 
pp. 261-2Q6, and i n  a later edition, Appendix No. 7, Coast and Geodetic Survey 
Report for r8g7-gSI pp. 377-407, that no further reference is required. It will suffice 
for a full esliibit of the azimuthal results to present for each station the following pa.r- 
ticulars-the method employed, iiistruiiieiit used, stars observed, tlie arrangement and 
composition of sets of observations, the number of measures axid position of ircle or 
instrument, and any other details pertaining to theoperation; the iiames of the observers, 
atid, finally, the indiviclual results in the form of an abstract, together with their prob- 
able errors. 

The apparent places of stars are taken directly from the American Ephemeris or 
derived from Gould's ' ' Staiidarcl Places of Fuiidaiiiental Stars, " Washington, I 566 
(second edition j, except in  a very few cases. 

The probable error of the result of a single set and that for the resulting azimiith 
of the mark are due to observing errors and exclude the probable error in the star's 
catalogue place. When referring tlie azimuth of the mark to the triangulation, the. 
probable error of the referring angle is not given, as in general it is riot accurately 
deteriiiinable. "lie local adjustment of the horizontal clirectioiis at a station include . 
that of the mark, aiicl'tlie angle between the yark and the direction of a line in the 
triangulation was corrected by applying to it the m'nn  shift or average correctioii to 
all the clirectioiis at the station in the second or figure adjustment. The probable error 
of any resulting azimuth of a line in tlie triangulation may be estiiiiated as not less 
than one-half of a second. One-third of a secoricl has been taken for tlie probable 
error of a11 observed direction, resiiltiiig from the figure acljiistiiient, whence 0" -47 
for tlie angle " mark and line." Conibining this with f or1.25 as the probable error 
of the measure of tlie azimuth of the mark, we get fo"'53 for an approsiiiiatioii of the 
probable error of a resnlting azimuth of a line. For ordinary or less precise work this 
value niay rise to three-fourths of a second. 

327 
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I .  COOPER, n r A r m .  

rp = -14" .55/.2. A = 67" 2s'. I west of Greenwich. 

The 7 5'"' direction theoilolite No. I (Troughton & Simms') w?s mounted over the 
triangulatioii station. Focal length of telescope, I 1.5 ceiitiiiieters ; clear aperture. 7.5 
cetitiineters. The azimuth mark was located npon a hill to the north of the station and 
distant about 2 miles. Light was slio\vti through an aperture three-fourths of an inch in 
diameter; for day observations a wand I foot in length and I inch in breadth was placed 
above-the center of the aperture. A set of ol~seruatio~ig 011 Polaris generally consisted 
of 3 observations of the mark, telescope clirect I and 3 ol~servations telescope re\;ersecl, 
followed by j observations of the star, with the necessary time and level record; the 
iiistrutiient was then reversed and the observations were repeated in the reverse order. 
In case of h Ursa? Minoris 6 observations were niade upon the star both before and 
after reversal. One clivisioli of level '= 1"'43. Observers. G. W. Dean and R. E. 
Halter. Probable error of a single result for aziiiiutli + o'"89. 

Surrrrrurrrrrnnql c? f r-t.snr(tsfbi- ( ~ z i i i i i d h  nf ~ ' t w p ~ - i . .  flhriitc. 

Date. I'oaitioii. 3 Date. Position. A 
1s59. * I I ,  iS59. c. I ,I 

Polaris near eastern eloiigntioii. A Ursx Milloris iienr lipper cillmioation. 

Sept. g 1 1; 2.19 .1;'j3 +0'8 j  sjtpt. 'I 1 I\' 2 do J;'@ +I  '50 
~ S ' o h  t o . 3 2  I 2  I v .I: 'W .I. I '0: 

~ 0 ' ' O ~  - 1  'y I 49'- --o'irJ 

4 7 %  +o.$ 47'93 f l ' o t ;  

'y 
!5  1 11 $5'$ il 3" I' ' 5  I I i  .qn .AL) - 1 .TO 
14 

:: I 9: 49'05: . - Q ' j O  :: I ::f .W'S2 - I  3. c.J 

'9 49.56 -1.1s 

Weon 2 49 45'3Si0'31 Meail z J ? ' ~ ~ & + O ' J U  

0 I / I  

Mean of groups 2 49 js 6s 
Diurnal aberration - 0 . j I  

Azitriiitli of Mark 
Angle between Mark and Howard 

177 IO I I  '63 ko"'25 
is5 16'59.5s 

Bziiiiut!i of Ho\v:ircl 3.51 5.3 IZ'Oj 

2 .  HOWARD. nixixx. 

ql= 4p37'  .x A = 67°r3'.S 

Theodolite No. I was tiiouiited over the station. The iiiark was located upon a hill 
about I >; miles north of the station. Light was sho~vii through an aperture three-fourths 
of an inch in diameter; a waiid I foot high and I inch wide was placed above the aperture 
to serve as day niark. In the ca.se of Polaris a set of observations consisted of j pointiiigs 
on the iiiark \+it11 telescope direct, 3 pointiiigs on the mark with telescope reversed. 
followed by j poii;ti!igs on the star, or 6 in case of 8 Ursa? Minoris. with the necessary 
level and time records; the iiistruiiient was then reversed and the above observations 
were repeated in the reverse order. Observers, G. W. 
Dean and R. E. Halter. 

One division of level = 1''.4;. 
Probable error of a single result for azimuth f ~ ' " Q o .  . 
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Aug. 9 111, 114 20 12% -OW: Aug. 9 
13 I\' 12'39 +0'40 I2 

13 14 V 12 '51  + 0 ' 2 S  

16 I I I  '5' +I '27 14 
17 I1 14'65 - 1  '89 16 

Position. 

I 
I1  
I1 
111 
IV 
v 
v * 
I 

11' 
111 1 

111 114 20 13'11 - 1 ' 0 1  

I11 11'37 + O ' i 3  
IV 11.m + l ' I @  

1' 10'71 + I ' j $ I  

I I 1  '6.l fQ.47 

Diurnal aberration +o':; Diurnsl aherratioii to .51  
Q I /I 



Theodolite No. I was mounted over the triangulation station. The iiiark IV& 

established iiear Hiills Cove. and is distant from the station about 4 niiles. Light was 
showti through an aperture one inch in diameter, and above this n wand \vas adjusted 
vertically for day observations. A set of observations consisted of 3 pointings on the 
mark, telescope direct. 3 pointings telescope reversed, 5 pointiiigs on (r LTrsx Minoris or 
6 IJII X Ursz Minoris. The iiistrunient was then reversed and the observations were 
repeated in reverse order; time atid level records were iiiade for both positions. One 
division of level 1'"5;. Probable error of 
;I single result frir nzimuth j=  SO. 

Observers, A. D. I3ache aud G. W. Dean. 

11 

I1  
111 
111 

IV 
v 
I 
I 

IV 
v 

Mcaii 

Azimuth of Raggd Mmntain 7s 30 46'57 

5. MOUNT HARRIS,  MAINE. 

+ = J.I0 39"9. 

Theodolite No. I was mounted over the trin~igulation station. 
A = b90 0Sf.g. 

The mark was located 
.upon the suiith d e  of the old stage road from Uisnioiit to Hanipden, about 2% niiles 
from Dismont village: light was shown through an apertnre I inch in diameter. and for 
day 0bservations.a wand I foot high and I inch wick was placed over it; the lower half 
Qf this l>!.;?!?d ly?s C"l:rrPC! ??;it!l ?,!ack CQttQ!? c!&h .?!:<I ::pper !ldf .,.;i:h .:;kite c=tt=:: 
cloth. A set of olxservntions consisted of 3 poiiitings on the mark. tele.scope direct. 
3 poititings telescope reversed. 5 pointiiigs on the star if ( Y  Ursx Minoris or 6 if A Ursz 
NIiiioris. The instrument was then reversed aiicl the observations were repeated in the 
reverse order; tinie and level records were macle for both positions. One division of 
level = r'"54. Probable error of a single 
result .for aziniutli + o"'gY. 

Observers. A. D. Bache aiid G .  W. Dean. 
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Date. Positioil. zgt&. d Date. 

Theodolite No. I was ~iiounted over the triangulatioii station. The tilark was located 
about 2yi iiiiles froin the station and was arranged in the usual nianner. A .set of obser- 
vations generally consisted of 3 pointings 011 the mark, telescope direct, j pointings on ' 

same, telescope reversed, 5 poiiititigs on the star, with time and level record. The iiistru- 
tiiriit was then reversed and the observations repeated in reverse order. One division of 
level = 1''*54. Observers, A. D. Bache aiicl G. W. Dean. Probable error of a single 
result for azimuth f o"'66. 

.%iiiiiriaiy oj'izsiiifs-s/br- iizirriirfh ( i f  /?l7gp7d A / o n i i f ~ z i i i .  Ahiiic. 

u U r s x  Miiiori* iiear tasterii tloiigalioii. A Urarr Miiioris iienr iippcr criliiiiiiatioii. 

Positioii. 

I 
I1 
11 
I1  
111 
I11 
IV 
v 

31eaii 
0 I If 

Meaii by groups 0 53 54 '$9 
Diurnal aberration + O 3 T  

Azimuth o f  %lark 
Aiigle 1,etweeii Mark and Mount Pleasant 
Azimuth of Mount Pleasant 

1% 5; 55 '20 &CY' 'XI 
59 05 10 'hj 

SI 4s 45 '~~ 

* Ktjtctrtl liy Pcirce's criterinii. 
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0 3 . 1 6  

i7 
17 

18 
20 

THE EASTEliN OHLIQlrE ARC. 

E I 
E I1 
\ir 111 
E I v 
E v 

7. C A P E  sh1Ar.r.. J I A I R R .  

cp= q j o  46'.7. 1 = 69O 5n"S. 

Theodolite No. I was iiiounted over the triangulation station. The inark was about 
1% iniles from tlie station. 110 other particulars given in the record. X set of observa- 
tions consisted generally of j poiiitings on the mark. telescope direct. j pointiiigs ou 
the mark, telescope reversed. 5 observations of the star with time and level record. 
The instrument n7aS then reversed and the observations were repeated in reverse order. 
One division of level = o".g7. Observers. A. D. Bache, W. P. Trowbridge, aiid C. 0. 
Boutelle. Probable error of a single result for azimuth =t o"'gh. 

Sitiiimti:i* f i.twt/fs.tiir 17zi i~itth lit c17/k- .h17// ,  AIlziiw. 

a U r s x  Winoris ntar upper cilltiiiiiatioii. a Ursze Mirioris mar eloiigations. 

Date. 
rag I .  

Oct. I4 

1s 
16 
17 

23 

x 

Mean 

d Mark 
E. of N. 
3 I I ,  

s 40 12.p fr 'gq 
lS'$ +r.oS 
:4 'ox +o '43 
16'15 -1'74 
16'17 -1'73 

0 I ,I 

Mean of groups s 40 1-1 $3 
Diurnal nberratio!i '-0.jI 
Azimuth of Mark iSS 40 15 .IJ+Y' '29 
Angle between Mark and Sabattus 33 31  11.6; 
Aziniutli of Sahattus '55 19 03.5: 

f i .  SABBATTUS. MAINE. 

q=.$.$O oY.6. A = p o  r.lJ/ 7. 

Theodolite No. I was mounted over tlie triangdatioii station. 

O. 

Tine inark was 
placed on the gable of a barn about 3 iniles distant from the station. and it showed 
under an angle of depression of I 

A set of observations consisted geuerallp of j pointings on the mark with telescope 
direct, j pointings on same, telescope reversed: 5 pointings on tlie star. if near culnii- 
nation, but j pointings only when near elongatioii, with time and level records. The 
instrument was then reversed and the observations repeated in reverse order. Value of 
I division of level O"'97. Probable error of 
a single result for azimuth =t ~'"oo. 

Observers, A. D. Bache aiid G. W. Dean. 

.$it i i i i i i i i q *  t!j- i . t w . i i . v  /hi- l ~ i i i i i t i h  171 Sl76oiiits, .@-uiiit-. 

a Ursze Minoris near iipyer cultiiiriation. 

1ss 0 I w II 

July 13 V 0 06 25 '$3 -1.02 

Date. Position. Ey"f'\,. 3 

25.79 +I'm 

-- 
a 06 ~ . S I  Mean 

Diurrial aberratiori +c.'31 

I4I ' 
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SIIIIIIIIIZI:~  t7f r-csidfs~i~f;,r~ ~i=iiiiiifh nl Sabaltrq Il/crbts-continued. 

a Drsx Minoris near eastern elongation. 1007 T. 1'. C. near western elongation. 
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Date. Position. . zzl$. . d Date. Positioii. 2':;;. 9 

rS53. 0 I It It I f i s .  0 I I, It 

Ji11y 22 IV o 06 25.00 -I '30 July 2.1 IV 0 06 23.61 - 0 ' 6  

23'44 + 0 9  

0 06 23'53 Mean o 06 23'70 Mean 
Diurnal allerratiori +Q':I Diurnal aberration + o ' y  

2s I 111 

?:'IS +0'52 

_- -3'46 + I  .z4 
24'15 -0'45 

0 I I f  I I  

Meail by culminations 

Mean of groups 
Aziniuth of Mark 
Angle between Mark and Mount Independence 
Azimuth of Mount Iiirlependence 

u 06 -25 'j5&0.46 

o 06 24-64 
[So 06 24 *65+0 '29 
204 24 $3 5 7  

24.51 23.51 

Mean by elongations 23 '93fO '24 

9. MOUNT INDEPENDENCE, 1XIAINE. 

rp=4j0 45j.6. b=7o* 1gI.5. 

Theoclolite No. I was mounted over the triangulation station. The mark was 
located nearly north of the station aud distant about 3 miles. A set of observations 
generally consisted of 5 or 3 pointings on the mark with telescope direct, 2 or j pointings 
on sime, telescope reversed, 5 observations on the star with time and level record; the 
instrunlent was then reversed and the observations repeated in reverse order. One 
division of level =0"*97. Probable error of a single result for 
azimuth fo" '65. 

Observer: A. D. Bache. 

~ t l I l b I l I ~ I l ~ 1 ~  of rt~stdfs.fir- C T Z ~ I I I I I ~ ~ ~  af Mount i i td tpmfev t t~~,  nl1i iw.  

a Urs:c Minoris near enslerii ' o. Llrxe  Minoris and 6 Ursre Minoris 
eloilgation. near westero elongation. 

Date. 

1Qg. 
Sepl. 19 

20 

21 

oct.  I ?  

13 
14 

18 

J Date. 

V 
VI 
VII 
I 
I1 
111 
IV 

Mcaii 

Mean of groups 
Diurnal aberration 
Azimuth of .Mark 
Angle between Mark and Agamenticus 
Aziniuth of Agamenticus 

Position. 

B I 
I 
I1 

1711 

I11 
IV 
V 

Mark w of N. 

0 10 49.q 
48 .io 
50 '85 
y3'-W 

49 '93 
4s 'SZ 
4s ,285 

0 I I ,  

9 

-0 '21  

+o '$3 
-I '3 
-0.72 

-0 '45 
+o .66 
+ r  ' 2 2  
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IO. nIOUNT PLEASANT. niarixE.' 

q = j ~ O  01%. 1\=700 49j.4. 

Theodolite No. I was iiiouiited m7er the triangulation station.. The mark was placed 
nearly in line with Mount Blue, on the summit of the nest  ridge aiid about I !nile dis- 
tant froiii the station. The angle between the mark, and Mount Blue was iiieasured 
micronietrically with the eye-piece tiiicronieter of the theodolite. The angle of depres- 
sion of the wand placed over the niark was 3%". A set of observations consistecl of j 
pointings on the mark wit11 telescope clirect I 3 poiiitings on same. telescope rrversecl, 
5 observations of  the star with time and level record: the instrumpt  was then reversed 
and similar observatioiis were made with their order reversed. One division of level = 
o'"g7. Observers: A. D. Bache, C. 0. Boutelle, and W. P. Trowbridge. U. S .  E. 
Probable error of a single result for azimuth f o'"yo. 

=urs:e nfiiiork near lower culiiiiiiatioii. o 1;rs;e nliiiurin iiear upper culiiiiiiatioii. 

Date. Positioii. E. of N. 

I I .  AC~AMENTICUS. MAINF,. 

fp=433 13"4. L = 7 d  41'.6.  

Theodolite No. I was ~iiomited over .the triangulation station. The mark was situ- 
ated on a hill about 2 miles distant. A set of obsrrrations consisted of 3 pointing..; on 
the mark, telescope direct: j pointiiigs 011 same, telescope reversed: 5 poiiitiiigs on star 
with time atid level records; the iiistruiiieiit was tlieii reversed and similar observations 
were made in the reverse order. Obser&r: A. D. Bache. 
Probable error of a single result for aziniuth ~ = I ' " o ~ .  

One division of level =0"'97*. 

- ~ 

*The iiiatruinciit was geiierally kept leveled. 
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Sir  111 iiili I:V ~ y '  liwiltsyiw l i z i r r r  rrt  h tr f -4g1i rrir'iif i c i r s ,  nhirit,. 

R Ursx Miiiori- iiear castcrii rloiigatioii. (L U r s x  Miiiori- iiear weaterii eloiigatioii. 
Mark Positioii. E, of N, 1 
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12. CXJNSTOCK. NEW HAMPSHIRE. 

q = q , O  31' D. I = 7 r a  23l.2. 

Theodolite No. I was iiiouiited over the triangulation station. The inark mas 
located upoil the highest point of rock on the suiiiiiiit of Mount Brlkiiap, about tlirer- 
fourths of a mile froiii the station; light was sliowii through a three-fourths inch aperture, 
above which was placed vertically a ~vancl I foot high and I inch wide for clay observa- 
tions. A set of observations coiisistecl of j poiiitings 011 the mark. telescope direct, 3 
poiiitiiigs un same, telescope reversed, 5 poiiitings on the star if Polaris. or 6 if 6 or 24 
Ursz Minoris, with tiiiie and level record. The 'instrumeiit was then reversed and the 
observatioiis repeated iii the reverse order. Value of I division of level = I"*OO. 

Observers, G. W. Dean and R. E. Halter. single result for azimuth 
*O"'S.. 

Probable error of 

Sir rri 11111 r:io 1 6  r -tsrrlfs j b r  - liziiir i d  h of Cir tis fort  I N m  f f l i  rrrpsli ire. 

aUr+;t' Mi l iar is  iirnr e:tStcrii rloiigatioii. 6 L l r w  Miiioria near upper ciiliuiiiatioii. 

d 

-1 '53 
-3 '03 
+o'46 
i -1 '24  

+ I  '07 
-0'16 

+ I  '75 
+0 39 
-0.61 

Meaii 40 29 49'57+"''34 
Diuriinl aherratioii -0'33 

a I I /  

Mean of groups 40 29 49'57 / I  

Aziuiuth of Mark 139 30 1 0 ' 4 3 f O ' I S  

Angle between Mark and Mount Pleasant 7 s  15 23 '17  
Azimuth of Mount Pleasant 2x7 43 33-60 

- -. -_.____ 
*The results for July '4 aiid 2s are from ohservatioiie of 24 Ursx Mitioris aud of 6 Ursre nnnoris. 
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13. UNPONOONUC, NEW HAMPSHIRE. 

rp=420 59"o. A = 7 P  3 9 . 3 .  

For an azimuth 
inark a lamp with reflector was set up at Holt station about 3-i miles distant from 
Unkonooiiuc. A set of observations generally consisted of 2 pointings on the mark. 
telescope direct, 3 pointings on saiiie. telescope reversecl, 5 pointings on the star, with 
time and level record. The instrument was then reversed a i d  the operations repeated 
in the reverse order. One division of level = o"'g6. Observer, A. D. Bache. Probable 
error of a single result for azimuth fr"'64 .  

Theodolite No. I was mounted over the triangulatioti station. 

Date. 

1S4S. 
Sept. 25; 

Oct. 5 
5 
6 
6 

&I Date. Position. * Fyz&, 
IV 
111 
I l l  
I v 
v 
i l  
I 1  
1 

a I I ,  

Rleaii of groups 1;; <IS I 1  $2 

Diurnal ahrrratioii . fo  '51 I r  

Azimuth of Gunstock 194 35 2 0 3 s  

Azimuth of Mark 5 1 5  $5 12'1jC0.45 
Angle hetaeeli Mark ancl Gunstock I 17 I z gr '75 

IJ. THOMPSON, IUASSACHUSETTS. 

fi=.pO .34/'6. A =  700 .+j's 

. Theodolite No. I was mounted over the triangulation station. The. mark was situ- 
ated in a northerly direction on a high r0ck.y bluff, distant from the station about one- 
third of a mile. Over the sinal1 opening in the 110s was placed a wand, a half inch 
wide, for day observations.*: A set of observatioiis generally consisted of 3 pointiiigs 011 

star, with time and leve'l t recorcls. The instrument was then reversed and the opera- 
tions were repeated in the reverse order. Probable error 
of a single result for aziniuth =to"%+. 

a 1  1- ' . . I  .I! .... ._ 
L I I ~  u i a i ~ ,  ~eirscupe IIII~CL. 3 pljiiiiiiigs oii saiiie! iele~cupe i.evCi~eil, 5 puiiitiiigs 011 the 

Chief of party, A. D. Bache. 

~~~ 

*Two azimuth marks were piit up: the results were referred to the western one as king hetter determilied than 

t The iiistrument was generally kept leveled. 
the other: the angle between the marks was q0 05' c ~ S ' ' ~ ~ o " ~ ~ .  
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Sept. 26 
2s 

3) 

j o  
OCt. 3 

6 

a Ursre Minoris near eastern elongatiorl. a Urke i\Iinoris tiear western elongation. 

I 
V 

I V  
I11 
I1 
V 

Date. 

146. 
oct. 2.5 

Nor. b 
Dec. I 

Theodolite No. I was iiiounted over the triangulation station. The mark was 
located upoii the highest point of Little Wachusett Mountain, about I 3 . i  miles distant; 
light was slio\vii throng11 a !;i-incli aperture, aticl clay observations were made on a wand 
I foot high and I inch wide, mounted over the aperture. A set of observations con- 
sisted of 3 poiiitiiigs on the mark, telescope direct. 3 poiiitings 011 same, telescope 
re\:ersed, 5 poiiitiiigs on N Ursz  Minoris (or 6 on h Ursse Minoris) with time and level 
records. The instrument WRS then reversed aiid siiiiilar observations were made in the 
reverse order. Value of oiie division of level ~'"oo.  Observers. G. W. Dean and 
R. E. Halter. Probable error of a single result for azimuth =t 0".43. 

Sttnrrrroiy czf  i-csidfs for nzintrcfh a f  Warhnscft, ~ ~ / c ~ s s a z h a s ~ f f s .  

(L tirxc filiiivris near caskrii cloiigutioli. h Urxc Miiioris near upper culmination. 

Position. 

I 
V 
I V  
111 
I1 
I V  
I 
I1 
111 

Mean 

Ll Mark 
W. of N. 

I ,I 

174 15 12'63 -0'3 
I I  '95 +0'34 
12'71 -0.42 

12'67 -0.38 
13'24 -0.95 
12'13 +o'16 

12.62 -0 '33 
11.42 +o'S7 
11 '27  +i'oa 

;3 Mark 
W. of N. 

Mean 174 15 12'1zfd''r7 

0 I I f  

Mean of groups 174 15 12-21 

Diurnal aberration -0.31 
Azimuth of Mark 5 44 ~ S ' I O - c d ' ' I 1  

Angle between Mark and Bald Hill IS 32 53-35 
Azimuth of Balcl Hill 24 I7 41'45 

q~.gz-No. 7-02-22 
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16. HARVARD OBSERVATOKS. nIASS.-\CHUSETTS. 

fp=420 2 Y . Y .  ,\=71° 07"7. 

'I'rougliton and Simms transit, Coast Survey No. 5 .  was mounted on tlie west 
btrausit pier of Harvard Observatory. The mark was a bull's-eye. lantern, showing 
through a hole of r; iiicli diameter in a h s  placed on a trestle 2 1  feet high and 
strongly braced. The mark cvas found to be about 7'"5 ment of north. and was on the 
.same level as the old nortli mark for tlie east transit. The  aperture appeared at a n  
altitude of o* 6' as seen from the 'west transit. A board 2 by 2 feet, painted in 
alternate stripes of Mack and white, 4 inches wide, served for day mark. Micrometric 
differences were measured IxtnTeeii tlie verticals of the ' iiiark and star as  it passed the 
meridian, and times were recorded on chronograph; a set of observations generally 
consisted of T O  poiiitings on tlie mark. clamp west, IO pointings. clamp east, and of g 
transits of the star. One clioisioii of level =o".g6: the value. 
of one turn (roo divisiotis~~ of the eyepiece riiicronieter was fourid to be =34'"81 from 
the transits themselves. Probable error of a single result 
for aziinutli fo"*4o. 

Levels were recorded. 

Observer, A. T. Mosman. 

Smir 1irc7ry (?f r-csrilfsf~w x i i i i r i f t i  a/ H1lt-xi.lf Obsci.xfoi:i-. ~ lh~ssn ihewf f s .  

6 L1r.s~ idinoris ,SI Cepiici :tt A U ~ K C  &liiicris 
at  lower cul- iipgcr ciiliiii- at lower cul- 

Iiiiiiati~xi. iintiam. tiiiiintiuii. 

IS@. 
Jail. 

Peb. I 

4 

5 
7 

13 

17 

19" 
2s 

27 

28 
Mar. 1 

, 
11 

I ?  

Mean of R a i d  A Ursce Minoris at upper transit 
Mean of 51 Cephei at lower transit 
Mean 
Diurnal aherration 

.... 

.... 

.... 

.... 
7.47 

8 '07 

7.61 
s.02  

S65 
7 'OU 

s .20 

7 

.... 

.... 

.... - 
779*0"'13 

1,  

7 '65 
s '03 
7 .SJ 

J I -0 .- 
0 / / I  / I  

Azimuth of Mark 179 59 5*'47*0'13 
Angle between Mark a id  Blue Hill 176 23 05 
Aairriutlr of Blue Hill 356 22 57'95 
Difference of aziniuths, transit atid dome +2 2Q.42 

Axiriiutl! center of clorrie to Blue Hill 356 ij 26.4 

*Rejected. 
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17. BLUE HILI,. MASS.4CHUSETTS. 

fp=42" 12":. A = i I "  06'.g. 

Theodolite No. I was mountecl 017er the triangulation station. A set of observations 
consistecl of j pointings on the n id i ,*  telescope direct, 3 pointiiigs on same, telescope 
reversed. and 5 poiiitiiigs 011 the star, with time and level records. The instrunient 
was then rerersecl and the preceding operations repeated in the reverse order. The 
instrunient was kept levelecl. Probable error of a single 
result for azimuth fo"*Sg.  

Chief of party. A. D. Bache. 

SIII~IIHIIIIII:I~ or' ~r*sirffs/br c i n i i i f h  af  Bhc. Hif f ,  dlassarl~nscffs. 

a Ursre Miiinris near western elongation. a crrsrr Minoris near eastern elon-gation. 

&5.. 
Sept. 24 I11 

37 IV 
Oct. I y VI 

3 11 

I3 V 

I 

Mea 11 

1545. 

sept. 3 j  

xi 
3; 

2s 

'Y 
O C t .  1 

2 

0 I I /  

!Alean of groups 2 0 2  33'" 
Diurnal aberration -0 '3' / / '  

Azimuth of Mark rS2 02 33'42&0*25 
Angle lietween Mark and Manomet 123 54 56 '6.3 
Azimuth of 3lano1net 305 57 30'05 

I s .  SHOOTFLYING. MASSACHUSETTS. 

q=4r0 41' 'I. A=70@ z d  OR. 

Theodolite No. I was iiiountecl over the triaiigulatioii station. The azimuth mark 
was distant from the station about 134 miles. A set, of observations consisted of 3 
pointings on the mark, telescope direct, 3 pointings on same, telescope reversed, and 5 
poiiitiiigs on star, with time atid level records. The instrument was then reversed arid the 
operations repeated in the reverse order. Chief of party, 
A. D. Baclie. 

Iiistruinent was kept leveled. 

- 
Probable error of a single result for azimuth fo"'S6. 

*No particulars given in record respecting the aziioutll mark. 
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0 I / I  

Mean of groups 
Diuriial aberration + o y  / I  

Azimuth of RIark 
Angle het\wWl Mark and IvIanoniet S6 04 50 '77 . 
.4zimuth of Yanoiriet 

49 os 13.20 

229 OS 13'51 - C o q  

rJ; 03 22'74 

19. IXDIAN. MASSACHUSETTS. 

,p=4 I 25f '7. A=iiBo 40"7. 

Theodolite KO. I \vas iiiouiited over tlir triaiigulatioii station. -4 pole at Prospect 
Hill served fur a day mark, but several lights were used for reference marks. It \vas 
found. however, that the day mid night observatioiis upoii the Cape Poge Light, the 
West Chop Tjglit, and the Tnrpuliii Cove Light mere discorclant, the verticals t1ir;ougli 
iiie ceiiiers uf the iight-iiouses and through their focal reflectors not being coincicleiit. 
A set of ohservatioos generally cniisisted of several poiiititigs on one or iiiore of the 
marks with telescope direct aiid reversed, atid 6 pointiiigs 011 the star with time and level 
records. The instruinerit was tlieii reversed aiicl the operations repeated in the reverse 
order. Instrument \vas kept leveled. Observers: A. II). Bache a d  C. 0. Boutelle. 
Probable error of n single result for azimuth j = x ' ' . - p .  

Stoniiiaiy c?f li 'sirfts Jv- r7:illtllfh 171 Z)tdiitJl, . / l l i 7 ~ ~ i 7 b t 1 . ~ ~ f f ~ .  

a Urste Miiioris near westerii eloiigatioii. a 1:rs:e Miiioris iirar easterii elniigatioii. 

Posi tioii, 

v I 
I 

11 
1x1 -_. 
1, 

IV 
v 
VI 

Meaii 

Mark 
\V. of x. J 
D I I .  

I40 37 56.61 +j '03 

43'03 -3'35 
.ll'* - 2 ' 2 5  

37'78 + I  $7 
4nr.25 -0.w 

42'55 -2'90 

.;6..31 + j ' j 4  
.$ .-lj 3'- I f a ' s 7  

140 37 39'65+0"'64 

I'osition. 

VI 
I 
I 

. 11 
iii 
I v 
v 

Meaii 
0 I I I  

&lean of groups 140 37 39'75: 

j g  21 zo'gj k G . 5 6  

73.5 35 SS'S2 

Uiuriial aberration -0 '31 
-A".Y...... ~..:~. . .+t.  ..c V. nr-..i- *.I'..'. 

Angle between Mark and Copecut 96 I; j S  '29 
Aziniuth of Copecut 
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21J. COPECUT, MASSACHUSETTS. 

p=41* 43'3  A=7r0 0 3 ' 6  

Theodolite No. I was mounted over the triangulation station. A small telescope 
was placed a few feet from the great theodolite to serve as collimator; it proved, how- 
ever, to be very uiisteacly, and even for da17 observations the cross threads had to he 
artificially illuminated. For the observations near the eastern elongation eyepiece C 
\vas attached to the theodolite;:$ value of one clivisioii of its niicroiiieter=0'"5~. The 
station Blue Hill mns used for a clap mark. A set of observations of Polaris near eastern 
eloiigation generally consisted of one dozen iiiicronietric observations between mark and 
star, telescope direct, aiicl the saiiie number with telescope reversed: also 5 circle read- 
ings on collimator. instrument direct. arid 5 readings, instrument reversed. In connec- 
tion with the observations near western elongation the star was pointed at  a iiuiiiber of 
times, with instrument direct atid reversed: titiies and. levels were recorded. The instru- 
ment was kept leveled. Observer: A. D. Bache. Probable error of a single result for 
azimuth f r " ' r 5 .  

Sitiiiiiiliiy of i ~ s i d t s  for liziiiiiifh ( i f  Copcciif. Al~is.~irc-/rits~~ifs. 

O. Ursa: Mil!oris iiear eastern eloiigatioii. a Ursx Minoris near westerii eloilgation. 

~nsitioii. "ar' W. of  N. 
1%. 

Sept. y 

17 
30 

act .  I 

1 

5 
S 

I11  
IV 
V 
V 
v 
V 
v 
V 

Mean 

0 I I1 

Mean of groups 

Angle between Mark and Blue Hill 
Azimuth of Blue Hill 

4 42 53'S.l 
Diurnal aberration -0 '31 ' I  
Axiinutli of Mark 175 17 06'5 f o ' y  

0 .CU 

175 1 7 . 0 6 ' 5  

21. HB.ACONPOI.l!,, RHODF. JS1,AND. 

rp=.l10 59"7. A=7i0 27'm. 

Theodolite No. I was mounted over the triangulation station. Observations were 
made iu sets consisting generally of 3 to 6 pointiugs 011 the inark and on the star, with 
telescope direct, atid the same number of poititings with telescope reversed; the instru- 
ment was kept leveled. Probable error cf a single result for 
azimuth +o"'Gg. . 

Observer: A. D. Bache. 

*One turn of eyepiece ruicroiueter equals im divisions. 



IS&. 
oct.  . I 1  

Nov. I 

s 
10 

16 

IS 

Date. Positioii. , 25"f'k,. ;I Date. 

.;I I I, I 1X.I.I. 

Mean of groups 
Diurnal a1)erratioii fo  '31 / I  

Azimuth of Mark IS3 u 2  26'13iz0'20 
Angle betw\.ce11 Mark a1161 Elne Hill 46 j 3  j r  '11 
dziiriutli of Blue Hill 32s j.5 17-24 

33. SPKXCEK. RHOUE ISLANlr. 

1p=41* 4d.7 .  1 = 7 r "  291.7. 

TWO aziiiluth illarks 
were nsttd: their angular difference is 4' 04' I f"6q=ttof'* IS. A I 1  iiiexsures were reduced 
to t!ie gzsterc n:ark. The o'Jscr.\.atioiiJ ivere iiide iii iriegular sets of a 1Iulilber, :L doze11, 
more or less, of iiiicronietric measures between the star and the mark. with telescope 
direct aud telescope reversed. The value of one division of the eyepiece niicrometer 
was o"'57; it was not used i n  connection with western elongation of Angust 14. One 
division of level C=o".grj, hut the instrument was generally kept leveled.:~ Observer, 
A. D. B a c k  Pro1)ahle error of a single resnlt for nziniutli fr"'25.  

.... inevrlolitr Nu. I mas :xxmted over t!ie tria::gula:io:i :;:stion. 

0 I / I  

Mean of groups 2 02 02.3s 
Diurnal aberration +o.jr 11 

Azimuth of Beaconpole IS5 57 3j.02 

.4zimutli of Mark IS? ' 02 02 -6g:ko '42 
Angle between Mark and Beaconpole 356 y "29 '67 

* 011 Aiigu?;t i i  aiid I I  thr star was observed direct aii.1 reflrctcd. 
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cp=@ '4' '5. 

Theodolite No. I was niouiited over the triangulatiou station. 

,\=72" $3' '9. 

The mark was located 
near the Prospect House on Mount Holyoke; a liglit was show11 through a three-fourths- 
inch aperture in the 110s: a wand above the opening was used in daytime. A set of 
observations consisted of 3 pointings on the mark, telescope'direct. 3 pointings on same, 
telescope reversed. 5 pointings on t~ Ursx Minoris (:6 in tlie case of d Ursze Minoris), 
with time and l e ~ l  records. The instrument was then reversed and a series' of like 
6bservations was made in the reverse order. Observers, 
G. W. Dean aild R. E;. Halter. Probable error of a single result for azimuth fO"'77. 

One division of level = ~'"oo. 

, ~ ~ ~ 1 1 1 1 ~ 6 ~ 7 ~ ~ 1 ~  tfJrsltlt.TjbJ. trsimtrtlr nf ;?ZOIIN~ 771111, il/i7.~st1~.~1r~t,tts. 

(L IJrstr. Minoris near eastern eloiigatioii. 8 Ur*:c Yiiioris riear upper culininatioii. 

Date. l~ositioli. $':::. -I Date. Position. GT;:;",. J 

- I  '2s 

-0.06 

- - I  '67 
-0  .JS 

+ I  '70 

+ I  '7 ;  
-0'17 

+ O ' l l  

24. S.INI>F;OKD. CONNECTICUT. 

' p  = 410 37"7. 

Theodolite No. I was iiiouiiteil over the triangulation station. 

A = 72" 57"O. 

An azimuth mark 
was placecl on the liigliest liill in n westerly clirection, aiicl about 15 iiiiles froiii the 
station. The aperture was three-fourths of an inch in diameter, and a wand I foot high 
and I inch wide was placed vertically over it. A set of olxervations consisted of 3 point- 
ings on the mark, telescope direct, 3 pointings on same. telescope reversed, 5 pointings 
b ~ i  tlie star if Polaris, 6 if h Ursse Minoris, with time aiid level records. The instrunleiit 
was then reversed and the observations repeated in the reverse order. One division of 
level =I".oo. Probable error of a single 
result for azimuth =k ~'"m. 

Olxservers, G .  W. Dean and R. E. Halter. 
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Positioii. J Date. positioii. 

-0 '54 
- 1  '70 

- j '58 
--0'71 

+ I  'la 

+o  .ss 
+o.6; 
+2 '07 

+ l ' Q I  

'1 I 

ISZ. 
sept . 

J 

- 1.96 
- I '67 
+ I  'CXI 

-0 '5.; 
+I '35 
-0 $<I 

+2'71 

--- 
Mean S i  JG og.rj*o"'-)-) 

0 I I' 

Mean of groups SS 49 04 '69 
Diurnal alJerration -0 ..;I ' I  

Azimuth of Mark 91 IO . 5 j~ ' i2 tn ' jo  
Angle betweeii Mark mid Rulaitd Sg zo j o  .34 
Azimuth of Kulaiiil 5 50 25'28 

25. WEST HILLS, NEW SORR. 

rp=400 4S"S. 1 = 7 3 O  25'.6. 

Theodolite No. . I WIS niwuitecl nearly over the triangulation station. The 
azimuth mark was placed iicir the ststion Huntingto:i. 4: kiloiiieters distant . froiii 
West Hills statioii.:i: -1 set of observatiotis consisted of j poiutings pn the mark, 
telescope direct, 3 paintings 011 same, telescope reversed. 5 paintings on the star, if 
Polaris. 6 if Ursze Minoris, with time and level records. Tile instrument was then 
reversed atid siiiiilar o11servations were iiiade n7lith their order reversed. One c!ivi- 
sioii of level= ~'"oo.  Observer, G. UT. Dean. Probable error of a single result for 
aziiiiuth fo'"5 j .  

.s'IIJ1illilll:l' ty- r-rsirlfsfbr I T Z ~ I N I I I R  i l f  If.>sf Hills, NLW Jk1-k. 

Date. Position. zlt:i, 
1%5. 

Ailg. 4 
< 
9 

I 1  

12 

15 
16 
18 

J 

+ I  .oo 
+ O ? l  

+ 1 '0 

+ O ' j i  

- 1  '04 

- 1  .38 

+o '3s 
-0.39 

Meau 2 2.3 5.)'2j-l0".15 

Diuriial aberratioil +o'ji 

Mean of groups 
Rechictioil to station 
Aziiiiutli of ?Iark 
Angle betwerii !Mark and Wooster 7 26 21 6 1  

Azlnluth of Wooster 174 57 3s.32 

*The geodetic station was foiuid to be 0.47 of an iiich SW. of the point at which the aziiniitli ohsrrvatioiia were 
riiaile: the currectim 1 0 1  the nririiuth wlieii referred to the groclclic statim is +o"..p. 
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26. BEACON HILI., XEW JERSEY. 

Ip=$ll" 22"J. A=740 1;' '7. 

Tlie Troughton Sr Siniiiis transit. Coast Survey No. 5 .  was niounted over tlie 
station; focal length of telescope I"" 17. clear aperture 70""". iiiagiiifyiiig power about 
YO. Value of one division of eyepiece micrometer o " ~ ~ ~ ~ o ~ o " ~ o o o I  at 3 I O  C. One 
clivisioii of level o'"g6; pivot inequality +O"OI 7 for c h i p  west. The mark was located 
about S miles north of tlie station arid light was sliowii through a I-inch aperture. 
In connection with tlie observations for time iiiicroinetric iiieasiires hetween tlie 
verticals of iiiark and star were iiiade for the cleteriiiiiiatioii of azimuth. 4 set of 
oi,servntions coiisisted of I 5 transits of 6 tlrsze Minoris aiic1 an equal Iiuliilxr of transits 
of 5 I Cephei over the iiiicronieter thread set in advance to a whole turn lietween o aiicl 14; 
the inark was observecI IO times with c h i p  east aiicl an eclunl i iuii ih- of times with 
clamp west; the level was generally read before aiicl after each set. Observer, G .  W. 
Dean. Probable error of 3 single result for nzimutli fo"'S I for 8 Ursx Minoris and 
+0"'47 for 51  Cepliei. 

Sttiit iitoi;is 1~~ i . L w t l f s j w  lzziiitttih o f  l i?iz~-oi i  Hill, ~\~cwJrrscv. 

S U r s x  tdiiioris iirnr iipprr ciiliiiiiiatioii. 51 Cephei'iirar lower culiniuatioii. 

Dale. 

IS75. 
Aiig. ig 

25 
26 

27 

2s 

?I 

Mark 
W. of N. c1a111p. 

E 7 '95 
\v . 5 '53 

b I\. s f33 
F, 6.11 
w ' 6'50 
E 7 'Si 

3 Date. 

,I 1875. 
- 0 %  Aiig. r a  
+I '56 ? I  

- 1  '54 25 

+O'PS 35 

+o '59 17 
-0-3 I -  2s 

0 I ' I  

Meail of groups u o 7 '06 I' 

Angle lwtweeii Mark and Weasel 3 35 36 '95 
Aeiiiiuth of Mark 179 59 52'94C0'21 

Azinintli of \\Teasel 1s; 35 2939 

27. n1ouN.r ROSE. NEW JERSEY. 

q=400 22'.1. L=740 43'*4. 

The mark was 1 .20  kilometers distant. 
Tlie 60'" direction tlieodolite No. 2 was mounted over the triaiigulation station and 

15 feet above tlie ground. A set of obserua- 
tioils consisted of 3 poiiitiiigs on the mark. telescope direct. j poixitings on the same. 
telescope reversed, and 5 pointiiigs on the star. telescope direct, and 5 poiiitiiigs on the 
same, telescope reversed, with time and level records. One division of level = 1'"35. 
Observer, J. E. Hilgard, assisted by G. W: Stevens. Probable error of a single result 
for azimuth f1'"07. 



Mean o f  yrmps 
Diurnal aberration 
Azimuth of Marl; 
Angle between Mark aikl Mount Holly 
Azimuth of Mouiit Holly 

OCt. 27 

Nov. I 

I 

2 

5 
5 
5 
5 
4 

2% YARD. PENNSYLVANIA. 

gr=;9" 5!;"5. A=j59 2 j I . 2 .  

The 60""' direction tlieoc!rl!ite No. 3 was ~muntcc-1 over the triangulation statim. 
A set of azitnutli observations consisted of 3 poiiitings 011 the niark arid 3 pnintitips 1J11 

the star, y i th  telescope direct, and the same number of pointings on mark am1 star 
with telescope reversed. One division of level = 0'' -94. 
Observer, J.  E. Hilgard. 

Times and levels were recorded. 
Probable error of a single result for azimuth fo"'g9. 

.!iit1iiii:,7iy q' i ~ m ~ l t s ~ j b -  tiziiiiitlh 171 1 < i i d .  FL.icifsi,l~ciiiirr.. 

(I Ursz Milloris nt various lioiir airgler. 

V D I; 31's; +2'07  

I v 3.1'2.: . - D ' a g  
111 36'.% -2'9.5 
1 .?.j 'W +o.re 
V 34'15 -0'21 

111 32'73 + I  .22 

v 34 '37 -@ '4.3 
I V  3 2 ' 2 0  + I  'bs 
11 35 '52  - 1  '3.5 
I 3.: '94 0 '00 
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29. PRINCIPIO. MARYLAND.* 

q = 3 9 O  35/'5. A=76O mf.3. 

The 60'"' direction thedclolite No. 3 was mounted ooer tlie triangulation station: 
the mark was at Carpenter's Point, about s?i  iiiiles distant. A single result for 
azimuth is derived froin 19 sets. each consisting of: 3 poiiititlgs on the mark, reversal 
of iii5trunietit: 3 pointing 011 th& mark. 4 to 6 pointiiigs on the star, followed by the 
same operations in tlie reverse order, with the necesshq7 noting of time arid level 
readings; circle used in V positions. Probable error of a single 
re..;ultf~~".jrg. 

Observer. R. D. Cutts. 

J2csiilfs j b r  nzii)iiitli f rurn ohsrr-r~atio)is LY 11 Lksc Jlirior%c iitytzr t-asfri-rr t*hri,(mfioii, i.ti nlrqptsb hiid 
,5plciirho-, I S M .  

0 ,  I / I  

3 05 0 7 ' 2 0  

j 05 0 7  *52fo/' '40 
I 30 2-1 '01 

J 34 43 '5.r 

Mark west of south 

Aziiiiuth of Mark 
Angle betwceil Mark a i d  Turkey Point 

Diiirnal aberration $0 '32 

Aziniuth of Turkey Point 

30. CAPE HENLOPEN LIGHT-HOUSE. DELA\VARE. 

p=3Qo 46/'7. ' A=7s4 o ~ / * J  

The 30'"' direction theodolite No. I 35 was mounted over the eccentric geodetic 
station, about 15 ineters north of the center of the Light-House; the mark. was at 
Brandywine Shoal Lighf-House. A single result for azimuth is derived from 49 sets, 
each consisting of a pointing on the mark, a poiiithig on the star, reversal of instrument 
:ind pointiiigs 011 star and inark, noting of tiines and level readings. Circle used iii 
XVII positions. Probable error of I\ single result f 1"'76 
for N Ursze Minoris a i d  & o'"g7 for X Urxe Minoris. 

h?c..siift..s -J&- uziiiiiifh - f j z i i i i  ohs~*rxrfiorrs .)/ i r  C[I:%T !I/iiroris lziid A UI.S(T /If~'irori.c ( i f  wr-iclris horir 
t 7 n g h s .  ia S p I ~ ~ i i i ~ t ~ ,  /Yo/-. 

Observer, 0. B1 French. 

0 I I /  I /  

Mark W. of N., 2Y results froin observations of r r  Ursa Minoris 6 14 23'21=k0*33 
bktrk W. of N., 21 results from ol~servations of X Urslc- Minoris 22 '19-0 '21 

\\rcigllted. iiieaii according to the probable errors 2 3  ' 4 S f O  . I S  
Indiscriiititiate itieaii of ~g sets 21 '77 
3I\lciitl \:a1tte arlopted 22 '62 
1)iurlitil abeyratioii -0 '32 

-20 '37 
17.3 4s 17 'jj 

Aziitrutli o f  Mark 173 45 37'7Wk0.21 
Redtictioil to center of Cape Henlopen Light-House 
.~zirrtuth, Cape Heiilopen Light-House to Branclywine Shoal Light-House 

*For llic complete nhstract aiid comb~natioii of results for azimuth at this arid tlie siicceediiig 13 stations. all of 
which are ~ r ) i i i i i i ~ ) i  tsi the Arc oi the jot11 Parallel aiid the Obliqor Arc. see "The Traiiscontinental Triangulation ' I  

u. s. Coast slid Geodetic So~'vey. Special Piiblieatioii No. J. Washiiiytoii, D. C., 1900. 



345 THE EASTERN OBLIQUE AKC. 

q=3So 52'.4. ,\=76" 3 6 ' 6  

The 60'"' direction theodolite No. 2 was mounted over the triangulatioli station. 
A single result for aeimuth is derived from a. set of observations consisting of al:mit 
m e  clozeii pointings on tlie star. one half with telescope direct arid one-half with-tele- 
scope reversed, and corresponding pointings 011 the mark. with noting of times and level 
readings. Observers: A. D. Bache. J. Hewston, jr.. awl 
G. Daviclson. 

h'1wilf.c f hi. crsiiirit f h  . f r i ~ r r r  ~ ~ ~ . ~ ~ . 1 . ~ 1 1 7 f i ~ 1 i f . ~  at' tl'. 8. i r i t i l  A l r i : ~ "  AZiifoi-is i m 7 r  c.rzsft*rir doi[p7fi~w crlril i l f  

Circle used ill SI positions. 
Probable error of a single result f ~ " ' g ~ .  

l r ,  6. 8 .  t r i r i i  C h z -  i1fimwi.q l i d  cy. LL C71:ctr Mijlwis I I t - i z i -  :cvsftvx t-loi~girfioi), frrit t- .  tSJq. 

Mark I\'. vf 3.. frurii S stars iiwr eastern elongation 
I\lurk \V. vf N.. froill S stars near wrsterii elo~igation 
Mean, M w k  west of north 
Diurnal aberrstioii 
Aziiiiutli o f  Mark 
higlr  I,etwet.ii Mark and Hi11 
Azirliiith of  Hill 

31. w E m ,  B~ARYLAND. 

0- I / I  I' 

1i'=3'," 0jf.d. x.=75= #3"5. 

The j5'" direction tlirodo!i!e Xo. I was moiuitecl over the triangulation station. 
The inark was about I mile clistant-. A single resiilt for aziiiiiith is derived froiii a set 
of observations consisting of 6 poiritings on tlie mark. one-half of which with telescope 
direct and the other half with telescope reversed: I 3 poiiitiiigs on the star. oiw-half 
xith telescope direct aiii! oiie-kalf with tricscope reversed; fiinaiiy 6 inore poititiiiqs 
011 the mark as before, noting time and level readings. Circle used in V positions. 
Observers, A. D. Bache atid G. W. Dean. 

Rsrrlts -tiw 17:iii~rrfh fioiii  ohsri-mfiLv~s LY- LT  TI..^ nfiiioris IIEilf '  t-asfcr-ii l r m c f  x w f t w i  r.!oii~~rf~oiis, in 
Oi-f&r- izircr' No;viith*r. iS50. 

Probable error of a single result.fo"'6j. 

0 I I f  / I  

Mark E. of N. ir Ursce Minoris, 5 sets near eastern elongation 
Mark E. of N. tr l!rs= Minoris. 5 sets near western elollgatlon 
Meari: Mark east of north 6 07 45 3 6  
Diurnal aim-ration t o  '32 
hiti iuth of NIark 1S6 07 45-S8*o21 

6 0 7  45 . ~ & o  .28 
4s %9&0 '35 

Aiiglr het\veen Mark and Soper 97 0 7  56.61 
Azimuth of Super sy 59 49'-'1 

33. ::ILL. iri.iiiYi..iWD. 

cp=3yo 53"g. A = j h O  52"s. 

The 75"" clirectioa tlieodolite No. I was inouiited over 'the triaiigiilatioii station. 
Mark in line to, station Webb. A single result for azimuth is derived from xj sets of 
obsercations, each consisting of 6 poiiitiiigs on the inark. half with telescope direct and 
half with telescope reversed: 10 yointirigs on the star, half with telescope direct and 
half with .tpltwy>e revers&!, IEC! f;.!:~!!:; 5 p~!::ti::g:; G i i  Sir iiiiii-k PS ixiore. \wtIi noting 
of times aiicl level reaclings. Circle used in V positions. Observers, A. D. Bache and 
G. W. Dean. Probalde error of a single result +o'"S3. 

. .  



Mark 
Mark 
Mark 

E. of N.. 5 results froiii tr Llrsx Minoris near eastern elongation 
E. of N.. 5 results from ti U r w  i\Iinoris near western eloilgation 
E. of N.. j results from A Ur.w Milloris near upper culmination 

Meail. Mark east of north 
Diurnal aherration 
Asilriiith of Mark 
Angle hetween Mark and Webb 
Azimuth of \Vebb 

0 I I I  /I 

39 46 56S3&0'4z 
57 ' 7 7 f O ' j I  
61 '01 Not used. 
57 '50 
+o '32 

219 46 5 7 ' 6 2 f o 2 6  
00 '27 

219 46 57'Sg 

34. SOPER, MARYLAND. 

lp'=jgo 0,5"2. A = 7 6 O .  57' '0. 

The 75"" direction theodolite No. I mas niouiited o\7er the triangulation station, 
the niark being to tlie southwarcl, distant 442 meters. A single result for azimuth is 
clerivecl from IO sets of observations. each consisting of 6 pointings on the mark, IO 

pointings on the star, one-half with telescope direct and half with telescope reversed, 6 
pointings on tlie mark, with noting of times and level ieadings. In case of culminations 
the al?oiie operntions were repeated. Circle used in V positions. Observer, A. D. Bache. 
Probable error of a single result fo'"g3. 

/?i~i11tJor- lrsiriri[th frviii oht.i.arfiorts qf tr Ui:m Il/iiioris ntwi- l o ~ v r .  ixliriirrniioiz. A L ~ ~ ~ F I T  J f i m i i s  
ricar L-iistci-ii L-/~it,glifiori, w id  6 U r s ( ~  ilZiiroi-is iitwr nrt>s/t.rx t-/ortgirtioii, irr Jiit'y, zS50. 

0 / / I  

' Mark enst of north, indiscriminate mean 178 19  , j Y  '22 
Diurnal aherretion . $0'32 II 

Aziiiiutli of Mark jgS rg jS '5~&o'zg  

Aziniutli of Webb 268 49 23-46 
Angle between Mark and Webb s9 30 J5.d 

35. SBATON. DISTRICT OF COLUMBIA. 

q = p o  53' '4. ,\=77O OO"0. 

The 75'" direction theodolite No. I was mounted over the triangulation station, 
micl tlie mark \\'as on the tower of the Soldiers' Hoiile, abont 354 i d e s  distant. A 
single result for azimuth is clerivecl from 34 sets, each set of observations consisting 
of 3 pointings on the iuark and S pointings on the star, one-half with telescope direct 
aiid one-half in reversed position. The star was observed alternately direct and 
reflected in mercury. times noted. Observer, 
C. 0. Boutelle. 

The circle \vas used in VI1 positions. 
Probable error of a single result ~to" '72 .  

Rtwitll for icziirrnl/r frwir obsc~i.z~~ilioits of'tr Ch-sri. Mrroris ilt ili1ifo1ts holrv twglrs, i f f  Decembtr, 1565. 
cirtdJnrr t [ i i i y ,  zS69. 

Mark west of north IO 01 13 '73 
Diuriial aberration -0.32 II 

Aziniuth of l\layk . 169 55 4 6 ~ 5 9 ~ 0 ' 1 s  
Angle hetween Mark and Hill 95 3.1 oj"17 
Azirriiitli of Hill 265 32 53.76 

0 I !I  
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The 75"" direction theodolite No. I was mouiited over tlie triangulation station, atid 
the inark was about a quarter of a mile distant. A single result for azimuth is derived 
from a set of observations consisting oi* 6 pointings 011 the mark one-half with telescope 
direct and one-half with telescope reversed, I O  pointings on the star. one-half with telr- 
scope direct, and one-half ~ telescope reversed: fiiially. 6 more piiitiiigs on the inark 
with times noted and levels read. For culminations two sets were taken and coupled, 
one made before. the other after culmination.' Circle used in 17 pnsitiotis. Observer. 
G. W. Dean. Probalile error of a single result, star near elongation fo"'SS nncl stal: 
near culmination f I'"oQ. 

Rmdts-iFfi)i- ~ ~ z i i i i i i / / i  j m i r i  obwi;w/ions oj' S i i . . s z  i lriawis itrnr c . L ~ . T ~ c * ~ I ~  C / O M . ~ L ~ ~ ~ O N  Lllld I I M I -  hi r r - r  

cxlnr imtifion. in zq1~7-11 a l 1 d J f f  Jfc.  IS^ I .  
0 I I ,  / I  

Mark E. of N., j observations near ea?;terii eloiigatioii 30 53 &:I '62%~~ '51 
Mark E. of N.. 5 observations near lower culmination 55' 2pfo -4s 
Mean. ?Mark east of north 
Diurnal aberration 
Azimuth of Mark 
Angle between Mark and Soper 
Azirntith of Sopix 

37. WC-AR.  LOAF, EIARYL.AN13. 

w=3y0 15/*S. ,I = 7:" a;%. 

The 50"" direction theodolite No. I I; was iiio~iiitecl over the triangulation station. 
and the inark was near the railroad statio11 at Bariisville 3's miles distant. Thirtv- 
three sets or" observations were made, each consisting of a poiritiiig 011 the mark, 2 

poiiititigs '011 the star. one direct, the other reflected in mercnry, reversal of instrument, 
olxervatioiis as before, but in reversed order, times noted. The circle was used in S I  
positions. Observers, C. 0. Boutelle aiitl F. D. Granger. Probable error of a single 
result =!= I".OZ. 

RclsrdtJw ~izinrfirrfh.fr-orrr obst-r xtfioiis qf tx C k s ~  JTirioris n/ airions hour- ~wg-lt-s, in c ? L - / o ~ c ~  mid 
A'awrrib~r; rSi9. 

. c /  I' 

Azimuth of Mark, east of north 167 0 1  5 5 9  
Diurnal aberration +-0-;2 I? 

Azimuth of >lark 34j 01 60'2S:t0'20 
Angle between Mark and Bull Run 45 27 16.51 
Azimuth of Bull Run 32 29. 16.79 

38. I\IARYI,AND HEIGHTS. h'IARI'LAEI'D. 

p = 35" 20/'5. 

The 75'" direction theodolite No. I was mouiited over tlie triangulation station; 
the mark was 011 a hill hack of Knoxville distant about ;?{ miles. Thirty-five sets 
of observations were takeii, each set consisting of a pointing on the mark. 3 pointings 
on the star, one direct, the other reflected in mercury, reversal of instrument and series 
:;f s ? x ; c ~ , - z ~ ~ : : s ,  GS !X~GX, but iii the i'ei+i.~e ~ji.dlri. iiiiies iioteci. I ne circie tyas used 
in V positions. Probable error of a set 
or single result -f: I'"IO. 

A = 770 4y.o. 

-. 
Observers, C. 0. Eoutelle arid F. D. Granger. 
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Re-snl/ f iv-  nzinircth :ij-oiri ob.~~.r-;~~rti~vis (~r' cc L il.stL- :lfimwis L Z ~  znrions Iioiir arrglcs, iii @i-t&r, I.\';o. 

O f  I !  

Mark east of north 10.5 14 43.46 
Diurnal aberration s0.32 I f  

Azimuth of Mark 2ss 14 . I3'jS-r-O'I .S 

Azimuth of Bull Run 35s 43 0 6 ' S S  
Angle betweeii Mark and Rill1 Run 70 28 23 ' IO 

;y. HULL KlIN. YlRl:.rxl.\, 

cp=jSQ J'f .9.  ,1=770 42"'. 

The 75"" direction theodolite No. 1 was mounted over tlie triangulation station: the 
mark was on High Poitit Moiiiitain about I j6 iiiiles distant. Thirty-five sets for azimuth 
\\?ere taken. each coiisisting of a pointing on the mark. 1 paintings on the star, first 
direct, srcoiicl reflected in mercury. reversal of instrunlent and series of siniilar ohserva- 
tioils in  the reverse order, times noted. Observer. C. 0. 
Uoutelle. 

.Resrrlt -/iw cizii~rnth . j i u i t i  oh.scl-rwfions qf  R L 7 1 : w  Afirroris o f  arrioii.~ h w r -  ,rri.LYlt*s. in  0 i f t i b r * r .  t r m ?  

Nll~vlllh!r. /s;1. 

Circle used in VI1 positions. 
Probable error of a set or single result =t ir ' .~o .  

G / I  

Mark west of IicirtJi 15s 36 29'9s 
Diurnal aberration - . . @ ' j 2  I.* 

Aziniutli of Mark 31 2:. jO.j4CO'20 

Aziinutli of Peach Grove 265 gj 2S.15 

Angle betweell Mark and Peach Grove 742 29 57 .SI 

40. CI.AKK, \:IRGINIA. 

ql'=3so 1 S f . 7 .  A =  is" CQ' 0.2. 

The 75" directioii theodolite No. I WRS iiiounted over the triangulation station; 
iiiarb at Rapiclaii railroad station, nearly 5-54 kilometers distant. 'l'hirty-five sets of 
oh.f;ervatioiis were takeii, each set consisting of a pointing on the mark. 2 pointings 011 

the star, one direct. the other reflected in mercury, reversal of instrument and series of 
observations, as before, but in the reverse order. times noted. The circle was used in V 
positions. Observer, C. 0. Bontelle. 

&sir/i ./br nziirinih .iivrii ub.~c,r.;Iliiioas q f  LX Umc ~Viriiv-is ut arriorrs h~iirl- lriigft-s. in .-lagtist, IST I .  

Probable error of R single set or resultf r".og. 

0 I N 

Mark west of north 85 30 59'64 , 

Diurnal aberration - 0 ' 3 2  

Aziiiiutli of Bull Ruii 202 19 77'77 

Arimutli of 9 h - k  29 oo'6Sf0'1S 
Angle betweell Mark and Rull Run 107 50 27 'og 

41. I.OSG nToUNTAIx. VIRGINIA. 

9'370 1 y - s .  A=790 OS"2. 

The 35'"' direction theodolite No. I O  was iiiouxited over tlie triangulation station: 
the iiiark was 011 belfry of court-house at Lynchburg, about IO miles distant. Forty- 
sis sets of observations were macle, .each set consisting of a pointing on the mark, 2 

pointings 011 tlie star, one clirect, the other reflected in mercury. reversal of instrument 
and series of observations, as before, hut in the reverse order, times noted. The circle 
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was used in YSIII  positions. 
a single result +I'"s-+. 

Rcsii/t./bi- n=iirtnt?t f iviit okrxrf ioi is  qf' it L7r.stz f1Ziirori.v af  wrioirs R q u r -  r711.$r/t'S, iri ~ V O X ' I I I ~ ~ I - ,  lS75. 

THE E-GTERN OBLIQUE ARC. 

Observer. A. T. Mosman. Probable error of a set or of 

0 I . I t  

Mark west of north 20 4s 13'11 

Diurnal aherration -0 '3' I /  

Azimuth of Spear 223 PS 41.74 

Azimuth of Mark 159 1 1  47'21k0'23 
.4ngle between Mark and Spear 64 16 , 54 '53 

42. ELLIOTT KNOB. VIRGINIA. 

Cp=3$" 1@'.0 ,\=790 1S"g 

The 50'"' clirectioti tlieodolite No. I 1.1 was iiiounted over the triaiigulation station. 
and the collimator was mounted 011 a brick pier 29 feet distant. Thirty sets of observa- 
tions were made. each set consisting of a pointing on collimator, 2 paintings on the star, 
one clirect, the other reflected in mercury. times iiotecl, reversal of iiistl-uiiient and series 
of obseroatiotis, as hefore, but in the reverse order. The circie was used in S positions. 
Observer. A. T. Mowiaii. 

hi*snlt Air. t i z i ~ ~ t i l t l ~  -/>-ow ~ ~ h . ~ t . i . ~ i t I t i o r I . ~  (!/' I L' l /rst~ Alirror-is czt : ~ t ~ r i o t ~ . ~  A t w r  t ~ ~ ~ , ; * / c c ,  in .-li(,<rit.st. J.~;S.  

Probable error of :I single result i= ~ ' " p  

a .( 
Collimator easi o f  north I 41 34'53 
Tiiiiriial alierratioii +cJ'3:! /' 

A zi iii 11 t 11 of Col1 i 111 a tor IS1 41 34'S4+0.27 

.Iziinuth of Hiiiiiplxi~k .zq 2.5 24 '37 
Allg1e betwerii C~:~l~ililak)r ztlld Hiinipbac'k . 121 43 49 '53 

4,;. 3IIJIJKZ. S 3 K T I i  C.ll<GLlX.A. 

q-J=.;6" .23'. 9. X=Soo 17'.0. 

The Sininis transit. Coast Siirvej7 No. S. mas mounted in the meridian of the triaiigu- 
lation station, 7 feet to the north. Focal leiigtli of telescope I " ' . I o ~  clear aperture 
7'm, magnifying power 45 pivot inequality for clamp west + < J ~ ' o ~ ;  resulting value of 
one clivisioii of e j y k c e  micrometer before November I 5 o'"-+s70 and after cliang- 
ing focus to the close of the series o"~+~o~f~)'"~~ooz. Value of one division of 
level B = I ' " I I .  

Iu cotinectioii with the observations for time, those for azimuth proper consist of 
micronietric measures I~etween the verticals of the star and mark. The light at the 
ninrk was showa through a :.$-inch aperture; it was distant from' the station 5% 
miles aiid appeared under an angle of depression of 2' 25'. 

A set of observations generally consisted of 7 or 1 1  traiisits (times iiotecl by a 
sidereal chronometer) o f  the star over the micrometer tlireacl set in advance to a whole 
or to lialf a turn. iiistruiiieiit claiiip west. In connection with these, froiii 5 to IO point- 
ings were inacle 011 the mark, \\-it11 clamp east, and the saiiie iiuiiiber with clamp west. 
The lev61 was recorded with each set. When iiieasuring the horizontal angle between 
the mark and the line to Buffalo the transit instrument was used as a collimator. The 
right asceiisions of the stars \sere takeii from the best srmrces aosilahlt=. OhsPrwr, 
A. T. Mosinaii. Probable error of a siiigle result for- azimuth as derived froiii all the 
stars f r ' r * r o .  

. 



T H E  .L3STRONOMIC MEASURES. 

Sioiiiiit~iy rt*sidts&i- ti=iiiii~fh 17f r7/tui-c. North Cc~rofiirti. 

[The tabular resiilts include the correction for diilriial alierration.] 

Date, Star obsen-ed near np E. of N, 
per culriiination. 

I ,  I ,  

1SigT. T.C. 
L UT$. Min. 

11 Cephei 
75 Draconis 
L Urs. Min. 

3 Cephei 
! I  Cephei 
1 Urs. Min. 

I 1 Cephei 
!a6 Cephei 
i Urs. Miii. 

! I  Cephei 
rg Draconis 
226 Cephei 

79 Drnconis 

I I  Cephei 
75 Drnconis 
y Cephei 
u Urs. Min. 

1 1  Cephei 
79 Uracanis 
y Dracoiiis 
4 163 Crooni. 
a Urs. Min. 

126 Cepliri 
y Cephei 
J 163 Groom. 
a Urs. hliii. 

Date, Star observed near low- Mark E, of N, 

1S76. ' 

er culmination. 

Nov. 1 5  

NOV.  21 

NO\'. 22 

xov. 24 

Nor. 26 

uec. 1 

Dec. 2 

Dec. 3 

Dec. .r 

L Draconin 
,j2 Camelo. 

L Draconis 
sa Catneln. 

L Dracoiiis 
9 Draconis 
3' Caiuelo. 

L Draconis 
g Dracaliis 

I Draconis 
p Dracoiiis 
A Draconis 

g Draconis 

g Draconis 
A Draconis 
J Draconis 
I( Dracoiiis 
32 Camelo. 

32 Urs. Maj. 
9 Draconis 
4 Drawnis 
II Draconis 
32 Csnielo. 

p Dracoiiis 
I( Draconis 
32 Camelo. 

353 

Daily mean values of inark E. of N. from stars a t  upper and at lower culminations: 

Nov. 1s 

21 

22 

24 
26 

Dec. I 

2 

3 
5 

I! I I  

22 '78fo '55 
24.23 0.50 

22.98 0'50 
23'37 0'45 
24 '91 0-7s 
23-32 0'37 
23 ' 0  0.34 
23'21 0.42 

22%5 0'55 

- 
Weighted mean 23 *30-~0 -15 

0 I II II 

Azimuth of Mark ISO 00 23-30f0'15 
Angle between Mark and Buffalo 21 26 52 ' I I  

Azimuth of Buffalo I55 33 31.19 
~ I ~ z - N o .  7-02-23 
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+$. YOUNG. NORTH CAROLINA. 

q=350 44t.4. A=So0 3s'-g. 

The 50""' direction theodolite ( Wurcleiiiaiiii) No. 3 was mounted over the triangnln- 
tion station. The azimuth iiiark was placed on top of a Ixmi 011 Solomon Hall Place, 
distant 4.S6 miles, and the light was showti through an aperture 24 iuch in diameter. A 
set of observations consisted of a pointing on the mark, telescope direct, 3 observations, 
with time record of the star, one pointing with iiiiage direct. the other with image 
reflected in mercury.* The telescope was then reversed and 3 obserwtions 011 star, 
direct and reflected, and a pointing of the mark. telescope reversed, coiiipletecl the set. 
Observer, C. 0. Boutelle. Probable error of a single result for azimuth f r ' " r +  

Sitnirrror:il qf rcsisrclfs f hr nzinrnfh (if J%itrir, Xorfh Ciralirtli. 

a Urs:e nliuuris at various hour angles. 

Date. 

1S76. 
OCt. 1 0  

oct.  1 1  

Position. 

I 
I 
1 .  
I1 
I1 
I1 
I11 
111 
111 

I v 
IV 
1' 
V 
V 

I 1 7  

Mean, Mark east of north 
Diurnal aberration 
Azimuth of Mark 

a Ursre Miuoris at various hour aiigle~. 
Mark Mean by Date. Positioii. E, of N. positiolls, 

1S76. 
Oct. I2 

UCt. l j  

0 I / I  

7 2 0  24'24 
+a'31 I I  

IS? 20 24'55&0'26 
Angle between Mark and Poore 2% 32 25) '14 . 
Aziiiiuth of Poore 126 5 2  53'69 

*The mercury was covered by a iuosquito net to prevent any disturbance of the surface by wiud. 
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45. KING, NORTH CAROLINA. 

p=& 12'*2 I = S r O  rS'.8. 

The 50"" direction theodolite No. j was moutited over the triangulation station. 
The azimuth mark was placed 011 the roof of a store near Kings Mountain R. R. station, 
clistaiit 2 '79 iniles froiii King, atid liglit was shown froiii a bulls-eye laiiteru through a 
hole of ?{-iiicli diameter. A set of observations consisted of a pointing 011 the mark, 
telescope direct, i! observatioiis of the star, one with image direct, the other with 
image reflected in mercury, with time record. The iiistrutne~~t was then reversed and 2 
observations of the star were made, one direct, the other a reflected image. and oiie 
pointing on the mark concluded the set. Observer, C. 0. Boutelle. Probable erro'r of a 
siiigle result for azimuth fo"*gS. 

.Tititiiii(rqJ c~'~'rwci t s jb~ ozittizdh !zf A?N_s-, A h i h  Ciiroii~iu. 

a Urs:e Minoris at various hour angles. a U r s x  lUiiioris at various hoiir angles. 

Date. Position. $'%;$. 
0 I I ,  

I 40 0 1  07'13 
I 05 ' I  I 

I 06 '47 
I1 os ' 72  

I1 ' * ' I 6  
I1 C4.5'12 

111 os '" 
111 06 '24 

111 06.77 
I v ~ 6 . 7 1  

IV os w 
IV 04 '74 
v 06'5' 
v C.5'21 

' V  

Mean, Mark west of north 
Diurnal aberration 
Azixriutli of Mark 

iS77. 
nlay .io 

May ' 31 

June I 

Angle between Mark and' Beiin* I 34 43 '7 ~ 

Aziniuth of Betin 141 33 36.9 

* This angle is  somewhat tillcertain owing to large corrections to directious Young and Pans, required by the 
adjustment of the triaiigolatioll. 
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46. PARIS. SOUTH CAROLINA. 

p = 54'' 56'*5. 1 = $30 q " 7 .  

The 50'"' theodolite No. 3 was moiinted over the triangulation station. The azimuth 
mark was I *4  miles distant from the station, and the light was shown through an open- 
ing one-half inch in diameter. A set of observations consisted of n pointing on the 
mark with tele.scope direct. -? observations of the star, one with image direct, the other 
with image reflected in mercury, with time record. The instrument was then reversed, 
and 2 more observations of the star, direct and reflected, were made, and the set was 
completed by an observation on the mark. Probable error 
of a single result for azimuth f r " ' 1 5 .  

Observer, C. 0. Boutelle. 

Date.  

rs75. 

1:kt 24 

OCt. 23 

Oci. :J 

Oct. 26 

OCt. z i  

Oct. 28 

OCt. 30 

Position. 

I 
I 
1 

I 
i I  
I1 
I1 
111 
111 

".I11 
IV 
1V 
I B 
v 
V 
VI 
VI 
VI 

Meaii by 
positions. Date. 

Mean. Mark east of north 
Diurnal aberration 
Azimuth of Mark 

1575. 
Oct. 31 

Snv. I 

Nov. 1 7  

NOV. 18 
Nos. 20 

Posi tion. 

VI1 
VI1 
VI1 
YiIl 

VI!I 
IS 
IS 
IX 
x 
S 

S 
SI 
S I  
S I  

Mean 

..I-- 
Y l l l  

157 59 

I /  

Mean by 
positions. 

62 'sa 

h l .  20 

@r.o5 

59.54 

61.94 

Azimuth of Woffortl 267 IS 15.17 



THE ASTRONOMIC MEASURES. 357 

47. CUKKAHEE. GEORGIA. 

q 1 = 3 4 O  31% A = S 3 O  22% 

The so"" tlieoclolite No. 3 was mounted over the triangulation station. The mark 
was placed on the roof of a store at Toccoa village, distant between 3 and 4 miles, and 
was nbout 600 feet below the top of the niountain; the light was shown through an open- 
ing three-fourths of an inch in diameter and appeared uncler an angle of depression of less 
than 2'. A set of olaervations colisistecl of a pointing on the mark with telescope direct, 
1 observatioiis of the star, one by direct vision. the other by image reflected in mer- 
cury. with time record. The iiistriiineiit was then reversed and the preceding observa- 
tions were repeated in the reverse order. Probable error of a 
single result for azimuth f ""47. 

Observer. C. 0. Boutelle. 

Date. 

1Si.I. 
0.21. 2s 

OCL. 

Oct. 30 

I'nsi t ioii, 

I 
I 
I 

I 1  
I1  
11 

I11 
I11 
I11 
IT  
I v 
IV 
V 
V 
v 

VI 
B I 
V I  

Mark 
E. of N. 

36 20 40.63 
39 d o  

38 '55 
3s  '33 
36 '42 
39 '93 
3s  '32 
40 '90 
36 '74 

35 '76 
35 'SS 
37.42 
37'14 
39 '3' 
B '37 
3s '45 

0 I I ,  

41 '14 

36 '62 

Mean by I,ositiotls, Date. Positiori. 

1874. 
., N o r . :  

40.46 

Nov. 4 
37'77 Nov. 6 

Nov. 14 

.37'+ Nov. 15  

VI1 
P I  I 
VI1 
1'111 
VI11 
VI11 
IS 
IS 
IS 
S 
S 
S 
SI 
SI 
SI 

Mean 
37'01 

0 1  

niean hy 
positions. 

j s  'hi  

36'16 

32 '69 

37 ' S i  

36 '06 

- 
37'4r+o"'42 

Mean. Mark east of north 36 20 37'41 
Diurnal aberration +0'31 
Azimuth of Mark 216 20 37-72-co-42 
Angle between Mark atid Rahun 331 49 50 '17 
Azitiiuth of Rabun rSS IO 27'Sg' 
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4s. SAWNEE, GEORGIA. 

tp = 34'14' 'J.  ,I = s40 09' '7. 

The 75'" direction theodolite No. I was mounted over the triaiigulatioii station. 
The azimuth mark was glacecl 011 a hill north of the village of Cuiiiiiiing, 2.7 miles clis- 
taxit from Sawnee: light was shoivii through a half-inch opening aiicl appeared under an 
angle of clepressioii of 2' jS"7. A .set of observations consisted of a pointing on the 
mark with telescope direct, 2 observations of the star, one of image direct. the other 
of image reflected in inercury with time record. The iiistruiiieiit was then reversed and 
the preceding observations were repeated but in the reverse order. Observer, C. 0. 
Boutelle. Probable error of a single result for azimuth =t1'"50. 

a Ursit: hIinoris at rarioiis hoiir angles. 

Date. Position. $ ~ ~ & ~ ~ .  
ISj:.. 

oct.  I j  

Oct. 14 

Oct. 15 

Oct. 16 

19'1s 

19.84 

19.05 

20'6s 

a Urxe Minoris at varioiis hoiir angles. 

Date. 

1873. 
OCt. 17 

OCt. 21 

oct .  22 

Mean, Mark east of ilorth 
Diurnal aberration 
Azimuth of Mark 
Aiigle between Mark arid Currahee 
Azimuth of Currahee 

Mean by 
positions. 

20 '86 

16'67 
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49. ATT.ANTA MIDDLE RASS, GEORGIA. 

v=330 541 'j I = S 4 O  16/06. 

The 75"" theodolite No. I was nioiiiited over the triangulation station. The azi- 
muth mark was located at the north end of the base, 3 iiiiles distant from Middle Base; 
light was shown through a half inch apertiire.* A set of observations consisted of a, 
pointing on the mark n7ith telescope direct, 2 observations of the star, one observation 
with star direct, the other with image reflected in mercury, with tinie record. The instru- 
ineiit \vas then reversed aiid the preceding operations were repeated. but in the reverse 
order. Observer, C. 0. Boutelle. Probable error of a single result for azimuth fr"'61. 

a Frsx  Minoris at various Iioor angles. 

Date. Ibsitiori. 

I 
I 
I 
I 
I 
I1 
11 
I 1  
I1  
I1 
111 
111 
I11 
I11 
111 
1V 
IV 
I B 

1v 
IV 

Mark 
E.'of N. 

52 OS 03'16 
' q.02 

06 '30 
05 '37 
04 '93 

0 I ,I 

04'92 , 

06 '33 
03 '35 

03 '90 
03 '70 

I 07 .s2 

OS '99 
10.47 

11'23 
10 '01 

O i  '37 

a tirs:c alinoris at \-arious hour angles. 

Datc. I'ositioii. 

1875. 
Jan. ZJ 

Jan. 27 

Jan. 31 

Feb. J 

Feb. 5 
Feb. 8 

Mean, Mark east of north 
Diurnal aberratioti 
Aziriiuth of Mark 
Rechiction to base line 
Reduction to center at Northeast Base 

V 
v 
V 
V 
V 
VI 
VI 
V I  
VI 
VI 
VI1 
VI1 
VI1 
VI1 
VI1 

Meail 

Mark 
E. of N. 

52 OS 10'16 

g .1 .  

os '06 
05 '4.; 
05 '44 
07 '51 
0s '35 
CAS '82 
oq '46 
I I 'OS 
07 'cis 
05 'OS 

w '97 
06% 

04 'S3 

52 .as 

0 I I ,  

-- 

0 I I /  

Menii by 
position. 

07 '24 

og '04 

52 OS 07'16 
$0'31 

232 OS 07.47 . -~0"-55  
--I 'SI 
-0 '37 

Angle between Northeast Base and Stone Mountain So 14 23 '65 
..\zimuth of Stone Mountain 312 22 ~ S ' g q  

*The statioii is I '555 inches.or olll'qzj to the west and north out of line of thehase; the center of aperture wasSml , l .7  
east of Northeast Base. 
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50. LAVENDER. GEORGIA. 

p = 3 4 O  1 9 ~ ~ 3  L S 5 0  17"3 

The jo'" repeating theoclolite No. 32 was nioiirited over the triangulation station. 
Focal length of telescope 54""; aperture 5'"'; magnifying power 2s and 4S.* The azimuth 
itlark was located at the.secondary station Coosa. 6'9 miles 'clistant, and nearly at the 
same height as Lavender. For the first fifteen nights the light was shown through a 
three-fourths inch opening; after that it was enlarged to I y inches. A set of observa- 
tions consisted of I 2 repetitions of the horizontal angle between mark and star, one-half 
of these with telescope direct and one-half with telescope reversed, and observing the 
star alteriiatelg direct and reflected in mercury. Observer, F. P. Webber. Probable 
error of a single result for azimuth &I" '92. 

Date. 

IS74 
N o r .  I3 

". 21 

kov. 23 

Nov. 25 

Mark E. of N. 
a I II 

'53 16 53'25 
47 '0' 
52 '2 j 

5' -45 
$3 '40 
50.6s 
44 '27 
4s .4s 

46 '37 
45.26 1 '71  

4s '93 I '97 
44.46 2 .SI 
47 *44 0 '47 
47 m6 0.og 
43 '7' 3 '26 

Mean, Mark east of north 
Diurnal aherration 
Aziiiluth of Mark 

Dnte. 

1 S jJ. 
N o r .  25 

Nov. 29 

Nov. 30 

Dec. 2 

O I  

Mark E. d S.  

0 I ,/ 

153 16 41 .Sa 

43 '90 
49 '62 
43 'US 
& . r r  
47 '27 
47 '23 
46 ~4 
4s 2s 
44 'mJ 
42.7s 

45 '73 
47 '33 
47 .os 

Angle betweeii Mark arid Keiiesaw 33 04 JS '17 
Azimuth of Keiiesaw 300 11  59.11 

J 

5 '1.5 
3 '07 
2 '65 
3 '94 
I '14 

0 ' jU 

0 '26 
0 '03 
I 'SI 

4 .I9 
I .24 

o -36 

I/ 

2 '97 

0'11 

*Two eyepieces were used at this station. 
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51. AURORA, ALABAMA. 

qJ=340 &'.S. 1=56O rt'.o. 

The 30"'" direction theodolite No. 108 (Troughton 81 Simms) was mounted over the 
triangulation station. Focal length of telescope o""75, aperture 7""*5, iiiagiiifyitig power 
60. This instrument was used here for the first time.+ The azimuth mark was 
seen under an angle of clepressioii .of oo 37'03. A set of observations coiisistecl of a 
pointing on the i1is.t-k with telescope direct, followed by 2 observatioiis of the star, 
one with image direct, the other with image reflected in mercury. The telescope was 
then reversed and the star and mark were observed as before, but in the reverse order. 
Observer, F. P. Webber. Probable error of a single result for aziiiiuth f 3 " ' o S .  

St(iitiitaiy qf n-strlfs for azhrttrlh qf ..lnr.ara, Alablzirta. 

L U r s x  Minoris at rnrioiia hniir angles. a tirs:e 3lirioris at various hour angles. 

Date. ~ositioii. EM:&, nieails.  ate. Position. nIeaiis. 

lS77. 
Jiiiie 19 
June ?o 

June 24 

I 
I 

I I. 
I1 
111 
111 
I v 
IV 
v 
v 

V I  
VI 

VI1 
VI1 
VI11 
VI11 
IX 
IS 

1877, 0 I ,I . ,I 

Jiiiie 25 

4s '3 
45 '9 
42'8 } 44'3 

43's } & ' I  
52 '4 

52 '9 

59 '9 

5 4 . 5 )  53'7 

Jiine 26 

5 4 ' 4  1 54.6 

47'7 } 48'2 

5 4 3  J 

4s .s 
46'4 1 

44 '4  1 

42'9 1 44'7 June 27 

47'5 46.0 

D I * I  

S 48 '3 
S I  
SI 50 '7 

52 '3 
S I 1  
S I 1  

56 '4 

S I 1 1  
SI11 

56.7 
S I V  
S I V  

S v 51'6 1 
S V  51'7 I 
S V I  4S.I 1 
S B I  48.7 I 

j r  ' 2  

S V I I  
S V I I  

Mean 66 46 

, I  

47 '5  

50 '0 

5 2  'S 

57 '3 

52 ' 2  

4s '4 

0 I / I  

Mean, Mark east of north 66 46 50.67 
Diurnal aherration + 0 ' 3 I  
Adriiuth of Mark 246 46 50'9s &0"'72 
Angle between Mark and Brandon 349 19 3s '37 
Azimuth of I3raiidoii 236 06 29'35 

*'L'he graduation of the horimntal circle was afterwards found to be defective. 
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52. KAHATCHEE, ALABABIA. 

9 = 3 j 0  13/'7. A = S 6 O  21I.6. 

The 25Cm repeating theodolite (Gaiiibey) No. 63 was mounted over the triangula- : 
tion station. The azimuth iiiark mas located near the station Horn, distant 17'3 miles: 
light was shown from a sigrial lamp. A set of observations consisted of ci repetitions of 
the horizontal angle between mark aiicl star, 3 with telescope direct and 3 with telescope 
reversed, with the requisite time and level readings. One-third of the sets tiieasurecl the 
augle star am1 mark. Observer. 0. B. 
French. 

Value of one division of level=2"'67 at 24' C. 
Probable error of a single result for azimuth +orr'g8. ' 

Date. 

1S9S. 
June 6 

June 7 

Q U r s c  Minoris at vnrioiis h o w  angles. 

Mnrk E. of N. 

0 / I I  

73 32 12'3 

'3  '7 
I 1  .s 
IO a s  

12 'I  

I I  '2 

15 '7 
12 '3 
15 '6 
14 '0 

14 '0 
15 0 1  

13 '4 

13 .6 
09 '4 
11 .s 

I 1  '0 

11 '2 

IO '3 

d 
/ I  

-0 '2 

-0 '4 
+ 1 ' 2  

-0 '7 
-1 '7 
- - I  '3 
+3 '2 

+3 *I 

+ I  '5 
+I '5 
+2 *6 

+o '9 
- 1  '5 
+ I  . I  

-3 'I  

-0 '7 
--I '3 

-0 '2 

-2  '2 

Date. 

I S9S. 
June 7 
June S 

June 9 

Q U r s x  nIiiioris at various hoor angles. 

Mark E. of N. d 

73 32 09.8 -2 '7 
11 '7 -0 .s 
12 'I -0 '4 
12 '7 +o '2 

1 2 . 1  -0 . I  

13 '0 $0 '5 
13 .4 -1-0 '9 
13 '0 $0 '5 
13 '9 + I  '1 
13 .6 + I  'I 

I2  ' I  -0 '4 
I2 .s +0 '3 
I2  '2 -0 '3 
I1 '7 -0 '8 

13 '4 +o '9 
I I  *6 -0 '9 
12 . I  -0 '4 
I T  '3 - I  '2 

0 / I /  / I  

-- 
Mean 73 32 rz'.1g&o//*r6 

Mean. Mark east of north 
Diurnal aberration 
Aziinutli of Mark 

0 I / I  

73 32 12.49 
+o '31 / I  

' I C *  -JJ 3" :2'.%+3*;6 
Angle hetween Mark and Horn 0'00 
Azimuth of Horn 253 32 12'SO 
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53. ETIIKIDGE. ALABAMA. 

q = 32O 04'7. A = s7' 03"s. 

The ~ 5 ~ " '  repeating theodolite (Gainbey) No. 63 was mounted over the triangulation 
station. The aziin.ith mark was placed Over the station Lovers Leap, distant 15'2 miles. 
X set of observations coiisisted of G repetitions of the horizontal aiigle between mark 
and star, 3 with telescope direct aiicl 3 with teiescope reversed, with the requisite time 
atid level'recorcl. One-half of the sets were made with the angle iiiark aiicl star, the other 
with star and mark. Observer, 0. B. 
French. 

Value of one division of level 2"'67 at 24' C. 
Probable error of a single result for azimuth fo" 'g5.  

Ualr. 

I sgs. 
June r6 

June 23 

a UrsE Minoris at varioos hour angles. 

3iai-k E. of N. 
Q / / I  

65 52 46.9 
4s '0 
46 '0 
5 0  '0 
48.1 
4 5 ' 7  
4s '4 
49 '9 
4s.9 
49'J 
4s '4 
47.6 
jS  .6 

49'4 
47 '2 
49'5 

d 
/ I  

+2 'I 

+ I  '0 

$3 '0 

+o '9 
$3 '3 
$0.6 
-0 '9 
+o 'I 

+o .6 
+ I  '4 
+o '4 
-0 '4 
+ I  .s 
-0 .s 

-1  '0 

- 0'1 

Mean, Mark east of north 
Diurnal aberration 
Azimuth of Mark 

Date. 

I sgs. 
June 23 

June 24 

Q 

a U r s e  Minoris at various hour angles. 

Mark E. of N. d 
a I I /  I /  

65 52 48'7 +o '3 
47 '9 +I 'I 

4s '4 +o *6 
50 '0 --I '0 

50 '0 -1 '0 

49 '3 -0 '3 
51 'I -2 'I 

50 '0 -1 '0 

49 '0 0 '0 

5'1 '0 -1 '0 

51 '9 -2 '9 
49 '2 -0 '2 

4s '9 +o 'I 

49 '9 -0 '9 
5 0  -0 -1 '0 

51 -6 --2 '6 
--- 

Mean 65 52 ~g'oo&o"'17 

/ I /  

Angle between Mark and Lovers' Leap 0'00 

Azimuth of Lovers Leap 245 52 49.31 
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54. PORT M O K G A I .  ATABASIA. 

q=joo 13"s. A=SSo  O I ' . ~ .  

The Go"" direction theodolite No. z (Troughtoil:) was mounted over the triangula- 
tion station; focal length of telescope, 78'"'; aperture, 5 P :  magiiif~~ing power. j o  m c l  
40." A set of observations consistecl generally of j poii;ti.ngs on the mark, telescope 
direct, and 3 paintings on same, telescope reversed; froin 3 to 6 observations of the star, 
telescope direct. with time and level record. The iiistriinient was then reoer.sed and the 
preceding observatioiis of star' aiirl inark were repeated, but i n  the reverse order. Some 
sets begin and elid with G paintings oil the mark, the reversal of the instrument taking 
place in. the middle of the star observations. Value of one division of level, prior to 
April 2 1 ,  1"*66; after that date 9 - 9 3 .  Probable error of 
a single result for azimuth fo'"75. 

Observer, R. H. Fauntleroy. 

. S I I I ~ I I ~ I , Z I : V  W S I I ~ ~ S  J ~ I -  l r ~ i ~ ~ t ~ t t ~ ~  (11 Flll.t ~ Z O Q ~ I I ,  A I ~ R I N ~ Z .  

(L Ursx Witloris near \sesterii eloiigntion. R Ursre lrlinoris near eastern eloiigatioii. 

d 
0 I , I  ,I 

I 151 53 .s9'42 -1-0'9 

I1 59'16 C I ' Z O  

111 62'32 - I +  

v 50'64 fO.72 .. "1 u: -0'65 

I1 60'55 - 0 ' 2 2  

Menii 151 .1-1 60'36+0"'3j 

d 

c I / I  

Mea11 of groups 151 44 60.20 

Azimuth of Mark 2s 15 o o ~ r r ~ o - 2 3  
Angle between Mark and Cedar Point 115 44 45 '50 

Diuriial aberration -0 '31  I' 

Azimuth of Cedar PoiriL 143 59 45.61 

*Two eyepieces used. 
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EAST PASCACOULA. iVI.SSISSIPP1. 

q = joo 2 0 ~ 7 .  A = sso 32%. 

The 60""' direction theodolite No. 2 (Troughton') was mounted over the triangula-. 
tion station; focal length of' telescope, 75""'; aperture, 5 * P 1 ;  magnifying power, 30 
and 40.* A set of observations generally consisted of 6 pointings on the mark, 
telescope direct. 6 observations of the star, with time aiicl level record. The instruiiient 
was then reversecl aiid the preceding observations were repeated, but in the reverse 
order. One division of level =-2"'g2. Observer, R. H. Fauntleroy. Probable error of 
a single result for azimutii + I " . I S .  

Siiriitii~ir:~~ r~twi fs~f iw lizirrirrlh lit Eosl P+rscl~qoriia. 1Vississippi. 

Iirioris near eastern elo~igatioii. 

J 

a Ursx 

Date. 

1q7.  
~ii i ie  14 

15 
IS  

26 
July 9 

I' 

nleaii of group 
Diurnal aberration 
AXiiiiutli of Mark 

~itioiis 'hear western elongation. 

. Angle between East Dascagoula and Bayou Casotte 96 22 go SI 
Azimuth of Bayou Casotte 296 30 s r .27  

Two eyepieces used. 
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56. CAT ISLAND IS.55, MISSISSIPPI. 

qj=joo 14'2 A = 890 04' 'I .  

The 75'" transit Coast Survey No. g fWurdemannj was mounted over the tri- 
angulation station. A marl: was placed in the vertical of the western elongation, and 
the horizontal difference between star and mark measured by nieaiis of tlie pivot microm- 
eter, which is ordinarily eiiiployed for adjusting the transit in aziiiiuth.:c A set of 
observations consisted of z poititiiigs on the mark and 6 on the star, with time and level 
record, one-half of these observatiotis being made with clamp east, the other with clamp 
west. Value of one division of micrometer  IS, and of one division of level 2'"o. 
Observer, J. E. Hilgard. Probable error of a single result for aziiiiuth +0"-57. . 

Siirunlnr:v 0f'"c's~lts f i r  ciziiiiulh tit Ciif Zskiad 1S55,1- AZississ+ji. 
a Ursre Minoris near weslerir cluiigatioii. 

Date. 

1655. 
Dec. 5 

Mark W. of N. 

a I !I 

I 41 10'20 

09 '7 
09 '55 
os .SI 
os '33 
IO .58 

A 

!I 

-0 '67 
-0.1s 

-0 '02 

+o '72 
+I '20 

-1 '05 
Mean I 41 o g - 5 3 ~ 0 " ' 2 3  

0 I I /  

Mean, Mark west of north I 41 09.33 
Diurna: aberration -0.31 I /  

Azimuth of h'Iark I78 Is 50'7sC-0'23 
Angle between Mark and Mississippi City 13 52 23 .54 
Aziri~utli of Mississippi City 192 I I  14.32 

*The instrunient was overturned in a storm and the threads of its diaphragiii were broken: a new single thread 
was put i n  and served for the time awl azimuth observations. 

+The triangulatioii of which this station is a part is of secondary character with respect to size and precisiou. 
and there is no check of the ahove result for azimuth. suc as. for instalice. repeating the iueasiires on otherdatts. The 
eloilgation occurred about tlie sd of the above 6 consecutive measures. 
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DETERMINATION OF A N  OSCULATING SPHEROID 
FOR THE REGION COVERED BY THE 

TR I AN GLJ LATION. 
A. COMPARISONS OF THE ASTRONOMIC AND GEODETIC RESULTS AT 

STATIONS CONNECTED W I T H  THE OBLIQUE ARC. 

Parts I1 and IT1 contain the necessary statenients and results for the nest operation, 
namely. tlie direct conii~arison of the astronomic latitudes. longitudes, and aziinnths 
with their corresponding values derived geodetically by clevelop~iient of the triangulation 
iipoii tlie Clarke spheroicl of 1Y6h. In doing this the geodetic data for the station 
Hlyo, Ak91s~z.s. as given in the accouiit of the transcontinental triangulation and arc of 
the parallel i n  latitude 3g0, haoe been adhered to. They are: 

I f ro  =jsg 44 19 '00 Hags to. La Crosse. 

0 I ,  / I  

90= js 54 50 .Is0 
A, = 99 I6 16 '730 

We shall thus sectire systeiiiatic positioiis which. if desirable, may be iiiade at once 
available for R deteriiiiiiatioii of an osailatitiy spheroicl based npon a surface of wider 
geographic limits than is coiitemplated in this discussioii. 

As early as the year 1S79 the writer iiiade R pr~liminary coinparison of the astro- 
iioiiiic. and geodetic iiieasiires then available. * The stations included extend from 
Calais, Maine, to Atlanta, Georgia. That discussion furnished the first conipreliensive 
iiiforiiiatioii of the relative niagtiitude aiicl distribution of tlie outstaiiding differences 
between the astroiioiiii~ and geodetic results ill the United States, the. latter as developed 
011 each of. two reference spheroids. It led to the adoption of the Clarke spheroicl of 
1S65 for use by tlie Coast and Geodetic Survey. 

As a matter of general interest, the location or' the principal arc iiieasiires ancl areas 
of osculating spheroids is shown on a Lambert equivalent zenithal projection LIPOII a 
ineridional plane and transferred from a hemi- to a plani-sphere.:$ constructed l)!7 Adolph 
Lindenkohl. of tlie Drawing Division, Coast and Geodetic Snrvey, for this special use. 
Lambert himself pointed oiit how the whole surface of the sphere could be representecl, 
a fact stated again in Littrow's admirable work, Chorographie, etc., voii J. J. Littro\\I, 
Wien. 1 5 3 3 ~  page 126. 

. 

, 

-- . - . - . . . - ._ - _- 
*U.  S. Coast and Geodetic Surrey Report for 1S7g. Appendix No. S. pp. 110-123. 
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I .  THE ASTRONOMIC LATITUDE STATIONS. 

The following table of the coniparisoii of the astroiioiiiic. and geodetic deterniitia- 
tions of latitudes consists of the collection of the latitude results derived from direct 
observation, given in full in Part 111. To these results have been added the reduction 
to sea level, and tlie reduction to the average position of the earth's pole of rotation. 
The tabular geodetic latitude is that of tlie corresponding astronoiiiic station, the local 
reduction for any difference of position lietween the two stations having heen applied. 

Thc re((1u-tio)i to sctz /evt%.--As a coiisequeiice of the earth's rotation producing a 
slight curvature of the vertical of a station in the plane of the meridian concave toward 
the pole, a small correction to the observed latitude is required. which is given by the 
expression 

2 = - -  5$2a h. sin -? p 

where h ,  or height, is given in meters and i in seconds of arc. 
--O'OOO 172 sin 2 q~ for different latitudes is as stated below: 

The value of the factor 

For rp=50° -o'"cm r 6 g  
45 I72 
40 ' 167 
3.5 161 

;n 149 

The riw'irc-tion~fiw zurrititiun uf Po/~'.-The aclvisability of introducing in to the present 
discussion of the astronomic and geodetic measures correctioiis for \:ariation in the posi- 
tion of the earth's axis of rotation largely depended upon the degree of reliability of 
the values of such correctioiis. The origin of this iiiotiori is at this tinie iiiiperfectly 
understood, aiid the uucertaitity in the correctiori for variation is here coidderably 
increased 011 account of the early dates of many of our latitude observations. soiiie dating 
back more than half a century. 

. In consequence of the importance of the subject the Interiiatioiial Geodetic Associa- 
tion for the measuren!ent of the earth has organized a special service for the purpose of 
procuring data for the study and elucidation of the law of this variation which ,was first 
definitely formulated by Dr. S. C. Chandler. The association selected a small number of 
stations suitably located around the earth, near the parallel of north latitude, 39' OS' IO", 

at which it is intended to prosecute refined latitude observations for a series of years. 
The range of the variation is small, about o'I.3 from a mean value. aiid it requires, con- 
sequently. the utpost attainable precision as regards instruments and iiiethod in order to 
bring its periods and ranges into clear evidence.* 

The probable error of a correction to an olxerverl latiti.de may tw estimiter! rrt 
j = o r " o ~  for tlie past decade, but for the earlier dates of our observations this needs to 
be increased. 

These small correctioiis for variation of latitude, while yet very uncertain, coulcl have 
no sensible influence upon the results of this investigation for determining a represent- 

' ative spheroicl, nor would these small corrections be of any consequence in connection 

, 

* Whe; coinpariiig Dr. Chandler's gredic/ed results of the uiotioii of &e pole for the years xSg0 to 189jM. with 
results deduced directly'froiu observation. a comparatively large discord is noticed ill  sotile places. as might be expected 
in such mi iuqoiry. nor are these modern abservatious free from coiisiderable uucertaiuty. 



T H E  DETERMINATION OF T H E  SPHEROID. 371 
with the local deflections of the vertical. the average inagnitude of mllich, namely, zi’.4,* 
has been deduced from a large iiumber of comparisons. I t  has, however. been concluded 
to apply these small and as yet rather uncertain corrections in the present investigation. 
The corrections to all latitude results were coniputed by Chandler’s forinulae f escept 
for a few stations where iione were needed and for four stations occupied in IS97 and 
I 898 where Dr. Albrecht’s results were ii~troclucecl in preference, as contained in his 
report on the state of the latitude variation at the close of the year 1899 [Centralbureau 
der Ii~tertiatioiialeii Erclmessung, Berlin, rgoo] . 

About one-half of the corrections thus comp~itecl were fouiid to be below 0’” I ,  a 
very few reached o‘”2, and noiie esceeded o’”z5. For the whole arc these corrections 
balance. 

The effect of the variation of the position of the pole upon observed differeiices.of 
longitucle is small enough to be negligible and the same is true with reference to the 
observed azimuths. for which the probal>le error of ob.servatioi~ always exceeds the siiiall 
correction due to the polar variation. 

The geo- 
detic latitudes were in all cases referred to the astrononiic station unless the two stations 
IiappeI’ecl to he located 011 the same parallel or to lie identical in position. The relative 
position of the stations is stated in the’ prececliiig abstracts and the reductions there 
given are applied to the geodetic latitude with the sign reversed. The last column coii- 
tailis the apparent local deflectioti of the vertical in the plane of the iiiericliaii or the dif- 
ference (A-G:)  of the two values in the two preceding columiis. 

The 11eaclings of the followii~g sunii~~arj: of results need 110 es~>lanation. 

~~~~ 

* Probable error i n  the direction of the vertical froiii all parts of. Iiidia except p o r t i o ~ ~ ~  wider Hinialay 111 

t Astroiioiiiical Joiirrial (Goold’s). No. 4-16, October 1.1. IS$. 
attrnctioii is almit & 2”S. (Anniial Report of the Survey of Indin. 1S93-94.) 

The ’forruulrr are. for the coordinates. 

Where 

Here I and TI are expressed in Julia11 dates, I is tlie epoch of observation. T, any epoch when the pole of the figure 
passes the Greenwich. meridian hetweeii Greeiiwich and the instantaneous pole of rotation (this lafln. taken as the 
origin of thecoordinates .I’ and?), E is the iiiiiiiber of periods. 0 the dnilyangular motion. 1.1 tlie radius vector,andQ the 
mnl?i loiigitiide at tlir tiiiir 1. 

The variatioii of latitude A9 = rp - pu = .t’sin A - y cos A. where A equals the longitude of the place :resf of Green- 
wich. 9 the obser\.ed and 90 the wrrected latitude, as referred to the average or fixed position of the pole. 

’L’lie day nuniber in tlie expression for TZ corresponds to the 1st of July. 1 % ~ .  aud that iii parenthesis it1 the expres- 
sion for r ,  to the 14th of March. iSgS. The direction of the motion of the pole is from west to east. 



3 72 THE EASTERN OBLIQUE ARC. 

Seconds- Rediiction- 
Observed To Of as- Of geo- 

astronomic ~~~~f average trononiic detic lat- 
latitude. pole. latitiide. ittide.* 

So. Name of latitude station. State. y e ~ ~ ~ ~ v ~ ~ ~ ~ , h  Of 

I 

3 
4 
5 
6 

S 
9 

I 

10 

11 

12 

1.3 

14 

15 
16 

11 
IS 
'9 
20 

21 

22 

23 
24 

25 
26 

25 

3 
30 
31 
32 

33 
34 
35 
.i6 
37 
3s 

,- - I  

59 
4 0  

41 
4 2  

43 
44 

45 
46 

4 i  

Calais 
Cooper 
Hiittipback 
Bangor 
Farinington 
Moiint Harris 
Howard 
Mount Desert 
Ragged Mountain 
Sabattus 
Mount Pleasant 
Cape Small 
3loiint Indepeiiclence 
Giiristock 
.4ganienticus 
Isles of Shoals 
tinkonoonuc 
T honi pson 
Wachiisett 

Ye. 
l e .  
Me. 
Me. 
Me. 
Me. 
Me. 
Ye. 
.Me. 
Me. 
Y e .  
Me. 
Me. 
N. H. 

BIC. 
Me. 
A'. H. 
%PdSb. 

3Iass. 
Cambridge, Ha rv  a rcl Mass. 

Cnnibritlgc. Clorcrdeir Mass. 

JIOlIIlt  To111 31RS.5. 

;\Iaiioiilet Mass. 
Sandford CUIIII. 
West Hills K. Y. 
New Surk N. Y. 
neacoii Hill N. J. 
Mount Rose N. J .  
YXCI 1%. 
Principin Md. 
3Iaryland Heights Mrl. 
I'ooles Islalid Md. 
Siigar Loaf Md. 
Dover Del. 
Webh Ma. 
Rockville 3Id. 
Soper M d . 
'Caylor 3rd. 

Culleye Observatory 

Ohservntory 

Strasbiirg Va. 
Cape May K. J. 
Caiisten, Washington D. C. 
U. 5. new Naval Obsrrv- D. C. 

Hill Md. 
U. S. old Xaval Observ- D. C. 

Seaton. Washington D. C. 
U. 8. Coast nnd'Geodetic D.C. 

at.ry. w'as!?i!?gto?i. 

atory. Washington 

Siirvcy Oficc, Wasli- 
iiigton 

l31111 1<1111 Va. 

IS57 sept. 
I!& Sept. 
I S ~ S  Jiily and Aug. . 
1S57 Sept. and Oct. 
1566 Oct. elid Nov. 
is55 Aug. and Sept. 
IS% July 
1856 Aog.. Sept.. Oct. 
IS% Aug., Sept.. Oct. 

is51 July and Bug. 
~ S j i  Sept. and Oct. 
is40 Sent. nnil  Ocr 
1560 July and Aug. 
rS4i Sept., Oct.. Nov. 
Is47 Aug. 
IQS Sept. and Oct. 
1S46 Sept. and Oct. 
1% Sept., Oct. 
I q 4 ~  Is45 

1553 June and July 

IS55 Aug.. sept., l1Ct. 

1S62 July a ~ i d  Aiig. 
1S67 July mid Aiig.  
1862 Sept. and Oct. 

1858 J tine 
1875 July aild Ai~g. 
18ja July 
I Y ~ J  Oct.. Nov. 
1% Jiily, Aiig.. Sept. 
iSjo Sept., Oct.. Nor. 
I Q ~  Juiie aiid July , 

18j9 Oct. 
1S9j May 
is50 Oct. e11d Nov. 
i S y .  1892 
1Sga June and July 
1q1 May 
ISSI Julie 
1851 May. I S ~ I  May 
1851 May and Jiine 
1893 May, 1Fg7 Jiiiie. 

ISSO .4ug. and Sept. 

is55 Aug. 

.C". ,V^. .*-- .*-< .-7a. ."'191 .YJ, ."YU 

I s 6 1  to ISQ.  Is66 to 
Iss. 1%3 

ISSO June 
I@I Aug., lag? Aiip.. 

15514 A i ~ g .  

ISTI Scpt. and Oct. 

,I 

-0'01 0'00 

-0'o.f -0'07 

-0'0s -0'11 

-0'01 +0'03 

-0.12 -0.07 

-0'07 + o q  
-0'01 -o.aF, 

-ow3 +o.q 
-0.07 +om4 
-0'04 -0.02 

- 0 ' 1 1  -0.09 

- 0'01 +0'02 

" +e';? 
- 0 ' 1 2  f0.02 

-0.q 0.m 

-0'07 +0'07 

-0'01 -0'03 
-0'10 -0'01 

-0'01 .... 

-" .,." 

0'00 0'00 

-0'01 .... 

-0.06 +0'06 
-0'02 +oms 
-0'05 +0'15 

v'uo --0'i3 

-0'02 +0.14 

- 0 ' 0 2  -0'09 

-0'03 + o ' o j  
-0'01 -0.05 

-0'07 +o.16, 
0'00 O ' Q 1  

-0'07 -0.10 

0'00 -0'15 

-0'01 +0'15 

-0'03 . .. 
-0 '02 -0'06 

-0'03 + O ' I O  

0'00 -0'06 
-0'01 - 0 . I . j  

-0'01 ' -0'16 

-0 '02  -0 '12 

-0'01 0'00 

-0'01 +O'C.i 

- 0 0 1  .... 

0'00 -0'c.S 
0'00 -0'c.s 

-0.07 0'00 

9 . 3 9  
I2 '49 
47 '37 
1 z 'S9 
19 '35 
54 '6s 
49'17 
06 '52 
42 '93 
37 '67 
36 '24 
43 ' i o  
34 '56 

03'71 
24 '92 
12 '97 
59 '34 
37 'us 
16'02 

48 '0.1 

40 ?% 

27 .62 
35 '4 1 

40 '57 
49 '9? 
15.26 
-1 '93 
05 '30 
29 '39 
3 '75 
32'19 
17 '52 

49 '54 
13'47 
2.5 '35 
10'42 
10.61 
46 '07 
31 '56 
44 .63 
32'02 
1 3  '74 

s2 

3s '7s 

25'12 

07.35 

5672 

03 '7s 
1 I '53 
49 ' 2 0  

14'19 
20 '7s 
52'71 

45 '24 
05'19 
43 '03 
36 '01 

3 '65 

31 'SU 

00'ss 

l Z S 7  

57 'SS 
39 '6s 
1 1  'SO 

51 '4s 

44.2s 

27 .SA 
36'71 

53'28 

41 '45 

22 '75 

41'13 

49'16 
24 .46 
01 '30 
22 '67 
34 '5.i 
26 '30 
13'52 

43 '65 
18.59 

og .os 

9.b 
46'34 
27 .Si? 
46 '53 
32 .SI 
14 'S9 

24'16 

52 '24 
40 '12  

26 'F? 
10'00 

52 .os 

-4.-c 

,I 

+5 '61 
+O 'sa 
- I 'sg 
- I ..;0 

- 1  '43 
+ I  '97 
+3 '93 
+ I  '33 

+ I  .66 
+ I  '59 
+2 '25  

t z  76 
+2'73 
+?'17 
+O'IO 

+ I  '49 
- 1  ' i o  
- 1  '78 
- 2 '+! 

-0 '10  

__..-.I 
J 3- 

-0 '22 

- I '.W 

-0.56 
-5'36 
-0 'go 
+3 ' J i  
+4'W 
+0.j2 
- 1  'SO 

f 5  'SS 
+4'W 
+5 'SS 
-5'1.2 

f1'19 
-I-1 '34 
+ O ' S l  

-0.21 

+374 
- 1 ' t p  

- 0 . 3  ' 

- 1  '15 

+0'12 

- I '34 

-1 '70 
-2'65 

+4.Q 
. ___ - 

*For reference data see introdiictory remarks to Part IV. 
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Reduction- Second.+ 
Observed ' To Ofas- Of geo- 

latittide. pole. latitude. itude. 
No. Name of latitude station. State. ' v e ~ ~ ~ ~ . ~ ~ ~ ~ ~ , ' l  Of astroiioiiiic ::\%a average tronoitiic detic lat- 

hfarriott ' Md. 1846 Jiiiie. 1849 May 

Cape Heiilopeii Del. iSgj Sept. 
Clark Va. 1Sjr July. Aug. 
Elliott Knob ' 1%. 1878 July 
Chsrlottes\.ille. McCor- 1%. IS82 Ang. 

aiid Jiiire 

tiiick nhservatory 
Long Yountaiii 
hToore 
soling . 
Kiiig 
Paris 
.Ciirraher 
1,areiider 
~ a \ v n e e  
AiirOra 
Atlaiitn >fiddle Rnse 
Atlaiita 
Kaliatchre 
Mpii tgotiiery 
1,ower I'each Tree 
COOIl 

i\lolrile 
Enst Pascagoiile 
Port BI0rga11 
New Orlenlis 

Va. 

N. C. 
N.C. 
s. c. 
Ga. 
C R .  

C.7. 
Ala. 
Ga. 
Ca. 
Ala. 
Ala. 
Ala. 
Ala. 
Ala. 
Miss. 
Ala. 
1.a. 

N. c. 
1Si5 Oct. and Nov. 
iSfi KO\-. and Dec. 
1876 Oct. 
1876 Dec. 
18;s act.  
1874 Sept. aiid Oct. 
1S74 Cwt. and Nor. 
is73 Oct. and Nov. 
i s 7 7  May mid Juiir 

I S 7 2  s tpt .  
I.% Jan. 
rSy8 June 
1356 >far. alld AIJr. 
is57 Apr. 
iSgS May 
1856 Dec. 
1847 Jiiiie sild July 
1847 Mar. and Apr. 
1858 Jai?. and Feb. 

-0'01 

0 '00 

-0 '06 
--0'23 
-0.03 

-0 '0 j  

-0.13 
-0 '05 
- 0 . 6  

-0 'OS 

-0 .o< 
-0'10 

-0.07 

-0 '-05 

-0'10 

-0.04 
-0 .Olj 

-0'01 

-0.02 

-0.01 

n 'an 
0 '00 

o .m 
0 '00 

-0.06 

-0 'I 2 

-6.14 

f0.17 

f0 .19  
+o '2.; 

+o '24 

+0'19 
+ O ' O i  

+O'O. 

-0 '07 
+0 '25 

+o '02 

-0.16 

-0 '17  

-0 '07 

+ O ' l O  

-0 '01 

-0'01 

-0 '20 

f-0'19 

- 0 ' 1 1  

-0'10 

+o.os 

3 73 

2-c 

-0 '63 

-0'10 

+O.&.S 

-? '43 
+5'15 

+3 '34 

+0 '4? 
+3 'S.! 

+3'61 

4-4'17 
+ I  'IO 

-0.26 

+ I  'IO 

+z 
f2'61 
+3'15 
+3 '83 
+ j ' R j  

+"'49 
-0.65 
+4 '61 

f i ' j S  

f1.31 

+1'32 

compirisons, there is a preponderance of plus signs in the values of (A-G) ,  viz: 44 with 
a + and 27 with a - sign. This inequality is most iiiarked in the southern iart  of the 
arc wliere the positive signs precloniinate. and this is especially the case for stations near 
the Gulf coast. The iiieaii deflection of the last 4 stations is +6"'6, apparently indi- 
cating a deviation of the pltinib line directed toward the Gulf. The average value of 

(A-G) is +-= + r"'6. There are several localities where the latitude stations are 

croivclecl together, and, consequently; are subject to the same regional cleviation. For 
each of these localities it is desirable to substitute a single station of average or repre-, 
seiitative value. There are 6 such 'cases, the latitudes in each group being contained 
within a space of about I'. 

112 

7' 

For these groups we have adopted the following values: 
Palur of A - c .  

I /  

-3.3s 
+3 '73 
+ I  'I1 ' 

1 - 1  '74 
-1 '2s 

-0 2 6  

These values. when substituted for the respective tabular numbers, make 
z(A-G) 106 

?i 59 =+-=+I"$ nearly. 



3 74 T H E  EASTERN OBLIQUE ARC. 

Of these differences 39 are positive and 20 negative. The resulting average (+ 1"'s) 
may be regarded as representing the difference between the standard latitude of the 
transcontinental arc of the parallel of 3g0 and that of the eastern oblique arc. This 
discordance of nearly 2'' in the standard latitudes of the arcs at their iiitersectioii is 
not surprisiiig when we esaniine the regional changes in the values of C-4-G) along the 
arc of the parallel. There are rog astronomic latitudes connected with the arc of the 
parallel and j r  with the oblique arc. Of these, 24 are coninion to both; consequently, 
156 independent latitude stations are involved in the discussioiis of the two arcs. 

2. THE .&TRONOMIC LONGITUDE STATIONS: 

~orrrp~zrisorr qf czslrorrorrric t i i d  stmrdlzr-d gc*odt-lic ~ O I I ~ ~ ~ I I ~ P S .  

Canihridge +0'95 ' 
Cape May -235 
Dover -6'06 
Washington -6.04 

Charlottesville -1.05 
Strasburg -3.84 

Statesville . +0'87 , 

NO 

I 

2 

3 
J 
5 
6 

s 
9 

I 

IO 

I 1  

1 2  

I 3 
14 

15 
16 

'7 

.Average value=-P'50. 

, 

Name of longitiide station 
and State. 

Calais, Me. 
Bangor. Me. 
Cambridge, Mass. 
Cape >ray, N. J. 
Dover. Del. 
Washiugt@ii. D. C. 
Washington. D. C. 
Washington. D. C. 
Washiilgtou. 1). C. 
Stmshiirg. Va. . 
Charlottes\-ille. Vn.  
Statesville, N. C. 
iltlauta. Ga. 
nloiitgoiiiery, Ala. 
r.uwer Peach Tree, Ala. 
Mobile, Ala. 
New Orleaus, Ls. 

Object of reference. 

Transit 
Transit 
Center of dome. Harvard Observatory. 
Transit 
Transit 
Seaton, transit 
Coast and Geodetic Survey Office, transit 
Old Xavnl Observatory. s?inll donie 
Krw Kava1 Observatory. center clock rooui 
Transit 
3lcCoriuick Ohsen-atory. transit 
Transit. uear Sinientou College 
Transir, IS+ 

Transit 
Trausit 
Traiisil 
Transit. ISSU aud 1S95. Lafayette Square 

Observe? Secollds 
astroiionuc dg:iF;E;- 
longitode. gitude.* 

- 4 4 .  

+3 '94 

+ '95 
-2 '35 

4-1 '40 

-6 .c6 
-7 ..3? 
-7.07 

-6 'q 
-I 'fi 5 4  
- I  '05 
+o 'S7 
+O+Jb 

-.I '73 
-2.43 
+3 '54 
-0'72 

=.I '39 

~~ 

*For reiereuce date see iutroductory reinarks to Part IV.  
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The value at New Orleans also has a negative sign, though the above reasons do 

not apply to this location. 
It has already been remarked in the account of the transcontinental triangulation 

and arc of the parallel in. latitude 3g0 that Cape May, though directly located on the 
coast, is clistaiit about 2 13 kilometers ( I  15 nautical miles:) from the actual, but submerged, 
contiiiental border.:k At Calais we find the largest, yet iiioclerate. positive deflection 
+3"*94, which probably, in a measure, is due to the attraction of the mass of Nova 
Scotia lying directly to the eastward of the station. Respecting the remaining 6 
stations no special features appear to be present, atid the deviations iiiay be indifferently + or -, the average value being +0"'45. 

No. Name of azimuth station. 

1 

2 

3 
4 
5 
6 
7 
S 
9 

IO 

11 

12 

13 
14 

1s 
16 
17 
16 

19 
20 

21 

22 

23 
24 

2.5 
26 

2 i  

2s 
28 
30 
31 
32 
33 
M 
35 
'36 
37 
36 

Cooper 
Howard 
Hiimphack 
Mount Desert 
Mount Harris 
Ragged Mountain 
Cape Sinall 
Sahattus 
hiollnt Independence 
Motmt Pleasaiit 
A ga inelit icus 
Gullstock 
u llkOll0OllllC 
Thonipson ' 

\\'achusett 
Harvard Observatory (domej 
Uli ie  Hill 
Shootflying 
Indian 
Copecut 
Beacon pole 
Spencer 
Xllollllt 'L'Olll 

Sand ford 
West Hills 
I3yacoii Hill 
hxount nose 
Yard 
Priiicipio 
,Cape Henlopen Light-House 
Marriott 
\\.'ebb 
Hill 
Soper 
Seaton 
Causten 
Sugar Lo 
Maryland Heights 

Ye. 
Me. 
Me. 
Me. 
Me. 
Me. 
nle. 
Me. 
Me. 
Ye. 
Me. 
N. H. 
N. H. 
Mass. 
Mass. 
Mass. 
Mass. 
.Mass. 
Mass. 
Mass. 
R. I. 
R. I: 

Mass. 
Colin. 
N. Y. 
N. J. 

Pa. 
,Ma. 
Del. 
Md. 
Md. 
31 d . 
.Ma. 
D. C. 
D. C. 
Md. 
Md. 

N. I., 

Year 
of State. observa- Reference station., 
. ~~ 

tion. 

Howard 
Pigeon 
Cooper 
Ragged Mountain 
Humpback 
Mount Plea s ~ n  t 
Sabattus 
Mount Independence 
Againenticus 
Mount Blue 
Tl~oinpson 
Mount Pleasant 
Gunstock 
Manomet 
Bald Hill 
Rlue Hill 
Manoinet 
Manoinet 
Copecut 
Blue Hill 

Beacon pole 
Moiiadtiock 
Kcland 
Wooster 
Weasel 
Mount Holly 
Lippincott 
Turkey 
Brandywine Light-House 
Hill 
.Soper 
Webb 
Webb 
Hill 
Soper 
Bull Run 
Bull Run 

Blue Hill 

Astrononiic Geodetic 
azimuth . azilnuth.+ - 4 4 .  
of line. 

.* Page 837 of Special Publication No. 4. "The Transcontinental Triangulation." 
t For reference data see introductory remarks to Part IV. 



No. Name of ariiuiith station. 

40 
4 1  
4 1  

43 
44 
45 
46 
47 
4s 
49 
y~ 
51 
51 
53 
54 

Clark 
Long Mountaiu 
Elliott Knob 
nIoore 
Poling 
King  . 
Paris 
Currahee 
Sawnee 
Atlanta Middle Rase 
Lavender 
Aurar! 
Kahatchee 
Ethridge 
Fort.Morgair 

State. 

Va. 
vn. 
Va. 
Ya. 

N. C. 
N.C. 
N. C. 
5. c. 
Ga. 
Ga. 
Ga. 
Ga. 
Ala. 
.Ala. 
Ala. 
Ala. 
Miss. 
Miss. 

Astronomic 
azimuth azilllutll, .-l-G. 
:of line. 

Pear 
Of 

tion. 
ol,serw-, Reference atatioil. 

Peach Grove 
Bllll Kllll , 

Spear 
Hiimpback 
Ruffalo 
more 
Belt11 
Wofford 
Raburi 
Curraliee 
Stork Mouutain 
Keilesaw 
Emlidon 
Horn 
Lovers Leap 
Cedar Point 
Bayou Casotte 
Missisrippi City 

R~n~iow qf ' f h  fi?~ccding miniisfhnl d<flccfilfic,ns.--We recognize as their iiiaiii feature 
sj-st~iiiztk Ziit siii&: po~iiivc dlekctioiis. i. e. piumb iiiie attracted westward for that 
part of the arc which lies iiortli of the thirty-ninth parallel, and smnll negative deflec- 
tions for the part south of that parallel. thus showing for the wliole arc a small lit-edomi- 

-+l= + r"'55. Omitting the last nzimtith. No. tiating plus value of ---- 

56, :is doubtful,* mid using No. 33 instead of the sis closely clustered values in the 
vicinity of Washington, i. e.? NOS. 3 1 ,  32, 33, 34, 35. 36. the average value for the 

This represents tlie discrepancy oblique arc beconies .---- 

lietweeii the average aziiiiutl% of the arc of tlie parallel in latitude jgo  and of the oblique 
arc, and, considering its small size, the general azimuthal directions of the two arcs may 
be taken as being in satisfactory accord. h remarkable feature in the tabular values of 
( -4-G)!  and one that had been kiiown for a long time. is the largr regional deflection 
esistiiig in that part of the triangiilation coinnion to the tu70 arcs. The average deflec- 
tion observed at the six stations-Marriott, Webb, Hill, Soper. Seaton, and Causten-is 
+7'"0, the plnmli line being attracted to the westward. If we convert this value into 
a corresponding longitudinal quantity, we have A= -Acu/.siii y= - I I"-I ,  which 
agrees in sign but esceecls ill aniouut the mean value (A-G) = - - G " ' ~ ,  as found from 
the four longitudinsl deflections in this region obtained at statitins, m ! y  m e  cf ~v:!?ic!: 
is identical with any of those named above. 

Considering that the present adopted azimuth depends upon 73 azimuth cletermiiia- 
tioiis or stations of the triangulation along the 39th parallel, any new or itidepeiideiit 
correctioii that might lie cledncecl for standard value in the oblique arc would probably 
not differ froni it by as much as oile second. 

B('r7[-G) YG'- 
56 I I  

z'(A-'-G' 1 +ci= +O".CJI. 

50 ?I 

~~ 

*The last valueof olir tableis IIIarked as doubtful for the reason that the accuracy bot.11 of the astrorlotliic and 
geodetic ineasures is inferior to that of the other tahilar results: and. tuureo\-er. its apptarance with a large positive 
value (pointing to westerly deflection) io a regloll where ininus values predominate imparts to it an anoiiialous char. 
acter. especially in n flat region of quaternary fortiiatioii without any surface iiidications to justify or account for a 
reversal in the directiaii of the rlisturl~rd Ilornial of the place. No further iiae will he made of this station 111 coiiiiec- 
l i w  with axiilluths. 
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PLAN OF NAVAL OBSERVATORY GROUNDS. 
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B. DETERMINATION OF) A SPHEROID MOST NEARLS REPRESENTING 
T H A T  PART O F  THE EARTH’S SURFACE LYING BETWEEN MAINE 

TRIANGULATION. 
AND LOUISI.ANA AND ALONG THE REGION COVERED BY T H E  

Tht JiZPfhOd C Z I Z ~  fin-iizzdc e i ~ z p h y d  

After haviug assumed a reference spheroid representing the figure of the earth as 
closely as may lx, and placed in position thereon, and having developed the triangula- 
tion iipoii its surface, the problem nest to be solved is to determine corrections to tlie 
cliniensioris of the reference spheroid .\vhich shall make the sum of the squares of the 
apparent discrepaiicies between geodetic and astronomic results a minimum. In other 
words, we are tu determine a representative or osculat.org spheroid which shall most 
Iiearly harmonize these measures, necessarily leaving outstanding the mere local cleflec- 
tioris of the vertical at the stations involved. 

For this, purpose it has Ixen thought most especlient to follow the theoretical 
development as presented hy Capt. A. R. Clarke. R. E., in the .irc-uzi~z.f of fhc Pr-imipoI 
Ti-inngulafioii qf GtTtrf Bi-ifoiir nizd / I T ~ I I ~ . : ~  In this work the method is developed 
and appliecl to the conipntation of R spheroid whose dimensions were in best accord 
with the curvature of the surface of these comitries.. 

Let P be any point 011 the actual irregular or disturbed’ surface (2’) ancl P, its 
projection upon the surface of a regular or reference spheroid ( I ) : through P 011 the 
surface (2 j let a system of rectangular ases of coorcliuates E, 1 1 ~  C, I>& drawn. so that 
E is directed to the north, I /  to the east, a i d  C to the zenith. For any two poiiits A 
ancl B connected by triniigulatioii let 9, 9’ be their observed or apparent latitudes, J h  
their observed or apparent difference of longitude; also, let the direction of the iiiericlian 
be observed at each place. If A,, B, are the projections of A aiid B and s their distance, 
and (Y the observecl azimuth of B a t  A, ailcl a’ the reverse azimuth, or that of A at B, 
and if qx, q~i, F,? fr,’, niicl Ahx refer to the points A,. B,. then 

qJ.=9i-: q, & 9!+ f’ 
Ir,=n+l tan q trI’=lr’+)/’ tail 9’ 

JA,=dA--r/’sec c p t + 9 /  sec $D 

Also let (q’ ) ,  [ d j ,  ( A h ) ?  l x  the numerical results which should obtain for the point R 
by starting the computation from the observed latitude and given longitude of A and 
the observed clir5ction of the iiieridiaii at A, together with the known distance s. then 
the following relations will hold. They are the fundarnental equations ( I S  j page 6 2 0  

of the Ordiiaiice Survey publication tnentioned almve.-i 

’ z’=(q~’)-q~’+(cos JA)i+-(sii i  w sin L / ~ ) , / - ( ~ c I J s  ( I , ! )  M + Q e  

tan 9’1/’=(tr’) --cr’-(,sec 9‘ sill J A ) B +  cos lp’ , 
)/--(tan q’, sin d ) a Q  

. _- ~ 

*Ordiiatice Surrey. loidoii. IS#, i p .  aS, arid followiiig. 
t CF. Heltiiert, Hohere Ceodasie. Vol. I .  pp. 535-& 

See also Chapter S I 1  of Clarke’s Geodesy: Cmford. 1Sqo. 
Leiprig. IS%. 
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arid 

These eyuatioiis niay be written in the forin: 

~‘=k l l i i l~ t l i , r~ . / t c=II+EIZI  
~/’=k2+rr2i+bz?/ ~ l - z t t + < 2 i ~  
’ / ’ = k , + 1 7 , ~ f 4 ? l + l ; 1 1 + ~ ~ ~ J  

The valties of the absolute terms are: 

k,= (calculated-observed) latitude 
k2= (observed-calcnlated) longitude> cos p/ 
k,=: (calculated-observed). aziniuth:(cot d 

Here E=deflectioii of the vertical in the plane of the meridian at the initial station, 
positive when the tangent to the actual surface is elevated to the north of 
the station. 

ij=deflectiou of the vertical in the plane at right angles to the meridian at the 
initial station, positive when the tangent to the actual surface is elevated 
to the eastward. 

Similarly E‘ and I/’ represent deflections of the vertical in the meridian and in the prime 
vertical planes for any other poiiit whose latitude is y’, the latitude of the 
initial point being 9. 

H is the arc distance uf the initial point from any other point. 
L Y ,  the aziiiiuth at the initial point of any other point. 
LY’,  the reverse azimuth or that from any point to the initial one. The azimuths count 

from north toward the east. 
9A is the difference of longitude between the initial aiicl any other point: west longi- 

tudes are considered positive: JA. = A.‘ - A. 
It map be remarked here that the observations for difference of longitude give the 

Same kincl of inforniatioii as those for azimuth, so that the first set of equations may 
he used as a confirmation or check of the other set. 

The quantities fiq lr, a’, 9, q’, J A  are geodetic values. 
For evaliiating the quantities QE and 68 in the precediiig equations. we have for tl 

or length of line iiorinal to the surface and terminating at the rriirior axis 

v=-L(I 
( I--P sin* p)“* 

and for p the radius of curvature 
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where g is a constant, viz: . 

n=-n. 
a= 

tricity, the respective values of the corrected spheroid become 

If n=equatorial radius of reference spheroid and e'=- the square of its kcen- 

t i  -+ ycr and + E 

The corrections to the .semiaxis major and to the square of the eccentricity are 
then 

where ZI and v are to be &rived from the solution of the equations. 

n (arc IOO'/)IC and (arc ~ O " ) Z J  

The coefficients in the equations (IS) in simplified form are as follows: 

a,=-sin Allsin 9' 
+sin 9 cos Allsin q/ 
r,=roo 6 sin L r /  1 e,= 100 g 0 sin a' 

b*=cos q'lcos q-(sin 6 cos n') tan 9 . 
ne=-sin 9' sin A,\ 

c2= 1 0 0  6 sin (z' 

i.,=roog 6 sin LZ/ i CI~=COS A1 
&=sin q sin 31 

c.=pg 9cos d+p'('p'-q) 
c , = I ~  e COS 1 ~ 1  

The values of 6 aiid (Y' are to be computed from the known geodetic latitudes and 
1 ongitudes of the initial and any other astronomic point of the triangulation. P and LY' 
may be computed by the inversion of the formulae for direct positioii computation as 
given in the Report for 1Sg4, Appendis No, 9, pages 2S4-2S6. No extreme accuracy 
is required in the coniputation of the respective coefficients, and it is found that the 
Survey forriiulx when rigorously eniployed in their reversed application-viz, given 
two positions to find their distance and azimuths-answer well up to the limit here 
required* where br does not exceed 14'. 

The values of E.' aiid ji' are to be tabulated for convenient intervals of latitude and 
of sufficient extent to cover the limits of the triangulation. 

I n  applying the preceding method and forniulze for the determination of an improved 
spheroid most nearly conforming to the surface under consideration, a suitable initial 
station must be chosen, preferably centrally located in order to keep the values of P as 
small as possible. The IJ liited States (New,) Naval Observatory on Georgetown Heights, 
Washiiigton, District of Columbia. has been adopted for this station; its geographic 
position refers to the center of the clock room, for which we have the geodetic latitude 
35" 55' rq'"Sg and the geodetin- longitude 77" 04' oa"'So, these figures being based 
upon the' saiiie data as the positions in. the transcontinental triangu1ation.t In this 
system the position of station Hays, Kansas, is in latitude 3s' 54f 5of'*1So and in longi- 
tude ggo 16' 16'"730. The maximum value of CI for the extreme northeast station is less 
than ioo and for the extreme southwest station slightly less than 1 4 ~ .  The initial 
station also fairly represents an average local deflection of the plumb line for the region 
about the District of Columbia. and the point being conimon to the two arcs, additional 
equations of condition, depending upon other stations of the arc of the. parallel than 
those at present included, can readily be incorporated, if desirable. 

I 

~ 

*Theadditional ternis in A 9  given on p. S g  must he included in the computatiot1. A rough checkon B and a may 
he had by the use of the spherical foriuulc, cos &cos 0 cos p' cos JA+sin 9 sin 0' aiid sin a=ms 0 sin dA!sin e. 

t The new observatory was connected by local triangiilatioii uitli the Coast and Geodetic Survey triangulation by 
Prof. W. Harkness. Astronomical Director, il l  1 % ~  aud isgJ. and by Assistant E. D. Preston in  I.%. The work of Assi-tant 
C. Juukeii in  iSSi is irivolved.iri the adjestnient of the geodetic counectioii. 
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Lbflr.rlion of zrcrttiirr constr~nts and tabzhr- qzi~irzlities )mpr.ir-ed in the roirzputaliotz for establishing the 
roizditioiriil rqziniiom. 

For Clarke's spheroid of 1866 we have 

log 17 = 6 *So4 69s 57 
log b = 6 .So3 223 78 
log in=1.~30 502'57 

with the following data for the reference station, 

q = 3S0 55/ 14)) '9 
A=:7 04 0 2  *s 

log g = 9.296 39 I 

9/ 

35O 6 . S 7  509 
35 I4 490 
36 47 I 
36 !.4 4.5.3 

37 434 
37 !.: 4'5 
3s 396 
3s !4 377 
39 359 
39!5 340 

-I( !i)0=1S *s 
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33 
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50 
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20 
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50 

35 

35%' 
'I9 I IO 
I20 

I20 

I21 

I21 

I22 

2 0  

3" 
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50 

36 
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J 24 
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I 26 

127 
I 2s 

12s 

IO 

20 

30 
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50 

37 
IO 

20 
. 

30 
40 
50 

129 

130 
I 30 
131 

I32 

132 
1 33 
134 
'34 
'35 
I35 

3s 
IO 

' 20 

30 
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39 
IO 

2 0  

30 
40 
50 

r36 

40 
137 

40 
50 

43 
IO 

20 

30 
40 
50 

44 
IO 

20 

30 
10 
50 

4.5 
IO 

20 

30 

St-ldiort of  siutioris f i w  rcdizh thc r.e.wl1.c qf t-or~r~arisort qf a.~tranorrric arid ,&w&tic dato xwm 
mfrrzitfr.ti irrfo fht. t*qirdiorzs qf cortdifim. 

. .  
In a preceding table there has been esliibitecl a coiiiparisoii of the astronomic ancl 

geodetic InfitzctJcs for 7 1  stations. If all of these were iiicluclecl in the discussion, the 
labor of computation cvould be unnecessarily great, since practically the same accuracy 
ot" the resuits can be attaiiiec1.1)y a judicious selection of a niucli smaller number of lati- 
tude stations. provicled they are uniformly distributed over the whole region of the arc. 
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The following table contains these selected statiotis.mith their geodetic positions (to 
the nearest half second), together with the computed distances 8 and aziniuths ru' to the 
refereuce station at Washington, D. C. 1). 

, =+2'"1, is nearly the same as that previously clerivecl from all the stations after the 
nieaii value for each of the 6 groups hac1 been introduced in place of the separate values. 

For these stations the value, 2 ( -4-G')  

h'-A. (I a'. No. Nall,e of latitnde statioll. Geodetic Inti- Geodetic Ion- 
tude *'. gitude A'. ~'-9.; 

I 

2 

3 
4 
5 
6 

7 
S 
9 
IO 

I1 

T 3  

13 
14 
I5 
16 

17 
IS 
I9 
2n 

21 

22 

23 
24 

25 

26 

27 

2s 

2s 

3 
31 
32 
33 
34 
35 
3 f 

Calais 
Cooper 
Humpback 
Farmington 
Mount Desert 
Mount Pleasant 
Mount Independence 
Againenticus 
Unkonoonuc 
Thompson 

nlrnllnnlpt 

Smidfonl 
\\;est Hills 
Ecacon Hill 
Pard 
Principio 
Pooles Island 
Washington * 
Cape Henlopen L. H. 
Clark 
Elliott Knob 
Long Mountain 
I\.luore 
s n u n g  
King 
C iirrahee 
Sawnee 
Atlanta 
Gahatchee 
Mor1 tgoniery 
Lower Peach Tree 
coon 
Mobile 
Fort Morgan 
New Orleans (rSgS) 

niount T O ~ I  

*United States Naval 'Observatory. Georgetown Heights. 
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The data for the coniputatioii of tlie distances of the several astrononiic kngi- 

t.lldc sftzfimzs from. the reference station and of the azimuths of the latter from each of 
the stations are contained in the following fable: 

No. Name of longitude station. 

I I  
2. 

3 
4 
5 
6 
7 
S 
9 

1 0  

I 1  

12 

'3 
14 

. Calais 
B:t rigor 

Caiiihridge 
Cape May 
1)ouer 
Washington * 
Strasburg 
Charlottesville t 
Statesville 
Atlanta 
Mon tgonier} 
Lower Peach Tree 
Mobile 
New Orleans (1*%5) 

a' 

a I i f  

232 42 56 
229. IS X I  
234 33 00 
270 22 17 
259 2S 40 

93 34 2 0  
51 42 23 
43 @4 37 
46 4s 03 
46 24 3s 
47 31 IO 

44 41 43 
46 39 50 

.. .. . .  

The data for the computation of the distances of the several astrononiic nsiwyflr 
sfntims froiii the initial station and of the azimuths of the latter froin tlie various stations 
will be found in the following table. together witli the resulting values of 0 atid a'. 

As \f7as the case with the latitudes, we have here a surplus of stations at which astro- 
noiiiic azimuths were measured. Milch labor iiiay therefore be saved without incur- 
ring any sensible loss of accuracy in the results the selection of a more limited 
number of stations uniforinly distributed, as iiearly as may be, over the whole. arc aiid 
properly representing the deflection .o\7er every part of it. For these 31 positions the 
average value of ( - 4 4  j is ~ ' . g ,  the sanie value found from all the stations. 

* United States Naval Observatory, Georgetown Heights. Washington. D. C. 
t McCorlnick Observatory. 
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No. Name of azimuth station. 

1.5 

16 

17 
IS 

19 
20 

2! 

22 

23 

24 

25 
26 

27 
2s 
29 

30 
3' 
32 
33 
34 

35 
36 

3s 
37 

35 
4c 
41 
4s 
4: 
4 
4: 
4! 
4: 
48 

:ooper 
3umpback 
Kount Desert 
Kount Harris 
hhattus 
~garnenticas 
;unstock 
Jnkonoonuc 
31ue Hill 
Mount Toni 
jaiidforrl 
West Hills 
\lount Rose 
Yard 
Principio 
laye Henlopen Light-House 
Hill 
kXarylancl Heights 
Bull  Run 
Clark 
Long ivIouiitai~i 
Elliott Knob 
Moore 
Young 
King 
Paris 
Currahtte 
Atlanta Middle Base 
Lavenrler 
Aurora 
Kahatcjhet. 
Ethrirlgc 
Fort M ~ g a i i  
East Pascagoula 

Geodetic lati- Geodetic longi- 
tude 9'. tude A'. 

30 2 0  33-5 SS j:! 46 
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Contf i f  iorrn2 01- obsrr;.wtion c.qnnlions dt-r-i:wiJram Znfititrrde compurisons. 

+o '9S545 
$0.9S60 
+o. 9s7s 
+o '9927 
+o. 9YSr 
+o '994 1 

+o '99.3 1 

+o '993s 
+o '9954 
$0 '9939 
$0 '9970 
+o .9936 
$0 '9974 
$0 '99k 
-t-o.99ss 
$0 9956 
+o '9995 
+o '9999 
+ I  'oooo 
$0 '9994 
+o '9999 
+o '9992 
+o '9994 
+0.99s1 
+o '99SO 
$0 '9973 
+o '9939 
+o '9923 
$0.9915 
$0.9869 
+o '9S70 
+o '9533 

+0'9817 

-to '97435 

+o *gS I 6 

+o'9SrS 

-0 '106s?? 
--0 '104s 
-0 '097s 
-0 '07 j 6  

-0 -06s3 
-0 00965 

-0'0735 
-0 '0697 
-0.0600 

-0 '0693 
-0 .04s1 
-0'0709 
-0 *045 I 
-0 '0399 
-0 -03 I I 
-0 '01 S4 
-0 '01 16 
-0 ~OOSS 

O'oooO 

-0*0217 
+0'0103 
-to -0246 

+o '0221 

+o -0353 
$0 '0392 
+o '0465 
+o .0690 
+o '0776 
$0 .os01 

+o '1014 

+o . I o o s  

$0 'I 143 
+ O ' I 2 0 2  

+o '1 196 
$0 'I I94 
$0 - w 4 v .  

-10.16511c 
- 9'S505 
- 9'7350 
- 9 . 6 ; ~  
- S'S595 
- S.61~3 
-- s '0935 
- 7'1973 
- 6.8641 
- 6'133s 
- 5'6524 
- 4'9241 
- 4'3093 
- 3.2074 
- 2.4765 
- 1'5179 
- 1-1667 
- 0'6352 

+ 0.3790 

+ 1'3556 
+ 2.SSIS 
+ 4.4ss2 
-k 5.6629 
-t 6.6332 
+ 7'9634 + s-5469 
+ 9*4168 
+I0'5494 
+ I Z  '0241 
+IS '1250 
+ 14 '233 I 
+15 -191S 
$15 '99.52 
+16 *7S61u 

0 'ooo0 

+ 1.0730 

+3 '7759i' 
1-3 '6825 
+3 -6ns2 

+3.46s3 
+3 '3677 

+3.026S 
+2 '7441 
+2 '5997 
+2 '413.5 
+2'173I 
$2 '0272 

+3 *14S3 

+I '7109 
+ I  '3042 

+o '7376 
+o '4755 
+o '2619 

+IYJIIT 

O'oooO 

-0 '097s 
-0 '4466 
-0 '5496 
--I -2251 
-I '9445 
- 2 -500s 
- 2 '9595 
-3 '5375 
-3 '7925 
-4 '2425 
-4 -6956 
-5 '5387 
-6 '0530 
-6 -6521 
-7 '2431 
-7 '7455 
-7.9srgv 



+o '12065 
+0'1015 

i o  '0234 
+o '0697 

$0 -01 70 
0 ' m  

-0'0142 
-0.0157 
-G '0390 
-0 -070s 
-0 'Os59 
-0.Og59 
--0.0972 
-0 '1 I 235 

+o '987311 
+o '9S99 
+o '9955 
+o 'WYS 
+o '9998 
+ r  'oom 

+o '9999 
+o '9995 
+o '997s 
+o '9932 
+o 9 9 3  
+o 'gsjo 
$0 'gY41 
+0 'gSoI?/ 

- 2  '63242, 
-2 '229s 
-1  '5935 
-0 '574.3 
-0 -4146 
0'- 

+o '3476 
+0'3915 
+I  '0309 

+I '97'9 
+2 '4S77 
+2 $22S 

1-2 '9599 
f . 3  '505Sz' 

fo '2359E 
fo '2.07 

fo .219Q 
+0.1960 
4-0 'I 747 

'+o '1621 
+0'1442 
+o-r4m 
-I-0 '1544 
$0 'I r& 

+o.r* 
+O '0972 
+o '063 I 
+o '0456 
$0'0291 
+O '0552 
$0 '0052 

-0'0179 
-0 '0177 
-0.0264 
-0 *05S2 

-0 '0634 
-0 '0945 
-0 ~ 0 6 9  
-0 'I 2s4 
-0.1626 

-0 'I939 

- 13 .o50qr 
- 12 '1755 
-12'0170 

- g'5oS1 
- S.6702 

- 7.754' 
- 7.4540 
- SmgI4 
- 6'0119 

- 5'5994 
- 4'9506 

- 10 '734  

- 3'1s73 
- 2'2s53 
- 1.4459 
-- 2.692s 

+ o.SS30 
+ O'sh3S 

+ 2.7478 + 3.052s 
+ 4'376s 

+ S ' 7 b  
+ 7'2736 + S'sS56 

- 0'253s 

f 1.2729 

+ 4 'S7.51 
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The types of a latitude observation equation and of a longitude and azimuth equa- 
tion are: 

Sp=iir.+a9+br?+zif.+e~~ 
v,-,=r~ +iz'5 + b'g+i='t+e'z~ 

then E, t?, .lb, and *LJ are to be determined so as to make a minimum the quantity 

E( r/r+lz5+bi~+m+r~~)'+zwB (rr.+a'"rl+f''r~+r'~J)~ 

whence the normal equations: 

where 

For equal weight to the several equations w becomes unity, as wili be assumed in 
the first of our combinations. 

Tlis relniiw ueiglr fs  C! f the obscrzdion cqicnfioris. 

The equations involving the comparisons of the latitudes and longitudes may be 
considered as of fairly equal weight, the result of the introduction of the telegraphic 
iiiethod for the deterniination of differences of longitudes: thus arcs of the meridiaii and 
arcs of the parallel niay now be combined as of equal iniportance as far as the astrononiic 
data are concerned. 

It is quite evident, however, that the azimuthal equations are certainly of inferior 
value, corisiclering that they are directly. affected by the accumulation of error in the 
angnlar nieasures of the triangles by means of which the geodetic aziiiiuths are carried 
forward. If unit weight is assigned to each of the latitude and longitude equations, a 
fraction only can be assigned for the weight of an azimuth equation. There is no 
principle by nieaiis of which the exact ratio of the weights could be ascertained, but the 
comparison of the mean values of the squares of the E's and of the JI'S, which shows 
that the latter is generally the larger of the two. sufficiently indicates the need of the 
introduction of relative weights. There is no reason why the average deflections in 
the meridian and in the prime vertical or in any azimuthal plane should be of different 
magnitude. 
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The resulting values of the E's aiicl if's, or the remainders. in the equations for the 
several stations may be taken as representing the actual local or regional deviations of the 
vertical of the geoid at these places as compared with the normal or geometric direc- 
tion: in other words. they eshibit the difference l~etween tlie clisturbecl and the regular 
or undisturbed direction of gravity within tlie geographic liinits of the investigation. 
As a niatter'of course these values are affected to a relatively small esteiit by the 
u navoidable errors of 0bservatio:i. 

For tlie case in hand, as sliown in tlie following solution, we have the iiieaii value of 

and A ,  equal to I- - I I OS. and the mean value of 5S9.6- the squares of the discrepancies in 
50 

' o=- 74 '4.532 
O=- .  4'0791 
o= - 5 26 '5026 
o=+253 '3Sr4 

789'2 
34 

the squares.of the differences in (Y, equal to -=23'2. or about double the former; 

+35 '$S44i+ 0 '0g53~+ 35 '6977i+ 25 '0643z' 
+ 0'2032 + 22'6054 .- 9 ' 7 s ~  

+257I 'JsO4 -1121 '6132 
+ 494'23S7 

; u=+ 0.4477 
0=- 10';1552 
o=- 49.5751 
o=-- g.Srro 

5=+*1 'Sgg 898 with residuals o mm 
I/=+o -862 056 0 'OMX) 

rr=-0*077 671 6 0 '0002 I ;'= -0 '573 87s 0 'coo2 

4- 0*0760& o ~ g 5 0 ~ f -  10*2707i+ 2'03242 
+13'hS9 + 4O'IO59 + 7'9363 

+1414'6253 + 279'9192 
+ 55'3SgO 

o=- 17 .gr20 
O=- I3.1179 
o= +S33 '7203 
O=f164 '9719 

+ I *1515<- I .45767?- 52 -7266~- 1 0 ' 4 3 3 ~  
+35'1172 + 41 5066 + S.2132 

+Wj '3579 4- 4% '4576 + 96.0600 

IO=- 91 '9175 
o=- 27'6522 
0=+257 '6426 

I.1 t j =  +403 '5423 

fj6711ge- I 3 5 7 j ? p  27.299616- 37 '529Sv 
+49'1zgj + 1w'2179 + 6'3651 

+ 6455S77 
+6439 '4636 -. 356 '2364 
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whence we get ]'a= -240'2 and the equatorial radius becomes 6 37s 206'4-240'2= 
6 377 966.2 meters; we have also e = v  ('arc ~oo"~=-o'ooo 27s 22, hence the new e'- 
0'006 768 7-0'000 278 ?=0'006 490 5 

389 

a--lr I 
Let el=+P and - (7 or the compression= 7.  then 

i 
hence the coinpression=-: the resulting value of b is 6 377 966'1-20 737'7= 

6 357 228'5 meters. 
Substituting the values found for E, I ! ,  ri, and 2' in the equations of condition we 

obtain for each station the oiitstanding deflections. These quantities are also' needed 
for the deterinination of the probable errors of the dinlensions of the spheroid just 
obtained when these residuals are treated as accidental errors. 

307 6 

No. 

I 

2 

3 
4 
5 
6 
7 
S 

9 
1 0  

11 

12 

73 
14 
15 
16 

17 ' 

IS 

Statioii. 

Calais 
Cooper 
Humpback 
Farinington 
Mouut Desert 
Mount Pleasant 
hloniit Indepeiidence 
Aganienticus 
Unkonoonuc 
Thoiiipson 
Mount Tom 
Manornet 
Sandford 
West Hills 
Beacon Hill 
Yard 
Principio 
Pooles Island 

1 

-5 '20 

-0 '52 
+2 '32 
+ 2 '02 

-0 '77 
-0 'sg 
-2 '04 

-1 '35 
-0 '61 
+z '63 
+ I  '27 
+z '35 
+ I  7 6  

+4 '74 
- 1  '99 
-5 '12 

1-3 '51 

/ I  

-2 '21 

No. Station. 

19 
20 

21 

22 

23 
24 

25 
26 

27 
28 

29 
30 
3' 
32 
33 
34 
35 
36 

Washixgton 
Cape Henlopen 
Clark , 

Eliiott Knob 
Long Mouritaiii 
bloore 
Y01111g 

King . 

Currahee 
Saw nee 
Atlanta 
Kahatchee 
Mon tgoniery 
Lower Peach Tree 
Coon 
Mobile 
Fort Morgan 
New Orleans 

B 

+3 '05 
+ 2 . 0 6  

+2 '55 
--c '94 
-c '92 
-6 '52 

-0 '73 
+z .26 
t z . 3 6  
+o '47 
+o .or 
-3 '67 

+ 1 '93 
+5 '33 
to '33 
-2 .41 

-2 -07 

I /  

+ I  '70 



No. Station. 'I 

14 

2 

> 

4 
5 
6 
7 
S 
9 
IO 

I1 

I2 

13 

14 
I5 
16 
17 
is 
'9 
20 

21 

22 

23 
24 

Zalais 
Bangor 
,'ambridge 
:ape May' 
Dovrr 
Washington 
jtrasburg 
2harlottesville 
Statesvilte 
Atlanta 
Montgomery 
Lower Peach Tree 
Mobile 
New Orleaiis 
Cooper 
Humpback 
Mount Desert 
Mount Harris 
Sabattus . 
Againenticus 
Gunstock 
Uiikonoonuc 
Blue Hill 
Mount Toni 

No. Station. 

25 
26 
27 
2s 

29 
30 
31 
32 
33 
34 
35 
36 
37 
3s 
39 
40 
41 
42 
43 
44 
45 
46 
17 
4s 

Sand ford 
West Hills 
Moniit Rose 
Yard 
Principio 
Cape Henlopeii Light-House 
Hill 
Maryland Heights 
Bull Run 
Clark 
Long Mountain 
Elliott Knob 
Moore 
Young 
King 
Paris 
Currahee 
Atlanta Middle Base 
Lavender 
Aurora 
Kahatchee 
Ethridgr 
Fort Morgan 
East Pascagoula 

'I 
/ I  

-s '55 
-3 '20 

$4.71 
-0 '46 
-9 '60 
-1 '07 
-7 '46 
+5 '73 
$3-71 
+ I  '90 
+6.65 
-2 .4s 
+I 'I2 

+3 '00 
$0 '27 
-3 .SI 
+4 '2s 

+I '23 
+I 'I2 

+2 .os 

+2 'I5 
+6 '20 

+o '61 

--I '65 

We have Z'EE and 2 1 ? i j  before and after change of spheroid. . 

Old spheroid. New spheroid. 

From latitude equations 506 '5 265 '9 

From azimuth equations 759 '2 grg .S 

From all equations I 37S.8 927'2 

From longitude equations S3 'I '41 '5 

-- -- 

j'lrt. pr-t-t-isioa of tltr izcijitstt-d. or r.c.sttltiri,q :flzlttt> /lit- lcrigYli qf the. t~qncitoriczl radins nitd qf tltc 

To find the probable errors of the elements of the resulting spheroid we have to 
determine the mean error of a single observation or that of the unit of weight. as well 
as the weights of the values of. I I  arid 5' as obtained froiii the solution of the normal 
equations, whence the probable error of the result for the equatorial radius c l .  atid for 

a--b I the compression -, or -, readily follow,s. 

Substituting the valiies of 6, 17, fd and i' resulting from the solution of the riornial 
equations in the equations of condition, the residuals represent the respective deflec- 

? l 0 - l ,  9 

ron~iprrssiort cis.foitiid f iorn thc irttwsitrt gf fhc t i l% 

cb C 

tions at tlie stations. Squaring and summing up these .residuals, we get UJ 2- D V 4  
__--__.-________-.--__--- ~ , 

*Values I to 14 from longitude equations. +Values 15 to .is froin eritiiiith equstione. 
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o=- 91'9175 
o=- 27'6522 
o=+257 '6426 
0=+4& '5423 

Hypothesis I 
tu= I 

where 112 =mean error of the unit of weight. )io the numberof observations or statioiis. and 
12 the number of normal equations or unknon~ns. The weight of any one of the unknoivtis 
is found in the usual way by means of the solution of the modified iiornial or weight 
equations; thus, for the third unknown ZI aiicl for the preceding hypothesis of equal 
weight to the observations me hare: 

. 0=+36'7119q~- I '5573qc- 

{ 
2j'2996qu- 3j'529Sqa 

-/-49'1293 f 104*2179 ,- 6-j651 
-+6 439 '4636 -356 -2364 

o= +645 '6877 
I Here q,, is the reciprocal of the weight of 21: or, as usually written, = - and the mean 

error of 21. or fir.,, is given l ~ y  fir,, =m!,/p = iii,//4, ; whence follows 1;. the probable error 
of a. and by the sanIe method that of t i e  compression is ol>tainecl from )izv==irJZ. 

Applying this to the results of hypothesis ( I )  I which assigns equal weight (:ti= I :) 

9-'7 = + f * 4 0 :  the weight equations in 

$1, 

to the observation equations. we get m= 

cotiiiectioii with 21: aiid Z J  give: 
J- Sq -4 

r/,=+o~ooo2213 aiid . . q4=+o*001S212 
qs= -0 - 0 ~ ~ 3 9 4 6  
q,j= +o 'm I q 2  1 q,= +o m I 7 I 88 I q3=+o 'oooIog2 

q2= -0 '0003659 
qu=-t-O 'COO1652 

heiice m,,= fo .0441~ and the corresponding \dIle iw,= I 36'4, and the probable error of cz 
ur 7;=+9a*o meters. Froiii the second set of weight equations we get i i r v=fom~400  and 
t~lie'correspoiidilig value fir.<= f3'3. also the probable error of c or ) ; = f 2 ' ~ .  The coni- 
plete results by hypothesis ( I j are therefore: Length of equatorial radius, 6 377 9 6 6 ~ t 9 2  

f j67119S - 1'5573lf - 27'299611. - 37'529S8 
+49-r29; + 104-2179 + 6'3651 

+64j9 '4636 -356 '2364 
+645 '6S77 

riieters aiid the coiiipressioii L- 307 '6f 2 '3' 

o=- S2.9615 
o=- ZI ~ 9 3 2  
O= - 159 '2 I76 
0=+326 '0563 

+36'1;61$ - o'SzS5i/ - 0.9363" - 32'31322 
t31'5707 + S3.4646 + 2'2585 

+5212 '7646 -59s '9652 
+557 '4577 

Hypothesis I1 
iv= 9; 



0=- 7S'JS35 
o=;- 17'S13S 

o=+ 284 'SI34 
o= - 367 '6476 

Hypothesis IV 
:El= :$ 

+ 12 '2.45411 
+ 73.0ssa 

+4599 '4452 

$35 'S4835 ::- 0*46417/ 
+22 '7914 

Esaniiniiig the contents of this table, it is evident, in tlie first place, that whatever 
value for zc' is adopted the general result will be but slightly influenced; that is, the 
value of the equatorial radius reniains close to the value of Clarke's spheroid of 1 ~ 6 6  
('6 37s 206). whereas the value of the compression remains slightly smaller than that of 

; aiid, in the second place, that the cuyvature of I the Besseliali spheroid 

that part of the surface under consideration does not differ to any very marked esteiit 
from that which would be eshibited by a representative spheroid for the whole earth. 

The deflections at 
the initial station remain about the same, viz, r"'88 in the meridian and o"%g at right 
angles thereto; the radius 1.6 varies but 237 meters between the estreiiies and the prob- 
able errors remain practically unchanged, while with decrea.se of weight the compres- 
sion slowly increases approaching the Besseliaii value. The resulting values of ti or the 
deflections at the several stations increase necessarily in magnitude as the weight of the 
azimuth equations is diminished, and in Hypothesis IV the larger ones appear to indi- 
cate it'= :$ as a limiting value. 

The spheroid of h),Pofhtsis 111 is apparently the most acceptable, as it preserves a 
proper balance between the magnitudes of the opposing deflections in longitude aiid in 
azimuth,* and it /Ins btwz (id'jfed as r-@rest-zfing the n*sziIt qf tht; prt-sezt bvesfigafim. 
The resulting values of E and 7) on this hypothesis are as follows, the numbers referring 
to the .sine stations as in the preceding tabulation under hypothesis I. 

There is therefore but little choice between the above results. 

_- 
*The substitution of the respective values of Is q. I( and I in the equationsof condition derived from latitude, 

longitude, and azimuth oin~parisons. give for [ p z v ]  and hypotheses 1 to IV: 

Froiii cumprisons of 8' P 265'9 26s~ W o  166'0. 
Froin coniparisonsof A ' s  141'5 111.6 993 91'4. 
From coniparisoiis of Q' s grq'S n(561.5) i(sa3.9) f(616'S). 

In the discussion of the ordnance siirvey of Great Hritaiii arid lrelaiid Clarke adopts the weight 4 as  most suitable. 



T H E  DETERI\IIN.STION OF THE SPHEROID. 393 
511' 

1' , 

I -5.34 
2 -0'65 
3 -E2 '1s 

4 + I  'S7 
5 --0'Y9 
6 -1 ' ~ 2  

j - 2 ' 1 5  

s -1 '45 
g -0.70 

IO $2.55 

' 1 1 .  -I-r.i9 
I 2  -;-2.30 

13 

14 4-4.6s 
15 - z . . -  'J3 

16 -5.16 
17 +; -.!8 
I S  -2.24 

19 +3'02 
20 +I .gs 
21 11.69 
22 +2.53 
23 -0.96 
24 -0'94 
25 -6.52 

27 +2'2j 

26 --O'js 

2s -1-2 .j4 

29 $0'44 
30 -0.03 
31 -3'72 
32 $1 'S7 

33 +5'25 
34 $0'24 
35 -2'52 
36 - 2 . 1 7  

I 

2 

1 

4 
5 
6 

7 
s 
9 

1 0  

1 1  

12 

1 3 
14 

266 'o- I'"g4 as computecl froiii &- The probable error of a single latitude is 0.674 

the 36 latitude discrepaiicies and that of a single 1atitude.or longitude 0'674 

f  yo as computed from the 36 latitude aiicl the 14 longitude discrepancies. 

4192-No. 7-02-26 



COMPARISON WITH OTHER SPHEROIDS. 

The followiiig table is presented for coriveiiieticr of reference or coinparisoii of the 
resulting spheroid with a few other spheroids (:of .revolution 1 i 

Splieroid of- 

Ressel, IS@. Prom IO arcs of the meridian. total 
amplitude 5oo 34‘. 

Clarke, IS$.* Special spheroid for surface of Great 
Britain mid Ireland. Range in latitude l z O .  the 
same in longitude: 75 astroiinriiic stations. 

Clarke, I&&. From five iiieridioiial arcs, total 
amplitude 76O 35’. 

Clarke, ISSO.* From five riierirlioiial arcs mid loii- 
gitudinal iiieasures. total aniplitucle 8S0 Sg’-S 
equatorial degrees. 

U. S. Coast and Geodetic Survey. xgoo. Eastern 
Oblique Arc of the United States. Total ampli- 
tude 23O 31’; Sq astronomic statioiis. 

Froni “The Solar Parallax aiid 
Related Coiistants,” Washington, r8gr , p. 13s. 

Harkiiess. ~Sgr. 

Eqnatorial 
radius n 

ill meters. 

6 377 397 

6 37s 494 
*90 

6 37s 206 

6 378 249 

6 37s 157 
*90 

6 377 972 
&125 

Polar sani- 
diameter ri 

i l l  meters. 

6 356 079 

6 355 746 

6 356 5% 

6 356 51.5 

6 357 210 

6 356 127 
c99 

,, - b, Compression 
(‘7 - Q ) k l .  

21 31s 

22 74s 

21 622 

21 734 

20 947 

2: 255 

- ___ 
* For coliversioil of Eiiglisli feet iuto meters Clarke’s deterriiinatioii of 1S66 was used. vix: I ft. =o’.jo.figi2; 111. 

I 111. = j .2*s*;: ft. 

3% 

0 
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