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APPENDIX NO. 1—1892.

ON THE VARJATION OF LATITUDE AT ROCKVILLE, MD., AS DETERMINED

FROM OBSERVATIONS MADLE IN 1891 AND 1892 IN COOPERATION WITH
THE INTERNATIONAL GEODLETIC ASSOCIATION.

Submitted for publication October 14, 1892,

PREFATORY NOTE.

The Coast and Geodetic Survey having undertaken to codperate
with the Internatinnal Geodetic Associ dt]O]J in the observations for
variation of latitude at Waikiki, near Honolulu, it seemed important
to have determinations of latitude at points intermediate between that
point and Berlin.

Washington, being nearly six hours west of Berlin in longitude, and
in latitnde nearly midway between Berlin and Waikiki, was geographic-
ally well placed for observations which would check those regularly
made at these two stations. Still further light would be thrown upon
the suspected progressive change in the position of the axis of rotation
ot the earth by a series of observations at San Franecisco, nearly mid-
way between Washington and Waikiki. The verification ot the move-
ment by these observations would remove all doubt as to its reality,
and it was aceordingly determined to do the best that could be done
under the circumstances in the way of making observations for latitude
as frequently as possible throunghout a year at both of these points,

Other demands of the service forbade the detailing of one or more
assistants to this duty alone, 1t was necessary to do it, if it was to be
done at all, in addition to other regular work, and it therefore became,
in a large degree, a voluntary service. Assistant George Davidson,
in charge of the Sub-office at San Francisco, in carrying on the work
there was much interrupted by necessary attention to office and fticld
duties. In Washington the task was voluntarily assumed by Assistant
LEdwin Smith in addition to his regular duties as chief of the Instru-
ent Division. The latter required his presence in the oflice during
the day and necessitated a journey of 16 miles in the morning and
again in the evening, to his home in Rockville, where the temporary
observatory was lac&ted

n considering the results herewith submitted, the above facts must

1ot be lost sight of, and it must be remembered that the work at the
8. Ex. 371 : 1
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stations in the United States was undertaken primarily as a eheck upon
the more careful and systematic investigation in progress at Berlin, and
Ly Assistant Preston and Dr. Marcuse at Waikiki.

This paper contains the observations made at Rockville, and the
redunction and computation of the results. An abstract of it was pub-
lished in November, 1892, as Bulletin No. 25.

The instrumental methods and scheme of observing have been
described by Mr. Smith, and the description of the method of reduction
and the discussion of the results was prepared by Mr. Charles A.
Schott, Assistant in charge of the Computing Division of the office,
ander whose direction the computations were made.

Mr. Preston’s report of his observations and results at Waikiki is

published as Appendix No. 2, 1892.
T. C. MENDENHALL,

Superintendent.

I—DESCRIPTION OF THE STATION, INSTRUMENTS~AND METHODS
OF OBSERVING BY EDWIN SMITH, ASSISTANT U. S. COAST
AND GEODETIC SURVEY, AND OBSERVER AT ROCKVILLE.

In conformity with the instructions of the Superintendent, dated
March 25, 1801, the scheme adopted for the Rockville station was as
follows: Llighty-eight pairs of stars were selected from the Coast and
Geodetic Survey Catalogue of Stars for Observations of Latitude,
Appendix No. 7, Report for 1876, extending over the twenty-four hours

~of right ascension and arranged in fifteen groups, which were observed
as follows:

Group. Nos. of pairs. Dates of observations.
I I to 16 | June 13, 15, 1891, and June 2, 6, 11, 12,13, 15, 16, 17,
20, 23, 25, 26, 29, 1892.
2 5 to 1o | June 23, 24, 25, 27, July §, 6, 1891, and June 11, 12, 20,

23, 29, July 7, 8, 9, 18g2.

3 g to 24 | July 9, 10, 12, 21, 22, 27, 29, 1891.
4 14 to 28 | July 31, August 7,9, 10, I, 14, 15, 22, 1891.
5 20 to 35 | August 15, 17, September 1, 3, 7, 9, 10, 12, 13, I4, 15,
17, 1891,
6 26 to 40 | September 10, 12, 14, 17, 18, 1g, 21, 23, 24, 25, 26, 28,
30, October 3,5,0, 14, 15, 16, 17, 18g1.
7 34 to 48 Oct%ber 22, 23, 24, 28, 29, 30, November 1, 2, 6, 7, g,
18g1. .
8 41 to 55 Novgember 17, 18, 20, 23, 24, 29, 30, December 1,4, 5,
1891.
] 47 to 61 | December 8, g, 10, 13, 18, 28, 31, 1891,
10 84 to 65 | January 7, 8, 16, 2q, 21, 24, 25, 28, 1892.
11 59 to 70 | January 31, February 10, 13, 15, 17, 1892
12 66 to 77 | March 10, 12, 14, 16, 19, 20, 21, 23, 24, 1892,
13 71 to 82 | March 28, 29, April 4,9, 11, 12,13, 18gz.
14 77 to 88 and 1 Aprél 16, 19, 23, 26, 27, 29, 30, May 1, 3, 4, 5,7, 8,9,
1892. s

15 83to 88 and & to 8 | May 16, 17, 19, 23, 24, 25, 28, 30, Juse.1, 1892, :..:..
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The large number of groups is considered the weakest point in this
series of observations. The conditions under which the work was
done will readily explain why it would have been impossible to have
limited the number of groups. It is to be regretted that the hours of
observation were so limited, but to have extended them to two or three
o’clock in the moruing would have been ftatal to the performance of the
observer’s duaties at the office. The groups could have been limited to
a small nnmber only by so extending the hours of observation.

The observer has had little assistance in this work. With the aid
of Mr. Frank A. Cook, the clerk of the Instrument Division, the stars
were selected and the groups arranged only a few days before the
observations were actually begun. Mr. Cook kindly volanteered to
assist even after office hours, and with his help an effort was made to
keep np the computations as the observations progressed; but this
was soon found impracticable and the effort was abandoned. This
rart of the work was then referrved by the Superintendent to the Com-
puting Division of the Coast and Geodetic Survey Office, where the
computations have been personally muade by the chief of that Division,
assisted by Messrs. Alexander Bounot and Legh W. Reid, who were
specially employed for the purpose.

DESCRIPTION OF STATION.

The town of Rockville is located on the Metropolitan Branch of the
Baltimore & Ohio Railroad, about 164 miles from Washington, D. C.,
in Montgomery County, Maryland. . :

The latitude station is located in the garden of the observer’s resi-
dence on Forest avenue about 1 mile by the direet road from the rail-
road depot, but somewhat less than half a mile from the nearest point
of the railroad. The station is about 500 feet above tide water, on one
of the highest points within a radias of about 2 miles. The immediate
vicinity is free from trees and other disturbing atmospheric influences,
and altogether can be considered a very favorable location for such

- observations, The sketch shows the location of the observatory in
the garden. ' :

The pier upon which the zenith telescope is mounted is built of rough
sandstone and cement, and its foundation is solid quartz rock. A
ledge of this rock runs through the garden in a direction SW. to NE,,
and comes above the surface of the ground at several places. At the
Point where the pier is built the rock is about 2 feet below the surface.
The pier has proved a very steady one. Throughout the thirteen
months of observation the instrument required no adjustment in
azimuth except when intentionally disturbed. The changes of level
were slight and due more to temperature than to any other cause. The
PIeT is 0-61 metre square, and the top 0-99 metre above the ground. At
a distance of 198 metres north of this pier is another pier of the same

1894.
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material, only one-half of which rests upon the solid rock. Upon this’
pier is mounted the transit instrument. As might be expected this
pier is not as stable as the other, but serves its purpose very well.
Over the piers is built a wooden observatory 3:66 metres by 4-26
metres, divided into two rooms 4-26 metres by 2-44 metres and 4-26
metres by 1-22 metres, respectively, the smaller room being used as a
recording and waiting room and the larger the observing room. By a
system of ventilation under the eaves and at the peaks of the gables of
the roof, an excessive rise of temperature is avoided. The width of the
slit in the roof 18 38 centimetres. The exterior of the building is painted
a very light color, almost white. The zenith telescope pier is covered
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Sketch of Garden, showing locatiorn of Observatory.

by a wooden case resting upon the floor of the observatory free from
any contact with the pier.

In the spring of 18392 this station was connected with the main
triangulation of the Coast and Geodetic Survey, as shown in illustration
No. 1 and the geodetic position of the zenith telescope pier was found
to be as follows:

Latitude =39° 05/ 11/-21
Longitude =77° 09’ 36//-65

INSTRUMENTS.

~Zenith telescope No. 4; transit No. 5; sidereal break circuit chronom-

eters Negus No. 1589, Hutton No. 220, and Hutton No. 202; cylinder

chronograph; electric lamps, batteries, etc.; Centigrade thermometers
Nos. 6287, 6283, and 6289; mercurial barometer No. 1735.

~ Zenith telescope No. 4 (see illustrations Nos. 2 and 3) was originally

made by Troughton & Simms of London in 1849, 'The Coast and Geo-

- detic Survey possesses four of these instruments, known as Nos. 1, 2, 3,
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and 4, all made at about the same time.
many defects and gave unsatisfactory results, and for some years past
had been unused. When it was proposed that the Coast and Geodetic
Survey should take part in these researches on the variations of lati-
tude, in codperation with the International Geodetie Association, 1o
other instruments were available, and it was decided to have two of
thiese remodeled at the Survey Office, one for the party going to the
Hawaiian Islands and the other for the party to be located near Wash-
ington, D. C. No. 2 was selected for the former and No. 4 for the latter.

The remodeling of these instrumments was done in the shops of the
Iustrument Division of the Coast and Geodetic Survey Office, and every
precaution was taken to make them as perfect as possible under the
circumstances. The new features are as follows for each instrument:

New base and leveling screws: new vertical axis; new wyes for
horizontal axis of telescope, with adjustment for level; new and larger
horizontal axis for telescope; new micrometer serew and reconstruc-
tion of micrometer box and slide; new and improved clamp to tele-
scope; two new fine levels attached to telescope; new stride level for
telescope axis; the whole instrument repolished, brouzed, ete.: electrie
lamps, batteries, ete., for illumination of telescope field, the reading of
levels, ete. :

Owing to want of time, No. 2 did not have the new base and vertical
axis. This is very much to be regretted, as the old form is too weuak.
In every other respeet the instruments are equal. Though these in-
struments are by no means such as would have been seleeted had there
been time to purchase or construct new ones, it was believed they
would answer the purpose.

The optical parts are those originally furnished with the instrument.
The objective has a c¢lear aperture of 7-6 centimetres and a focal length
of 1166 centimetres. The glass has a slight green color. but the
inages of the stars observed were bright and well defined. The diag-
onal eye-piece gives a power of 100. It gives gooddefinition only very
near the middle of the field, and having no
parallactic motion in right ascension, only
three good pointings could be made on a
southern star while crossing the tield. The
micrometer is of the usual formm. The dia- - 3
gram shows the field when the serew and  w--77
tye-picce are set centrally. The three ver- [~
tical lines are fixed spider webs about eight a '
and a half equatorial seconds apart. The s <
three horizontal lines are spider webs fixed -3
to the slide moved by the micrometer screw
at distances of ten revolutions of the screws. T
The micrometer is so arran ged thatif taken i &=

In their original form they had ‘
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apart the head and rack can be replaced so as to have the same relation
to each other. Increasing readings of the scerew indicate inereasing
zenith distances,

The two levels attached to the teleseope were selected from a lot pur-
chased from the Kenflel & Lsser Company of New York in 1839, They
were made by Adolph Pessler, mechanician, of Freiburg, iu Saxony.
These levels have proved very satistuctory, and it iz doubtful if su-
perior levels can be obtained. The glass tubes are 150 millimetres
long and 13 millimetres in dinmeter. They have a chamber at one end,
by which the length of the bhubble can be controlled. The length of a
division is 2 miilitnetres.  As viewed upon the instrnment, the gradu-
ations are from lelt to right, the upper level seate being numbered
from O to 50 and the lower end from 60 to 110,

Each glass tube is mounted in a brass tnbe, in which 1t rests uapon
two points near each end, and is held iu place by a light spring above
these points at each end. Each brass tube is covered by a glass tube.
The two levels thus mounted are attached to o brass arm by ball and
socket joints at one end and opposing screws at the other end, by
which the two levels may be made parallel to each other. The levels
are mounted upon the left-hand side of the telescope and when point-
ing north the scales read from north to south.

The illumination of the field is by a small mirror, mounted centrally
in the horizontal axis, which reflects light received from a small elec-
tric lamp through one end of the axis,

Transit No. 5 is also an instrument made by Tronghton & Siinms in
1849, and remodeled at the Coast and Geodetic Survey Office in 1890,
The dimensions and power of the telescope are about the same as thoge
of zenith telescope No. 4, The pivots are so nearly equal that there
is no appreciable correction. The value of one division of the stride
level is 096 second. A similar instrument is illustrated in the Coast
and Geodetic Survey Report for 1830, Appendix 14. This instrument

was used for the determination of the corrections to the chronometers
and also as a collimator for the adjustments of zenith telescope
No. 4.

CONSTANTS OF ZENITH TELESCOYTE NO. 4,

Levels.—The arc values and errors ol the level scales were determined
and investigated at the Coaxt and Geodetie Survey Office by Mr, E, G.
Fischer, the chief mstrument maker of the Coast and Geodetic Survey
instroment shop, in May, 1891, and again in January, 1892, at high and
low temperatures. The details will appear with the report of the chief
ot the Computing Division on the computations and results. There was
fouund to be no appreciable difference of value for change of tempera-
ture, and the errors of different parts of the scales are so small that
mean values are used. These are as follows:

Upper level, 1 div. =1-600 seconds.
Lower level, 1 div. ==1-364 seconds,
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On the variation of latitude at Rockrille, Md.

Mierometer.—The true distances Detween the threads of the mierome-
ter were determined by pointings made with the three threads apon
small speck on the glass diaphragin ot the transit. The distances were
found to be as follows:

Previous to June 13, 1592,

1to 2= 99418 revolutions;
1to3 = 1997463 revolutions;
2 to 3 = 10-U345 revolutions;

After June 13, 1892,
1 10 2 = 98900 revolutions.

The arc value of the screw was determined and its errors investi-
gated by observing transits of @ Urstee Minoris and A Urswe Minoris at
castern and western elongations, only that part of the serew between
20 and 40 revolutions being used. The head of the screw was set sue-
cessively at 0, 25, 50, and 75 divisions in each of the 20 revolutions.
The observations were recorded on the chonograph, three breaks being
maule at each transit, the mean of which was taken. Thirteen sach sets
of transits were observed as follows:

June 8, 9, and 10, 1591, on A Ursie Minoris at eastern elongation.
September 18, 19, 21, 23, and 24, 1891, on o Ursa Minoris at eastern
eclongation.  January 27, February 22 and 23, and March 3 and 9, 1892,
on « Ursae Minoris at western elongation,

These observations show no appreciable periodie errors in a revolu-
tion, but there is an appreciable difference in whole revolutions and
also an appreciable correction for temperature. The detailed results
will appear in the report of the chiet of the Computing Division on the
computations and results.  The mean arc value of one revolation is
H6606 — 0-001159 ¢, t being degrees centigrade.

The equatorial intervals between the vertical threads were determined
Aungust 6, by observations of transits of o Draconis, @ Draconis,
/4 Draconis, and 3 Draconis at upper culmination to be

Ito II =856 seconds;
I1 to 111 =8-84 seconds.

METHOD OF OBSERVATION.

The collimation of the zenith telescope was frequently examined by
pointings on the middle thread of the transit, the zenith telescope being
reversed in its wyes. Nore-adjustment of the collimation was reguired
up to November 18, 1801. On this date the micrometer box had to be
removed and was replaced the same day, and no re-adjustwment has
heen required since.

The azimuth of the zenith telescope when pointing north was fre-
quently examined by pointings upon the micrometer thread of the
transit set in the meridian, and when pointing seuth by transits of



Report of the Superintendent of the USGS,
Fiscal Year ending 1892. Part 2, Appendix I, 1894.

= U. 5. COAST AND GEODETIC SURVEY.

standard stars, the correction to the chronometer being accurately
Knowi. The =tops reguired no re-adjustment throughout the whole
series except when intentionally removed tor observing for value of
micrometer. The error of collimation and the deviation of the line of
collimation from the meridian have not exceeded one second of time
throughout the series.

It wasintended to use only that part ot the micromneter screw between
20 and 40 revolutions, 30 revolutions being the middle of the field. All
pointings between 20 and 40 revolutions were to be made with thread
2, all below 20 revolutions with thread 1. and all above 40 revolutions
with thread 3 the extreme limits being 10 to 50 revolutions, so the
screw would have been moved only over those revolutions between 20
and 40, This sclieme was carried out till November 18, when thread 3
was found to be slack., It was on this date that the micrometer box
was removed with the intention of putting in a new thread. On exam-
ination at the office a new thread was thonght unnecessary, and the
micrometer box was replaced as it was,  Observations the same might
proved thread 3 to be useless and it was abandouned, thread 2 being
used in its place. .

In the beginning, the method of observation and record usuaally
adopted in the Survey was followed-—that is, a single pointing was
made on the star when on the meridian, and a single reading ot the
levels was made after pointing on the star. Beginning on July 27,
1891, the method used at Derlin 1839290 was followed as nearly as
practicable—that is, the levels were read, three pointings were made
on the star near the three vertical threads, and the levels were again

read.
Specimen of record.
[Rockville, Md., June 13, 1891. Observer, Edwin Smith.}
No ‘ Star No. | pr Micrometer. ! Level. , Time |
< U.S.C. : i CMicrom.) of culn. by ;
Cof Land GUS, gr ; ‘thread. Cht’()'. tul- Remarks. !
Pall. Catalogue. Revs. 1 Divs. | North., | South. | ton zoz. i
: ! | :
; b ome s
1 1148 HY 40 490 ,*39°3 117 3 14 O5 §5 . Thernlqmeters: ,
1183 N. 19 366 116 403 1 10 00 ' 6287 outside 20°0C.
1982 | 700 6288 north z1°-8,
711 993 6289 south 22%0. |
2 1198 ! N, 26 618 | 11°1 { 400 2 i5 48 i
1206 S. 33 870 398 10°7 - 28 I1
709 | 991
a8 70 2
3 1215 s. 12 5§75 | 408 116 1 36 o5
1220 N. 48 18 S I2:2 1 41°§ 3 39 49
oG8 711
721 | 10008

* Upper level. t Lower level.
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Specimen of record.

[Rockvilie, M., July 27, :8g1. Observer, Edwin Smith.}

§ N Star No.| pg Micrometer. ‘ level. 1 Time
SRS T 5 BT O . ot Microm.: of culm, by
p ool anaGos.b o i | : thread. | chro. Huts Remarks.
Fwhrgalogue. : Revs. | Divs. | Left. @ Right | torn 220.
: ' | i 1
l VT TR
865
9 1336 N. 34 865 %*1146 I 426 Thermometers: |
| 848 116 | 426 2 15 59 54 | 6287 outside 16°.6 C.
| I 6288 north 19°.1.
00 *ro1 | 414 6289 south 19°.5.
- 1354 S. 26 1.0 (fio1 | 416 2 16 17 1
00 Barometers:
¥5715 1018 29'645 in. At Th.
t71°5 [ 1018 6O° I
*¥70'0 1007
t70'0 1067
: 285
S { e 1360 N. 32 275
295 12°§ 440 2 20 46
! 540 I1°1 426
{1367 S 27 548 = r1z | 428 2 25 29
541 ;
727 1034
710 [ 101-8
711 l101°9
625 '
11 1382 N 31 630, 10°2 | 41'Q
61-o { 102 | 41°9 z 33 44
? 50| 93 409
g 1386 S. 28 58 921 409 2 36 33
‘ 6z
j 702 |101°1
| 702 [ 101.2
f 691 | 100°0
: 691 {100.0
* Before bisecting star. t After bisecting star.

Thermometer No. 6288 was hung in the north end and No. 6289 in
the south end of the observatory, and No. 6287 in the open air on the
east side of the observatory. The barometer was hung in the observ-
atory near the transit. The temperature and pressure of atmospliere,
as indieated by these instruments, were noted at the beginning, the
middle, and the end of each night's work.
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Report of the Superintendent of the USGS,

Fiscal Year ending 1892.

10

Record of temperature and pressure of atmosphere at Roclville, Md.,

U.

Part 2, Appendix I,

8. COAST AND GEODETIC

SURVEY.

during observations for latitwde.

1894.

Thermometers. .
RBarom,
Date. Time. 7 reducesd to
Outside. ; TInside N, . Inside 8. o® C
1891, VR C. . 1 C. 22708,
June 13 14 ©O —+-zo'2 ~+21.8 ~+-z22-0
13 17 3z 180 188 190
15 | 14 OO 25°% 250 | 265
15 ! 17 32 231 24 240
23 14 58 210 225 235
23 18 2o 19°5% 2175 21°5
24 14 58 197 230 226
24 18 oo 190 2005 250
25 15 56 208 23 232
25 18 oo 10 215 213
27 14 58 17-8 1g-2 19°5
27 IS 20 155 1604 16°5
July 5 14 58 168 19°0 19°0
. 5 18 zo 137 16-0 160
(&) 14 58 1G°5 231 z23C
61 18 15 17°5 I9-5 19°5
9 I5 35 167 184 18-5
10 15 535 17°5 20°0 20°0
10 18 =23 164 17°5 176
1o ig 356 156 170 17°0
1§ 55 196 22-3 223
12 19 56 16-8 156 186
21 15 55 213 238 24.0
21 19 5§ 19°5 21°0 210
22 15 55 21°5 228 230
22 I9 20 20°3 210 21°3
27 15 55 16-6 191 I9°5 750.0
27 18 oo 16-6 177 180 7505
27 19 55 16°5 175 17°5 7506
29 I5 55 2r-o 233 234 7462
29 18 oo 19°5 21°0 212 7464
29 19 55 185 19:8 2070 746°3
Aug. 7 17 oo 230 248 24°8 750'8
7 20 35 2070 21-6 21-8 7512
el 17 40 255 2600 26-6 749°2
9 20 49 22'5 245 245 7490
10 17 oo 262 278 27-6 750'C
1o 20 49 24°5 255 25'5 750°2
I 17 ©o 24°5 2065 26'3 748-6
4 17 28 21°2 225 22-5 7495
15 17 28 200 225 22'5 7495
15 21 o3 161 18-5 185 7507
I35 22 33 15°5 176 1830 7509
17 18 37 20-0 210 210 750°3
22 18 oo 230 24°5 247 745°7
22 20 12 22.4 231 232 7457
Sept. r 18 37 18-3 19°6 20°0 752.3
I 21 o3 17°5 185 1g°0 7525
I 22 33 160 157°5 17°5 7528
3 18 37 20'1 21'3 215 7508
3 21 of 184 19°4 196 7508
3 22 33 17°8 185 190 7509
7 19 o©Oo 1606 180 i18-0 7495
7 zr of 145 i6:6 17:0 749°9
9 18 37 13'5 155 159 75773
S 20 35 s 31 135 7579
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Becord of temperature and pressure of atmosphere at Rockville, Md.,
during obsercations for latitude.

Thermometers.

Date. Time.
Qutside,
18971, . o
Sept. o 22 Iy a5
10 i oo 15°2
10 20 33 137
io 231 Ig 120
Iz 18 37 1S-G
20 33 1674
Iz 3 19 14'4
13 18 37 19°5
14 18 3 151
14 20 48 125
14 23 =27 10°4
15 15 37 1o
15 21 Of 180
15 22 33 172
17 I8 37 22
17 20 48 20
17 23 36 19
i 20 35§ 20
18 22 00 20
8 23 36 ig
19 20 12 To°
19 22 o0 I8
19 23 2o 17
21 20 12 20
21 22 00 10
21 23 zo 17
23 20 12 22
23 22 ©O 21
23 23 =20 198
24 20 35 191
24 22 OOC 190
24 23 =20 150
23 20 Iz 206
23 2z 19 19°5
25 23 =20 156
26 20 12 22°0
26 22 20 206
26 33 =20 20-0
28 20 12 196
28 22 20 163
28 | 3 2o 194
30 20 13 11'9
30 22 20 11-3
30 23 2o 107
Oct. 3 20 3 205
3 22 Oz 181
3 23 20 16-5
5 20 13 13-8
5 22 20 135
5 23 =zo ) § £
9 20 13 95
9 22 10 54
9 23 20 84
Iq 20 13 11
4 22 20 96
14 23 20 96

Inside N,

v

Barom.

rmiuee‘d to

inside S, 0® C.

. PRI .
+!f_"6 7580
170 7584
155 ¢ 7586
140, v584
202 | =521
1§"1 v52°0
10'3 7515
214 74970
17°0 7501
155 750°5
150 751-1
200G 749.6
oS 7507
185 7508
249 7564
2106 756'6
201 756.7
235 7523
22'5 7520
215 75271
218 7522
2075 7527
195 7531
221 7518
2076 751°9
200 751.8
2470 751°3
230 751.5
217 75!.8
21°3 75477
20 755.1
195 755°1
22°0 752.8
2006 7530
20°3 7530
237 752°6
222 7530
21'5 7531
205 7539
203 7538
2079 7532
14'5 75776
130 758.1
1273 757°9
22-6 7498
206 7496
19'5 7490
155 7483
147 749°3
135 749°7
110 751°4
98 751°4
9°2 7514
rz'5 757°5
- rro 7478
1077 747°7

1894.
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Record of temperature and pressure of atmosphere at Rockville, Md.,
during observations for latitude.

Thermometers.

Barom,.
Date. Time. reduced to

Outside. | Inside N. ' Inside S. o® C.

1891. A C C. C. 7977
Oct.” 14| oo o5 +106 +105 105 7477
15 20 I3 90 11°0 110 749°2
15 22 10 8o 9'5 9'5 7500
15 23 20 66 85 86 750°8
10 20 13 81 94 96 7556
10 2z 20 65 70 80 7568
16 23 =20 61 71 75 7569
17 20 13 7°5 90 95 7564
17 22 10 63 78 80 756°5
17 23 20 55 7°0 7.0 7560
22 22 o2 -+ 46 -+ 54 -+ 5°5 7470
22 23 20 50 52 54 7470
23 22 o2 51 70 70 7483
23 23 50 6o 66 68 7484
23 I 30 50 57 58 7484
24 22 o2 72 90 g0 7469
24 23 KO 65 89 86 74777
24 1 40 7'2 89 9o 747°8
28 22 o2 40 4'5 51 7577
28 23 50 1°1 23 3C 7584
28 1 30 — I'I I 1'0 7580
29 22 ©O2 —+ 8o 85 83 7597
29 23 50 66 74 7°3 759'7
29 i 30 60 65 65 7596
30 22 oz I1°6 127 12°% 7564
30 23 50 11-2 I2°0 11'g 7561
30 I 40 o1 10°8 107 7556
31 2z oz 15.7 16°5 162 7476
Nov. 1 22 Oz 71 70 8-0 7532
1 23 50 51 61 63 7546
1 I 40 33 47 50 7553
2 22 o2 2'5 3'5 40 7576
z 23 50 — o6 1-6 6 7583
2 1 40 o5 11 1-2 7588
6 22 oz —+ 1o 2-6 27 752§
6 23 50 — o2 6 1-8 7524
6 I 40 -+ o3 [ 15 7521
7 22 oz 45 61 6:a4 750°2
7 23 50 31 57 56 750°1
7 I 40 17 41 43 749°9
g 22 o2 94 101 10°3 7526
9 23 50 75 83 85 7531
9 I 32 59 69 7°0 7528
17 23 36 — 272 — 15 - I'5 752°5
¥7 1 10 31 2°5 24 7543
18 23 36 51 41 39 7661
18 I 30 65 53 50 7666
18 3 20 81 64 6-2 766°g
20 23 36 + 32 + 42 + 45 7735
20 I 30 30 39 40 7685
20 3 =20 19 28 30 7673
23 23 36 63 7°2 72 735°1
23 I 30 50 60 6-0 7365
23 3 =20 36 50 -0 737°2
24 23 36 39 49 50 7460
24 I 30 24 36 3’5 7470
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Record of temperature and pressure of atmosphere at Rockville, Md.,
- during observations for latitude.

Thermometers.
Baromn,
Date. Time, reduced to
QOutside. Insiie N. Inside S. o® G
1891. A, g C. C. C. #ee.
Nov. 24 3 20 -+19 30 —“+34 7478
29 23 30 — 6.5 — 02 — 59 7568
29 r 40 7°5 71 67 757°1
29 3 =20 80 75 74 75770
30 23 36 41 30 26 7585
Deec. 1 23 3 -+ o'§ - 102 + r-3 7577
I I 40 —_— 14 — 0 — 04 7576
X 3 2o 13 og o6 7572
4 23 36 -+ 64 ~ 69 4 67 7461
4 r 3o 63 65 66 7478
5 23 36 80 &g 82 7520
5 I 3o 65 7°3 71 7518
5 3 =20 60 68 6'5 751-8
8 I 21 — o1 o5 o4 7589
8 3 25 oy o1 oo 7587
8 4 40 10 — o1 — oz 7584
o 1 2x -+ 46 -+ 60 -+ 60 756°5
9 3 25 30 51 50 7564
9 4 40 8 39 40 7564
1O I 21 3'5 6.5 65 7552
1o 3 25 32 65 65 7551
10 4 40 24 4'8 51 755°1
13 I 2t 49 65 62 755°3
13 3 =5 22 50 50 755°1
13 4 40 25 4°3 4'5 7546
18 I 21 — 69 — 55 — 53 7628
18 3 25 59 55 49 7622
18 4 40 80 64 60 759°5
28 I 21 o5 -} o2 + o1 7562
28 3 25 15 — o8 — o6 7559
28 4 40 0'9 o5 o5 7558
30 I 21 -+ 11 4+ 30 + =27 7578
30 3 25 o4 17 -8 7588
30 4 40 — o2 It 14 7592
189z2.
Jan. i 2z 58 72 — 6-2 — 60 7478
7 4 40 92 78 74 7453
7 5 45 ri-s 90 89 7480
8 z 58 32z 2'5 27 75077
8 4 40 4'5 3 3© 751°1
16 2z 38 88 74 73 7627
16 4 40 10§ 87 85 7630
15 5 45 g0 85 83 7629
20 3 o5 10°9 10°2 99 7565
20 4 38 117 i1°0 107 7563
20 5 45 134 12°2 120 7565
21 3 o3 20 o 10 756-8
21 4 38 45 26 25 757°1
21 5 45 49 34 34 757°6
24 3 o5 —+ o5 -+ 18 -+ 2o 7439
24 4 38 — 04 I'o o8 7434
24 5 45 1o o0 00 7433
25 3 o5 + 56 7'5 78 736°6
25 4 38 50 60 65 736°8
25 5 45 40 5-4 55 7370
28 3 o3 1o 35 35 7473
'M”

1894.
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Eecord of temperature and pressuve of dtmosphere at BRockville,, Md
during observations for latitude.

Thermometers.
Buarom.
Date. Time. : re-‘i%re‘d to
Outside. Inside N. | Inside S. ©
1892, k. we . C. C. 2.
Jan. 28 4 ©C -+ 47 + 48 -+ 45 7473
31 4 17 — I8 — o5 — ©'3 75279
31 &6 o7 17 o8 o5 7532
31 8 zo 20 10 1o 7531
Feb, 10 4 17 o6 elle] sie 743°5
10 5 17 o5 o0 o0 7427
£3 4 17 30 27 25 7406
I3 6 o5 184 o4 oz 75%0
13 8 17 39 8 16 7584
17 4 17 58 38 35 7634
17 7 ©5§ 6-7 5-8 57 7627
17 8 17 772 57 57 762°1
Mar. 10 7 5 30 23 20 7426
1o 5 12 33 3o 33 7422
12 7 O5 + 83 + oo -+ o5 7454
12 8 15 7-0 o 812 7464
14 7 ©5 — 35 — 30 — 28 7556
I4 5 45 45 40 37 7560°5 .
14 10 28 6-0 50 49 756-8
16 7 05 75 38 36 75670
16 8 46 78 52 50 7562
16 9 25 74 55 5°4 757.6
19 7 ©5 o5 + 1o + 10 745.7
19 8 40 1-3 o0 02 74608
19 Io 23 26 — o8 — o8 7469
20 7 O5 14 o4 o3 7554
20 8 40 35 2o 20 7504
20 Io 30 33 2'5 22 7569
21 7 o3 48 7 15 7607
21 5 53 5°I 36 3'5 761}
21 I0 30 60 4°5 45 7609
23 7 ©5 + 90 +100 +10'5 747°9
23 8 23 2.2 80 86 746709
24 v o5 40 36 6-0 7521
24 8 40 3r 4'5 4'8 7523
24 9 30 30 40 40 7521
28 8 23 37 47 50 7518
28 Io 20 31 40 40 7526
28 12 oo 2°0 31 35 7533
29 8 25 6-7 72 7°6 755°1
29 Io 12 57 61 6-6 7553
Apr. 4 8 =23 2007 21°6 21'5 7481
4 10 20 19°0C 19°6 19'0 7481
4 Iz 12 17°0 180 17°8 7478
g 8 23 00 o6 06 7452
o 1o 20 -— 09 — 03 —_— 02 7463
TE 8 25 + 3o© + 43 + 43 752°3
13 10 2o 1'5 25 26 7527
It Iz 00 o0 11 15 7530
Iz 8 =25 50 670 61 7535
1z 16 20 25 40 40 754°5
1z Iz oo 16 30 3c -~ 7546
13 8 =23 83 110 110 7528
13 1o 20 7-8 9'9 o2 7524
13 1o 47 7'5 90 90 7523
6 10 17 51 G5 O g 7483
E |
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Pecord of temperature and pressure of atmosphere at Roclkeiile, Md.,
during observations for latitude.

H
! Thermometers. H
i Barom.
Datc. Time. | e e pehicend to
& - t Outside. . Tuside N. | inside S, o L.
S | -y R R _
18g2. A oae. C. i . i C. ' IR
April 16 1z 22 -+ 44 -+ 5T ~+ 56 | 7488
19 o 17 | &85 83 | S5 75773
19 T oo 7z S 83 7377
3 10 17 ¢ oo 120 | 117 7459
23 12 22 8 ! | JS RN 10°1 7507 |
23 14 00 | T4 S6 86 751°3
26 10 17! 190 ¢ 113 11y 7587
26 0 iz 17 7°1 90 a5 | 7592
26 | 14 ©O0 | 54 78 S 1 750'4
27 1o 17 | 106 11-8 12°0 757
27 1z 22 ; 105 10°9 I1-0 7570
29 10 17 | 95 10°Q 11-0 7523
30 16 17 | 139 51 150 7569
3 12 22 10°7 | 11°8 12°G 7573
30 14 00 ; 1071 | 10°g 10°6 7571
May 1| 10 17 | zo'5 | 210 210 7486
3 12 22 21°6 | 225 224 7475
3 13 3 z10 218 21-6 7470
4 iIo 40 232 254 252 7512
4 12 22 zr-o 23X 230 752-1
4 I3 40 2171 225 224 7522
5 10 17 17°7 17-8 180 7513
5 12 22 1571 156 15°9 7509
5 14 12 138 14°3 144 7501
7 10 17 35 145 14°6 7483
7 12 22 11'0 11°g 120 7498
7 I4 12 (9] 1 10°0 10°3 750.4
3 Io 17 121 130 136 7546
8 14 ©0 9°9 1073 107 755'9
9 o 17 | 15°5 180 185 7535
g Iz 22 | 143 . 16°4 1675 | 7530
9 g 12 12°5 ! 140 140 ; 7538
16 ! Iz 10 175 ¢ 185 1650 7524
16 14 o0 164 17°2 175 ! 7533
16, 15 50 136 15°1 15°5 | 7539
17 Iz IO 171 1530 181 7525
17 ¢ 17 55 150 15°0 160 752°3
17 15 25 I4°1 150 | 150 7520
19 1z 10 131 14°6 14°8 74072
23 I2 IO 81 10°0 10°0 742°5
23 I3 55 66 55 8-7 743
23 15 48 5'8 2 74 744°2
24 I2 10| 136 15°G 16-0 ! 7483
z4 15 58! 121 130 130 | 2456
25 Iz 10O 200 209 20-9 7448
25 iz 58 172 | 180 180 7448
28 12 10 14°9 156 160 7485
28 14 30 128 13°5 135 7490
28 15 58 119 125 12°5 749°1
30 | 12 10 216 | 232 230 7508
30 14 00 2000 21°0 21°¥ 7514
o 15 48 186 19° 197 751°3
June 1 1z IO 240 24-8 247 2525
1 14 o0 22'0 226 227 7529
1 15 48 20'§ 21-5 255 7520
2 14 ©O 232 237 23'5 l 749°3

1894.
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SURVEY.

during observations for latitude.

]
' Thermometers.
i Barom.
Date. Time. ; - reduced to
{ Outside. | Inside N. | InsideS. ot L
1892. k. . ll . C. C. 2¢ 1L
June 2 15 48 i ~+-21-5 “+222 +-22°3 740°3
2 17 30 2170 z1% 21°g V494
6 14 ©O 21'0 230 230 7496
& 15 48 19°8 215 215 749°5
6 17 30 188 20'6 20°8 7492
11 14 ©OO 17°3 19°1 19°4 7502
1x 15 48 154 1771 17°3 75005
184 13 o8 14'0 160 6o 7505
12 14 ©00 2172 231 z3°0 750°4
12 16 oz 20§ 22'0 220 7508
12 18 18 195 | 20°8 209 7503
13 14 0O 2571 | 26-2 26-1 75072
13 16 oz 22-8 230 239 750X
13 17 30 216 225 225 7497
i5 14 ©0 230 244 245 7500
i5 16 oz 21°1 224 225 7508
15 17 12 2073 215 207 7509
16 i4 OO 246 252 252 751°3
17 14 ©O 21-8 230 230 7514
17 16 20 203 216 21-8 7518
zo 14 o0 235 24°5 2477 74477
20 16 o2 223 235 236 74570
20 18 18 2i 4 225 22°5 7449
21 14 o©O 25°5 271 270 7441
23 14 ©0O 256 27°8 27'5 7442
23 16 20 24°2 25°5 25°5 7439
23 18 18 2470 250 250 744°G
25 14 OO0 211 23'5 235 74382
25 17 o2 176 200 201 74977
23 17 30 17°8 19°1 1974 7498
26 14 OO 221 235 236 7479
26 15 24 210 22°0 222 7481
29 14 30 231 239 239 747°8
29 16 oz 220 226 226 7483
29 18 17 22 220 221 7483
July 7 14 58 180 206 206 7504
7 16 48 16-6 183 185 7598
7 18 oo 1671 317°0 17°2 759.9
8 14 58 201 221 221 7551
8 16 48 18-1 19-8 199 754°Q
8 18 oo 170 158-G6 187 7448
Q 14 58 21°% 226 227 7527
9 16 48 197 z0"y 206 7532
9 1§ oo 186 200 200 7531

No lights were used in the observing room other than the small
electric lamps for illuminating the field of the telescope, and the small
electric hand lamps used for reading the micrometer, levels, setting.
etc. These lamps were arranged with spring contacts, by pressing
which the Iamps were illuminated only for the time actually necessary.-
A dim illumination of the observing room was obtained from a lamp
in the recording room, showing through a small window in a partition
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On the variation of latitude at Rockvrille, Md,
separating the two rooms. Every precauntion was taken to avoid any
sundden change of temperature in the zeuith telescope.

The first observations for latitude were made June 13, 1891, and the
last July 9. 1892, In the whole series 1508 observarions were made on
146 uights,  On many of these nights the observations were very
much broken on account of clouds. there being only 39 nights upon
which complete groups were observed. No seritous diffienlties were
encountered during these observations up to April 30, on which date
the level readings were very wild., On May 4 it was discovered that
the observatory had settled to such an extent that the easing about
the pier rested against it. This difticulty was immediately remedied.
The twelve observations of April 30, the four of May 1, and the first

Cthree of May 4 have to be rejected. _

On Juane 13, 1802, it was necessary to strengthen the springs of the
micrometer, to do which the slide carryving the spider webs had to be
removed,  'The computation of obxervafions subsequent to that date
tdeveloped a discrepancy in the resalts from pairs in which one star was
ob=erved with thread 1 and the other star with thread 2. An investi-

Ccation ot the distance between threads 1 and 2 on August 24 and 26
developed the fact that the relation of these threads must have been
Cdisturbed on June 13, The distances between these threads before
and after June 13, 1892, have already been given.

L. -REDUCTION OF THE OBSERVATIONS AND DISCUSSION OF
THE RESULTS BY CHARLES A. SCHOTT, ASSISTANT U. S.
COAST AND GEODETIC SURVEY.

JOMPUTING DIVISION. COAST AND GEODETIC BURVEY,
September 28, 1892,
-~ The results of the astronomical observations. specially made for the
bist three years, at several places in the northern hemisphere, for the
birpose of inquiring into the supposed variation of the geographical
tatitande, and for investigating its laws of change, leave mno further
‘onbt of the fact that the latitude of a place is slightly variable. The
henomenon, as deduced from observations in Europe, in North
America, and the Hawaiian Islands, indicates a periodic variation such
48 wonld be produced by the revolution of the axis of rotation about
Hat of the earth’s tigare,

“The length of the period, which was found to disagree with the
i':uhrrj;m period of about 306 days, was first worked out by Dr. Chan-
‘;i{’l",* who made it variable, and at present increasing, and assigned to
1427 days, nearly, for the epoch 1875; on the other hand Prof. New-
i'-nlmb’s researchest point to a uniform rotation with a constant length
il:i 430 days, nearly, as deduced from observations between 1865 and

———

* Gould’s Astronomical Jounrnal No. 267.
t Astronomische Nachrichten No, 3097.
8. Ex. 37—2
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1591. IFurther, according to the former investigator, the half range ot
the variation is 0722, whereas the latter suspects the radius of the
circle described by the instantancous pole of rotation to be on the in-
crease, the Berlin observations for 1890 indicating 030,

The direction of motion is necessarily from west to east, and the
lengthening out of the period from 306 to 430 days is aseribed to the
earth’s elastie yielding, the Eulerian period demanding an absolutely
rigid body.

The assistance aftorded by the Survey tor the elucidation of the phe-
nomenon consists in the occupation of three stations at which Ilatitude
observations were to be made by means of the zenith telescope (Tal-
cott’s method) on every favorable or desirable night, and continued
over a space of at least one year. These stations are Rockville, Md.
(mear Washington, D. C.), San I'rancisco, Cal., and Waikiki (nearv
Honoluln), Hawaiian Islands. The observations at Rockville, which
are here discussed, cover the period between June, 1891, and July.
18592,

The position of the latitude station at Rockville was connected, in
the summer of 1392, by Mr. J. B. Boutelle, by triangulation with the
transcontinental arce of the parallel, and its geodetic coordinates ayre as
follows: Latitude 302 057 117-21; longitude 77° 09/ 36//-65 W. from
Greenwich ; hence it is abont 154 statute miles or about 25 kilometres
N. 202 W, (true) from Washington, D.C.  We have longitude of Rocl-
ville 30 05 385 W, and longitude of Berlin 0" 53™ 35 Ii.; hence Rock-
ville west of Berlin 6" 02m 13~  The astronomical latitude is 392 0%
1077-47, nearly, indicating a local deflection in the meridian of 4. — .
= — O/-T1,

The Rockville station was placed in eharge of Edwin Smith, Assist
ant Coast and Geodetie Survey, by whom all observations were made.
Between June 13, 1891, and July 9, 1892, nearly 1800 individual meas
ures for latitude were secured on 146 nights.,  LEarly in January, 1892
these records were placed in my hands for reduction and report, and
the temporary services of two computers, Mr. A. Bonnot and Mr. [.
W. Reid, were specially provided for the computation of the apparent
places of the 88 pairs of stars involved. Their mean places are due
to Mr. H. Farquhar of the Computing Division.

The mean north pelar distances of the stars depend on the places
assigned to them in the principal and other available catalogues, cor
rected for their known systematice errors, following Boss’s system, and
are specially discussed with respect to the value of the catalogue itself
as well as to the number of observations involved. The mean places
are thus closely connected with Boss’s systemn; the proper motions
were independently discussed by the method of least sguares after
each star’s N. P. D, found in the several catalogues, had been referred
to the epoch 1891-0: the proper motions depend on special investiga
tion, except in the case of Bradley-Auwers stars, of which the given
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Results of observations tor the varviation of latitude at Rockville, Md.

proper motion was adopted nnless found capable of improvement. Re-
specting weights Mr. Farguhar makes the following statement:*

“Combination weights used tor adopted polar distances in Rockville
latitude list: Twenty catalognes used in computing latitudes on this
Survey were tested and their probable errors reported m June, 13950,
These results were made the basis of the following series of weights;
the unit of weight corresponding to a probable errvor of 4 +/0-17 and
the ratio of observation error to systematic error being taken (for all
catalogues alike) = v/ 5, so that if 1 be the weight of an infinite nuwm-

" R ,,{‘in,_
I L -4 O

= The weight of no polar distance therefore can exceed six times that
of a single observation, given in the table below:

ber o observations and o ot one, ¢ = Wi.

CATALOGUE. w;
I.alande 8, Weisse-hessel g, © 0I5
d’Agelet o, Diarai G, o2
Riimker &, 025
Taylor /3, 04
Groombridge £, 06
Armagh ’73, 07
Armagh "40, Jacob A, Smyth 3, ‘08
Auwers-Bradley «r, Paris 45, Main 3, Glasgow, Cape 408, 09
Radclitfe 66, 10
Radctlifte 453, ‘E2
Pond g, Cambridge 30 &, Greenwich 6 y, 14
Washington, 16
Cape "50 £, Bonn /3, Paris 60, Rome, 18
Paris 75, 20
Henderson, Greenwich 7y, Mellh. . Cape '8o s, Ann Ath. £, -25
Struve Pos. M. # Greenwich 12y (1 23, Drussels, Beckere, -3
Pulkowa Merid. Circle, Greenwich 7yz2, Cordoba p, ‘35
Abo 4, Tlary. '83 =, 4
Greenwich gy, Harv. 773, "5
Leiden 3, -6
Romberg o, -7
Pulkowa Vert. Circle /3, Greemwvich 1oy, -8

“In this table weights were deduced for catalogues marked:
... from probable errors of observation given in the prefaces to
the catalogues.

R > from Boss’s investigations, § of his weights being taken—
. e, his unit being supposed to correspond to a probable error of
oo 1h7,

X8

| from a determination of systematic error by myself, using
Boss'™s method.
TR from determination of observation error by mysell and
formula above as in ().
. “t; ------ from simple estimate, the places being too few for better
nethods.,

* Under date of Scptember 12, 1892,
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“Others from the results obtained in 1890,

“’iazzi, Taylor, Jacob, Main, and a few others used by Safford, I
have to take at second hand, being without the originals. For stars
of the Berliner Jahrbuch, Dr. Auwers’s combination of the authorities
used by him was usually accepted, § of his total weights being allowed
them (i. e., his probable error taken = 4 +/ 016 for w = 1) and the
weights of this table used for the remaining authorities.”

The resulting mean N. P. D/s of the stars composing the 88 pairs
observed for Latitude of Rockville are given below. The first column
gives the star’s number in the Coast Survey Tield Catalogue (Appen-
(dix No. 7, Report for 1876), the second column its number in the British
Association Catalogue (London, 1545); column 4 contains the square
of the probable error (€?), and the Jast ¢column the proper motion (u’):

No. in—
C.and| »y , | MeanN.P.D.for8ro. s g

(é;;t‘i’- Cata-

logue. logue

o Fd Fid »r
1184 | 4706 64 23 3066 ‘0z —+ 0076
1188 | 4726 37 42 o 85 ‘02 ~+o016
1198 | 4758 50 42 18-25 07 40030
1206 | 4812 5T 12 §3°21 =) — O 149
1215 | 4847 73 6 5099 o1 —0°005
1220 | 4874 28 16 2445 ‘02 +0036
1231 | 49006 52 16 5006 ‘04 —0'090
1241 | 4958 49 10 4554 gelt 40043
1247 | 4930 4t 25 39°94 ‘03 —0"023
I254 | 5031 60 25 514z ‘04 —-0'019
£262 | 5071 37 38 5592 -08 -+ o0-004
1275 | _. 64 31 710 06 -+ o021
1278 | 5122 48 47 4279 el | o014
1280 | 5130 48 43 5oO0O -0z “+o00o14
28

1294 | 5178 53 © 3:’;6-02,} 3508 "0z ~~0"007
1316 | ... 30 5 4984 L] +o032
1330 | 5315 7F 52 4838 04 —0' 146
1336 | 5348 31 8 3671 ‘02 —0°345
1354 | 5466 70 35 2617 02 —0'036
1360 | §551f 13 59 3742 02 —0-258
1367 | 5520 87 46 3798 ‘oI ~+0093
1381 | 5574 36 52 5083 ‘03 ~—0'024
1382 | 3575 36 51 {i:.ii% 23:30 04 —o-024
1386 | 5597 64 55 5059 -07 +0-003
1362 | 5628 25 12 1539 03 —+o0o12
1397 | 5647 76 32 5210 ~0f -— 0001
1407 | 5740 24 41 5528 "03 ~—~0°047
1418 | 5763 77 6 3280 02 40018
X424 |- .. 49 5 r064 "05 —-0"007
1432 | 5834 53 4 440 ‘02 0009
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Results of obserrvations for the variation of latitude at Rockville, Md. ~

No. in—

C.and| g 4. Mean N. P. D. for 18g1-0. s n’
Gatar | Cata-

Iogue’. logue

o I 4 L
1442 | 5860 65 23 3003 o3 0004
1448 1. ___. 36 28 32'50 ‘12 —o0'o2
1456 | 5018 31 15 2479 07 —o002]
1462 |______ 70 39 5059 06 +-0'096
1473 | 5978 28 2 3080 ‘03 -+o0°500
1476 | 5991 73 59 4864 "5 —0°099
150z | 6079 33 6 36'59 01 —~—-0'070
. 14-01 . . A

¥I514 | 6106 68 -4{13,09}13 55 o4 001§
1539 | 6203 47 52 39'70 03 +o-0o8
1547 | 6235 53 59 406 ‘05 —0'020
158g | 6404 48 40 31-69 ‘04 ~+-o-023

______ 6456 53 g 5190 ‘03 +o-0o10
1608 | 6466 53 I4 22°67 04 —o0-cob
1628 | 6520 43 13 1060 ‘04 —+o0'09z2
1641 | 6571 58 53 5365 03 -+ 0009
1648 | 6582 68 57 2931 ‘09 — 0005
1666 | 6640 32 33 3971 : 0% 0000
1676 | 6667 53 54 194 03 —O0-007
1690 | 6718 47 49 3400 ‘04 +0'035
1718 | 6704 71 7 5I-56 ‘04 —0'021
1741 | 6852 30 34 "46°23 04 —0'045
1756 | 6895 40 11 54'87 oz -4-o0co%
1779 | 6957 61 38 7-21 ‘04 —+-0°045
1801 | 7oz2 50 5 3I'34 ‘oI + o003
1809 | 7061 5I 5§ 2°74 ‘04 40052
1819 | ___. 38 3 4080 o4 057
1825 | 7126 63 55 222 ‘03 -+4-0024
1852 | 7211 23 44 201§ 03 —0"023
1859 | 7223 77 51 4369 04 —o0086
1885 | 7301 42 54 1644 ‘03 +o'o14
1896 ¢ ____ 59 15 8-8g 08 —0'02
1917 | ____ 57 51 o'8o 05 ©'00
1926 | 7455 43 45 2745 12 —0'049
1948 | 7542 28 24 3533 02 ~+o0'010
1959 | 7567 73 8 5942 04 ~+oo17
1968 | 7508 41 1II 41°'IQ 01 40016
1971 | 7607 60 19 5967 04 -+90'039
1974 | 7627 64 35 1546 0z ~+oo14
1984 | 7676 37 38 3592 -05 o007
2004 | 7749 32 20 975 "03 o007
2020 | 7807 69 42 9'c9 03 + o031
2026 | ____ 50 44 4380 ‘o5 ~-0018
---- | 7879 50 56 958 ‘10 ~+0°026
2043 | 7830 50 5§55 47°40 08 | ~+0'026
2047 | 7901 51 31 127 oz ‘o012
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No. in-—
C. and B. A Mean N. . D. for 18gro. «* [
G- 5. | Cata-
Cata-
logue. logue.
R o L4 Iéd i
2055 | 7915 | 50 20 3777 04 -t-0"008
2059 | 7932 48 45 1010 03 —0'002
2063 | .._._ 53 g 2388 140 —~+ 0053
2070 | 7972 47 16 1°36 03 -0 009
2078 | _._. 54 13 4804 ‘06 — 0008
zog3 | 8039 23 22 4209 02 —0'oI10
2121 8149 78 17 I-32 ‘03 o032
2131 0 .. 61 56 534 ‘i4 -+-0'020
2142 | 8231 40 7 54708 ‘03 ~Loorz
2154 | _.. 33 9 1473 14 +-o0-05
2159 | 8206 | 68 36 677 08 -+o030
2178 . 8360 29 17 34°57 ay —-—0"'003
4 8 72 23 3840 04 ! +0035
1o 28 49 33 5911 04 ~-o0"142
22 67 52 38 6-84 ‘02 —+o0-038
27 102 74 o 27-84 o7 o023
32 126 27 40 1172 *01 ‘ -- 000G
45 166 59 44 813 ‘oI -+ o093
55 198 42 18 4441 ‘01 +-0014
66 227 49 30 35336 ‘03 -} o021
77 259 5z 5 3138 ‘01 0020
93 | 314 35 36 5288 "02 ~+1-561
II: 365 65 59 3717 o5 +-0'030
134 | 456 31 19 39°54 03 -0 026
I50 523 70 15 41-89 *03 -fo-678
176 614 36 2 2322 ‘03 -+uv-o10
196 [ 693 65 27 4530 -09 0097
202 710 61 51 3923 03 o018
208 735 40 12 54°52 ‘02 ~-o0025
220 786 55 47 17-29 ‘03 40051
232 829 46 10 047 -04 <0017y
242 870 72 59 21-78 04 + o012
250 | ___ 2§ 55 27_-56 ‘0§ — 004
259 | 918 38 4 5643 ‘03 +0'033
263 941 63 58 1056 04 “t-oory
[ For
18yz='0
g
275 974 61 20 23635 9'/70 03 —+ 0038
287 | 1007 40 10 3986 2640 ‘04 -+0o031
292 | 1025 61 20 gob6z 3736 05 0039
297 | 1043 40 31 38:65 2557 ‘o2 -+ 0037
306 | 1062 31 29 5990 40639 ‘04 053 0007
331§ 1135 70 38 5743 4567 ‘03 0019
370 | 1253 66 11 jgo0ug 3081 05 -t-0'022
378 | .. 35 27 3724 2740 ‘14 16 —+0'13
392 | 1286 28 25 2914 1969 ‘03 ’ -~0'013
417 | 1350 73 28 3999 313§ ‘07 +0'036
430 | .- 59 52 35247 44°20 08 —“+o004
456 | ____ 41 54 4294 3558 ‘05 +0043
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Fesilts of observations for the rarviation of latitude at Rockeille, d.

b
WNo. in— ‘
] i
C. aud : B. A, " Mecan N. P. I>. for r8g1—18g2. F 2 "
D Cata- |
1(0?:; . lugue. ‘ !
. i < ’ e 44 77
463 | 1449 67 15 9ab 277 o2 +o:021
479 | 1494 | 34 5§53 I8 22 11°88 o3 L0011
483 | 1504 36 25 2344 17°28 03 ~——0°00g
55 . . : 1L oob1
491 | 1528 65 7 691 107 o3 _ o
512 | 1§91 74 32 2754 | ‘o5 | -}-0'005
520 | .o-- 27 27 4589 1z | T
531 e 49 4 39 2" ] 1°20 -l~0-01’5
533 | 1663 52 42 5530 i X1 : “4-00r2
562 | 1751 24 21 4320 | 05 ! +-0:039
577 | 1846 wr 23 056 ¢ ‘09 | —+oo2
606 | . ___ 6o 28 4707 | 12 ] 0000
611 1963 41 16 460 07 | —+ 0068
FOO | 2351 48 5§ 3227 R ‘oL | —+0" 001
705 i 2416 53 2 1280 -04 40023
718 | 2464 : 58 o© 4'50 ‘02 ~——0'180
729 | 2488 1 a3 34 560°49 ‘07 +6-040
745 \ 2558 71 13 36-87 ‘04 40056
757 | —=en- 30 39 36086 *03 —=0"01 2
| ., ]
769 | 2707 21 12 31-62 03 - ©0°003
776 | 2778 8o 28 5531 -2 booss
781 ¢ 2792 36 =z 5501 09 07103
792 | 2850 65 33 1550 03 0071
79C | 2876 24 36 ' 2338 1 —0097
8o4 | 2942 76 55 56-04 04 T ooos
g13 | 2982 27 38 345 ‘01 —0" 017
825 | 3047 74 15 48-08 ‘04 — 0020
835 | 3087 22 41 37°39 . ‘03 +0°043
B4z | 3111 ‘»8 53 5088 | ‘03 -}-00035
849 | 3140 35 3r 5707 5 ‘o4 -0 066
865 | 3246 66 33 21-70 ! ‘02 40040
73 5 3273 8 21 1688 *20 —4‘-0-05
833 | 3341 43 28 34731 GE: 0098
9I1 : 3505 46 32 4768 o1 -+ 0047
: . . -l oro20
921 | 3542 55 32 48-82 ©9 f
9206 | 3572 52 44 2243 ‘o1 -l‘;»o.log}
932 : 3boy 49 I 842 ‘03 —fnoiogr),
436 | 3639 35 46 550 10 0082
045 | 3671 ! 66 14 47-00 03 - 0014
I 9700 B { +oo34
932 4 ---- 36{25 ?9'295 o4 -+ 0004
958 | 3742 64 40 2970 0z | 40015
906 | 2767 | 33 2 19°71 ‘o1 ~0030
976 | 3834 68 53 478 ‘01 40137
1003 | 3904 68 2 5083 | 04 4-0'061
1010 | 3985 33 46 1523 04 +-0-025
1022 | 4052 82 47 0’54 ‘03 | 40031
1035 | 4122 19 II 5577 ‘04 40022
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T
No. in-— i

C.and| p Mean N. P. D, for 18gz'0. e o’
Sitas | Cata”

logue. logue.

L] Id I'da 7
1044 | 4148 | 40 24 5875 07 —0"004
1057 | 4195 61 7 5242 o1 —+o-085
1063 | 4216 31 o o027 ‘02 —0 087
4241 fq41°42 . .

1070 {{4242§ 7¥ 1 l42'08} 03 0019
1094 | 4335 33 27 1438 e} 40016
1109 | 4387 68 16 1-65 03 0056
1118 | 4433 49 16 3069 ‘03 —0'008
1128 l 4479 32 24 721 -5 -——O"CO¥
1137 | 4526 65 5 3I'9s “30 o019
1149 4564 36 31 5768 07 —-0°059
1162 | 4607 40 8 51-39 ‘o2 -0018
1175 5 4636 | 61 58 41-05 ‘02 -+ o057

For star [1819] C. and G. 8. Catalogue, the catalogues contained no
late determinations, but observations of it were found at six Coast
Survey stations, which furnished the means of deduacing for it a satis-
factory place.

To secure accuracy in the apparent places two independeut compu-
tations were made, the computers using the independent star (or day}
numbers contained in the American IEphemerix and Nautical Almanac.

The instrumental constants are as follows: _

Fquatorial interval of vertical threads of diaphragm, I to IT = 8%5i
and of IT to Il = 884, thread 1l rvepresenting the line of collimation.
The value of 7 =1 sec. &, where i = 8%7, was tabulated for different

alues of § to be uscd 1 connection with the usual table for the reduc-
tion to meridian.

Level values, recapitulation of results from the several sets of obser-
vations.

Level No. 7, the upper level, as attached to the telescope is graduated
from 0 to 50 divisions. Two sets of observations on each date were
made with a level trier, the bubble being made to traverse with for-
ward and backward motion. The results are:

’7 °
January 11, 13892 I division == 1632 at — o4 C,
12, 1892 1-640 + o6
May 22,1891 1547 -+ 239
January 13, 1892 1589 4+ 379
Mean 1-600 + 17-8
+ 14

N. B.—Two sets made May 19, 1892, at 38°0 C. gave 1 divis.
#on == 17632, but the tube was thought not sufficiently protecteds
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Results of observations for the variation of latitude at Rockville, Md.

Similarly we have tor level No. 13, the lower level, graduated from
60 to 110 divisions:

ry °
January 11,1892 ¥ division = 1-393 at — o4 C.
12,13, 1892 1-374 + 96
May 18, 1891 1°342 -+ 19°2
January 13, 1892 1-348 -+ 379
Mean x-3601 <+ 166
4+ 8

N.B.-—A series of observations made on the same day as above
(May 19) was rejected for like reason.

In the latitude reduction the average value or 17/-482 4. 0//-010 was
used irrespective of the temperature, changes ot which apparently do
not sensibly affect the value. As each level was read twice before and
atter reversal of telesecope, any error of reading could readily be detected.

The investigation of the value of the micrometer screw.— A large num-
ber of observations were made to determine the value and irregularities
of the screw. This was the more demanded sinee the sums of the mi-
crometer corrections to the latitude do not exactly balance in the
several groups.  Observations were made about the time of elongation
of the star, and for that part of the screw contained between 20 and
40 turus, also for %, 3, and § turns. Corrections were applied for devi-
ations from the mean state of level during a series of observations, also
for curvature*, but not for rate of chronometer, which was too small to
have any effect. The correction for differential refraction was applied.

[
| * Whole Rela- | o
; Date. Star. Elon- | turns Temper- | Valueof | Probable ! tive . 'Y
gation. land frac- ature. one turn.;  error. weight «
tions. | 2. i set.
e i
© a4 rr
1891, June 8 | 2 Urs. Min. E. | $to} | 4+165C.| 44641 | 0008 2 I
: 9 | 2 Urs. Min. E. 4+ to 3 | F20% -660 8 2 2
{ 10 | A Urs., Min. E. 3tod {4210 ‘616 4 2 3
Sept. 18 | a Urs. Min. E. +to4 14245 637 g9 X 4
Ig | a Urs. Min. E. tto} (4217 632 9 I 5
2y | a Urs. Min. E. 3to} i4-233 613 5 2 6
23 | a Urs. Min. E. +to4 |+250 660 I I 7
24 | a Urs. Min. E. $to% [$+22z0 653 8 1 8
1892, JTan. 27 | @ Urs, Min. | W. jtoy |— 70 740 10 o
i Feb. 22 { @ Urs. Min. | W. | 1to} |+ 29 683 1o I 9
23 a Urs. Min, W. | 3to} |+ o4 ‘666 6 2 10
Mar. 3| e Urs. Min. W. | 3to} |+ 19 ‘653 4 2 1T
i 9 { a Urs. Min, W, |ttod |-+ 76 44'634 | 0003 2 12

" A table was used for the various values of ! (15 sin 1) 13

]When these values for one turn at the several temperatures were
biotted they indicated a dependence on ¢t and 2. They were treated
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accordingly, and the expression tor value of one tarn or revolution
of the screw or R =44'-6773 — 0-00865 ¢ 4 0-000311 ¢* was found to rep-
resent the above tabular values, but when applied for the reduction of
the latitude observations made at low temperature the formula failed
to be satisfactory. It became evident that the micrometer observations
made at the temperature — 7°-0 C. had to be rejected, though not sus-
pected at the time. The 12 conditional and 2 normal eqguations were
then tformed anew, whence the final value R = 44//-6606 — 0-001150 ¢.
It represents the observations as follows:

Set. observed. computed,. C.—o0.
r7 rr rr
I 44641 44642 —+ 001
z ‘660 637 — 023
3 616 636 —+-o020
4 637 632 | —o05
5 ‘632 +636 -}-c0o4
6 ‘613 ‘634 4021
7 -660 632 —028
8 ‘653 ‘635 —018
g ‘683 -057 — 026
10 666 660 —006
II 053 ‘658 ~+005
12 634 652 ~+-e18

The probable error of an observation of unit weight is

005337
675, [ 99233 1?: L 0.015

and the probable error of resulting value of R,

0-015
V19

It may be remarked that the screw has 100 threads to the inch, or
to 2.540 cm.; bence one turn moves the thread 1 mm. and one division
corresponds to a linear move of 0-0025 mm.

Investigation of the progressive and periodic inequalities of the screw.—
The value of the screw for the successive intervals 40 — 30, 39§ — 293,
3934 — 293, 391 — 291, 39— 29 turns, ete., gave the above averagt
value of R for the whole screw from turn 20 to turn 40; hence, by
comparing this valne with the individual values at the different parts
of the screw, reckoned from its middle, and taking means of correspond-
ing values for all the sets available, we get the following corrections:

= 4 0//-0034.



Report of the Superintendent of the USGS,
Fiscal Year ending 1892. Part 2, Appendix I,

. —

REPORT 1FOR 1802—DTART I1. 27

Lesults of observations for the variation of latitude at Rockville, Md.

Turns. | Divisions. c}}i‘("(’sfsh Turns. ' Divisions..‘ic‘(}r‘ig{_)fi%?l'
'y s’
At 40 oz ~+.09 At 30 -+ 05 413
39 —+ox Nele 29. ~+-oI 418
38 —03 —.04 28 -0 ~--18
- 37 —Ok -00 27 +0°3 —+13
36 oC —+-04 26 ——0.2 —413
35 | +o3 | +os 25 | 4o4 | +-09
34 Lople’ ‘00 24 ~4-01 —+ 04
33 —03 04 23 ~t+oco —"04
32 —01 — 04 2z —o0-8 —13
31 —o02 —+-04 21 —o06 —_—22
e L (. 20 —0-8 —3X

The adopted corrections are simply the smoothed out valunes of the
preceding column converted to seconds of arc. 'Thius between 40 and
30 turns the screw is quite perfect, but less so towards the other end.

The micrometer reduction to the latitude includes this correction.

Periodic inequality of the serew.——A discussion of the measures of
quarter, half, and three-quarter turns, indicated that any periodic ine-
fquality of the screw was too small to be detected with certainty from
the material on hand; the mean correction from 13 detevminations at
any of the above fractional turns would not amount to 0//-02.

Intervals of the micrometer threads 1, 2, and 3.-—The part of the screw
ntilized in the latitude work generally talls between turns 20 and 40,
but for larger micrometric differences the fixed threads 1 or 3 were em-
ploved instead of 2, the middle thread. By means of a collimator a
series of measures of the intervals was made with the following results:

Turns and

) September =21, 189x. divisions. .4
Space between threads 1 and 2 9 0418 Diff. from 10 whole turns 2-60
Space between threads 1 and 3 19 g7:63 Diff, from zo whole turns 1-06
~pace between threads 2 and 3 10 0345 Diff. from 10 whole turns 154

Thread 3 was found unsatisfactory, it being slack and dragging on
the vertical threads, and was soon abandoned. About June 12, 1392,
the spring holding the micrometer slide became weak; the slide was
therefore removed. The space 1 to 2 was found to have changed in
“Olsequence, and was redetermined August 24 and 26, 1892. The
Welghted mean of six sets of measures gave the value 477491 for the dit
f*'l:ﬂuce from ten turns, which quantity was used after June 12, 1892,

The reduction of the observations for latitude was made in the usual
“ay. checked, serutinized, and results tabulated. A few obvious mis-
Teadings of the whole turns or other similar errors were corrected and
“ few observations with results too wide from the truth for a possible
“ror of measure were rejected with the consent of the observer. In
ML 1789 individual results for latitude were secured. These are given
in the following table:

1894.
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Desulis for latitude of

{39 U5’ + tab

Pair No ___ I. 2, 3- 4. 5. 6. 7. 8. 9. 10. Ix,
C.and G. 1184 1198 1215 1231 1247 1262 1280 1316 1336 1360 1382
S. Cat. 1188 1206 11220 1241 1254 1275 1294 1330 1354 1367 1380
1891.
June 13 957 1022 1071 1077 984 90b6 1091 1023 YO'50 10°85 10-85
15 9°46 1050 1036 1005 __ __ 1032 1113 1028 1064 1085 1076
23 I0°33 1054 1090 1024 1104 YO%4 __ __
24 983 1032 1I1'50 1078 I1°30 10'9% 10'94
25 1048 10°31 11'27 1049 1102 10'67 1099
27 II'r3 1130 11-36 10°66 1093 1088 10-87
July 5 10°'56 11'E3 1117 1046 1060 1051 IO44
6 10°66 1036 II'I3 1043 10°72 10°45 10°gO0
e IO'51 1052 I0°79
Iz . | § &3 9'gg 1010
2% II'IQ 1047 1032
22 10°'35 1021 1063
27 0969 1061 10-21
29 1062 1056 1057
3r
Aug. 7
9
10
Ix
4
X5
X7
22
Sept. 1
3
7
9
Xo
12
13
4
15
¥
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. >
Rockville, Md., 1891-92.
ular ssconds.]
1z, 3. i4. I5. 16. 17. 18. 19. z0. 21. 2z, 23. 24.
1392 1407 1424 1442 1456 1473 11502 1539 1589 1628 1648 1676 1718
1307 1418 1432 1448 1462 1476 1514 1547 1608 1641 1666 1690 1741
11'60 10°54 @G5 1096 1004
11'g7 1125 Q45 X111 11-42
11’61 11'05 1083 10'7@ 11'25 10°'g3 ©'77 10°4r1
11'81 1099 1146 1095 1I'14 1146 ¢g61I 1053
11'go 11'0g 1050 1I-22 113§ II'20 O'50 1002
12706 1097 1096 1166 11-81 1I1°57 o2 1078
11'57 1093 1088 1o93 1105 I1I'55 O56 1083
Ir'yg 10064 o987 11°07 .. .. 11'45 90Q% __ _._
11'20 10°30 1043 II'19 1043 1000 953 g73 1080 1037 10722 1024 T0°33
11°54 1098 09.83 o974 1058 1076 935 10008 1008 1059 I0°15 1051 10O-61
11'42 10°50 996 1065 1068 11'06 o778 058 1032 1020 1009 1069 1048
11'50 1055 086 1087 1071 1089 o991 1029 1028 968 __ __ ____ __. __
11'58 1083 1040 1063 1093 .. .. 98 10038 1070 10°39 10°57 1065 10°84
145 1079 1016 1057 10°34 1053 974 1023 1016 1028 1024 1071 1023
10°40 1087 10064 1127 985 I029 __. . - e cm e e omm mm -
1002 __ __ 1100 II'lI7 998 993 1029 1028 1010 1040 ¥089
974 1063 1113 11°11 o982 1017 1009 __ ._ 10°39 10061 10°42
004 1082 JyOo93 I11°22 973 098 1036 10°30 10°55 1062 036
956 1018 1090 IOTO __ L. __ . acon ceon emm amcm e e-
E0'89 I0O0I . . e mmme mm e mm . m— -
II'IT 1002 IO0'I7 I0°3Y IOo58 997 1025 1016
- e e mm emomn XOXT? o e e e e mm e
11'10 948 1008 1012z 1034 987 1055 10'59Q
9'80 102! 1041 10°72 1028
10°13 1020 1033 1068 1009
1093 10°34 930 1094 1006
10°45 10°58 1007 1039 IO0°Ig
10°10 1026 g'83 1030 10728
955 984 989 1034 1050
G771 1020 _ . e e mm e e
10718 1061 1020 1023 10°50
J0°0g 10°32 90 101G 10785
10'08 1000 987 1061 1054

1894.
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- - .
!
Pair No___ 25 26. z27. =8. 29. 30. 3I. 32. 33 34- 35.
C.& G.S. | 1756 1801 S1g 1852 1853 1917 1948 1908 1974 2004 2020
Cat. 1779 13C9 8§25 18359 1896 1926 1959 197! 1984 2020 2043
i j
Aug. 7 1064 1097 1080 10721
g 1067 1086 1045 10'54
10 {1001 1104 1007 1034
L S
15 | 10°40 1062 1076 1o0°3z 10770 10°72 1021 10°40  9'54 10°38 10°91
7 P
32
Sept. I iIo20 10°88 1ro-25 1007 98¢ __ . 1074 1068 1060 1072 1071
3 1015 1086 10742 10°I7 9095 990 1054 10346 1035 9'g6 1003
7 (10°39 10806 X020 IO T4 - oo L . Ll i Sl e mm e e o s
g 1027 1076 10°36 1040 . . 10§80 1078 I0°'50 10°79 1084 1027
Io 1075 10°g7 1665 1038 995 1038 1063 10062 10°30 1087 10710
Iz | 1035 10°78 1028 1000 983 1007 1006 998 101z 1068 gOu
b S J R
14 | 1042 10°g9 1084 1026 999 10068 1064 1067 1030 1064 10713
i5 ;10720 1078 1092 __ .. 9'9g9 I0°27 1072 1044 1948 1036 10713
17 {10°39 1066 1009 1017 69 1036 1028 1017 10°37 1068 993
x8 11°27 10°57 o822 1021 10'64 1045 10°08 1057 1068 g7
19 115°30 II°IT1 JO'45 1001 1062 1041 1023 10°84 1002 1035
21 1066 10°39 1046 9G7 10°'34 10°07 I10°32 1044 1078 10720
23 10°84 10772 1040 1005 1074 10°37 1062 10906 1050 1087
24 10066 10°43 995 953 941 993 1011 1028 1035 987
23 11'14 1072 975 9094 1048 1020 1015 [0°49 1047 gub
26 I1'I4 1077 1038 093 G'94 1015 10°37 1O°E5 IC'40 GG
28 1000 1064 1010 1025 1020 10°19 10°42 1037 1077 1002
30 096 1066 1050 __ .. g9I 1003 10°34 1045 10°33 97>
QOect. 3 IT'57 I10°59 10°33 1047 097 1082 1013 1044 1073 10723
5 I10°86 10°33 1048 985 1008 102z 992 1059 1075 1007
9 11'24 10°79 10711 10°13 1007 1006 1024 1104 1065 10730
14 10085 10°57 1038 Io05 10029 1007 1039 1038 1059 I0°30
15 10°g5 10°42 1010 1617 1040 1006 o096 10078 1062 90l
6 11'04 IO'8I 1024 1018 1012 [0°'37 1010 1006 1022 9o
17 10073 10°13 1006 979 975 999 1013 1003 1005 100l
22 10033 993
23 1089 1043
24 10-88 i1o10
28 10028 ¢ 70
29 10°76 677
30 10°85 1059
31 10028 .. .-
Nov. 1 10°54 953
2 10°35  9'>°
6 10005 G337
7 1052 958
9 030 1097
17
18
20
23
24
29
30
Dec. 1
4
5 -
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36.  37- 38 39. 40. 41 42. 43- 44- 45.- 46. 47.
2047 205G 207C 2093 2131 2154 2178 ia 27 45 66 93 J
2055 2003 2078 2I1z2I 2142 2159 4 22 32 55 77 111 ‘

ro56 10°59  0°83 10013 oo ..
1063 1055 1014 1046 1108

1(;-53 10°75  9°935 1002 1097

10°42 10°39 981 1027 1062
1088 10°82 10°33 1001 10°52
10°:30 10°85 998 1019 1067
1045 10776 10°36 10°60 10°GO
1062 1079 10°I3 1078 1091
10°49 1056 9°59 1007 __ __
10°40 1040 10715 1006 1047
1023 1035 o982 1027 1073
998 1073 1018 1029 1006
10°36 1087 980 1059 I10°6X
1077 10084 9°86 1049 10°84
P50 10058 945 1013 1071
113 1042 968 10341 1056
Hy4sy 11'01 10°04 994 1028 1030

10°42 10065 9°95 Y019 10°36  __ __
(333 10013 961 1024 1030 _. o
'42 10059 10°05 10°53 fO°77 - _-

W88 1025 QT2 __ __ o e eo

'Oz 1057 992 994 1059 To'29 10052 o085 1047 1022 YO0°1I§ 1057
36 10038 992 968 1o91  10°25 946 10713 1050 o985 27 1icIo
1016 g5 1009 10°I1 10°11 10°21 10039 T10°83 9'92 1094 110°37 1046
138 1046 973 1025 1087 J0'52 10°Go 11206 1070 1obo 1062 1031
1937 1051 10715 10°%5 1077 1o'50 1069 II'og 1065 1099 1067 1040

e - —— -— = — - - _—— = - _—— —— - R —— —— -

158 10030 967 1006 1048 1013 10°57 11°30 1096 1092 1079 1056
1703 10067 954 988 1041 10°81 1040 1060 10°II  FO45 f0'Tg 1038 |
36 10042 9°38 993 10080 998 1019 1083 71037 1056 1002 10°CQ
56 1028 959 g97 1063 1038 1049 1109 1042z 108 1042 1017

1023 I0¢g1 99§ 10°I9 10°75 1045 10720 10°63 g'91  10°38 990 1065
10091 10°29 _. __ 1055 i1'ig  rod5 1080
10078 1021 1033 1043 1075 II1'37 g-70
10069 1075 1048 1007 1098 1004 10°57
10°34 1064 1026 1014 Y09 1008 1030

10018 10034 10206 1059 i0°45 1024 10'1Q
10°25 I10°25 10°30 1934 10°73 1000 IO
1o 30 1074 1067 1117 . .. o o .- - i
1050 10°37  Io0'§5I 1066 1068 r10°30 10714 \
1043 1073 t1o'56 1033 I0°55 1041 __ __ !
1074 o - lO° 1067 1076 1048 10°44 i
i
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PairNo___. 48. 49. 50, 5I. 52. 53- 54. 55. 56. 57.
C. & G.S. 134 176 z02 z20 242 259 275 292 306 370
Cat. 150 166 208 232 250 263 287 297 331 378
1891.
Oct. 23 1066
24 1058
28 | 1073
29 11°:00
30 1C°40
k3 ———
Nov. 1 10°53
2| 1054
6 1008
7 104X
9 10:64
17 -
I8 998 11’17 .. . I't4 10°34 1024 Q09 ©OO§
20 | 1062 10°09 991 1142 1077 1077 1013 990
23 1060 975 1048 108c 1074 1043 1010 963
24 | 10°34 9’79 10°31 11’10 1052 10°32 947 976
29 9'99 g8 1030 1077 1057 1060 963 g71
30 1 L L Lo aefe e e mm il am o e me e -
Dec. 970 974 1058 1092 1115 1087 1006 0908
U
5 1073 1038 1045 11'34 1083 1070 10°30 100§
& 10058 1003 To50 1116 1076 1054 10°23 99I 1075 977
9| 11'07 1074 1087 1162 1068 10'53 1047 997 1162 986
10| r11°07 996 lo'1y  11°33 1I1'0% 1049 @72 1021 1067  o77
13 10704 959 1060 1103 1082z 1069 1089 80 1024 950
18 | 1013 992 1043 1072 1044 990 957 979 1028 953
28 ; 1132 1024 10°37 078 1050 10°35 999 968 1084 0949
3o 10°4% 976 100X 1099 1049 1007 o982 937 10089 804
18g2.
Jan. 7 946 951 10°§3 023
3 1001 983 __.__ b4
16 975 10°47 1044 828
20 984 1016 1061 044
21 1026 948 1078 846
24 962 946 1048 888
25 992 946 1092 949
23 1020 968 1078 __ __
31
' Feb. 10
; '3
15 |
17
Mar. 10
12
14
16
19
20
21
. 23
24
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58. 59. 60. 61. 6z. 63. 64. 65. 66. 6y
392 430 463 483 512 531 562 606 700 718
417 456 479 491 520 533 577 611 705 720
10°7§ 1104 1028 10°53
10-84 11°03 10-89 10°58
10046 - 1077 10°'57 ————
10725 I11-02 10°98 10°55
g1 10795 10°57 1089
10°43 10°7%8 11°05 9°29
133 I 10°85 10°55 10°82
078 10°63 11'50 10°51 10°61 11-02 1048 087
io'5g 1074 - _——— - - - o oo e ——
1010 10°83 10717 1060 1008 10°37 9°509 961
1021 10°44 951 10°13 10063 10°35 10712 e em
123 10°21 10°84 1068 10-81 10°48 10-38 g 76
ooz 995 10°09 10°39 1000 1100 10°50 9-82
ro74 10°14 o83 10°77 10°54 10:80 1021 969
10042 1021 991 1045 1052 1016 064 1042 063
10°34 10729 G662 10:85 - - - - em e me oo oo
1066 10°71 10782 10°73 1097 10°49 962 1070  10°5%
10°04 10°29 10°34 10°42 1073 10°37 j0°17 1010 987
1068 1006 3047 10757 10°38 “n —— 10°90 1078 10-27
10°68 1012
10°'41 IO 33
1061 950
10°38 1001
10°16 o856
1023 1017
1046 9'53
1036 1060
10°36 1008

8. Ex. 37—8

1894.
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34 U. S. COAST AND GEODETIC SURVEY.
 Pair No__.. 68, 69. 70. 71 72. 73- 74- 75. 76. 77-
L C.&G.S. | 745 769 281 7206 813 838 839 873 or1 926
: Cat [ 776 702 8504 8z5 842 863 838  g21 932
t - O
} 18g2
- Jan. 31 990 976 995
Feb, 10 0 __ _. .. _—— -
13 1 1076 10°37 10742
15 ' 1020 I10°30 ¥OCQ
Iy | 1027 1043 102§
Mar. 10 | 1069 10732 __ __ .
1z 10097 10006 10738 L L. 1086 1OYX L . o oL .o e oo oo
i4 | 1012 10018 1038 1010 10019 1001 10°77 899 1061 10°34
16 10°46 o981 10°OT 10-08 1041 1O 20 o e e e
19 | 10724 10732  10°3I 1049 987 1027 1068 938 1044 __ __
20 [ 10021 101§ 90l 1040 1020 981 1048 9'45 10.39 1004
21 | 10°36 1027 1000 1129 998 1020 .. _. 076 100G0 gQif
23 | 10°30 10°39  I040  __ __ . . el i mm e e e e e
24 1049 1075 1043 1077 1013 1010 TO78 . . L. . _. _.
28 10-36 10°33 1028 1046 9.75 0964 1009
29 1071 10°53  I0°30 IO74 - mm em oo e .
Apr. 4 10°82 1057 10°32 1105 I0°22 1058 10755
9 1032 1030 Io4l 1083 o83 1070 10713
1 10067  10°66  10°32 1108 961 1043 1033
| ¢~ 1025 107 1013 1065 68 1062 1057
13 1105 1099 1063 1101 1016 1012 1026
16 1018
I9 10°3%
23 ¢ 10741
26 | 1031
27 1O0°11
! 29 S a1
! 30 10739
| Moy 3 _— -
: 4 1022
5 1026
7 10°39
8 10°59
9 953
16
17
19
23
24
25
28
. 30
i June I
I
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78. 79. 8o. BI. K2, 83. - 84. 85, 8o. 87.
936 952 966 1003 1022 1044 1063 1064 ITI8 1137
045 958 976 1010 I035 1057 1070 1109 1128 1149
10-60 0964 1025 1021 10°60
1054 964 104z © __ .. 1078
1078 _— - ———— _— ———
1061 o84 10°29 1019 10°50
10°61 1001 1026 1045 10°67
10'55 —— e e - —— ——
166 1033 1015 10°47 *  10°72
10°63 . . - e
1110 10°09 1064 10°67 10°77 I11-21 1091 10°0% ro°77  10°G6
1079 10°23 IO'535 10°78 1063 1o0-86 X073 10711 104 TO24
088 1016 1050 1098 1082 . __ - ———— e e e
I 88 10°49 10°37 - ——__ e - e —— e o
10-g5 10°24 10°40 1105 10-04 1086 1037 029 1071 E1-O§
== .- - ——— 10740 1067 1096 10:48 1018 1061 10773
1o77 — 1077 10-86 11-30 11°02 10-87 1044 - -- 1086
:0%2 X020 10°24 10-85 10°70 10-67 10°'50 987 1048 10671
;:.ﬁi Io 34 10°58 10-8g 10.75 10°83 10°55 1031 10°48  10'44
m-»” 10-38 10°59 10765 10°73 10746 1074 10°34 1020 I10°6G8
33 972 1072 1077 (o3 II'IO 1016 10°53 10°40 10°88
10°91 1062 10°16 1051  10°41
1078 1049 990 1039 10°39
1070  {olrd _—— c—em em o
117 10°92 10°34 10°:39 1082
I1°07 10°39 1003 10°32 1044
10-86 10°39 o1y 1061 1059
10°85 10°47 977 10°59 1046
1053 10°24 1016 10°38  10°49
1067 1054 1008 1050 1027

1894.
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36 U. 8. COAST AND GLEODETIC SURVEY.
Pair No_ ___ 88. 1. 2. 3- 4. 5. 6. 7. 8. 9.
C. &G.S. | 1162 1184 11908 1215 1231 1247 1262 1280 1316 1336
Cat. 1175 1188 1206 1220 124X 1254 1275 1204 1330 1354
1892.
Apr. 23 10'I1g 10770
z6 10°39 1034
27 | .o .-
20 | ... -
30! 11°06 10°70
May 3 1014 10°33
4 e e -
5 1020 997
7 10°20 992
8 | 1039 983
-9 10o58  10°88
16 | 1000 1014 1008 1022 1052 Y017 10°72 1045 0997
17 1004 986 977 10721 980 . . Ll e ee e -
= Y
23 10°37 10717 984 1049 1022 10'55 1078 11°02 10°67
24 10°1g 1001 993 I10°0g 10745 I0°32 L e e e e
25 10°59 1009 1006 1045 1084 10'14- 1045 1099 I0°C4
28 10°38 992 I0°C§ T0°5I 10'09  I0°55 I0'44 1070 1016
30 10-15 g:'gb 981 10306 I0'57 I0°35 1041 1065 1004
June 1 10028 988 1011 __ _. .. .. 1056 1038 1086 1008
2 996 g9 Io4l  10°35 1034 1036 1069 1014 1062
6 10'0y 1007 1071 10'20 X040 L. __ X¥2% . . ...
I 963 965 1066 1018 1014 1045 1046 1014 10°2)
- Iz 72 9°21 f0'23 1052 __ __ 1023 1050 1001 1040
13 9°95 991 1o'29 1051 100 996 1073 g-gq 105!
15 9'9g6 101l 1016 9'g7 989 1071 10'37 9gg9g 1025
6 Q72 o e — o e mm o me mm e m e me e m
17 971 98z 1031 1083 ._..__ 10080 Y063 .. __ 107}
zZo g 20 965 1032 1049 1021 10°36 1069 1006 . --
21 9°34 068 1085 Y003 o e cm e o e e e e e
23 074 975 9°'42 992 1038 1038 1108 1032 1065
25 g'52 1001 026 11'19 .__ .. 98g 1012 1089 10°62
26 963 944 983 rorr 995 ... ..L. .. ---
29 g'92 1011 1038 1059 I04q 1038 1068 1016 1040
July 7 10-:36 10-38 1068 1026 109
8 976 1048 1043 959 101
9 9'90 X0yl 1065 1002 1039
;. o™
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1o. Xi. 1z2. 13. 14. 15. 16.. 17. 18,

1360 1382 1392 1407 1424 1442 1456 1473 1502
1367 1386 1397 1418 1432 1448 1462 1476 i514

19.

1539
1547

1o-81 _— - TY7I 10-81 TT-44 rY-02 10-01 ——— ———
10°36 IO'55 119X 1050 11°CY 1083 1069 . __ __  _. __
ror52 10°39 1172 10-83 10°G4 10°84 1067 10°G4 9'57
Io g2 10°37 I1°50 10°66 11°1% 10:66 10°54 11'37 v e
10°52 1024 11°65 10°70 9-87 10°76 10°93 e e e
1047 10°40 11°35 ———— e _——— ———— ——— _——

—— - - - ——— e - - - -— - —_—— - -

!0‘4§ 10°49 1161 10:81 10°05 I0°74 10°73 11°23 946

- — - - - —_ - - - wm - — - — - - e - -

1C°g0 10°63 r1-69 I1°25 10°20 11':04 + 11°07 11'52 10°30
10°33 10°37 11-65 10737 »'o8 10-78 NT, —em e s
1047 10°'59  1I°55 1093 10'36 10°88 1110 11-54 o387
-— - [o-33 11°63 10°85 942 _— . 11°03 Ii'50 1014

1654 10°27 11-32 1024 9°90 10°75% 10°53 10°'83 9°'59
1046 3042 1161 1098 989 1073 1097 1123 @65

9°93
1034

10" 35

10°28 |

10°15
10°24

10°15
10°07
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38 U. 8. COART AND GEODLTIC SURVLEY.

X

CE)MBINATION OF RESULTS FOR VARIATION OF LATITUDE,
AS OBSERVED AT ROCKVILLE, MD., IN 1891 'g2.

In order to deduce any result for systematie variation from the in.-
dividual results for latitude, as obtained direetly from observations, it
is essential that in the combination, the declinations of the stars, taken
from various catalogues, should be referred to a uniform system, and
at the same time that any change in Iatitude, whether periodie, pro-
gressive, irregular, or any absence of change, should not be interfered
with. Th}% was secured by the method of combination adopted in the
reduction of the Berlin and other series of observations as carried out
by Dr. Th, Albrecht* and is the same as followed for the Rockville
series. *

The first step of the reduction consists in"dividing the whole series
of results into groups, each of a sufficient number of pairs of stars to
give a closely approximate value of the mean latitude and with the
sums of the positive and negative micrometer corrections, as near as
may be, balancing each other. The observer’s arrangement respecting
groups was altered with a view of strengthening the connections of
the groups. At the close of a year’s work the re-observation of the
same pairs of a group would atford the means of improving the whole
series by the introduction of the condition that the closing error of the
sum of the corrections to the mean results of the groups at the end of
the year be zero.

The second step is the reduction of the declinations of each pair of
stars to the mean declination system of the group. Comparing the
mean result for latitude of each pair in the group with the mean result
by all the pairs—i. e., with the mean latitude of the group—a correction
was obtained to the result by each pair. In general, the smallness of
these corrections (as given below) indicate that the tabular declina
tions were fairly accurate.

The pairs constituting each group, the number of days of observa
tion for each, and the mean latitude for the same are tabulated below,
together with the reduction of the result by each pair to the mean of

.its group.t

*Provisorische Resultate der Beobachtungen in Berlin, Potsdam: und Prag, be
treffend die Veriinderlichkeit der Polhéhe, ete. Von Th. Albrecht. Berlin, 1890.
t From these cbservations it has been found that the mean error of reduction 0
"the mean declination system of & group for a single determination is | ¢//+23. Since
the number of determinations of the various groups ranges from eight to twenty-
eight, the mean errors of the reductions to the mean declination system in the above
tahle are within 4z 004 and =4 0/ -08.—Edwin Smith, —[Added November 9, 1892.]
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: © ’ rr %
" Group T | Pairs, 9,10, 11,12, 13 Days, 21 | @i == 39 035 1083 |
I1 14, 15, !61 17, IS, 19 I9 @i 10°53 .
111 20, 21, 22, 23, 24, 25 12 | @i 10°30
v 26, 27, 28, 29, 30, 31,32, 33 21 | @iv 1038
v 34, 35, 36, 37, 38. 39, 40 28 | @y 10732
VI 41,42, 43, 44, 45, 46,47, 48 16 | @ 1043 |
VII 49, 50, 51, 52, 53, 54, 55 E3 | &vi 10736
VIIL 569 57, 58s 59, 605 or 12 Fviii - O 32
IX 62,63, 64, 65 8 | wix 10°33
X 66, 67, 68, 6g, 70 Iz | @x 10°26 |
X1 71,72,73, 74,75, 76 9 | @xi 1033 |
X11 77, 78: 79; SO: 81, Sz Iz PLxii 10.49
XIII 23, 84, 85, 86, 87, 88 16 | Py 10°40
XIiv 1,2,3,4,5,6,7.8 13 | Puiv 10°26
Id4 (44 &4 Ids 144 r’ Iid 44
I Group I| Redn-+-21 4 27 428 —8 03§
11 419 — 30 —38 ——6z 483 429
III ~+-11 ‘00 -4-r27 —°17 —'I0 —'I1O
Iv —60 — 20 16 433 410 12 G-'T4  —"O§
A 24 - 33 —05 ~—23 42 10 ~—31I
VI +05 -+ 06 -—24 404 —20 -+I5 14 ‘00
VII +35 — 02z —y2 —35 -—I12 +33 +°53
VIII —-33 -+105 -——03 —334 —20 —16
IX —r20 — 41 406 4356
X —15 - 23 -~I2 —0Q2 0§
X1 —17 — 05 09 -—46 466 —07
X111 418 — 26 439 H0o6 —1I7 =20
XITI —37 — 04 -}+-35 ‘00 —I0 ;17
Xiv +40 + 33 —o08 -—13 403 —17 —46 -1z

The sum of the corrections for each group should be zero.

The preceding corrections were applied to the results of the respec-
tive pairs, forming a new table of results (marked A, B, C; D, E, Fy, in
MS, and not reproduced here) preparatory to the next step, viz:

Comparison of the mean declination of the groups by means of the
results obtained on the same night from pairs ranging over fwo or nore
groups. Such comparisons between results of the same date leave, of
tourse, any changes in latitude absolutely untouched. This third step,
then, consists in ascertaining the differences in the mean declination
System of any two adjacent groups or overlapping groups. For this
lurpose all results of pairs belonging to the same group were made use
“ﬁ_zmd not only those results which form the full or complete set of ail
bairs for every night. For any date common to two or more groups, the
ean latitude was taken for all pairs observed in each, and their num-
ber noted as the weight to the mean, and the same was doue for the
ther groups. These comparisons being made for every day of obser-
Vation, the final difference between any two groups will be that of their
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weighted means, The following tables marked. A,, B, C, contain
these comparisons:

Comparison of mean values of groups.

Date. ! XIV. 1. I1. I11. 1V, V. VI
|
18G1. i Vs r 27 ’”’ F 7 V7 ;
June 13} 1028 8 10°87 3 10°35 3
15 1030 7 11-0g 5 I0°'50 3
23| 1038 4 1104 4 1005 6
234! 1049 4 1120 § 1086 ©
25 1 10°52 4 11°53 § 1073 6
27 | 1099 4 11" 14 § 11°08 6 R
¢ July 5! 1071 4 10°81 § 10080 6
1 6 1052 4 10°9C § 10061 4
i 16 10066 5 10°38 6 10°4T1 §
| | $] 10°77 § 10006 6 10°4T § -
21 10078 5 10028 6 1038 §
i 22 100635 § 100942 6 1004 2
z 1058 5 1057 § 10635 5§
2 29 1080 § 10°26 § 10°35 §
[ 31 10085 &
. Aug. 7 1048 35 10°43 6 10°45 3
9 1043 6 1044 5 1040 3
1o 1046 6 1047 6 1047 3
f I 1006 4
} 14 1056 2
i 15 10060 3 1028 6 1041 8 1079 2
! 17 10:28 1
E 22 10039 3 10732 §
Sort 1 10028 6 1043 7 1076 2
3 10026 6 10033 8 10704 2
7 10°33 6 10°1g 3
9 1033 6 10°54 7 10060 2
10 1025 6 1048 8 1040 6
iz 1008 6 1015 8 10°50 7
13 1001 2
14 10°37 6 10°55 8 1043 7
15 10026 6 1049 7 1029 2
17 ¥o'25 6 1026 8 10°31 7
i3 1045 8B 10°42 7
Ig 10062 8 1043 7
21 1033 8 1059 7
23 1060 8 10°66 7
24 10°'04 8 1021 6
25 1036 B 10027 7
26 1036 8 1020 ¥
28 10039 8 1029 7
i 30 1036 7 10°33 7
. Oct. 3 1054 8 1053 7
5 1o'2g 8 10°31 7 ]
9 1054 8 1028 7 !
14 1I0:37 8 1037 7 1035 1
X5 10037 8 10030 7
L 1034 8 1010 7
17 10016 8 10°35 7
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Comparison of mean values of groups.
IDate. V. VI, ViI. VIII. IX. x. X1 XII.
1891, 144 rr 4 ”’ ” ’” 7 7
Oet. 22 10°01 5§
23 | 10°33 7 1047 8
2 fo-32 7 100z 8
28 | 1004 7 1048 8
2g | 10°35 7 1070 8
30 | 10°57 7 1068 8
31 | 1004 X
Nov., 14 1027 7 1072 8
2 { 10006 7 1043 8
6| 10004 7 1026 8
7 | 10006 7 1053 8
g | 1027 7 1035 8
17 1077 €
18 1044 8 1018 &6
20 1052 8 1043 7
23 1041 8 1028 7
24 10°.32 8 10418 7
29 10'25 8 1020 %7
30 10°70 4
FIDdee. 1 1036 8 1047 7
4 048 6
5 10062 7 1058 ¥
8 1058 1 1045 7 1052 6
9 1107 1 1070 7 1070 6
10 IT'O7 I 1042 7 1048 §
13 1G94 I 10°83 7 1043 6
18 I0'I3 1 IOl 7 10360 6
28 11'32 1 1027 7 1031 O
30 1041 I 1007 7 1037 6
18g2.
Ian. 7 g'g2 2 10753 6 1050 4
8 10°35 2 10°55 3
16 10’54 2 1007 © g'9I 4
20 043 2 1006 6 1018 3
21 I0°30 2 1020 6 10°30 4
24 997 2 997 6 1048 4
25 ¥o'12 2 10032 6 10°31 4
28 I0°37 2 1045 1
) 31 9'95 3 1010 4 903 §
Feb, 10 985 3 10065 1
13 1040 3 1045 4 10°56 §
15 999 3 1042 4 1011 §
17 10'17 3 1077 3 1040 §
Mar, 10 1044 4
I2 10055 5 1036 2
14 1016 5 I10'I1 6 IOz I
16 I0°13 5§ 1019 3
 §o) 1018 5 10'19 6
20 10°13 5 1013 6 1022 1
21 1016 § 1046 5§ 1012 1
23 1043 5
24 1042 § 10°30 4

1894.
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Comparison of mean values of groups,
Date. X1. XIT. X111, XIv. 1. 1I.
1892, #s ,r s’ 7 2 ’”
Mar, 281 1014 6 1023 6
29 10°42 4
April 4 10°59 6 Io41r g
0 1040 6 042 2
1046 6 1029 6
12 1025 6 1043 6
I3 10066 6 10036 2
16 10042 6
19 1046 2
23 1061 6 10683 6 II-ro X
26 10°55 6 10046 6 10074 X
27 10058 6 :
29 10°80 4
30 1061 6 10072 6 Irrro 1
May 3 ¥0°35 2 1052 6 1073 1%
A IO7F § 1076 4
g 1044 6 10°3y O 10°37 I
b4 10064 6 1047 6 10032 X
8 1073 6 10047 O 10°23 1
9 10°35 © 1061 6 11-28 1
i6 1044 6 1025 8
17 10033 6 10004 4
19 I0'50 2 ,
23 1067 6 I047 8
24 1041 6 10027 §
25 1054 6 1I0-38 8
25 1042 6 130 8
30 1032 6 10027 8
! Fune 1 I0°'39 6 10'35 6
‘ 2 1027 8 10002 4 1096 3
6 1047 6 o880 4 1070 3,
I 10016 8§ 10°74 § 10048 6 |
12 10ch 7 10068 g 10064 5
13 10716 8 072§ 10°36 3
15 1014 8 1061 4
16 10°12 I
17 1I0°33 6 10094 I
20 1o'1z 8 1080 4 1043 6
21 024 4
23 1015 & 1106 5§ 10073 6
25 1027 7 1067 5 988 =z
26 990 §
29 10°33 8 1080 5 1065 O
July 7 1030 4 1075 4 1053 5
8 995 4 10°50 5 1030 6
9 10712 4 10°77 § 1041 6
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44 U. 8. COAST AND GEODETIC SURVEY.

~ The preceding differences demand 13 conditions to be satisfied;
these conditions are expressed by the following conditional equations,

: 1
to which are added the values of the reciprocal weight or 7 for each

difference depending on the number » »n,: for the observed values for lati-
tude in each group, I take 1 = 10 (m + n)
y Y nn,
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Combination of resulls for the variation of latitude at Rockville, Md.

Solving, we get

ki=— -—0'162 ki=—= 40106 ky— -J o075
ky= 0359 ky== -——0'018 k= +-0'108.
ky— -+-0031 ki —0"049 kyy== -4 0230
ky— —o0-0355 ky== 40170 Kig== 40130

klg: — 0000

and after substituting ifi the equations of correlates

I{4 7 , rs r”’

v —_— . v JE— . v J— . v —

2-1 +o45 -8 — o138 21T TTT044 12-10 280
v — v — . v —_— v —_— s

3z o6o I == -}-009 31 oz22 14—12= 277
v v . v . v .

4-3 005 11~10— 947 4—2 +o54 214" 062
v v . Vo a8 ve o .

g™ 004 I2_p1== ——041 §o3 o8z (I;_I4m 030
v —_ v —— . h e . v — .

65— 036 13-127 +-o13 g~ +0o8o 214~ +-o30
v — 8 v O . v — i

7-6 o4 14-137= 17009 g7 17052
v —— v — . v —_ s

8_7_-——072 1_14__..—016 ro-g— —'198

, The adjusted values of the differences between the groups are as fol
OWS;:

rr
J—XIVO— I’ XIV= 40.555
IT— I=11"—~ 1’= —o0-28§
I11— 11— —0 040
IV— IIl= —+0'095 -
Ve  IVe= — 0006
VI-— Vo= “+0o214
VII— VI= —o0 188
VIII— VIi= —o Q72
IX — VIII— ~+ o172
X— IX= ~-0'19I
XI— X= —o0° 107
XII— XI= —0'03I
XIIl— Xii= —+0'003
XIV— XTI —o- 121
r”
. + 1039
Check: 3 1041
We also have the closing error:
Y
For group XIV-—-21
- For group I—-26
For group I1—-38
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Taking group 1V for reference group as having the greatest number
of pairs and observations (¢,, = 392 05’ 10//-39), and applying the above
differences we get the tinal correction to each group, as below:

From these corrections, when

Correction to group

IV
v
Vi
VII

VIII

IX
X
X1
X1

X111

v
17
11~

r’

-000
006

-z08
‘020
052
“120
‘071

‘178
‘209
-206
"327
<228
057

ol L F

and to group

I

11

I
XIve

rda
-+ 095
—+ 055
— 230

-+ 325

applied to the individual results in

each group respectively or more conveniently to the mean value of
each group as tabulated on the tables marked A, B, C,,, and com-
bined according to weights, we get the final daily mean value for each
Columu lheaded n gives the number ot

day of observation as below.

pairs observed each night; the next column of figures the seconds of
the resulting latitude ¢, or the combined result from two or more nights;
in the last column the nnmber of observations n, is added for conven-
ience of plotting the results, as properly grouped, in order to equalize
number of observations for suitable short intervals of days.

i j | i :
Date. 'gcp:39° o5’ % 7 i @, 2, | Date. @ == 39° 05’1 7 | @,
I | 1 ] | ‘i
1891. 44 } r 1$. 53 8 r7 ! 7
June 13 +10°58 16 | 1065 | 31 @ Auge 22 41043 8 ' 10043 |
15 73 I5 . Sept. 1 46 15} 1038 ?
23 74 14 3K 16
24 ‘01 151 o g 'gs 91
25 B4 | a5 TO90 59 9 51 [ 15
27 IL°XX 15 | 10 42 20J» 10°39
RS B B A d el
10 s S A preors PSS I 49 ‘;’i} T4
5
21 . 16 ! - B
22 o | asg| reus el 1 ge | 151
27 58 15 19 54 | 15 ] 1043
3 k0 B | Il e B &l
H 2 .  §
Ang. 7 ‘32 14 l 23, ‘ig 12. 10°36
9 ‘g9 14 10°51 | 43 | 25 32 IS
1o 53 15 _ 26 32 15
HEN LA E e
. 1043 | 26 |
::Sr ;g 1? i Qct. 3 54 rs% 042
‘ 5 "30 15 o

{65

i

38

66

48
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Combination of results for the variation of latitude at Roclville, Md.
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i

P45

Coae,

61
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45
46
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20
45 |

34

20
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28 |
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29
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15
16
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i

1

Ixate.  @w=39%05"! =
1Rg2. s’

: Mar. 16 + 1020 8
: 19 32 181
20 ~27 12§

21 43 I1

23 50 5

24 =1 9

28 .38 1z
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April 4 ‘70 I
9 ‘59 8

Il 57 1z

iz ‘54 12

13 77 8

6 <63 6

i9 67 e

23 9o 13

26 74 13

27 79 6

29 1101 4

30 o9z | 13

May 3 ‘73 . 9
4 ‘94 9

5 63 13

7 7 13

8 79 13

9 76 13

16 ‘63 14

17 47 10

19 7¥ 2

23 83 14

24 531 1I

25 ‘73 14

28 63 | )

30 57 i3
June 1 04 12
2 71 15

6 il 13

Ir ‘51 19

1z 50 17

I3 ‘48 16

) 44 12

16 45 1

¥ 67 7

20 49 18

21 ‘57 4

23 -b7 19

25 45 I4

26 -23 5

29 6% 19

July 7 "58 13
8 ‘3‘ . 15

9 49 | 13

R i i e T i e S e

z
|
r

10745
10°63

10°61

1080 |

10°84

1075

10°77 ¢

IC° 57

10°73
10-68

10°04

10-60
10°49
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1058 |

10°52

1045 l
1

25
28

41

32
33
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Date. Pp=—=39°05"
Ceer | o -
Oct. 9| 1042 i5 | 1042
. 14 -36 16];
15 | ‘34 IS L 1oea
| 16 | °:->.’3 15 10730
| 17 | "25 15
i 22 . ‘02 51, 1oz |
23 | 30 | a5 O
. 24 : -0% isy
; 28 17 15}; 022 |
: 29 43 I5),
j 30 52 151
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P Non J{ ' .36 15 E" 1034
z | 15| 15}
6 ‘05 1513
: 7 20 iI5 > JO'¥5
9 21 15 )
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20 -36 5%
! 23 -23 IS}E 10°24
24 ! 13 154
29 ‘11 15}
: 30 49 4 r; 1023
: !'L‘C_ 1 .29 IS
4 27 6 ; .
p 48 14}5 10°42
8 ‘49 14)
9 ‘72 14 | 10°57
10 49 13)
13 51 1 ! o
18 . ,22 Ii 10°36
28 | .
i 36 14 .
30 j 22 14 | ror29
R £.55%-
Jan. g ‘40 iz
49 5 1028
! 16 ‘08 12}3
20 ‘15 F1Y,
21 . :
! 2% +26 12J
H 2
i - 40 .
el 31 ‘02 lg}f torto
| SR o) .06 4 .
i i3 48 rz}i 10-38
: 15 ‘I8 1271
E :\1111'_ 10 ‘S! 4 i
| 12 ‘60 7 1o-38
! 14 ‘30 12
| 3 |
SR R ]
The co

I 1c .
g‘ ‘Phical representation than the
Welghited me

are p e

lnmns beaded @, and », were added as more convenient for

8. Ex, 37—4

bPresented on the accompanying diagram.

daily wvalues;

they c¢ontain 52
ans depending on 1789 observed wvalues for latitude, and
{Hlustration No. 4.)

1894.
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The main feature of the representation is a decided minimum lati-
tude towards the close of the year 1891 and apparently two epochs of
niigh values of latitude, one of which, however—that about April, 1892—
is probably due to some unknown disturbances affecting the observa-
tions. DBesides this there are two large and systemadtic declines in the
resulting latitudes which in magnitude greatly surpass the minor ir-
regularities of the ordinary zigzag lines of variability. It cannot be
supposed that these features are due to real changes in latitude; about
this, however, corroborative evidence can be had as soon as the rc
sults for changes in the latitude of San Francisco shall have become
known.

The probable error of observation for latitude for the period cover-
ing the best part of the series—i. e., from July to November—is as fol-

lows:
7

For group III, -+ 017
For group 1V, 4+ 0-17
For group V, + 0-17

embracing together 544 observations, and for the period, unfavorable
for observation—i, e., from November (in part) to February, inclusive—
the probable error of a single observation for latitude becomes
i

Yor group VI, 4+ 021

For group VII, + 022

For group VI1II, + 0-26

For group IX, + 0-20

embracing together 407 observations.*

The average value for the whole series is £ 0’20 nearly. Compara-
tively this may be regarded as rather a large value; it may be attrib-
uted mainly to the circumstance of the use of three in the place of oue
micrometer thread, since there was evidence to show that the dis
tances between the threads did not remain invariable. There is also
liability to error in recording the particular thread used. The nature
of suspected systematic errors, notably those affecting the results of
December and January, has so far eluded scrutiny, but is probably
related to a feature of obscure origin which may produce a systematic
difference in the results of all pairs observed on two consecutive
nights, as on Septemnber 23-24, when each of 14 pairs gave a latitude
in defect on the second night, with an average difference of 0//-51.

The unexpected rise of the latitude im April and the subsequent
sharp decline was acecentuated by the introduction of the a,djusted

*From the 1789 observations on 146 nights it has been found that the mean error
of a single determination for latitnde is + 025, Since the resulta in column ¢, de-
pend upon eight to sixty-six single resnlts, their mean errors are within 4 0103
and | 07-09.—FEdwin Smith—[Added Nov. 9, 1832.]
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Combination of results for the variation of latitude at Rockville, Md.

differences between the groups, and hence may be referred, at least in
part, to a weak connection of several of the groups.

A further comncentration of latitude values by months leads to the
following normals:

Date. i & .oom Date. G Y

: : o U
! 18¢g1. Jl s [ 18¢2. ’r

i June 21 | 10°81 go i Jan. 20 10021 | Qi

| July 17 | 10°53 126 | Feb., 14 10°34 | 390

| Aug. 12 1047 77 o Mar. 20 10°39 a5

| Sept. 17 | 10°39 285 \ April 18 1073 | 108

t Oct. 17 @ 10°30 171 | May 15 10°71 | 149 |
! Nov. 14 ! 10°2% 190 | June 14 10056 | 205 |
" Dec. 15 10°43 117y } July 8 10°45 | 43

If we suppose the period of the latitude variation to be 430 days,
hence the daily angular motion of the pole of rotation n = 0°-837, and
[ = the longitude of this pole west of the place at an arbitrary epoch
t., here Janunary 1, 1891, then the variation in latitude S may be
expressed by o = @ — @, = a cos (¢ — 1), where @, = mean latitude
= 1047 and @ = latitude at the time 7.

Using Cauchy’s method we get the expression

S = 4 020 sin (nt — H7)
which places the minimnm at November 24, 1891 *

Perhaps it will be best to defer further consideration of the observed
variability of the Rockville Iatitude until the resylts of the other two
stations observed during the same time shall have become known.,

C. A. S.

. "It scems likely that a second terin, probably of an annual period, will be needed
for the expression of the variation in latitude.—C. A. S.—[Added Nov. 9, 1892.]

1894.





