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DETERMINATION OF THE DIFFERENCE IN LONGITUDE BETWEEN 
EACH TWO OF THE STATIONS, WASHINGTON CAMBRIDGE, 
AND FAR ROCKAWAY. 

By FREACONT MORFJE and 0. I3. FRENCH, 
Assistanla United States Coast and Geodetic Supvey. 

GENERAL STATEMENT. 

EarIy in the year 1912 Dr. Helmert, director of the Royal Prussian 
Geodetic Institute, Potsdam, Germany, suggested to the Superin- 
tendent of the United States Coast and Geodetic Survey the desirabil- 
ity of making a direct connectSon between th’e longitude nets of the 
two countries. The improvements in portable transit instruments 
and in the methods of recording cable signals which have been intro- 
duced since former trans-Atlantic determinations make it quite cer- 
tain that a new determination c m  be obtained with a probable 
error considerably less than that of the older ones. Using the four 
determinations mado previous to 1900 Assistant Schott found the 
probablo error of tho weighted mean to be f 0.050 seconds. There 
is little doubt that a determination may be made at the pr&sent time 
With a probablo error of loss than & 0.005 seconds. 

Another reason for desirihg a new determination lies. in tho fact 
that a result of the order of acmracy indicated above will give in 
comection with future observations, if not with those of the past, 
data for the settlement experimentally of the question raised by 
geophysicists whether the distance between the two continents is 
constant. 

A discussion of ways and means of making as accurate a deter- 
mination as possible led to the plan of using the German cables which 
cross the Atlantic in two links, one extending from the islmd of 
Dorkum, in tho North Sea, to Fay’al, in .the Azores, and the othe’r 
from Fayal to Far Rockaway, on the outer coast of Long Island, N. Y. 
I t  was arranged that tho German observers should do the cable work, 
while the American observers should connect the station at the Far 
Rockaway end of tho cables with tho Unitod States longitude net. 
The Borlrum station had already beon comectod with the German 
net. 

6 



6 COAST AND GEODETIC SURVEY SPECIAL PUBLICATION NO. 35. 

As the Harvard University Observatory at Cambridge, Mass., has 
been used as the initial station for all the United States longitudes, 
and the United States Naval Observatory at Washington, D. C., 
had been recently used for a wireless determination between the 
United States and France, these two stations were selected as the 
two points of the net to be connected with the Far Rockaway sta- 
tion. And, aa the line Cambridge-Washington had been observed 
before the days of the transit micrometer, a new determination of 
this line was decided upon. 

The plan of the entire work may be briefly outlined as follows: 
The German plan contemplated beginning obsorvations on July 20, 
1914. One observer was stationed a t  Borkum, a second was located 
at  Fayal, while a third came to Far Rockaway. As these three sta- 
tions were too far apart to permit the uso of the same stars it was 
planned to exchange cable signals at a specified hour each night for 
20 nights, regardless of the weather, and to make time observations 
whenever the weather permitted. Tho clock errors on nights when 
no observations could be obtained were to depend on the rates of 
the clocks. At the end of the 20 nights the observers at Borkum 
and Far Rockaway were to change stations, and a second series of 
exchanges was to extend over 20 nights. The observer at Fayal was 
to remain at his station during the.entire period. 

In passing, it may benoted that. the German observations were 
unfortunately ended before tho f b t  series of exchanges had been 
completed by the cutting of the cable soon after the outbreak of the 
European war. 

The American plan of work contemplated the determination of 
each of the three lines, Far Rockaway-Washington, Far Rockaway- 
Cambridge, and Cambridge-Washingtoe, by a 10-night series of 
observations, with an exchange of observers after 5 nights, 80 as to 
eliminate personal equation. 

While the plan of making the direct connection between Germany 
and this country was under discussion Dr. Helmert suggested that 
the entire instrumental outfit of all the parties should be alike, and 
recommended the use of the Bamberg or broken telescope transit, 
which had been in use in Germany for some time. Accordingly, two 
of these transits were purchased by the Coast and Geodetic Sumey, 
together with two chronographs bf the fillet typo. 

TEIE BROKEN TELESCOPE TRANSIT. 

In this instrument the light coming through the objective is 
reflected at right angles by a prism sot in the axis of the telescope, to 
the oye end, which is in tho prolongation of the axis about which the 
telescope rovolves, and outside of the wyes. (Figs. 1 and 2.) Tho 
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objective has a clear aperture of 7 centimeters and a focal length of 
67 centimeters. The instrument is fitted with an ocular micrometer 
which records electrically the times of the passage of a star through the 
field. The micrometer screw has an equatorial value of about 10.5 
seconds for one turn, and the head of the micrometer has an agate 
rim in which are set 10 eqiridistant metallic strips, each strip being 
about one one-hundredth of a turn in width. In addition to these 10 
strips there are also 2 others, set one on each side of the zero strip 
and equidistant from it, to provide a means of identifying the.marks 
of the record. A platinum point is pressed by a spring against the 
surface of the micrometer rim, and as the head is revolved this point 
makes a contact and completes a circuit each time one of the metallic 
strips passes under it, and a record is made on the chronograph. 

At the opposite end of 'the telescope axis from the micrometer 
there is arranged a very small electric light for the illumination of 
the cross hairs, and the light from it is transmitted through the large 
prism to the eyepiece by means of a small prism not over one-third 
of a centimeter in size which is cemented with Canada balsam 
on the diagonal face of the large prism. The faces of the two prisms 
must be accurately parallel to allow the passage of the light. 

A small setting circle, about 15 centimeters in diameter, is attached 
to the tclescopc axis baok of the micrometer box at  the eye end. This 
circle carries a movable vernier and 1?vel, and reads to 1'. The 
graduations of the cirole are numbered from 0 to 360, and the zero 

north of 
is so placed that the circle reads zenith distances for stars south 

east the zenith when the eye end is Kt ; andexplements of zenithdistancas 
east of tho zcnith when the eye end is 3. south for stars north 

A reversing apparatus is profided, and attached to  it are four 
friction wheels which run in two grooves cut in the axis of the tele- 
scope. These wheels, two of which form a sort of cradle, one on 
each side of the telescope tube, rest in turn on springs which are 
sufficiently strong to support the greater part of the weight of the 
telescope. Thus, only a small part of the burden of the telescope 
is borne on the pivots and wyes. This reduces flexure to a minimum 
and permits of tho telescope being made heavier and more solid than 
would be desirable if all the wei h t  were carried on the pivots. 

Instead of the usual striding f eve1 the instrument is furnished with 
a hanging level, and to pcrmit of its hanging directly below the axis 
of the telescope each standard of the roversing gear is cast with a 
S Q I n i C i r C U h  arc at  a point about halfway of its length. ! b o  small 
cross levels are attached to the hanging level, one near each end, to 
indicate when it is in proper position for roclding. 



8 COAST AND GEODETIC SURVEY SPECIAL PUBLICATION NO. 35. 

The frame of the instrument is skeletonized, but strength has not 
beon sacrificed, nor has it been made too light in weight. In size it 
is 28 by 55 centimeters, with its t o p  8 centimeters above the top of 
the pier. 

Onc peculiarity of tho construction of the instrument is in the posi- 
tion of the foot screws. These are three in number, two bcing placcd 
in line at the corners of the frame on the north side, and the third 
being at the middle of the opposih side. The west foot screw rests 
in a hole in a footplate; thc southone rests on aplanesurface of hard- 
ened steel on a second footplate, while the east one rests in a V-shaped 
groove in a third footplato. This groove is cut in a steel block, which 
is movable in the footplate by means of two abutting screws. The 
object af this motion is to provide means of setting the instrument in 
the meridian. When the abutting sorews are turned, the whole 
instrument, frame and all, rovolves horizontally about the hole in 
the west footplate as a center. 

In addition to what has already been described, the instrument is 
provided with detachable twin levels for latitude work. When in 
use for latitude determinations a second micrometer is employed. 
This micrometcr has no electric connections. It is arranged so that 
it can be used for time-work, either by the key method or by eyc 
and ear. 

The care taken to avoid flexure by supporting the tclescopo on 
friction wheels has been mefitioned. As another means to this end 
the telescope is very efficiently counterpoised. Thus, as a balance 
to the telescope tube, a weight is attached to the opposite side of the 
axis; as a counterpoise to the ocular micrometer and setting circle 
the mounting of the illuminating lamp is made heavy; as a balance 
to the clamp a counterweight is provided on the opposih side; and, 
finally, when the latitude levels are in use, a counter-disk is attached 
opposite them. 

There are two independent electric circuits in the instrument, one 
for the illumination of the field and the other for transmitting the 
record of the transit micrometer, and they are so arranged as to be 
effective in both positions of the telescope. There are only three wires 
for the two circuits, one wire being common to both. Hence, in 
making the connections, the central, or common, wire must be con- 
nected with like poles of the two batteries. The two circuits entor 
the instrument at  tho southwest corner, where there are four bind- 
ing posts. Two switches are placed h - e ,  by means of which either 
circuit can bc opened or closed. The three wires are insulated and 
lead along the frame of the instrument to three metal springs, which 
are fastened to a strip of hard rubber at the top of each standard. 
These springs press upward against three insulated metal bands in the 



FIG. 2.-BROKEN T E L E S C O P E  T R A N S I T  (ANOTHER VIEW). 
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axis just outside the pivots. The outer and middle bands are in the 
micrometer circuit, and the inner and d d d l e  ones are in the illumi- 
nating circuit. 

It is desirable to describe the micrometer and recording devico 
more in detail. The micrometer screw, with its divided head and 
metallic strips already mentioned, is provided with a suitable train 
of beveled wheels, which are in turn connected with an axis located 
back of and above the micrometer box. This axis has a large milled 
head a t  each end for use, one with each hand, in following a star as it 
transits. 

The back of tho micrometer box is attached to a tube which fits 
accurately into the end of tho telescope axis. A lug on the tube runs 
in a slot in the axis, and the slot is made larger than the lug, so as to 
allow th6 tube to bo rotated through a small angle by means of two 
abutting screws for adjustment of the verticality of tho movable 
wires. The focusing of the wires is done by moving the tubo in or 
out as required, and a clamp is provided to  hold the tube in place 
after the adjustment for focus is made. 

The movable threads of the diaphragm are parde l  and three in 
number. Two of them are placed close together, so that observa- 
tions may be made by keeping the image of the star midway between 
them, and the third is separated from the pair by the space of about 
half a turn of the screw. Observations may be made with this thread 
by bisecting the star image. 

There are six fixed wires in the micrometer. Two of these are 
intended to indicate the path through which the star transits and are 
placed about 50 seconds of arc apart and parallal. These are of c o m e  
at right angles to the movable wires. The other four fixed wires are 
parallel to the movable wires. Two of them are close together and 
serve to define the line of collimation; the other two arb placed one 
at each side of the field at a dist,ance of five turns of the micrometer 
screw from tho Line of collimation and indicate where the observations 
on a star begin and end. A small scale on the outside of the microm- 
eter box numbered from 0 to 10 indicates tho position of the movable 
threads. On the west end of the frame of the instrument there is a 
small plate bearing the inscription “0  R,” and on the east end % 
similar plate is inscribed ( (  10 R.” Theso aro htendod to remind tho 
observer that in position ocular west the micrometer should be set 
at 0 rovolutions in preparation for the approach of the star; while in 
position ocular east it should be set a t  10 revolutions. 

The transit described above can be used also for the determina- 
tion of latitude by the Horrebow-Talcott method. (See p. 40.) 

27870°-16---2 
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THE CHRONOGRAPH. 

This differs from the ordinary style of chronograph (fig. 3) in being 
made to use with a fillet or tape. It is a very compact instrument, 
being mounted on a wooden base 18 by 30 centimeters. The clock- 
work is contained in a metallic box which measures 7 by 13 by 17 conti- 
meters. It is driven by a weight which is hung in one loop of a sprocket 
chain, the other loop being occupied by a light counterweight. The 
ohain goes over two sprocket wheels within the box. The speed of 
the tape is controlled by a fan governor which revolves about a verti- 
cal axis, the fans spreading out from the axis as the speed increases. 
Attached to the chronograph are three relays. One is a starting 
relay, which, when a switch is thrown, pulls a brake away from a 
drum on the governor axis and allows tho chronograph to  qtart and 
lets the brake return and stop the machine when the circuit is broken. 
The second is the micrometer relay, and it is connected by wires with 
points on the frame of the transit, which are in the micrometer circuit. 
The third is the clock relay. The micrometer and clock relays are 
side by side and actuate two armatures which carry needlo points, 
These points puncture tho paper fillet and leave a permanent record 
in the shape of a minute hole every time either circuit is made. The 
tape or fillet is wound on a reel that stands on top of the box con- 
taining the clockwork, and it is fed through a train of wheels by 
friction. One wheel of tho train has a roughened surface, and a fric- 
tion roller pressed by a spring against this surface causes the paper to  
be drawn through. There are on the roughened surface of this wheel 
two grooves cut close together, one to receive each of the two needle 
points, and thus prevent damage to the points. The starting relay 
is also so connected with the clock relay that when its circuit is closed 
that in the clock relay is closed too. All three relays were connected 
during observations with a double switch placed beside the observing 
pier, so that one motion set the chronograph going, tho clock record- 
ing its beats on the tape, and put the micrometer in circuit. A second 
motion, turning another switch, lighted the lamp for illuminating the 
cross hairs. 

Figure 4 shows tho relative positions of the threo relays on the 
chronograph and also the method of wiring the apparatus for this 
kork. The A circuit is the one for stopping and starting the chrono- 
graph. The clock is connocted with the Z7 circuit. The T circuit is 
the one used for recording the star transits and the oxchange of sig- 
nals, and hence must include the transit, switchboard, local battery, 
and preferably the control switch, although the last is not required 
except for the purpose of making sure that the circuit is broken when 
desired without watching to see that the contact point is not touching 



FIG. 3 - C H R O N O G R A P H  

Z 
? 

c" 
W 



LONGITUDES, WASHINGTON, CAMBRIDGE, AND FAR ROCKAWAY. 11 

DIAGRAM SHOWING METHOD OF WIRING 
FOR 

LONGITUDE WORK 

I r-J i..-. ..-...-...-... 

I I 
I I 
I 

Oronograph Startiag Circuit 

C/o& Cirwit 
Sounder c/iwit 
Telegraph hne 

------ Pansit Microm&er Circuit 
-.-.-.- 
-..-..- 
-... - ...- 
. . . . . . . . . . . . . . . . . . Il/uminating Grcuit 

I 

FIG.4.-POSITIONS OF RELAYS ON CHRONOGRAPH, AND OTHER M E T H O D  OF WIRING. 
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one of the metal strips. When exchanging signals the contact point 
was placed on a metal strip in order to complete the circuit, thus 
using identically the same local circuit for both the transits and 
signals. “he regular Coast and Qeodetic Survey switchboard was 
used in this work. 

CLOCKS. 

At the Naval Observatory, Washington, D. C., through the cour- 
tesy of its superintendent, the use of the standard Riefler sidereal clock 
was obtained. It is kept in a constant-temperature vault, and is in 
an air-tight case under constant pressure. 

At Far Rockaway the German observer kindly arranged a double 
relay in connection-with his sidereal clock, Dencker No. 27, which he 
had brought from Germany, so that the clock could be used without 
interference by both observers. It was hung in a small closet in the 
basement of the cable building and was under excellent temperature 
conditions, as was shown by the record of a thermograph kept in the 
same closet during the observation period. 

At Cambridge the director of tho Harvard University Observatory 
kindly had connections made so that the observers had the uninter- 
rupted use of the observatory sidereal clock, Frodsham No. 1327. It 
is kept in a vault in the basement of the main office building of the 
Observatory, where the temperature is fairly uniform. 

DESCRIPTION OF STATIONS. 

The Washington station is in the grounds of tho United States Naval 
Observatory, and tho observations were made in the eastern of two 
small houses that had been erected in 1913 for use by tho French and 
United States naval observers in the determination of the difference of 
longitude between Paris and Washington by wireless telegraphy. Its 
location with respect to the other buildings in the grounds is shown on 
the map, figure 5,  on which it is numbered (‘ 1.” At “ 3 ” is shown tho 
position of the pier used by the Coast and Geodetic Survey in in 1897 
while determining originally the longitude of the Naval Observatory. 

As the point of reference for all data at tho observatory is the cen- 
ter of the clock room (“9” on map) the following measurements are 
here given for the reductions to  the observatory meridian: 

1897 station enst of 1914 station 4.53 meters, or O”.188, or 0.0125 second. 
1897 station east of clock room, 0.06pl second. 
1914 station east of clock room, 0.0566 second. 
1914 etation eouth of clock room 145.73 meters, or 4”.73, agreeing with the 

value obtained by the Naval Obsorvntory. 

The Cambridge station is located in tho grounds of the Harvard 
University Observatory, north of Concord Avenue and between Bond 
and Madison Streets, Cambridge, Mass. “he observatory used was 
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constructed in 1905 for tho uso of longitudo obsorvors. Its location 
with respect to other buildings in the observatory grounds is shown 
on the map (fig. 6), where it is numberod "1." 

As the point of referen& for Harvard College Observatory is the 
center of the large dome over the Sears equatorial in the middle 
of the main building, a trigonometric survey was mado to connect the 
observing station with it. The results are as follows: 

COAST AND GEODETIC GURVEY SPECIAL PUBLICATION NO. 35. 

1914 station west of dome 37.838 meters, or lN.854, or 0.1103 second. 
1914 station north of dome 41.448 meters, or 1".343. 
1914 station west of Russian tramit 24.23 metere, or 1".059, or 0.0708 second. 

The Russian transit is mounted on a pier which was erectod on the 
same foundation as the pior usod for tho Coast and Goodetic Survoy 
observations of 1869, and honco is probably within an inch or two of 
the old station. From the above figures the Russian transit is west 
of dome 0.0397 second, agrooing with tho value originally obtained 
for the 1869 station, viz, 0.040 second. Tho distances for the 1914 
station agroo with those obtained by Dr. Klotz in 1905. (Seo Report 
of Chief Astronomer of Canada for 1905, p. 22.) 

Tho Far Rockaway station is located to the northeast of tho build- 
ing whore the cables, which aro operated by the Commercial Cablo 
Co., terminate in Far Rockaway, Long Island, N. Y. Tho building 
is a large two-story structuro on the wost side of Grand View Avenue, 
about half a milo  southoast of the Long Island Railroad station a t  
Far Rockaway, and about tho same distance from the ocoan beach. 
The obsorvabry building was located just outside the cable company's 
inclosure on a lot ownod by William Caffrey. It was a small ghed 8 
by 16 feet, with a partition in tho middlo dividing it into two rooms. 
"he western room was used by the German observer and the other 
by the United States observers. The distance between the centers 
of the two observing piers is 2.44 meters, or 0".1038, or 0.0069 
eecond. 

The following moasuremonts wore made from the center of the 
eastern pior: 

Meters. 
Nearest corner of fence ......................................... 9.29 
Nearest corner of cable house.. ................................ 16.89 
Second corner of cablo houae.. ................................. 22.28 

F i p e  7 shows the connection of the United States station with 
the triangulation of Greater New York, and, in the subsketch, the 
relative positions of the cable house and station, together with the 
measuremonts givon above. 

The geographic position of the station as deduced from the triangu- 
lation is: Latitude, 40' 36' 00".249; longitude ,73' 44' 58".628, or 
4h 54m 59"9085. 
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5431 .... 
mo).... 
M6Q .... 
&E?.... 
6523.... 
5560 .... 
&67.... 

ADJUSTMENTS OF INSTRUMENTS. 

The adjustments of the transit are so similar to those described 
in Special Publication No. 14 that they need not be repeated here. 

The chronograph adjustments are few and mostly obvious. The 
friction brake should be adjusted so that it barely touches the gov- 
ernor when acting m a brake, thus permitting the use of a woak cur- 
rent through the relay to start the chronograph and koep it going. 
The recording prick pobts should be made to fit into the grooves in 
tho friction wheel, and to stand vertical with their tips just far enough 
from the papor to  prevent touching when not recording. Changes in 
the adjustments of the relays should be avoided during observations 
and while exchanging signals. If, for any reason, an adjustmont 
becomes necessary during an exchange, dl signals sent previous to 
the adjustment shbuld bo rejectad and a complete new exchange 
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6.1 
5.4 
6.1 
6.4 
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OBSERVING METHODS. 
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Below is shown the arrangement of an observing list for one com- 
plote time set. In the use of tho broken telescope transit tho telc- 
scope was reversed on each star, thus practically eliminating the 
collimation correction and also the correction for pivot inoquality, 
if any existed. This reversal made it nocossary to set the tolescope 
twice for each stw, once for the pointing before reversal and tho 
other after. The first setking given in the observing list is the one 
to be used d e n  the eye ond is in tho position shown by the lettor 
proceding it. 

Washington, D.  C. Latitude, 58’ 55f 14”: 
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The observing practioe was as follows: A short time before the star 
was due to enter the field, the telescope was set to the right zenith 
distance by means of the setting oirole and level and damped. Then, 
without disturbing the telescope, the circle was set for the required 
pointing after reversal, and the micrometer thread set at the proper 
side of the field. A few seconds before the Btar should appear in the 
field the switch controlling the illumination was thrown and watch 
was kept for the star. When it appeared the image was brought 
between the parallel lines defining the center of the field, and when 
it neared the movable thread the control switch was thrown to  start 
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the ohronograph, put the clock in action, and the micrometer in cir- 
cuit. A note of the number of the star was then made on the fillet, 
after which the image was followed through about two revolutions 
of the screw, or sdliciently far to insure two records of the three 
lines defining the zero of the micrometer head. The two observers 
differed slightly in some respects in the manipulation of the instru- 
ment. Thus, one unclamped the telescope before beginning observa- 
tions and applied a force of 4 or 5 pounds to the top of the axis just 
back of the clamp to insure that the pivots were not riding up on the 
sides of the wyes, while the other kept the telescope clamped. So, 
also they differed as to  the time of making the level readings, one 
making them just before the passage of the star in each position of the 
clamp, and the other just after. After the star had been observed in 
the first position the telescope was reversed and the image followed as 
it passed the same portion of the micrometer screw as before, the 
recorded contacts being in reverse order. The illumination was 
turned off and the chronograph stopped between stars, except in 
some instances when the’interval was short. 

A complete night’s observations consisted of three time sets with 
an exchange of signals between the first and second and between the 
second and third sets. The method of making the exchangos was 
practically the’same as that herotofore followed by the Coast and Geo- 
detic Survey and explained in Special Publication No. 14. When this 
work was begun the method of sending “breaks” over the telegraph 
wires was adopted, but on August 6 a trial of both “breaks” and 
“makes” was made (this being effected by reverving the armature 
points of the signal relay), which resulted in the use ol “makes” for 
all exchanges subsequent to August 7. It was found that there was 
a difference of 0.02 second between the results of the “make” and 
“break” signals, and that the transmission time WM about three 
times as great with the “breaks” as with the “makes.” A later 
comparison of the longitude differences derived from the two sets 
o€ signals showed that the “make” fesults were nearer the h a 1  
mean value. Hence, the decision to use the “make” signals was 
fully justified. 

For the arbitrary signals the times of sending were regulated by a 
swinging plummet, so adjusted as to make approximately 58 swings 
per minute. Thus the arbitrary signals were distributed progressively 
among the clock signals and possible errors due to eccentricity or 
irregularity of the gear wheels of the clock were eliminated. 

STAR LISTS. 

In selecting the stars for these observations the method used by 
the German and other observers was employed. This consists in 
using only close zenith stars for the time stars and a circumpolar 
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€or an azimuth star. A complete time set included five or six time 
stars and one azimuth star. Owing to the restriction of the time 
stars to those near the zenith and the extra time required in making 
a reversal on each star, it was necessary, in order to avoid long waits 
hct.mcen stars and consequent undue lengthening of tho time of 
observation, ‘to have recourse to a more extended catalogue than 
that published in the American Ephemeris, and accordingly “A 
Preliminary Catalogue of 6,188 Stars, Epoch of 1900, by hwis BOSS,” 
was used to supplement the American Ephemeris Iist. Such stam 
as were available wore selected from the latter catalogue and the 
lists mere then filled out from the Boss stars. This increased the 
amount of computation, since the apparent places of the Boss stars 
had to be computed. A slight correction was applied in every case 
to the American Ephemeris star places when they differed from the 
Boss values. No time star was selected which had an azimuth factor 
greater than 0.3, and each time set was so nearly bnlanced that the 
algebraic sum of the azimuth fnctors was less than 0.3. To make 
thcso conditions hold for both stations of a line ,(the same stars being 
observed at  each) the number of available stars was necessarily 
limited, and hence more time was required for a complete set thnn 
would have been the case if such rigid conditions had not boen 
imposed. The only conditions as to tho azimuth star wero that it 
should not be under 70’ in declination, and proferably not over 80°, 
nnd that if practicable it. should be chosen from the American 
Ephemeris list in order to iiisure tho use.of better determined stars 
and to avoid computatioii of apparent places. 

The list of stars used at  Washington while working on the. 
Washington-Far Rocktiway line is given on page 20. It differs from 
similar lists published in Special Publication No. 14 only in tho 
introduction of the column hetcded “1.” This gives the combined 
correction for width of contact strips and lost motion to be described 
later. 
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Star ZiSta. Far Rockaway and Wcuhingfon. 

MEAN PLACES, 1914. WASHINGTON FACTORS. 

I. 

I&-&- - 
5.8 

6.0 
3.8 
5.0 
5.2 
4.0 

e.0 

Star. 
_. 

*4403 
4430 
4455 
*4479 
*E44 
4522 
$4538 

Right w n -  
EiOU. 

- __ .. - . -. 
h ,n a 
17 17 u1.453 

30 23.505 
37 02.178 
43 27.808 
50 30.007 
54 25.351 

24 21.412 
39 
54 
13 
05 
29 
25 
23 

Declha- 1 Zenith. 1 
tion. dlstnnce 

6 6 20.0 1.19 
N 9 24.7 1.50 
N 2 23.0 1.33 
N 7. 07.8 1.44 
N33 10.2 3.27 
N 1 06.2 1.31 
8 9  39.8 1.14 

32 34 
48 19 
41 18 
46 03 
72 11 
40 01 
29 15 

3.8 
5.6 
0.0 
5.8 
4.0 
6. 0 
5.2 

18 

A I - I - 

22 36.523 
20 32.632 
24 01.603 
40 37.756 
46 64.2i8 
52 31.032 
59 00.378 

*4872 
4702 
*4722 
4i.12 

4811 
4848 

*477e 

72 
30 
38 
31 
33 
48 
46 

41 45 N 33 46.5 
29 19 S 8 25.0 
42 11 S 0 13.1 
50 30 8 7 04.7 

I ! I I I I I I '- 
111. 

6.6 20 
1.0 
2.6 
5.1 
4.0 

5.6 21 
e. 7 

72 
44 
33 
43 
40 
39 

' 38 

14 7.5 h' 33 19.2 
58 21 N 0 03.1 
38 51 8 6 16.4 
44 05 N 4 4U.8 
50 07 N 1 5 4 . 9  
10 09 N 0 14.9 
19 33 6 035.7 

3.28 
1.41 
1.20 
1.39 
1.32 
1.29 
1.27) 

2.74 -1.80 + 
.15 + 

1.38 - 11 + 
1.32 - :048 4- 
1.29 - .MI + 
1.21) + .Olj + 

1: :% 

IT ."2 

- .02 - .021 - .02 - .02 

- 
.02 
.021 
.02 
* 02 . oa 
%i 

-_ 

LEVEL VALUES. 

The values of tho hanging lcvels of the instruments wero deter- 
mined at the office both before and after the longitude observations. 
The two series of dcterminations differ slightly, but as tho lator 
doterminations were made with the level vials mounted as in actual 
use and with the length of bubble as nearly as possible the same as 
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that used in the field they were deemed. more nearly correct and 
hence were used in the final computations. 

The adopted values for one division of the hanging levels are: 
Tranait No. 20, l.//OSfif0.'%04; 1/60=0.0181 second. 
Transit No. 21, 1.//200&0."002; 1/60=0.0200 eecond. 

VALUES OF TRANSIT MICROMETER SCREWS. 

Observations to determine tho values of one turn of these screws 
were made several times during the season. As they are needed only 
for the purpose of finding the width of the contact strips and the 
lost motion of the screws, great accuracy is not required. Slow- 
moving stars were used in some cases and convenient time stars in 
others, the passage of the stars boing followed through tho field from 
the 0 to the tenth turn and in both directions, and tho record made 
on- the chronograph. Results obtained from time stnrs were quite as 
accordant as those from slow moving stars, and required much .less 
time. The meail of all values obtained for each screw was adopted. 

Equatorial value of one turn for transit KO. 20=10.584 secondsf0.0006 second. 
Equatorial value of one turn ior tramit No. 21=10.541 secondsf0.0006 second. 

WIDTH OF CONTACT STRIPS. 

The record on the chronograph is made the instant the clectric 
circuit'is closed as tho micrometer screw is turned; that is, when the 
metal contact point touches the edge of a contact strip. As the telo- 
scope is reversed on each star, it is evident that tho contact point 
touches the other edge of tho strip first d t e r  reversal; hence the 
records are all mado too early by one-half the time roquircd for tho 
point to cross the full width of the strip. 

These widths are dotermined ns follows: Having tho instrumoiits 
mounted and wired ready for observations, throw tho control switch 
beside tho transit pier on circuit and the small switch nt A (fig. 6) 
off contact, thus breaking all the circuits except that of the microme- 
ter. "hen turn the micrometer screw very slowly, stopping the in- 
stant the click of the chronograph relay is heard. Note the reading 
of the micrometer and tlion move the contact point across the strip 
and bring it back into contact by turning tho screw in the opposite 
direction, and again note the micrometer reading. The difference of 
the two readings is the effective width of tho strip in terms of the 
screw. Each full determination consists of such readings for two 
complete revolutions of the screw. 

Continued use of the micrometer with frequent sparking between 
the strips and the point causes a mearb; of the edges. Hence fre- 
quent observations should be made. It mas the practice for each 
observer to determine contact widths throe times during each sepa- 
rate occupation of each station, once before beginning the longitude 
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work, again at about the middle of the observations, and finally u t  
the end. The mean of all three was used for the computations during 
that period. 

The correction I' to be applied to the mean of the star transits for 
error due to the width of the contact strips is 

I' = 112 Rs sec. 6, - - - - _ _  - - - - - - - - - _ _  _ _  _ _  - - _ _  _ _  - - _ _  - - - - _ _  (1) 
R being the equatorial value of one division of the micrometer 

s, the value of the width of the contact strip expressed in 

aec. 6, the correction for declination, or the C of the A ,  B, C 

screw, 

terms of one division of the screw; and 

factors used in time computations. 

LOST MOTION. 

In any screw working against a spring there is probably always a 
certain amount of lost motion. In  this case, although the lost mo- 
tion is small, it  is usually in the same direction, and if neglected 
mill cause a systematic error. 

To determine its amount the movable wires of the micrometer 
were pointed upon the h e d  wires a t  either side of the field and also 
on the fured threads defining the line of collimation in order to get 
the value for 'different positions of the screw. Pointings werg made 
first by turning the screw in one direction and then in the other. 
The difference of the readings is the lost motion in terms of tho 
screw, and the correction to be applied to the mean of the star tran- 
sits for error due to this cause is 

I" = 112 Rm SCC. 6, - - - - _ _  _ _  - - _ _  - - - - - _ _  _ _  - - _ _  _ _  - - - - - - - - (2) 
R being as before the equatorial value of one division of the 

m, the lost motion expressed in terms of one division of the 

sec. 6, the correction for declination, as before. 

screw, 

screw, and 

To show how this correction is deduced, suppose that 1, 2, and 3 
in figure 8 represent three successive recording positions of the mova- 
ble thread while following a star going in the direction indicated by 
the arrow, before reversal of the telescope, and when the screw is 
boing revolved so that it is compressing the opposing coiled springs. 
Suppose, further, that the thread is stopped a t  4 after the record 
has been made. Now, let 4, 3, 2, and 1 represent like positions of 
the thread after reversal of the telescope on the assumption that there 
is no lost motion in the screw. 

If there is lost motion, then, as the observer starts to follow the star 
(still going in the same direction), the movable thread will lag behind 
its proper position and instead of taking the positions 3, 2, and 1 it 
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FIG. 8.-CORRECTION FOR LOST MOTION. 

Adding equations (1) and (2)) and letting Z’+Z’’=Z, we get as the 
expression for  the combined corrections due to the errors caused by 
width of contact strips and lost motion, 

1=1/2 R(s+m) sec. 6 - -  _ _  - - (3) .  

An example of the record and computation for the determination 

O b s e r v a t h  for  width of contact strip, transit NO. 20, Cambridge, iliaas. 
of I is given below. 

Observer, 
0. B . F .  . 

Bept. 28, 1914. 1 Oct.: 1914. I Ocl. 12, 1914. 

d 
0.1’ 

90.1 
80.2 
70.2 
00.2 
60.1 
40.1 
30.1 
20.1 
10.1 
00.1 
90.1 
80.2 
70.2 
60.2 

UP. 

d 
9. 1 

19.1 
29.1 
39.1 
49.2 
K9. 2 
69.2 
79.2 
89.2 
99.2 

9.1 
10.1 
29.1 
30.1 
49.2 
59.2 
69.2 
79.2 
80.2 
99. 2 

. 8.16 

- 

-- 

d 
9.2 

19.2 
28.1 
39.1 
49.1 
59.2 
69.2 
79.2 
89.2 
99.2 
Q. 2 

19.2 
29.1 
39.1 
40.1 

DUI a 

d 
0.1 

00.1 
80.2 
70.2 
80.1 
80.1 
40.1 
30. 1 
20.1 
10.1 
0.1 

80.1 
80.2 
70.2 
00.2 
60.1 
40.1 
30.1 
20.1 
10.1 

Down. 1 Up. 

a 
0.1 

19.1 
28.1 
39.2 
49.2 
69.2 
69.2 
79. 2 
89.2 
00.1 
9 .1  

19.2 
28.2 
30.2 
49.2 
59.3 
6% 2 
79.2 
89.3 
99.2 -- -1- 

-. =-+ 975 

-- 
Dovm. Up. -- I 

10.125 0.185 -. 
55 I +  

Down. 

d 
0.1 

90.1 
80. 2 
70.2 
eo. 2 
60.1 
40.1 
30.1 
20.1 
10.1 
00.1 
90. 1 
80.2 
70.2 
60.2 
50.2 
40.1 
30.1 
20.1 
10.1 

10.136 

- 

- 
so 

- 
P i ~ l  moan a- f.880. 
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Observatione for lost motion, transit No. 20, Cambridge, Mass. Observer, 0 .  B .  F. 
S E P T E M B E R  28, 1914. 

, d  
1.4 

, 1.4 
1.5 
1.4 
1.4 1 1.5 
1.5 
1.5 
1.4 
1.5 

Lower wire. Middle wire. 

d 
1.6 
1.5 
1.5 
1.4 
1.5 
1.4 
1.6 
l.'8 
1.5 
1.5 

d 
5 2 4  
52.4 
52.5 
52.4 
52.5 
52.4 
52.5 
52.5 
52.4 
52.5 

d 
1. 6 
1.5 
1.6 
1. 6 
1.5 

1. 6 
1.6 
1.5 
1.6 

1.5 

d 
52. 4 
5 2  4 
52.4 
52.4 
52.5 
52.5 
52.5 
62.5 
52.5 
52.5 

d 
1.5 
1. 6 
1. 6 
1. e 
1.6 

1.5 
1. 6 
1.0 
1.7 

1. a 

Upper wire. 

Up. I Down. -- 

1.0 
1.1 
1.0 
1.0 
1.0 
1.1 
1.0 
1.0 
1.0 

1 1.0 

0.9 
0.8 
0. u 
0.9 
0.0 
0.8 
0.8 
0.9 
0.8 
0.9 

0.0 
1.0 
1.0 
1.0 
1.0 
0.0 
1.0 
1.0 
1.0 
1.0 

1.0 
1.0 
1.0 
1.1 
1.1 
1.1 
1,1 
1.1 
1.0 
1.1 . 

52.0 
52.1 
62.0 
52.1 
52.0 
hZ 1 
52.1 
52.0 
52.1 
62.1 

52.0 
61.9 
52.0 
51.0 
52.0 
52.1 
52.0 
52.0 
52.0 
52.0 

" . e  w.7 
9U.6 
m.7 
89.7 
89.6 
89.6 
88.7 
69.6 
00.7 

1.02 I 51.89 I 52.00 0.67 1 0.08 
--______-- 

+.IO4 "OB 1 +.07 I +.11 

OCTOBER 12, 1914. 

09.8 
89.7 
9U.8 
89.7 
89.8 
09.8 
89.8 
89.7 
89.7 
90.7 

1.2 
1.3 
1.2 
1.3 
1.3 
1.3 
1.2 
1.3 
1.2 
1.3 

1.3 
1.3 
1.3 
1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.3 

62. i 
52.3 
52.3 
52.3 
52.3 
62.3 
52.4 
52.4 
52.3 
52.3 

52.3 
52.4 
52.4 
52.4 

, 52.5 
I 52.4 
, 52.4 

52.5 
52.4 

' 52.3 

d 
Xem- +.037. 

d 
Mean-+ .073. 

d .  
Mean-+ .080 

Mean of thrce sets m.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Mean value for width of contact strlps., . . . . . . . . . . . . . . . . . 
Sum, a+m.. . . . . ._....__. _..... ...... .. _..... . ._. ._. . . . . 
R . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

- + .067 -+ .960 

-+LO27 - .lo524 
a 

5 
HenceZ-l/2R(a+m)sec& ......_..._......_..__....._........ -+ .WOseCS 
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RECORDS AND COMPUTATIONS. 

On pages 29 to 31 are shown the data obtained during the 
observations on August 15 at Washington, D. C., and also all the 
computations required to secure the clock correction from each star 
froe from all determinable errors except the one due to  .the instru- 
ment's not being exactly in the meridian. On page 32 are the 
remaining computations necessary to obtain the clock correction 
from each set. These differ but little from those described in 
Special Publication No. 14, pages 20 to  27, after omitting that part 
in reference to determining the error of collimation. The elimina- 
tion of the collimation by reversal on each star simplifies the com- 
putation greatly, besides reducing the number of stars required for a 
time set nearly one-half. - 

The inclination of the axis was determined for each star and a 
correction corresponding to that inclination was applied to each 
without taking any mean values or considering observations made 
on other stars. 
As the fillet was read the time of transit of a star was placed in 

the first two columns under each star, the second column being in 
reverse order frgm the h t ,  with both records of each contact strip 
placed on the same horizontal line in the two columns, so that their 
sum, recorded in the third column, is the sum of the two observa- 
tions made by the same contact strip. 

In the equations for the final computation of the clock corrections 
only two unknowns appear and there are two equations, so that the 
solution is simple and direct. All the time stars are used to form one 
equation and the azimuth star to form the other. 

After completing the preliminary computations for clock correc- 
tions at both stations on each line all residuals obtained for each 
star by both observers were collected and a mean value deduced 
for each star, the object being to' see what systematic errors might 
be found due to either star place or other causes. Many of the stars 
showed persistently large residuals of about the same size for both 
obsemers on nearly every night hence justifying the conclusion 
that better results would be obtained by applying corrections to 
the star places for such stars. Consequently, whenever the mean of 
the residuals on any star was 0.02 second or greater, it was applied 
as a correction to the star place. Since the residuals for each time 
set are balanced their means must also balance very nearly, being 
affected only by the loss of one or more stars in some of the observa- 
tions. Hence, these star-place corrections did not affect the clock 
Corrections except in those broken time sets where one or more of the 
lost stam had such corrections to be applied. Such broken sets 
Were recomputed, using the corrected star places, and the revised 
clock corrections thus obtained were used in place of those originally 
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deduced. When the time sets were cornpleto the effoct of applying 
these star-place corrections is shown merely in the residuals. These 
are shown in the last column of the computation of clock Corrections. 

time set, T,, or for a 
single star, T ,  was obtained from the revised residuals, using Peter’s 
probable error formulas. The figures in parentheses folIowing the 
probable errors represent the probable errors obtained from the 
residuals before applying the star-place corrections. 

On page 32 is an example of the revised computation required by 
a broken time set. In this case the revised result has a larger prob- 
able error than the original, which might be expected when the origi- 
nal is small. Of the 162 time sets observed during the season, 25 
had slightly larger probable errors after the application of the cor- 
rection for star places, whereas 137 had. their probable errors reduced, 
many of them to less than half their original size. Out of the 21 
broken time sets only 5 had their probable errors increased by the 
corrections. In  every case where the probable error was increased 
the original probable error was small, and hence the revised value. 
is probably nearer the truth. 

On pages 33 to 36 are all the clock corrections obtained during the 
season with the mean epoch for each, its probable error, T,, and the 
probable error, T, of ct result from a single star in each time set. Each 
mean To and AT, on the right-hand side of the pages, is the straight 
mean of the three preceding values for that date, each being given 
equal weight. The last column contains the rate per minute. Each 
qutmtity shown in parentheses wtbs obtained for the period between 
the two dates where it is placed, and the values on the lines with the 
mean To and A T  were obtained from these values by interpolation 
for the date required. There were three exceptions to this method 
of computing the rate, due to the fact that the breaking of a weight 
cord stopped the Cambridge cIook on October 9, thus causing a very 
unstable rate for a few days. On October 9 and 11 the clock rate 
was obtained in two different ways and thoir mean used for the 
computation of the longitude. The first method was by a least 
square computation from the results of the three time sets obtained 
that night; the second by taking the difference between the exchange 
of signals assuming the rate of the clock at the othor end, Washing- 
ton, to be known. For determining the rate on October 5 a com- 
bination of all three methods was used. 

The clock rates given on pages 33 to 36 indicate that each clock 
had a very uniform rate during the observations made by each 
observer at a station. As these rates were so uniform when com- 
puted from the daily intervals it was concluded that they represented 
the actual rates better than those obtained by using merely the 
observations of one night for the rate on that night. As the r a t a  

The probable error of a clock correction for 
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derived from the daily intervals are so uniform it is not likely that 
the actual hourly rates are much less so, since the clocks were kept 
under such constant conditions. 

Pages 37 and 38 contain a record of the exchange of signsls made 
on August 15. I n  computing the mean epoch only the first and last 
quantities in a column were used. The means a t  the bottom of the 
table on page 38 are the only ones used in the longitude determina- 
tion for that night, being the means of all the signals on that data  
Pages 38 and 39 contain the final computation of the differences 

of longitude, each table containing all tho data regarding one line. 
The expIanation of the various steps may be found in Special Publi- 
cation No. 14. 

On page 39 i s  a summary of the final results showing the error of 
closure of the three lines and the adjustment for this error. On 
page 40 am the final longitudes based upon the longitude for Cam- 
bridge, Mass., as deduced by Mi. Schott in 1897. 

The previous value for the difference of longitude betweon Cam- 
bridge and Washington agrees with the result of these observations 
within 0.001 second, but this agreement must be classed as accidental 
when it is considered that the two lines used for the old determination 
received corrections of - 0.031 second and i- 0.010 second when that 
work was adjusted. It is very gratifying, however, to find that the 
old work, made with an exchange of observers and finally adjusted, 
accords so perfectly with rosults obtained with modern methods and 
instruments. 

WEIGHTS. 

All obsorvations and results of a similar character have been given 
equal weights when combining them to aecure mean valuea or to 
eliminate errors. When the question of using weights arose a car?ful 
'investigation was made to d e t e r m e  whether the resulb would be 
made more accordant by assigning weights at any stage of the com- 
putations, but since no reasonable systematic method was found 
which would improve the agreement of the results, it was considered 
best tn omit all weighting, thus conforming with the latest practice 
of the Coast and Geodetic Survey whon determining longitudes. 

STABILITY OF THE TRANSITS. 

When the decision waa made to uae only close zenith stars for time 
stars on this work it was thought they were necessary owing to the 
uncertainty regarding the stability of the instrument during so many 
reversals of the telescope. As the highest degree of accuracy was 
desired, no experiments were attempted. After the completion of 
the work, however, the same obsorvers determined several differencm 
of longitude in the South, taking observations on only three nights 
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on each line, using two time sets and one exchange of signals per 
night, and selecting all the stars from the American Ephomeris 
according to the instructions given in Special Publication No. 14 
except that d observations required merely for determining collima- 
tion were dropped. . The results obtained are apparently of tho same 
order of accuracy as those obtained on the work described herein, thus 
indicating that errors duo to a changeable or unstable azimuth are of 
little consequence when thcso instruments are carefully handled. 
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4430 ...... 
44 s... ._. 
4479. .. . -. 
4604... . .. 
4522 _..._. 
4538. .._. . 

COMPUTATION OF CLOCK CORRECTIONS. 
Station, Naval Observatory, Wmhington, D.  C. Obeerver. French. 

DATE, AUO. 15, 1914. 

8 
-29.W 

.85 

.91 

.93 

.82 

.85 

61 I A 

8 
-0.010 
-0.m 
-0.008 
-0.074 
-0.001 
+0.008 

A a  1 A T  -- 
8 

-29.866 
.848 
.902 
.856 
-819 
.&58 

-- : I " :  
?0:00l 
-0.008 
+0.046 

-0.037 
+0.002 

. . . . . . . . . 
-- 

-29;855 
.828 
.902 
.852 
.819 
.858 

4672.. _. . . 
4702.. . . . . 
4722.. . . _. 
4742.. . . . . 
4776 ...... 
4811.. _. . . 

-29.87 
.89 
.86 
.825 
.88 
.80 

-0.010 +o. 001 
0. ooo +o. 001 +o. 001 

-0.001 
-0.001 - 

_...._..... +o. 031 
0. ooo 

-0. w4 +o. 021 
-0.001 
-0.016 

0.103 
_ _ _ _  

+O. 013 
-0.017 +o. 002 
-0.087 
-0.002 
-0.017 +o.w - 

-29.808 
.938 
.867 
.a58 
.763 
.a3 
.87D 

+LO10 -0.010 
+O.osO +0.035 
+0.008 -0.011 ............ ._._. . ._. ._. 
-0.oD5 -0.010 
-0.025 -0.025 
+0.021 +0.021 ___-- 

01 

8 
+O. 003 
-0,024 
+O. 050 

8 

40.15 
+o. 135 -0.245 

-0.055 
-0.185 
-1.795 
-0.025 
+O. 195 

i o .  oe 
+O. 07 
+O. 18 
+O. 15 

..._...... 

0.116 - 1  -29.856 0.m4 I -29.852 

1 61--1.79%--0.07 - 0  
2' 561-0.3150-0.705 - 0  
3: 61-0.O63a-0.1410-0 
4, -1.73%+0.0710-0 

a - +o. 0410 

5 Mi-0 0129-0.705-0 

7, 
8, 

6: 66t-O:7170 -0 8 . 
61- + 0.1436 

r-f 0.014 
ro-& 0.W 

A T- -29. 856 

Star 4403 was lost in this set, and being one of tho stars to which 
a correction was applied for error of star place, necessitated the fol- 
lowing recomputation of this time set: 

1 61-1.795~~--0.07 -0 
2: 56t-0.3150-0.725 -0 

61-0.063a-0.1462-0 2 -1.732a+0.%762-0 - +O. 0440 

6, 561-0.013~-0.72bO 
6, 661-0.7363 PO 
7, 6; -+ 0.1478 
8. A T- -29.852 

r- f 0.018 
ro-f 0.001 

The above table shows the results of this recomputation in the last 
two columns. All tho other columns are unchanged except as re- 
quired by a change of +0.02 second in the mean place of star 4455. 

Second ffmc del. 

8 
+O. 13 +o. 11 

-1.87 
+O. 17 
+O. M)5 
+O. 146 
+o. 12 
-0.26 
-0.20 

8 
-29.880 

.a91 

.&lo 

.826 

.881 

.a59 
* 844 

-28.860 

8 ,.......... 
+0.011 

0. ooo 
-0.034 +o. 021 +o. 019 
-0.016 

0.101 

+O. 14 
+O. 176 +o. 12 
+O. 14 +o. 155 

I 

1 61-1.87 a-0.13-0 
2: ut-0.02 a-O.84-0 

4: -1.887a+0.01-0 . 
a -+0.0051 

3 61-0. Wa-0.14-0 

5, 661-0.0001-0.84-0 
6, 861-0.8401 - 0  
7, 6t - +O. 140 
8, A T- -29.880 

r-f 0.016 f O  016 
r o - i  o.mI*o:mj 

Third time sef. 

19 88...... 1 - 
6014.. . . . . 
5045.. .. . . 
5379 ... . . . 
5113.. . . . . 
5137.. _. . . 
5167 ... . . . 

-29.855 
.955 
.865 
.945 
.765 
.85 
.876 

+O. 145 +o. 045 
+O. 135 +o. 056 +o. 235 
+O. 15 
+O. 125 

+o. 22 
-0.30 +o. 04 
-1.51s 
-0.03 
-0.295 
+O. 07 

1 -29.858 1 0.240 I 0.112 I 
5 681-0.0170-0.835-0 

7, 61 - +0.142 
8, A T- -29.858 

e: 861-0.852 -0  

r-f 0.017 fO 037 
r p f  0.007 [fOOl5{ 

1 

1 61-1.515 a-0.0% - 0  
2: W-0. 295 a-0.835 - 0  
a, ~ ~ - 0 . ~ 8 2 a - o . i 3 ~ 3 - 0  
4, -1.465&+0.0842-0 

a - +0.0577 
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Clock corrections and rates. 

WASHINQTON. OBSERVER, FRENCH. 

A T  Date. r 

Aug. 7 

Aug. 8 

Aug. 13 

Aug. 14 

Aug. 16 

NIeaU. 

To AT -- 
h m  8 

18 40.79 -27.129 

19 47.60 -27.480 

19 48.81 -29.202 

18 41.86 -29.526 

18 43.75 -29.857 

Aug. 7 

Aug. 8 

Aug. 13 

Aug. 14 

Aug. 15 

Rata I 
mhu!e. 

a 

.-O.O00237 

(- . M)oP7) 

(- .000238) 

(- .000235) 

- .000a32 

(- .oo0230) 

- .oOO!d30 

- .Mx)237 

- .000236 

Aug. 22 

Aug. 90 

hug. 31 

lept. 2 

bpt. 4 

-27.472 
-27.473 
-27.614 

- 
?o. 01 
3tnrs. 

f ,012 
f .021 
f .014 

6 
5 
6 

6. 
6 
6 

6 
6 
6 

6 
6 
6 

6 
6 
6 

- 

-29.178 
-29.215 
-29.213 

6 
6 
6 

6 
6 
6 

6 
6 
6 

6 
6 
6 

6 
6 
6 

- 

f .043 
f .031 
f .020 

6 
6 
6 

0 
6 
6 

6 
6 
6 

6 
4 
3 

6 
6 
b 

- 

-29.624 
-*29,616 
-29.636 

To 

f .019 
f .026 
f .036 

h m  
17 30.20 
18 42.52 
19 43.66 

18 44.28 
19 46.99 
20 51.23 

18 44.30 
19 60.87 
20 61.26 

17 '34.24 
18 44.31 
19 47.02 

17 39.90 
18 44.32 
19 47.03 

18 42.26 -13.783 

19 47.28 -14.108 

10 47.80 -16.494 

18 U.80 -16.761 

18 43.6-a - 1 6 . w  

-0.00022 

(- .Mx)216) 

- .ooO21 

(- .ooOl82) 

- .00020 

(- .oool99) 

(- .000207) 

- . m 2 1  

- .oOo20 

-27.129 f0.00(1 
-27.111 f ,016- 
-27.148 t .014 

-15.4M) 
-15.518 
-16.614 

-16.769 
-15.776 
-16.767 

-16.oB1 
-16.080 
-16.073 

f .040 f .OM 
f .032 f .013 
f .023 f .010 

.032 f .013 
f .021 f .008 
f ,033 f .013 

f .OM f .007 
f .035 f -015 

. .030 f .012 

19 46.68 

20 44.99 

19 46.63 

19 43.28 

20 46.33 

+27.769 

+24.840 

+24.476 

+23.732 

+a2882 

-29.862 f .018 
-29.880 f .OM 
-29.858 f .017 I Av.* .0208 

- 
10 

e_ 

6 
io. w 2  
f . w 7  
f .008 

f .005 
f .m 
f .008 
f .018 
f .014 
f .008 

f .m 
f .011 
f .014 

f . w 7  
f ,008 
f .007 

FAR ROCKAWAY. OBBERVER, MORBE. 

17 86.98 
18 44.06 
19 46.76 

18 44.05 
19 46.17 
20 61.01 

18 44.07 
19 46.79 
20 51.03 

17 36.01 
18 44.08 
19 46.80 

17 39.67 
18 44.08 
19 46.80 

-13.762 1 f0.030 1 f0.012 
-13.784 f .034 f .014 
-13.802 f ,028 f .Oll 
-14.082 1 i .619 1 * .008 
-14.116 f .028 f .011 
-14.120 f .040 f .016 

I 1- 
1Av.f . O a s l l  f .0120 I t  

WASHINGTON. OBSERVER. MORSE. 

18 43.35 
19 46.07 
20 60.31 

19 46.11 
20 60.36 
21 38.49 

18 43.40 
19 40.12 
20 60.30 

18 43.42 
19 38.8s 
20 47.60 

19 47.21 
20 60.39 
21 41.40 

+27.816 
+27.739 +n. 763 

+24.883 
+24.827 
+24.830 

+24.612 
+24.452 
+%. 463 

+23.762 
i-23.750 
+23.684 

+22.956 +n. 963 +n. 978 

io. 019 
f .ma 
f .017 

f ,023 
f .024 
f .014 

f .030 
f .015 
f .R33 

f .020 
f .017 
f .a24 

f .@a 
f .026 
f .on 

LV. f .oa4a 

f0.008 
i .007 

f .008 
f .010 
f .008 
f .012 
f .ooo 
f .014 

i: ,008 
f .w8 
f .014 

i ,016 
f .011 

f .013 

rt .oia * . o m  - 

-0. oOo% 
(- .ooo25) 

- .Mil26 

(- .o0020) 

- .@XI26 

(- .oooas) 

(- .W%) 

- .oOoa5 

- .00026 
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f .005 
f .008 
f .005 

f .011 
f .012 
f .ma 

Clock cwrections and rates-Continued. 

FAR ROCWWAY. OBSERVER, FRENCH. 

19 47.38 

* 
19 47.39 

- 

To. 0 
3tars. 

-m.351 

-21.005 

-21.714 

(- .0oOW) 

(- .o0023) 

- .m4 
(- .W) 

- .o0024 

- .oM)24 f .005 
f .005 
f .008 

f .0070 

20 46.76 

-24.100 

-24.246 

-24.346 

-24.613 

-24.W 

--3.o0010 

(- .000103) 
- 

(- .WQ) 
- .0000Q 

(- .ooOll6) 

- .o0010 
(- .o00101) 

- .o0010 

-01.844 

-02.917 

-@3.690 

-05.080 

-06.624 

-0.ooqso 

(- . m M )  

(- .000870) 

- .ooO76 
(- .oooe27) 

- . m 3  

(- .001038) 

- .ooO72 

- .00100 

To l o  - 
-___ I To 

Dnte. A T  
A T  

h m  
18 44.12 
19 46.84 
20 61.08 

19 46.68 
20 51.10 
21 39.24 

18 44.15 
19 46.87 
20 61.11 

18 44.16 
19 46.88 
20 51.12 

19 46.89 
20 61.13 
21 39.27 

8 
-18.261 
-18.280 
-18.388 

-18.965 
-20.038 
-20.018 

-20.330 
-20.347 
-20.375 

-20.884 

-21.047 

-21.685 
-21.732 
-21.714 

-20.975 

8 
f0.020 
f .014 
f .019 

f .017 
f .m 
f .OM 
f .013 
f .021 
f .013 

f .on 
f .028 
f .m 
* .011 
f .o12 
f .014 

Av. f .0170 

Aug. 22 

Aug. ao 

Aug. 31 

Sept. a 

Bept. 4 

6 
6 
6 

6 
6 
6 

6 
6 
6 

6 
6 
6 

6 
6 
6 

f .007 

FAR ROCKAWAY. OBSERVER, FRENCH. 
- 

0 
6 
6 

6 
6 
6 

6 
6 
6 

6 
6 
6 

6 
4 
a 

19 45.50 
20 31.69 
22 15.94 

19 46.51 
20 31.69 
21 22.05 

19 45.51 
20 31.70 
21 22.05 

19 45.51 
20 31.70 
21 22.05 

20 31.70 
21 18.52 
22 16.08 

-24.091 
-24.098 
-24.113 

-24.257 
-24.243 
-24.239 

-24.339 
-24.347 
-24.362 

-24.601 
-24.510 
-24.527 

-24.W 
-24.647 
-24.681 

f 0.018 
f .018 
f .011 

f .031 
f .Oll 
f .027 

f .o21 
f .028 
f .023 

f .034 
f .026 
f .029 

f .035 
f -. 019 
f .011 

f0.007 
f .007 
f .005 

Sept. 12 

SON. 13 

Sept. 14 

Sept. 15 

Sept. 10 

20 51.04 

20 3a.08 

20 33.w 

20 33.08 

21 22.10 

f .013 
f .005 
f .011 

f .m 
f .o12 
f .m 
f .014 
f .010 
f .on 
h .014 
f .010 
f ,004 

hv. f .0229 f .m5 

CAMBRIDGE. OBSERVER, MORBE. 

Sept. 12 

Sept. 13 

Sept. 14 

Sept. 15 

Sept. 16 

-01.798 
-01.844 
-01.890 

-02.897 
-02.884 
202.971 

-03.815 
-03.825 
-03.930 

-05.042 
-05.073 
-05.126 

-06.800 
-06.697 
-M. 076 

fO. a2 
f .042 
f .a30 

f . N O  
f .OB2 
f .052 

f .052 
f .022' 
f .046 

f .OB 
f .039 
f .012 

f .057 
f .N3 
f .040 

Av. f .NU1 

19 45.14 
20 31.32 
22 17.68 

19 45.15 
20 31.34 
21 21.70 

19 45.17 
20 31.36 
21 21.71 

19 45.18 
20 31.38 
21 21.73 

20 33.73 
21 21.76 
22 15.78 

fO. 018 
f .017 
f .012 

f .012 
f .022 
f .oal 

f .021 
f .me 

f .o12 
f .016 
f .005 

rt .028 
f .013 
f .016 

f .0160 

* .nia 

6 
6 
6 

6 
6 
6 

6 
6 
6 

6 
6 
6 

4 
6 
8 

20 51.36 

20 32.73 

20 a2.76 

20 3a.76 

ai 23.76 
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Clock corrections and ?&.+--Continued, 
FAR ROCKAWAY. OPBERVER, MORSE. 

-25.827 

-28.114 

-28.4% 

- 
Date. 

(- .OOo172) 

- .ooO188 

(- .ooOrn) 

(- .ooo?l9) 

- .@Io225 

- .ooO212 

- 
%. 01 
stars. 

-12.987 
-13.035 
-13.088 

-14.026 
-14.783 
-14.758 

-10.261 
-10.334 
-18.382 

f0.021 f0.W 
f . O B  f .014 
i .oia f .oo5 

f .035 f .014 
f .023 f .008 
f .017 f .007 

f .033 i .013 
f .021 f .WE 
f .019 f .008 

21 24.92 

22 01 .~5  

21 23.14 

21 30.05 

-13.040 

- 1 ~ 7 a 2  

*-ie.322 

-17.928 

0 
6 
8 

0 
0 
6 

e 

8 

0 
6 

0 
6 

21 21.92 
22 28.92 
23 33.32 

21 21.93 
22 29.93 
23 35.42 

22 20.95 
23 33.34 

22 B.OR 
23 33.37 

21 21.95 

21 21.98 

+11.802 fO.022 
+ll.R85 f .OM 
fl1.W f .027 

f l l .480  f .om 
f l l .474  f .W 

+lO.lW f .Om 
C11.442 f .020 

+10.137 f .010 
f10.107 f .014 

+08.4011 f .016 

+08,359 rt .OM 

+07.624 f .OD 
+07.481 + .014 

+08.424 f -010 

+07.m i .om 

Av. i .01% 

f0.008 
f .ooo 22 28.39 
f .011 

f .008 
f .W 22 28.09 
f ,013 

f .008 
f .007 22 28.41 
f .OOO 

f .M)8 

f .007 

f .008 22 28.40 
f .ooB 

f .008 22 28.44 

i .008 

4 ,0078 

4-11.880 

tii.409 

+10.1n 

+03397 

+07.wO 

-0.oOoB 

(- .ooOass) 
- . m n  

(- .oo0310? 

- .00030 

(- .mc3Lw 
- .00030 

(- .m11: 

- .ooo31 
8 
e 
e 

21 21.00 
29 ~ . Q U  
23 33.39 

To A T  TO 

h m  
20 31.88 
21 22.07 
22 19.88 

20 31.89 
22 1o.m 
23 10.47 

20 31.73 
21 22.08 
22 16.10 

20 .31.73 
21 22.08 
22 10.10 

8 
-25.547 
-25.574 
-25.698 

-25.812 
-25.-831 
-25.837 

-24.117 
-26. loo 
-%. 125 

-28.418 
-28.430 
-26.440 

8 
f0.035 
f .o12 
f . o n  
f .OB 
f .019 
f .015 

f .024 
f .019 
f ,031 

f .018 
f .022 
f .025 

h m  

21 a3.m 

22 01.48 

21 23.90 

21 23.90 

8 
f0. 014 
f .005 
f .M)5 
f .010 
f .008 
f .006 

f .010 
f .008 
2z ,013 

f .007 
f .ooQ 
f .010 

f .w88 

Sept. 20 

Bept. 21 

Bept. 22 

Bopt. 23 

e 
e 

. e  
e 
6 
0 

6 
6 
6 

0 
0 

e 

CAMBRIDQE. OBSERVER, FRENCH. - 
6 
4 
5 

0 

8 

0 

0 

6 
0 
5 

e 

e 

- 

1 1 Bept. 20 

Bept. 21 

Bept. 22 

Bept. 23 

20 40.47 
21 16.81 
22 11.48 

20 31.53 
22 15.91 
23 10.30 

20 31.64 
21 21.92 
22 15.94 

20 32.10 
21 21.05 
22 38.09 

- .00114 

(- .001140) 

- .00114 

(- .OOll41) 

- .00113 

(- .oollos) 
- .oo111 

-17.885 
-17.921 
-17.978 

f .011 
f .m 
f .015 

Av. f .0230 f . m 7  
1 1 

\VA SHIN Cl TON. 0 B SE RVE R, MO RBE . 
Oot. 1 

oct. 2 

Oot. b 

oct. 8 

OCt. 11 

I 
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Oot. 21 

Oct. 22 

Clock corrections and r&ontinued. 
CAMBRIDOE. OBSERVER, FRENCE. 

6 22 30.30 
6 23 33.70 
6 0 48.00 

6 22 30.32 
6 23 '33.71 
6 0 46.02 

-10.972 
-11.059 
-11.087 

-11.008 
-12.023 
-12024 

fO.008 f0.003 
f .010 f .004 23 30.87 
f .017 f .007 

f .024 f .010 
f .024 f .010 23 38.68 
f .om f .008 

-11.033 

-11.9M 

-12.966 

- 0 . m a  

(- .ooosso) 

(- .000682) 

- .00067 

- .00069 
Oot. 23 6 22 30.33 

6 23 33.73 
6 0 40.03 

0 23 33.47 +02.%9 f . 0 1 4  f . W  23 36.44 +02.802 
6 0 46.77 +02836 f .OM f .008 

6 22 30.06 +02433 f .012 f .005 
0 23 33.47 +02.302 f .LWQ f .004 23 30.44 +02402 
8 0 45.78 3-02.382 f .011 f .004 

8 22 24.08 +01.9E8 f .014 f .008 
6 23 36.8'2 +01.943 f .021 f .008 23 37.W +Ol.QM 
6 0 45.78 +01.804 f .010 f .008 

-0.00032 

(- .00032) 

- .ooo315 

(- .ooo31) 

- .ooO31 

1 
6 :/B 0 tlj 45.78 +01.804 

f -021 f .008 23 37.W +Ol.QM 
f .010 f .008 

Moan. 
Rate cr 
mint&. 

8 

-0. Mx)81 

- .oooso4) 

- .ooow) 
- .ooO871) 

- .oo080 
(9 

(+I 
- .m 

- .ooO70 

r Date. To A T  

8 
+30.030 
+30.602 
+30. G3Q 

+29.343 
+m. 308 
+29.213 

+E. 573 
+25.545 
+%. 469 

-03.787 
-03.748 
-03.781 

-03.725 
-03.741 
-03.838 

70 

8 
fO.  003 
f .005 
f .008 

f .010 
f .007 
f .010 

f .on7 
f .007 
f .012 

f .014 
f .008 
f .01Q 

f .007 
f .011 
f .008 

TO 

h m  

22 28.07 

22 28.10 

n 28.16 

22 28.74 

n 2o.a 

A T  

8 

+30.m 

+2Q. 289 

+a. 528 

-03. n 2  

-03.768 

a 
fO.OM) 
f .013 
f .018 

f .025 
f .018 
f .023 

f .017 
f .OM 
f ,028 

f .033 
f .m 
f .a6 

f .OM 
f .m 
f .022 

h m  
21 21.61 
22 29.01 
23 33.00 

21 21.03 
22 20.63 
23 33.w 

21 21.70 
22 28.70 
23 33.08 

21 22.18 
22 30.47 
23 33.68 

21 22.18 
22 33.75 
23 33.58 

6 
6 
8 

8 
8 
6 

6 
6 
6 

6 
6 
6 

6 
5 
6 

- 

Oct. 1 

Oct. 2 

Oot. 5 

Oct. Q 

Oct. 11 

hV.f .0217 f .m1 

WAGHMOTON. OBSERVER, FRENCH. 

-12871 f .OD f .012 

-13.008 f .OM f ,008 
-13.010 I f .024 I f .010 123 36.70 

I A v . f  .0101 I f .ooRo 1 
CAMBRIDGE. OBSERVER, MORSE. 

+02.881 f0.015 f0.006 

+02836 f .OM f .008 
+02.%9 1 f .014 I f .W 123 36.44 +02.802 I Oct. 21 

Oct. 22 

Oct. 23 

-0.00032 

(- .00032) 

- .ooo315 

(- .ooo31) 

- .ooO31 

6 22 30.06 
0 23 33.47 
8 0 45.78 

L from these three time sets axid excliange of slgnnls. 



LONGITUDES, WASHINGTON, CAMBRIDGE, AND FAR ROCKAWAY. 

h m a  
18 14 32.17 

34.14 
36.33 

42.67 
44.80 
48.07 
49.10 
61.27 
63. 37 
67.66 
69.74 

16 01.88 
03.99 
06. 13 

16 24.86 

28. 68 
28.07 
31.16 
33.23 

37.36 
39.68 
41.67 
43.82 

46.80 48.00 
50.17 
62 28 
64.4 

17 00.87 
02.83 
04.96 

38.46 
40.46 

65. 60 

28.83 

a5.90 

%% 

EXOHANQE OF ARBITRARY 8IQNALS. 

Station, Naval O b ~ r ~ a t o r y ,  W a h i n g h ,  D. C. Obemer,  French. 
DATE, AUO. 16, 1914. 

m a  
13 01.88 

.02 

.91 

.91 

.80 

.Qo 

.03 
* 94 
9 90 

* 93 
.94 
.96 .w 
.92 
.93 

.89 . 83 

.93 .os 

. 81 

.93 

.01 

.93 

.91 

.92 

.91 

.01 

.03 

.03 

.02 

.80 

.03 

.92 

.ea . oa 

.9a 

. ga 

. ga 

From Washington to Far Roolcswnp. 

19 14 44.37 
45. e8 
47.67 
49.72 
61.80 
63.94 
M. 08 
58. a4 

16 00.48 
02.48 
04.68 
00.69 
08.86 
10.94 

16.20 
17.37 
19.62 
ai. 83 

16 41.28 
43.23 
44.07 
45.63 

ia go 

h m  a 
18 01 80.20 

32.22 
34.42 
36.63 
88.64 
40.76 
42.280 
46.07 
47.17 
49.33 
61.47 
M. 68 
65.73 
67.80 
69.91 

02 03.07 
04.21 

03 22.93 
24.91 
28.60 
28.04 
28.23 
91.30 
33.38 
36.46 
37.83 
39.76 
41.80 
43.99 
46.08 
48.28 
60. a6 
62.48 
64.68 
MI. 74 
68.78 

04 00.80 
05.03 

13 01.88 .w 
.86 
.280 
.80 . 82' 
.89 
.91 
.91 . 80 
.87 
.91 
.80 
.91 

.91 

.86 

.80 

.w) 

.86 

.86 

.87 

.Bo 

. ga 

18 oa 48 18 16 48 I 13 01.9187 

Moan. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

10 01 42.49 
43.70 
46.71 
47.82 
40; eo sa. oa 
64.19 
68.3 
68.62 

02 00.68 
02. 71 
04.78 
00. 88 
00.03 
io; 3 

, 13.28 
15.62 
17.83 
10.93 

41.38 
42 20 
4b 83 

oa m.4a 

From Far Rookaway to Washington. 

Washin on 
mood! 

h m  8 
13 03 14.16 

16.11 m. 28 
18.42 a. 61 
22.70 
24.82 
28.99 
29.14 

a3.M 

37.08 
m. 77 
41.98 
44.11 
46.28 
48.30 
50.68 
aa. 74 
64.80 
66.8' 
68. 06 os 01.20 
05.48 
07.61 

11.91 
14.11 

ai. 20 

a5.65 

03. a4 

w.7a 

is oa 44 

18 02.75 

EECOND SET. 

19 02 28.18 
29.15 so. 33 
32.36 
84. M) 
38.84 
88.77 
40.91 
43.03 
45.23 
47.81 
48.48 
61.67 
63.70 
66.93 
68.02 

03 00.90 oa. 4 
64.64 
08.78 
08.84 
10.03 
in. ia 

b r  Rmkaway 
reoord. 

h m  8 
18 16 16.00 

10. 93 
18.11 
20.26 
2a. 84 
24.63 
20.88 
28.84 
30.08 
83.10 
a6.211 

39. M) 
41.60 

46.95 

€4.23 
62.40 
64. 67 
66.83 
68.70 

16 00.83 
03.04 
05.06 
07.35 
OD. 37 
11.68 
13.78 
16.88 

a7.40 

43.82 

48. ia 

I8 16 47 

18 16.80 

10 15 80.00 
31.07 
82.14 
34.15 
38.3 
98.46 
40.67 
42.70 
44.84 
47.04 
40.10 
61; 28 
63.49 
66.63 
67.74 
so. 84 

16 03.08 
04.23 

08.64 
IO. 64 
08. a6 

la. 74 
14.06 

Dtfleronca. 

m e  
13 01.84 

.82 

.83 

.84 

.83 

.83 

.84 
-86 
.84 
.81 
.88 
.86 
.84 
.83 
.84 
.84 
.a4 
.84 
.84 
.83 
.83 
.87 
.87 
.84 
.81 
.87 
.a0 
.84 
.85 
.86 

13 01.8410 

13 01.8108 

13 01.82 

.81 

.80 

.83 

.%I 

.80 

.70 

.81 

.81 

.79 

.80 

.8a 

.83 

.81 

.78 

.81 

* 81 

.8a 

.8a 

.8a 

.80 

.81 

.82 

37 



From Washington to Far Rockaway. 

Wwhb ton 
record. 

h m  a 
03 45.76 

47.93 
60.09 
52.17 
54.35 
56.48 
58. 55 

04 00.59 
02.80 
04.96 
07.08 
08.17 
11.30 
13.44 

From Far Rockawny to Washington. 

19 02 58 13 01.8908 19 02 59 19 16 01 13 01.8094 

h m a  
16 47.60 

49. e3 
51.98 
54.05 
56.24 
58.36 

17 00.45 
02.47 
04.75 
OB. 84 os. 97 
11.07 
13.17 
15.34 

h m a  
01.90 
.90 
.89 
.Ea 
.89 
.Ea 
.DO .a 
.E9 
.Ea 
.91 .oo 
.87 
.90 

m 
03 

8 n  
15.28 
17.38 
19.52 
21.49 
23.75 
25.95 
28.03 
30.22 

m a  
16 17.08 

19.16 
21.34 
23.30 
25.57 
27.76 
29.85 
32.03 

m 8 
01.80 
.78 
.E2 
.81 
.E2 
.81 
.82 
.81 

~~ 

Ax 

-. 

m u  
13 15.680 
13 16.640 
13 15.638 
13 15.842 
13 15.632 

13 16.648 
13 16.654 
13 15.058 
13 15.638 
13 15.638 

Meanof bothsets .._.__.___.._..____ 18 32.88 I 18 45.90 1 13 01.8060 I 

Date. 

' 1914. 
Aug. 7 

8 
13 
14 
15 

' 2 2  
30 
31 

Bept. 2 
4 

Tmnsmlsslon tlmo first set -0. a388 sec. 
Trmsmlssion t h o :  second sot - .0407 scc. 

Moan of both oxchmges. . .0398 sec. 

Computation of diffkrence of longitude. 
FAR ROCKAWAY, N. Y., AND WASHINGTON, D. C. 

18 44.02 18 31. 58 -13.784 -27.127 
19 411.38 19 35.32 -14. io8 -27.483 
19 4'2.78 19 38.76 -15.4B4 -29.188 
18 43 85 18 30 82 -16 767 -Z9 522 

h m l h m  I )  

18 4 5 4  18 32% -10:065 -20:M 

French. 
19 473.24 
20 M.49 
19 4R.05 
19 47.02 
20 49.62 

Morse. 
19 34.21 
20 38.4R 
19 34.04 
19 33.02 
20 35.82 

14 01.701 
14 00.482 
14 00.4W 
14 00.357 
14 00.207 

+ .021 

+ .021 
+ .on; 
f + .022 .OBI 

v 

- 
3 

-0.03: + .00: + .m + .00: + .01: 
- .001 - .oo( 
- .on + .on + .OM 

- 

Rans- 
mlsSiOl  
time. 

- 
8 

0. om .om 
.0203 
.054 
.0w8 

.m2 

.024(1 

.0300 

.0308 .om 
- 

Menn.. . . . . . . . . . . . .. . . . . . . . . :. . .. . .. . . . . . . . . . . . . . .. . . . . . . . . . . . . . . __. . . . 13 15.6476&0.0028 
Reduotlon to center olclock room ut Washlng.ton.. . . . . . . . . . . . . . . . . . . . . 

DiBerenoe 01 longitude, Far Rookaway and Washington.. . . . . . . . 13.16.7041&0.0028 
+. 0500 



LONGITUDES, WASHINGTON, CAMBRIDGE, AND PAR ROCHAWAY. 

Computatbn of difference of longitude-continued. 

39 

To A T  
Dtfler- 
ence 
AT. cam- cam- 

bridge. bridge. 
Far 

-___ ---- 
Morse. French. 
A m  h m  8 8 8 

+22 zb7 
+21.325 
+20.451 
+18.428 
+la034 

+12.G!25 
+11.088 
+m. 783 
+08.488 I 

Ihte. 

1814 
8ept. 12 

. E 
16 
16 

20 
21 
2a 
23 

DiUer- per- Tmis- 
enceof son' AX . u mlssior 
signnL9. 3:: t h e .  

---- . 
m s  8 m a  85 
10 08.088 +0.001 10 28.920 -0.008 0.0481 
10 07.603 + .001 10 28.820 --'.ooO .W43 
10 OS 4G9 + .001 10 28.821 - .001 .0386 
10 00.604 + .001 10 78.033 - .013 . O W l  
i o  10 . a~  + ,001 lo 28693 + .027 .a376 

10 16.404 - .001 10 28829 - .ooO .m78 
10 17.838 - .001 10 28923 - .003 . o300 
10 19.147 - .001 10 28.828 - .008 .a388 
10 20.403 - .001 10 28901 + .018 .03M) 

To AT 

Cam- wash- Cam- W~SII- 
bridge. hgton. bridge. hgton. 

French. Morse. 

Date. 

----- 
. 1814. h m h m 8 8 
Oct. 1 22 30.67 22 16.24 +30.679 +11.883 

6 22 38.48 '22 16.00 +zb.516 +10.131 
9 22 %MI 22 14.62 -03,772+08.401 

11 22 38.82 22 16.38 -03;774+07.604 

a ~38.38 ~ 1 6 . 0 4  +29.278+11.473 

Morse. Frenoh. 
21 23 48.48 23 2Z.W -11.038+02.8M 
22 23 46.60 23 22.62 -11.W +02.4oO 
23 23 40.42 23 2243 -12873+01.969 

Diner Dtfler- Trans- 
ence enceof AA u mlSSiOI 
AT sign&. Jon. tfme. 

--__--___ 

a m a  8 m s  8 8  
+18.686 23 25.881 +O.W 23 44.681 -0.010 0.0765 

+16.386 23 29.187 + .004 23 44.688 - .Olb .OS68 
-12.173 23 68718 + .o(H 23 44.648 + .022 .OW8 
-11.218 23 55.847 + .004 23 44.673 - -002 . O M 8  

fl7.805 2320.758 +.w 2344.667 +.m . a 1 3  

-13.806 23 68.484 - .MI4 23 44.675 - .W .0076 
-14.387 23 58.968 - .o(H 23 44.668 + .003 .IN70 
-14,932 23 68.608 - .004 23 44.572 - -001 .@I60 

Mw.. . . . . . .. . . . . . . .. .. . . . . .. . . . . . . . . . . . . . . . ,. . . . . . .. . . ... . . . .. . . . . . . . 23 44.67l4f0.0024 
Reduction to Bears dome at  Cambridge.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Reduction toolook room at  Washington.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . +. 1103 +. 0588 

Dlfletence of longitude, Cambridge and Washbgton.. . . . . . . . . . . . 23 44.7383f0.0024 

Summary of longitude diferencee and adjustment. 

Far Rookawn to  Washington.. . . . _. . . . . 
Cambridge t o b u h i n  ton.. . . . . . . . . . . . . . 
Cambridge to Farpoo%awsy ... . . . ._. ... . 

I Error of claure.. . . . . . . . . . . . . . . . . ._/. . . . . ........I ,0036 1 

Probable 
mm. I 

8 
io.0028 
f .0021 * .@I31 
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Using the longitude for Cambridge as deduced by M i .  Schott and 
published in Coast and Geodetic Survoy Report for 1897, Appendix 2, 
the following longitudes wost of Greenwich are obtained: 

h m  a 
Cambridge, center Sears domo. ....................... 4 44 31.0460 
Cambridge to Washington .............................. +23 44.7371 

Cambridge to Far Rockaway-. ....................... : + l O  29.0318 
Washington, center of clock room, Naval Observatory. 5 08 15.7831 

Far Rockaway, center of eaet pior ...................... 4 56 00.0778 

The provious value of the longitude of Washington is 5 h  15e.784. 

LATITUDE WITH THE BROKEN TELESCOPE TRANSIT. 

This transit may be used for the determination of latitude by the 
Horrebow-Talcott mothod in tho same manner as a zenith telescope 
except in some minor details. The latitudo lovels, being indopendent 
of the setting circle, must be brought to the horizontal position with 
their clamp and tangent screw after the telescope has been set for 
the star with the setting circle and its level. Owing to the method 
of reversal between stars it is dif3cult to keep the instrument so that; 
the latitude levels will come back after the reversal to the same 
rea- that they had before, thus requiring the use of the axis tangent 
screw to prevent tho introduction of large level corrections. 

Tho approximate values of the latitudo micrometer scrows are as 
follows : 

N 

One turn of latitude micrometer, traneit No. 20. ................... 78.9 
One turn of latitude micrometer, transit No. 21.. .................. 79.0 

The values obtainod for one division of the latitude lovob aro: 
It 

0 to 40.. ............... 1.358fO.OOG 
GO to 90.. 1.312f0.007 

Transit No. 20, level numbered{ ............... 
n-6 No. 21, level numbered 0 to 40.. ............... 1.316kO. 006 

(50 to 90.. ............... 1.256f0.005 

Owing to the manner in which this type of instrument is used the 
formula for the computation of the latitude, given on pago 116 of 
Spocial Publication No. 14, requiros some modification before it can 
be used hero. Using the letters E and W as subscripts to indicate 
that the quantities to which they are attached are obtained when 
the ocular is in the east or wost position, rospectivoly, and lotting tho 
other symbols’remain as in the above-mentioned formula, then the 
following is the complete formula for use with the new transit: 

+=& (s,+bd+fR ( d l , - i l l , ) + t d  [(N-l-S,,-(N+S)w1+3 ( r s - d + 4  (ms-%). 

0 


