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ADVERTISEMENT.

{Bulletin No. 70.]

The publications of the United States Geological Survey are issued in accordance with the statute
approved March 3, 1879, which declares that—

‘“Thepublications of the Geological Survey shall consist of the annual report of operations, geological
and economic maps illustrating the resources and classitication of the lands, and reports upon general
and economic geology and paleontology. The annual report of operations of the Geological Survey
shal) accompany the annual report ot the Secretary of the Interior. All special memoirs and reports
of said Survey shall be issued in uniform guarto series if deemed necessary by the Director, but other-
wise in ordinary octavos. Three thousand copies of each shall be published for scientitic exchanges
and for sale at the price of publication; and all literary and cartographic materials received in exchange
shall be the property of the United States and form a part of the library of the organization: And the
money resulting from the sale of such publications shall be covered into the Treasury of the United
States.” .

On July 7, 1882, the following jont resolution, referring to all Government publications, was passed
by Congress:

‘“That whenever any document or report shall be ordered printed by Congress, thereshall be printed,
in addition to the number in each case stated, the * usual number’ (1,900) of copies for binding and
digtribution among those entitled to receive thei."”

Exceptin those cases in which an extra number of any Iiublica.bion has been supplied to the Survey
vy special resolution of Congress or has been ordered by the Secretary of the Interior, this office has
no copies for gratuitous distribution.

ANNUAL REPORTS.

I. First Annual Report of the United States Geological Survey, by Clarence King.  880. 8°. 79 pp.
1 map.—A preliminary report describing plan of organization and publications.

II. Second Annual Report of the United States Geological Survey, 1880-'81, by J. W. Powell. 1882,
80, 1v, 588 pp. 62pl. 1map.
III. Third Annual Report of the United States Geological Survey, 1881-'82, by J. W. Powell. 1883.
80, xviii, 564 pp. 67 pl. and maps. .
1V. Fourth Annual Report of the United States Geological Survey, 1882-'83, by J. W. Powell. 1884.
&, xxxii, 473 pp. 85 pl. and maps.

V. Fifth Annual Report of the United States Geological Survey, 1883-'84, by J. W. Powell. 1885.
82, xxxvi, 469 pp. 58 pl. and maps.

VI. Sixth Annual Report of the United States Geological Survey, 1884-'85, by J. W. Powell. 1885.
80. xxix, 570 pp. 65 pl. and maps. .

VIL Seventh Annual Reportof the United States Geological Survey, 1885-°86, by J. W. Powell. 1888.
80, xx, 656 pp. 71 pl. and maps.

VIIL Eighth Annual Réporm of the United States Geological Survey, 1886-'87, by J. W. Powell. 1889.
8. 2v. xix, 474, xii pp. 53 pl. and maps; 1 p. 1.475-1063 pp. 54-76 pl. and maps.

IX. Ninth Annual Report of the United States Geological Survey, 1887-'88, by J. W. Powell. 1889.
80, 717 pp. 88 pl and maps. |
The Tenth and Eleventh Annual Reports are in press.

MONOGRAPHS.

I. Lake Bonneville, by Grove Karl Gilbert. 1890. 4°. xx, 438 pp. 51 pl. 1 map. Price $1.50.
II. Tertiary History of the Grand Cafion District, with atlas, by Clarence E. Dutton, Capt. U. S. A,
1882. 4°. xiv, 264 pp. 42 pl. and atlas of 24 sheets folio. Price $10.12.
TIL Geology of the Comstock Lode and the Washoe District, with atlas, by George F, Becker. 1882,
40, xv, 422 pp. 7 pl. and atlas ot 21 sheets folio. Price $11.00.
1V. Comstock Mining and Miners, by Eliot Lord. 1883. 4°. xiv, 451 pp. 3 pl. Price $1.50.
I
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V. Tho Copper-Bearing Rocks ot Lake Superior, by Roland Duer Irvmg 1883. 4°. xvi, 464 pp.
151. 29 pl. and maps. Price $1. 85.
VI. Contributions to the Knowledge of the Older Mesozoic Flom of Vu',gmm, by William Morris
Fontaine. 1883. 4°. xi,'144 pp. 541. 54 pl. Price $1.05.
VII. Silver-Lead Deposits ot Eureka, Nevada, by Joseph Story Curtis. 1884. 40. xiii, 200 pp. 16 .
pl. Price $1.20.
VIII. Paleontology of the Eurcka Dlstuct by Charles Doolittle Walcott. 1884. 4°. xiii, 298 pp.
241. 24 pl. Price $1.10.
IX. Brachiopoda and Lamellibranchiata of the Raritan Clays and Greensand Marls of New Jersey,
by Robert P. Whitfield. 1885. 4¢. xx,338pp. 35pl. 1inap. Price $1.15.
X. Dinocerata. A Monograph of an Extinct Order of (tigantic Mammals, by Othniel Charles Marsh.
1886. 4°. <xviii, 243 pp. 561. 56 pl. Price $2.70.
XI. Geological History of Lake Lahontan, & Quaternary Lake of Northwestern Nevada, by Israel.
Cook Russell. 1885. 4°. xiv, 288 pp. 46 pl. and maps. Price $1.75.
XII. Geology and Mining Industry of Leadville, Colorado, with atlas, by Samuel Franklin Emumons.
1886. 4°. xxix, 770 pp. 45 pl. and atlas of 35 sheets folio. Price $8.40.
XIII. Geology of the Quicksilver Deposits of the Pacific Slope, with atlas, by George F. Becker.
1888. 40. xix, 486 pp. 7 pl. and atlas of 14 sheets folio. Price $2.00."
XIV. Fossjl Fishes and Fossil Plants of the Triassic Rocks of New Jersey and the Connecticat Val-
ley, by John S. Newberry. 1888. 4°. xiv, 152 pp. 26 pl. Price $1.00.
XV. The Potomac or Younger Mesozoic Flora, by William Morris Fontaine. 1889. 4°. <xiv, 377
pp. 180 pl. Text and plates bound separately. Price $2.50. .
XVI. The Paleozoic Fishes of North America, by John Strong Newberry. 1880. 40, 340pp. 53 pl.
Price $1.00.
In preparation :
— Gasteropoda of the New Jersey Cretaceons and Eocene Mar 1s, by R. P. Whittield.
- — The Penokee Iron-Bearing Series of Northern Wisconsin and Michigan, by Roland D. Trving and
C. R. Van Hise.
— 'Mollusca and Crustacea of the Miocene Formations of New Jersey, by R. P. Whitfield.
— Description of New Fossil Plants from the Dakota Group, by Leo Lesquereux.
— Geology of the Eureka Mining District, Nevada, with atlas, by Arnold Hague.
— Sauropoda, by O. C. Marsh.
~— Stegosauria, by O. C. Marsh.
— Broutotheride, by O. C. Marsh.
— Report on the Denver Coal Basin, by S. F. Emmons.
"— Report on Silver Cliff and Ten-Mile Mining Districts, Colorado, by S. ¥. Emmons.
— Flora of the Dakota Group, by J. S. Newberry.
'— The Glacial Lake Agassiz, by Warren Upham.
— Geology of the Potomac Formation in Virginia, by W. M. Fontaine.

BULLETINS.

1. On Hypersthene-Andesite and on I'riclinic Pyroxene in Augitic Rocks, by Whitwan Cross, with a
Geological Sketch of Buffalo Peaks, Colorado, by S. F. Emmons. 1883. 8°. 42pp. 2pl. Price.10 cents.

2. Gold and Silver Conversion Tables, giving the coining values of troy ounces of fine metal, etc., com-
puted by Albert Williams, jr.  1883. 8°. 8 pp. Price 5 cents.

3. On the Fossil Faunasof the Upper Devonian, along the meridian of 76° 80/, from Tompkins County
N. Y., to Bradford County, Pa., by Henry $. Williams. 1884. 8°. 36 pp. Price 5 cents.

4. On Mesozoic Fossils, by Charles A. White. 1884. 8°. 36 pp. 9pl. Price 5 cents.

5. A Dictionary of Altitudes in the United States, compiled by Henry Gannett. 1884. 8°. 325 pp.
Price 20 cents.

6 Elevations in the Domlmon of Canada, by J. W. Spencer. 1884. 80. 43 pp. Price 5 cents.

7. Mapoteca Geologica Americana. A Catalogue of Geological Maps of America (North and South),
1752—1881, in geographic and chronologic. order, by Jules Marcou and John Belknap Marcou. 1884.
80. 184 pp. Price 10 cents. ’

8. On Secondary Enlargements of Mineral Fragments in Certain Rocks, by R. D. Irving and C. R.
Van Hise. 1884. 8°. 56 pp. 6pl. Price 10 cents.

9. AReportof work donein the Washington Laboratory” durm«the fiscal year 1883-'84. F. W, Clarke,
chief chemist. T. M. Chatard, assistant chemist. 1884. 8°. 40 pp. Price 5 cents.

10. On the Cambrian Faunas of North America. Preliminary studies, by Charles Doolittle Walcott.
1884. 8°. 74 pp. 10 pl. Price 5 cents.

11. On the Quaternary and Recent Mollusca of the Great Basin; with Descriptions of New Forms, by
R. Ellsworth Call. Introduced by a sketch ot the Quaternary Lakes of the Great Basin, by G. K.
Gilbert. 1884. 8°, 66 pp. 6 pl. Price 5 cents.

12. A Crystallographic Study ot the Thinolite of Lake Lahountan, by Edward S. Dana. 1884. 8¢
34pp. 3pl. Price 5 cents.
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-> 13, Boundaries of the United States and of the several States and Territories, with a Historical
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by Charles A. White. 1885. 8°. 26 pp. 3 pl. Price 5 cents. .
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LETTER OF TRANSMITTAL.

DEPARTMENT OF THE INTERIOR,
U. S. GEOLOGICAL SURVEY,
Washington, D. C., June 30, 1890.
SIr: I have the honor to submit herewith a report on certain astro-
nomical positions determined in 1889 and 1890.

- I desire in this connection to acknowledge my indebtedness to Prof.
H. S. Pritchett, who made the observations at the base station, St.
Louis, in the longitude work; to Messrs. H. L. Baldwin, jr., W. T,
Griswold, R. U. Goode, and A. P. Davis, who assisted me in the field
work; to Mr. S. S. Ganmett, for assistance in the office computations;
and to Mr. B. C. Washington, jr., for assistance in otfice computations
and in the preparation of this report. The Survey is indebted to Prof.
W. von Streeruwitz and his assistants, of the Texas Geological Survey,
and to the officials of the Missouri River Commission for much valuable
assistance, corcerning which mention is made in the text. I desire also
to acknowledge the uniform courtesy of the officials of the Western
Union Telegraph Company, who granted the tree use of their lines in
exchanging clock signals.

Very respectfully,
R. S. WOODWARD,
Chief Geographer.
Hon. J. W. POWELL,
Director U. 8. Geological Survey.






REPORT ON ASTRONOMiCAL WORK OF 1889
AND 1890.

By R. S. WooDWARD.

- ASTRONOMICAL POSITIONS DETERMINED.

(1) The astronomical positions which form the subject of the follow-
ing report were determined in connection with the geographical work of
the Geological Survey during the autumn of 1889 and the spring of
1890. The points determined are the following, the designations being
those of the towns in or near which the astronomical observations were
made: Spearville, Kansas; Boisé City, Idaho; and Cisco and Sierra
.Blanca, Texas.

The longitudes were all determined by the telegraphic method with
reference to the observatory of Washington University, St. Louais, Mis-
souri. The observations at this point were made by Prof. H. S. Pritch-
ett, director of the observatory. The observations in the field were
made chiefly by the writer. He was assisted at Spearville, Kansas,
by Mr. H. L. Baldwin, jr., who observed one night for latitude; at
Boisé City, Idaho, by Mr. W. T. Griswold ; at Uisco, Texas, by Mr. R.
U. Goode, who observed one night for latitude ; and at Sierra Blanca,
Texas, by Mr. A. P. Davis.

In connection with the astronomical work at Sierra Blanca, two points
on the one hundred and fifth meridian were established in El Paso
County, Texas. The intersection of this meridian with the Rio Grande
River defines the common corner of El Paso, Jeff Davis, and Presidio
Counties, and hence the location of this meridian on the ground is a
matter of importance to those counties and to the State of Texas. The
meridian being about twenty-one miles east of the astronomical station
at Sierra Blanca, it was necessary to resort to geodetic operations in
order to locate near the meridian a point from which the precise posi-
tion of the meridian could be measured off on the ground. The details
of these operations were des1gned and executed chiefly by Mr. A. P.

Darvis. .
11



12 " ASTRONOMICAL WORK OF 1889 AND 1890. [BULL. 70.
DESCRIPTION OF STATIONS.

(2) At each of the ; o'nts named above a snitable pier was erected to
support the meridian transit used in making the astronomical observa-
tions. All the piers are of one pattern. They consist of a foundation
of one cubic yard of concrete well set in hydraulic cement. Ceutrally
on the surface of the foundation, which rises to the level of the ground
surface, a solid column of brick-work two by two and one-half brick-
lengths in cross-section rises .to a height of about three feet. This
column is capped by a dressed stone 6 by 19 by 24 inches. '

At Spearville, Kansas, the pier is about 150 feet south of the A tchi-
son, Topeka and Santa Fé Railway, and about 1,000 feet east of the’
railway station. It is the east end of a secondary base measured by
Mr. H. L. Baldwin, jr., in 1889,

At Boisé City, Idaho, the pier is on the plain south of the city, about
1,000 feet southwest of the terminus (in 1889) of the Boisé branch of the
Union Pacific Railway. 1t is near the road leading from this terminus
across the irrigation ditch; it is south of and within 300 feet of the
bridge across this ditch. o

At Cisco, Texas, the pier is located on a hill near the intersection of
Fourth street and Avenue F. Tt is 58.1feet north and 16.2 feet west ot
a well-hole cased with iron tubing to a depth of 1,500 feet.

At Sierra Blanca, Texas, the pier is on the south side of and about
200 feet from the Soubhern Pacific Railway.

In all cases these piers are conspicuous objects and in localities
where they are unlikely to be disturbed for a long time.

INSTRUMENTS AND INSTRUMENTAL CONSTANTS.

(3) The instruments used at St. Louis were a meridian transit by
Fauth & Co., a chronograph by Bond & Sons, and a break-circuit side-
real clock, No. 214, by Howard. The constants of the transit instru-
ment as used in 1889 are the same as those of 1884-85, and published
in Bulletin No. 49 of U. 8. Geological Survey. During the winter of
1889-790 the agate V’s of this transit were replaced by brass V’s, both
of which were made immovable, and the pivots were at the same time
repolished. These changes made the instrument somewhat more stable
in azimuth and in ipclination than it had been during the autumn of
1889. The inequality of pivots was also reduced to an inappreciable
quantity.

The instruments used in the field were meridian transit No. 20 by
Wiirdemann, a chronograph by Fauth & Co., and a break-circuit side-
real chrenometer, No. 187, by Bond & Sons. The principal constants
of this transit are given in Bulletin No. 49 of U. S. Geological Survey.
Since the constants given in that publication were determined, however,
the pivots have been turned again, a new glass diaphragm has been
supplied, and additional data for the value of the zenith distance mi-



WOODWARD.] LATITUDES. 1 3

crometer screw have been obtained. The new values for the constants
used in the work to which this report relates are the following : _
Equatorial intervals of diaphragm lines from mean of middle five lines.

Wire A; 4 24°.22)
A, + 20 .22
A; 416 .08

1 4+ 8.07
24 4.03
3 4+ 0 .05 >Clamp west.
4 — 4 .02 (

5 — 8.12
B, —16 .09
B, — 20 13|
B;—24 .17 )

Inequality of pivots = + 0°.096 for clamp west.

Value half revolution of micrometer screw = 40/.356.

The value of a half revolution of the micrometer screw determined
in 1884 from transits of Polaris uear its elongation, is 40/.381.! The
value given above is a mean of this value (40°.381) and a value (40''.331)
determined from a large number of observations made by Mr. B. C.
Washington, jr., and Mr. S. 8. Ganuoett on a graduated staff placed at
aknown distance from the transit.

LATITUDES.

(4) The latitudes of the piers were determined by Talcott’s method.
At each station a meridian mark, whose azimuth was accurately
determined by the time observations, was used to keep the error of
collimation small, and the line of collimation close to the meridian.

Pairs of stars were selected from Prof. Safford’s catalogue of 2,018
stars.? In computing the apparent places of these stars, correctlons
for secular variation of precession were applied.

The computations for the latitudes of Speatville, Kansas ; Boisé City,
Idaho; and Cisco, Texas, were made chiefly by Mr. S. S, Gannett; those
for the latitude of Sierra Blanca, Texas, were made chiefly by Mr. B. C.
Washington, jr.

The details of the latitude work are given in Table I following, and
the individual results, weights, etc., are given in Table II. The weights
applied are the same as those given on page 32 of Bulletin No. 49 of U.
S. Geological Survey.

! Bulletin No. 49, U. S. Geological Survey, p.12.

2 Mean declinations of 2,018 stars between 0" and 2" and 12b and 24® right ascension, and 10° and 70°
north declination, for January 1. 1875. Prepared under the direction of Lieut. George M. Wheeler,
Corps Engineers, U.S. Afmy. Washington, Government Printing Office, 1879.
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TABLE I.—Details of latitude work : Station, Spearville.
2y —Zy) Corree-
Date. nusng?)zr. & & §31+8) t;g!t}r:g? ¢
Micrometer.| Level. | tion.
1889. [~ ’ ” o 7’ ” o 7 " ’ " " " o ’ ”

Oct. 25| 1261 1274 (45 43 37.06 29 45 47.72 (37 44 42,39 | + 6 21.45 | -+ 0.47 | 40.10 (37 51 04.41
25 | 1287 1313 |38 56 10.80 {36 38 28.51 47 19.65 | + 3.43.45 | + 4.67 [ 4+0.06 " 07.83
25 | 1320 1326 |23 09 30.21 |52 28 36.56 49 03.39 | + 2 00.58 | 4 1.52 | 40,03 05. 52
25 | 1359 1372 |50 41 25.44 |25 04 41.22 53 03.33 | — 1 56.59.| + 0.10 | —0. 05 06.79
24 | 1424 1438 |28 25 52.43 (47 23 52,41 54 52.42 | — 3 40.02 | — 4.20 | —0. 06 08. 14
25 [ieeeernennn. 52.53 52. 56 64 52.54 | — 3 45.63 | + 2.94 | —0.06 09,79
24 | 1448 1475 |34 03 50.17 |41 31 31.54 47 40.85 | 4+ 3 22.51 | + 3.88 | +0.06 07.30
25 | 1450 1464 |56 17 41,38 {19 24 50.11 51 15.75 | — 0 13.48 | + 1.57 0.00 03, 84
25 | 1500 1502 |19 39 49.86 {56 03 27.31 51 38,58 | — 0 37.21 | + 2.41 | —0.01 03,77
23 | 1535 1539 (29 52 33.11 |45 38 17.60 45 25,35 | 4- 5 35.40 | + 5.56 | +0.10 06. 41
25 |eeemaiennns 33.22 17.78 45 25.50 | 4+ 5389.23 | 4+ 3.15 | 4+0.10 07.98 |
24 | 1558 1559 (39 47 29.46 {35 45 55.71 46 42.58 | + 425,71 | — 1.0 | +0.08 07.27
25 Joeeravinnnn. 29. 61 55. 84 46 42,72 | 4 4 14,77 | 4+10.29 | 4+0.08 07.86
26 |eeunn PP 29.78 | 56. 02 46 42.90 | + 4 20.82 | + 3.99 | +0.08 07.79
25 | 1579 1598 |49 27 19.90 |26 15 13.48 51 16.69 | — 0 12.79 | 4+ 2.41 0.00 06. 31
26 {.eeeninann. 20.12 13. 60 51 16.86 | — 0 09.73 | — 0,79 0 09 06. 3¢
24 | 1608 1619 |52 37 17.30 (23 08 18.54 52 47.92'| —1 43.27 | + 4.09 | ~-0.03 08.71
b1 2 17.51 18.63 52 48.07 | — 1 46.80 | + 5.09 | —0.03 06. 83
26 |ceeiinnaann. 17.76 18.75 52 48.25 | — 143.76 | 4+ 1.36 | —0.03 05.83
24 | 1645 1658 (57 56 37.02 (17 47 27.35 52 0218 | — 0 56.94 | + 0.16 | ~0.02 05. 39
25 |eeeeneeaen, 37.26 27.43 52 02,35 § — 0 58.11 | 0.89 | —0.02 05.11
26 |.ceeennnnnnn 37.55 © 27.51 52 02.53 [ — 0 60.61 | + 3.41 | —0.02 05.31
28 | 1683 1702 |51 00 43.15 {24 31 48.23 46 15.69 | 4 4 48.95 | + 0.26 | +0.09 04.99
24 | 1687 1694 (18 30 33.50 (56 53 16.55 41 55,02 4+ 911.34 | 4+ 0.37 | 40.17 06.90
25 |eeeeennn. 33.58 16. 81 41 55,20 | 4 9 12.77 | — 3.83 | +0.17 04. 31
26 [coeeenat . 33.68 17.10 41 55,39 | 4 9 13.36 | — 3.67 | +0.17 05.35
28 [ 1682 1702 (50 54 41.75 (24 31 48.23 43 14,99 | + 7 49.58 [ + 0.26 | +0.14 04.97
25 | 1703 1707 |49 49 41,58 |26 18 27.16 |38 04 04.37 | —12 57.79 0.00 | —0.22 06.36
24 | 1718 1727 157 55 11.56 |17 36 00.52 |37 45 36.04 | 4+ 532.01 | — 1.10 | +0.10 07.05
o170 PR 11. 82 00. 60 36.21 | + 529.10 | — 0.84 | +0.10 04. 57
26 {ieeneennnnn. 12.13 00. 68 36.40 | + 527.01 | + 1.47 | +0.10 04, 98
27 [ 12.43 00.78 36.60 | 4+ 530.23 | — 2.10 | +0.10 04.83
28 |..... PR 12,72 00.89 36.80 | + 529.87 | — 1.00 | +0.10 05.77
24 | 1744 1752 |38 04 15.97 (37 21 33.76 42 54.87 | 4 8 13.15 0.00 | 40.14 08.16
23 ) 16.15 33.95 55.05 ( + 8 09.68 | 4+ 2.89 | +0.14 07.76
27 leeeeeeiannn. 16. 56 34.35 55.45 | + 8 15.37 | — 5.30 | 40.14 05,66
P2 2 D, 16.77 - 34.57 55,67 | 4 811.33 | — 2.10 | +0.14 05. 04
24 | 1762 1782 |56 10 18.48 |19 41 16.96 |37 55 47.72 | — 4 89.75 | — 1.26 | —0.10 06.61
25 |ieaiieeaa, 18.75 17,05 47.90 | — 4 40.60 0.00 [ —0.10 07.20
26 |eeeenniiann. 19. 05 17.15 48,10 | — 4 38.09 | — 1.42 | —0.10 08.49
2T {eeiainann, 19.35 17.27 48.31 | .— 4 42.90 | — 0.94 [ —0. 10 04,37
24 | 1792 1801 (26 38 53.17 |48 44 58.91 |37 41 56.04 | + 9 07.76 | + 0.84 | +0.16 04, 80
25 |ieeenn e 53.31 59.13 56,22 | + 90 04.93 | + 3.57 | +0.16 04. 88
B I 53. 60 59. 67 56,63 | + 9 12.68 | — 7.61 | +0.16 01, 86
28 | 1800 1814 (28 42 51.87 (47 15 40.92 |37 59 16.8y | — 8 08.15 | — 1.31 | —0.14 06. 79
24 | 1824 1836 |57 13 55.47 |18 35 28.34 54 41.90 | — 3 32.96 0.00 [ —0.07 08. 87
25 |ieeaiiaenns 55.74 28. 42 42.08 | — 8 39.13 | 4+ 4.67 | —0.07 07.55
26 {eeeeriannnn 56. 04 28,51 42.27 | — 331,99 | — 3.20 | --0.07 T 07.02
27 leeeeeevaeen, 56,37 28.63 42,50 | — 3 86.51 | — 0.37 [ —0.07 05. 55
28 | 1833 1853 |50 58 22.53 24 41 58,98 50 10.75 | 4 0 53.88 | +.0.26 | +0.02 04.91
24 | 1850 1867 |20 48 33.23 |54 22 52.73 3542.98 | +1524.12 | 4 3.10 | +0.26 10,46
b1 2 N 33.30 52.03 43,11 | +15 27.98 | — 2.83 | ++0.26 08. 52
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$(Z,—2Zy) Correc-
Date. | pumper. | & b | BGkE) Sofrac
Micrometer.| Level. [ tion.
1889. o+ u o ¢+ u ot [T " " o+
Oct. 27 { 1850 1867 |20 48 33.55 (54 22 63.38 (37 35 43.46 | +15 24.00 | —5.14 | 4-0.26 | 37 51 02.58
26 | 1859 1873 {29 04 16.55 |46 39 16.59 51 46.57 | — 0 38.66 | —1.31 | —0.01 06. 59
28 [eeeeiaenn 16. 88 17.12 47.00 | — 0 38.14 | —2.00 | —0.01 06. 85
24 | 1883 1888 (30 50 20,08 |44 45 05.05 47 42,57 { + 8 18.56 | +4-5.2u | 40,06 ° 06.39
20.21 05.27 42.74 | + 3 21.94 | 4+1.21 | 4-0.06 06.07"
20. 57 05.78 43.17 | + 3 18.76 | 42.99 | +0.06 04.98
28 |ieeeenaens 20. 76 - 06. 05 43.40 | + 3 22.55 | 4+0.58 | +40.06 06. 64
24 | 1909 1929 (17 14 39.12 |58 39 58.61 57 18.87 | — 6 14.39 | —0.42 | —0.12 03.94
L3 I 39.19 58. 89 19.04 | — 6 11.03,| —0.26 | —0.12 07.63
26 |eeranoaanan 39.26 59. 20 19.23 | — 6 04.54 | —8.77 | —0.12 05. 85
27 eeeannnn.s 39.36 59. 53 19.44 | — 6 11.40 | —0.42 | —0.12 07. 50
24 | 1937 1957 |40 51 16.38 |34 41 23.10 46 19.74 | + 4 51.17 | —2.20 | 40.08 08.79'
16. 58 23,26 19.92 | + 4 47.74 | +2.68 | 4-0.08 10.42
16.79 23. 46 20.12 | + 4 42.33 | +3.41 | 40.08 05. 94
17.03 23. 67 20.35 | 4 4 49.55 | —4.09 | 0. 08 05. 89
17.28 23. 86 20.57 | + 4 40.72 | 4+7.19 | 40.08 08.56
29 02 30. 86 (46 33 25.25 47 58.05 | 4 3 09.68 ,+0' 89 | 40.05 08.67
30. 99 25.47 58.23 | 4+ 3 08.18 | +1.89 | +40.05 08.35 ‘
31.14 - 25,72 58.43 | - 3 09.63 | —1.10 | +0.05 07.01
31.31 25,99 58.65 | + 3 09.59 { —5.46 | 4-0.05 02.83
17 43 25.31 [57 53 53.22 48 39.26 | 4+ 2 24.92 | 4-2.36 | +0.05 06. 59
25.36 53. 52 30.44 | 4 2 23.95 | +3.04 | 40.05 06.48
25.44 53,82 39.63 | + 280.97 | —6.77 | 4-0.05 03.88
25. 54 54,14 | | 39.84 | + 225.93 | +1.05 | +0.05 06. 87
25.63 54.46 |~ 40.04 [ + 2 26.69 | —1.05 | 40.05 05.73
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TABLE I—Continued.—Details of latitude work : Station, Boisé City.

3(2,=12y) Correc:
Date. nusﬁ;r. d, 8 1}(61+1’2) N t;gtx‘l"fgf ¢
Micrometer.| Level. | tion.

1889' 0o, ¢ " o ’ 1 o ‘ s 1 ,” " " n ’ i

Nov. 14 | 1409 1417 |61 01 24.00 |26 18 10,98 43 39 47.49 | — 3 46.12 | —2.94 | —0.07 | 43 35 58.36
14 | 1427 1431 62 35 15.13 [24 48 82.91 | 41 54.02 | — 5 53.84 | —4.41 | —0.11 55, 66
14 | 1470 1473 |59 35 54.93 [27 46 40.46 | 41 17.70 | — 5 16.39 | —3.78 | —0.12 57.49
14 0] 63 00 55,86 |24 01 18.08 | 3L 06.97 | + 4 49.15 | —0.84 | -0.10 55.38
13 3 57 51 18.43 (29 38 50.3 45,04.37 | —'9 06,39 | —1.26 | —0.16 56. 56
13 | 1581 1584 (66 37 08.03 (20 82.28,87 | 34 48.45 | + 1 09.33 | —1.05 | +0. 02 56.75
14 |oeeeenan .. 08.14 28, 85 48.50 | + 1 07.07 | +2.89 | 40,02 58.48
13 | 1615 1630 |67 30 43.80 |19 57 23.70 | 44 03.75 | — 8 06.50 | 4-1.36 | —0. 16 58.45
V5 P 43.96 23.68 03.82 | — 804,60 | +0.31 | —0. 16 59,37
14 | 1647 1656 43 27 6600 |43 39 21.00 | 38 40.50 | — 2 45.42 | 4+4.41 [ —0.04 59. 45
13 | 1647 1662 [43 27 59.92 |43 43 36,16 | 35 48.04 | + 0 07.75 | +0.32 | 0.00 56.11
14 [ceeeiiannnn 60. 00 36.26 48.13 | + 0 05.60 | -+6.82 | 0.00 60.64
12 { 1669 1681 |28 45 10.96 {58 21 13,65 | 33 12.30 | + 2 44.61 | 4-0.10 | +0.04 57.05
13 feeeeienn 11.03 13.84 12.43 | + 2:45.78 | —0.79 | 0. 04 57.46 |
7 PO, 11.07 13.99 12.53 | 4+ 2 44.33 | +2.10 ['40. 04 59. 00
14 | 1713 1719 26 30 01.77 60 42 12,20 | 36 06.98 | — 0 10.94 | 42.05 | —0. 00 ' 58.09
13 | 1747 1758 36 10 34.41 |51 24 42,65 | 47 38.53 | —11 38.97 | 4-0.79 | —0.20 60.15
14 [eeecennnns 34. 51 42,81 38.66 | —11 42.24 | +2.10 | —0.20 58. 32
13 | 1783 1798 (27 40 21.85 (59 43 15.85 | 41 48.85 | — 5 52.67 | +0.89 [ —0.10 66.97
PV 3 OO 21.92 16.06 48.99 | — 5 53.56 | —0.57 | —0.10 54.76
14 | 1810 1815 {40 05 17.82 |47 40 60.05 | 53 08.93 | —17 11.22 | +2.00 | —0.33 59.38
13 | 1821 1830 (23 40 07.73 |63 38 58.37 | 39 33.05 | — 3 39.09 | +3.78 | —0.07 57.67
14 |eeeennnnn.. 07.79 58, 62 33.20 | — 3 36.51 | +1.26 | —0. 07 57.88
13 | 1834 1841 (60 31 19.03 |26 36 46.92 | - 34 02.98 | 4 1 54.89 | —0.10 | +0.03 57.80
14 [oeeemenennt 19.25 46.99 103.12 | + 1 53.16 | +0.10 | 40.03 56.41
13 [ 1871 1874 20 09 13.25 |67 11 36.15 | 40 24.70 | — 4 29.10 | +0.79 | —0.09 56. 30
14 oo 13.29 36. 44 24,87 | — 4 28.97 | +1.42 | —0.09 57.23
14 | 1885 1894 [20 26 58.45 |67 14 14.50 | 50 36.48 | —14 32.71 | —4.36 | —0.29 59.12
13 | 1893 1906 [42 21 36.59 (44 57 09.67 | 30 23.13 | — 3 26.74 | +4.36 | —0.06 60. 89
13 | 1911 1915 |42 53 14.89 |44 50 20,12 | 51 47.50 | —15 48.09 | +1.42 | —0.27 60.68
7% 15.07 20. 31 47.69 | —15 51.81 | +1.36 | —0.27 56. 97
13 [ 1948 1960 |67 29 12.35 |19 43 50.60 | 36 36.02 | — 0 35.96 | —3.15 | —0.01 56.90
SV IOTUT 12.65 59.75 36.20 | — 0 38.50 | —0.05 | —0.01 57: 74
13 [ 1965 1984 |19 32 00.38 |68 08 41.42 | - 50 20.85 | —14 19.27 | —2.05 | —0.29 59,24
13 | 1993 2005 |23 02 15.29 |64 22 12.56 | 42 13.92 | — 6 18.18 | +3.10 | —0.12 58.72
14 [eeeennnn. 15.37 12.86 14.11 | — 6 15.64 | +41.42 | —0.12 59.77
13 | 1993 2008 (23 02 15.29 |64 34 27.72 | 48 21.50 | —12 26.55 | +3.10 | —0.24 57.81
14 | ceeeiaanns 15.317 28. 00 21.68 | —12 25.30 | 4+1.78 { —0.24 57.92
13 | 2001 2005 (23 03 31.41 |64 22 12.56 | 42 51.98 | — 6 57.32 | +3.57 | —0.13 58.10
S U8l IO 31,49 12.86 52.17 | — 6 55.15 | 42.62 | —0.13 59,51
13 | 2001 2008 [23 03 31.41 |64 34 27.72 | 48 50.57 | —13 05.69 | +3.57 | —0.25 57.20
b USS IO 31. 49 28, 00 59.75 | —13 04.80 | +2.99 | —0.25 57,69

130 Cephei. u Pegasi.

24 Cephei. 7 Pegasi.
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HZy—Zy) Correc-
Date. nu%%far. 4 & 38i+8y) tx]'eo;]rgcg ¢
: Micrometer.| Level. | tion.
1889. o " o ¢ " o " AT " " o + u
Dec. 4 | 1510 1519 |50 58 47.63 |13 58 13.89 |32 28 30.%6 | — 5 03.56 | 4-2.10 | —0.10 | 32 23 29.20
[ 2 P, 47.61 13.82 30.71 | — 5 02.35 | 42.47 { —0.10 30.73
4 | 1531 1537 (41 14 38.65 (22 59 15.15 06 56. 90 -I-AIG 30.58 | +3.15 | 40.28 30. 91
[ PO, 38.62 15.10 56,86 | 416 36.18 | —2.57 | 40.28 30.75
3| 15641 1544 |24 01 17.65 [41 22 22,90 41 50,27 | —18 19.54 +2.89 | —0.33 33.34
[ 35 PR 17.60 22, 87 50.23 ( —18 22.33 | 41.47 | —0.33 29. 04
|- N P 17.55 22.85 50.20 | —18 15,72 | —2,73 | —0.33 31.47
4 | 1557 1562 (44 09 59.74 |20 10 46.32 10 23.03 | 413 05.49 | 43.62 | +0.23 32.37
[ 2 P 59. 74 46.27 23.00 | 413 07.07 | +0.47 | 4+0.23 ' 30.77
3| 1562 1568 |20 10 46. 38 44 47 12.99 28 59.68 | -- 5 31.57 | +40.63 | —0.10 28. 64
311571 1579 (15 38 25.18 (49 27 23.54 32 54.36 | — 9 24.99 | 40.52 | —0.17 29.72
[ 2 P 25.12 23. 53 54.32 | — 924.49 | 4+4.15 [ —0.17 33.31
|- 3 25.07 23.54 54.30 | — 925.95 | 4-0.94 | —0.17 29.12
3 [ 1588 1601 [45 47 44.13 |19 02 01. 50 24 52.81 | — 1 25.56 | 4+1.36 | —0.03 28, 58
TS I 44.10 01.43 [ 5276 | — 121,03 | +2.00 | —0.03 38.70
L5 2 44.10 01. 39 52,74 | — 1 28.38 | +5.25 | —0.03 29,58
5| 1609 1629 (44 34 03.26 |20 13 35.50 23 49.38 | — 020.30 | 4+3.15 | —0.0L 32.22
3| 1618 1619 -41 28 40.43 |23 08 19.30 18 29.87 | 4+ 5 03.40 | —1.26 { 4-0.09 32.10
4 ... e 40.44 19.30 29.87 | + 4 57.80 | 45.25 | +0.09 32. 52
4 | 1636 1652 |31 46 54.97 (32 53 23.92 20 09.45 | + 3 20.21 | +3.31 | +0.06 33. 03
3| 1637 1640 |22 47 56.25 142 18 30,17 33 13,21 | — 9 44, 20 +1.05 1 —0.17 29. 89
[ 2 I, 56.18 30.18 13.18 | — 9 32.69 | —6.77 | —0.17 33.55
3 | 1655 1663 (16 12 59.29 (48 54 19.53 33 39.41 | —10 04.58 | —3.99 | —0.19 30.65
[ PO 59.¢5 19. 58 39.41 | —10 08.13 | —1.57 | —0.19 29. 52
3| 1693 1707 |38 40 15.53 |26 18 29,22 29 22.38 | — 5 52.47 | 40.31 | —0.10 30.12
4 15. 54 29.19 22.37 [ — 5 56.62 [ +6.40 | —0. 10 32. 05
5 15. 56 29.19 22.38 | — 5 52.07 | +0.42 { —0.10 30.63
3| 1732 1740 [45 27 42.94 (19 35 42.14 31 42.24 | — 813.20 | —0.21 | —0.14 28.99
[ 3 P, 42. 99 42,09 42.54 | — 8 07.94 | —4.67 | —0.14 29.79
[ 75 PO 43,04 42,08 42.56 | — 8 10.25 [ —1.00 | —0.14 31.17
3| 1765 1766 |49 22 43.87 (15 24 56.62 23 50.25 | — 0 19.53 | —1.00 | 0,01 29.71
[ 2N . 44.02 56, 54 50.28 { — 0 21,11 | +1.42 | —0.01 30.59
3] 1797 1802 (34 47 44.11 |30 15 35.10 3139.60 | — 804.35 | —2.62 | —0.13 32.50
4 44,14 35.20 39.67 | — 8 08.55 | +1.15 | —0.13 32.14
5. 44,17 35.20 39.69 | — 8 08.84 { +3.36 | —0.13 34,08
3 | 1831 1844 (27 06 42.16 (37 54 13.60 30 27.88 | — 6 58.98 | +1.84 | —0.12 30. 62
[ 3 PP, 42.15 13.60 27.87 | — 6 57.16 | 4-0.94 | - 0.12 31.53
2| 1875 1886 (35 02 17.50 {29 30 23. 38 16 20.44 | + 7 19.04 [ —6.56 | +0.13 33.07
3 17. 60 23,38 20.49 { + 7 10.12 | +1.36 | +0.13 .32.10
4 17.60 23.41 .,20.51 | 4 710.32 | 45.98 | 40.13 36. 94
[ 20 17.70 23. 44 20.57 | + 7 24,24 | —8.56 | +0.13 36. 38
2 | 1897 1903 136 48 29.42./28 09 48.44 29 08.93 | — 538.42 | +1.68 [ —0.09 32.10
: 2 PR, 29.46 48.45 08.96 | — 5 39.55 | 4+0.21 | —0.09 29. 53
L P 29.53 48.46 09.00 | — 537.74 | -+0.26 | —0.09 31.43
[N I 29. 58 48.48 09.03 | — 5 40.28 | +4.09 | —0.20 32. 74
© 4 (1917 1934 |16 30 34.51 148 09 44.26 20 09.39 | + 3 25.06 | —1.36 | +40.06 33.14
L3 34,49 44.38 09.44 | + 3 23.87 [ —0.21{ +0.06 32,56
4| 1917 1939 |16 30 34.51 (48 04 19.40 17 26.95 | 4+ 6 07.56 | —2.41 | 40,11 TR
[ 3 P, PR 34.49 19.30 26.90 | + 6 05.34 | 40.05 | 4+0.11 32.40
4 [ 1927 1934 [16 23 97.10 [48 €9 44.26 16 25.68 | + 7 07.29 | —1.26 | +0.13 31. 84
3 I 07. 08 44.38 25.73 | + 7 04.87 | 40.26 | 40.13 30.99

Bull. 70—-2
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!
TABLE I.—Details of latitude work: Station, Cisco—Continued.
. 87+ Zy) Correc-
Date. uui:%in 4 0, 361 —8) ?gf!:'sfgf ¢
R . Micrometer.; Level. | tion.

1889. o ¢ " o 1/ 1" o / " ‘ " 1 1" o "

Dec. 4 | 1927 1939 116 23 07.10 |48 04 19.4* (32 13 43.25 | + 9 49,81 | —2.31 | +0.18 | 32 23 30.93
S levennnunans 07.08 19.3 43.19 | + 9 46.93 | +4-0. 52 +0.18 30.82
3| 1936 1939 |16 52 10.96 |48 04 19.6 28 15.28 | — 4 47.34 | +2.99 | —0.09 30. 84
4| 1950 1955 |40 01 14.81 (25 11 23.98 36 19.40 | —12 52,38 | +5.83 | —0.23 32,63
[ 2 RN 14,88 24,00 19.44 | —12 48,74 | 4-0.05 | —0.23 30. 52
511964 1965 {45 35 18.32 {19 32 00.75 33 39.53 [ —10 06.92 | +0.10 | —0.19 32.52
511969 1976 |10 17 36.76 |54 36 14.29 26 55.53 | — 3 26.34 | 4+0.84 [ —0.07 30.10
4| 1976 1978 |64 36 14.13 [10 29 50. 82 33 02.48 | — 9 28.38 | —3.04+ —0.18 30.88
[ 2 14.29 50.78 02.53 | — 9 32.49 | 4-0.21 | —0.18 30.13
2| 1993 2010 |23 02 16.20 |41 48 08, 5* 2512.35 | — 1 88.55 | —3.20 | '—0.03 30,57
i 7% P 16.19 08.6 12.40 | — 1 42.87 | +1.73 | —0.03 31.23
-3 P 16,20 08.7 12.45 | — 1 41.25 | +0.05 { —0.03 31,22
[ . 16. 20 08.9 12,55 | — 142,10 | +0.31 | —0.03 30. 96
2| 2010 (%) |41 48 08.5* |22 56 30.8* 22 19.65 | 4+ 1 11.47 0.00 | 40.02 31.14
| 2N [N 08.6 30.9 19.75 | + 1 12.00 | +0.63 | +40.02 32.40
[ S N 08.7 . 30.9 19.80 | 4+ 1 09.17 | +1.57 [ 40.02 30. 56
|- 7] [ 08.9 3L.0 19.95 | 4 1 09.21 | +2.57 | 40.02 31.75

'a Arietis.

*Declinations taken from Berliner Jahrbuch.
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TABLE I—Continued.—Details of latitude work: Station, Sierra Blanca.

HZi~Zy) Correc-
Dato. | pomber. | & s | et tonfor|
Micrometer.| Level. | tion.
1890, o 7 i o 7 " o 1" 1 " " 1" o ’ "

May 17 8 13 |21 09 18.50 (41 16 28.28 {31 12 53.39 | — 2 26.41 | +0.58 | —0.05 | 31 10 27.51
18 |eerennnnnn 18.62 28.45| 1253.54 | — 2 26. o1 +4-0.42 | —0.05 27. 90
18 19 23 ;23 38 46.87 |38 30 53.85 04 50.36 | 4- 5 37.98 | —1,37 | 4-0.14 27.23
17 56 66 |25 10 33.68 |37 01 59.77 | 06 16.72 | 4+ 4 09.00 | —0.37 | -0.08 25.43
18 B P 33.87 59. 95 06 16,91 | + 4 10.73 | +1.42 | 4-0.09 29.15
17 68 79 |17 41 44. 81 |44.42 26. 38 12 05.60 | — 1 37.30 | <4-0.84 | —0.03 29.11
18 |eeecennnnnn. 44.91 26. 57 12 05.74 | — 1 33. 46 —4.41 | —0.03 27.84
17 92 102 |49 04 07.12 (13 00 58.45 02 32.78 | + 7.53.38 | —1.00 | 4-0.18 25.34
18 |oceeeaans 07.32 58,56 02 32.94 | + 7 54.63 | —0.16 | 4-0.18 27.59
17 | 109 112 |44 08 56.39 |18 00 09.73 04 33.06 | + 6553.84 | +2.47 | 40.13 29. 50
18 |ieiiinannns 56. 58 09. 86 04 33.22 | + 5 54.37 | —~2.10 | 40.13 25. 62
17 | 122 132 |24 25 04.43 |38 80 38.45 12 51.44 | — 2 26.09 0.00 | —0.05 25.30
) U I P 04. 57 38. 63 12 51.65 | — 2 26.09 | —0.74 | —0.05 24,77
17 142 152 {12 08 27.87 |50 15 45.28 12 06.58 | — 1 42.58 | 43.10 | —0.03 27.07
18 |eeecvnennnns 27.98 45.52 12 06.75 | — 1 40.81 | —0.53 | —0.03 25.38
17} 173 175 |24 55 06.36 |37 44 49.11 19 57.74 | — 9 32.37 | 4-1.68 —0.21 26.84
18 [ieeecnnnnnn. 06. 52 49. 33 19 57.92 {*— 9 30.71 | +1.68 | —0.21 28. 68
18 | 184 186 |51 16 35.72 (11 18 16.87 17 26.30 | — 6 58.53 | —2.68 | —0.15 24:94
17 | 197 201 (23 15 19.52 (39 03 20.43 0919.98 { + 1 08.89 | 4-0.58 | -+0.02 29. 47
18 |igemrvennnn 19.70 20. 66 09 20.18 | 4+ 1 08.20 | --1.00 | 40.02 29.40
17 | 197 205 |23 15 19.52 39 05 39.56 10 29.54 | — 0 01.41 | 40.58 0. 00 28.71
17| 207 220 (49 51 50.00 (12 42 30.80 1710.40 | — 6 40.74 | —0.16 | —0.13 29.37
18 [ceveiennnans 50.23 .30.93 17 10.58 | — 6 46.34 | +4.78 | —0. 14 28.88
17 | 226 233 (40 52 53.01 21 29 31.74 11 12.38 | — 0 45.88 0.00 | —0.02 26. 48
18 [eeerennnnnns © 53.26 31.91 11 12.58 [ — 0 45.76 | 40,11 | —0.02 27.15
17 | 240 252 |18 12 13.23 |44 22 43.47 y 17 28.85 | — 6 59.95 | 4-2. 52 | —0.18 30.74
18 |eeenannnnens 13.39 43.72 17 28.56 | — 6 57.16 | 4-0.37 | —0.15 31.62
17 | 257 262 (32 48 48.43 [29 37 11.64 13 00.0¢ | — 2 31.61 | 4-0.32 | —0.07 28. 68
18 feeecannanans 48, 65 11.85 13 00.25 | — 2 31.58 | —2.42 | —0.05 26. 20
+18 | 272 273 (15 46 18.95 46 35 40.39 10 59.67 | — 0 35. 11 | 43.26 ; —0.01 28.02
17 | 287 293 (19 43 17.25 |42 17 35.02 26.14 | +10 01.26 | —0.42 | 4-0.23 27.21
18 Joweeeeeeean 17.43 35.29 26.36 | +10 01.34 | 40.32 | 40.23 28.25
17 | 312 323 |44 52 47.77 |17 25 47.20 09 17.48 | + 1 08.44 | 4-0.32 | 40.02 26. 26
18 |iveeernnnnns 48.05 47.38 09 17.76 | 4 1 11.07 | —0.95 | +0.02 27.90
17 | 344 346 |40 04 53.52 122 28 51.13 16 52.32 | — 6 25.36 | 4-1.00 | —0.14 217.82
18 |....- [ 53.79 51.34 16 52.56 | — 6 25.80 | —1.05 | —0.14 © 25.69
17| 349 359 |25 26 32.93 |36 52 43.19 09 38.06 | + 0 50.93 | +0.53 | 4-0.02 29. 61
18 |eeenennansun 33.17 43.46 09 38.32 | + 0 50.28 | 4-0.11 | +0.02 29.29
17 | 367 373 (19 23 21.61 (42 34 50.95 |30 59 06.28 | +11 19.15 | 4-1.05 | +0.26 26. 74
18 [ceveeinannnn 21,81 51.24 (30 59 06.52 | +11 18.42 | +2.57 | +0.26 27.77
17| 423 431 |15 27 52.66 (47 09 35.42 |31 18 44.04 | — 8 17.79 | +3.99 | —0.18 30.06
18 |ievmenvennns 52. 86 35.73 18.44.30 | — 8 21.42 | +2.31 | —0.19 25.00
17 | 456 460 |26 24 15.21 |35 59 52.01 12 03.61 | — 1 38.22 | +3.99 | —0.03 29.34
18 fieicennnen. 15.47 52.29 12 03.88 | — 1 36.29 | —0.42 | —0.03 27.14
17 | 469 484 |16 01 11.24 |46 20 27.89 ;I.O 49.56 | — 0 23.20 { +0.48 | —0.01 26. 83
) -1 11. 44 28.20 10 49.82 | — 0 24,29 | +2.36 | —0.01 27.88
17 { 495 496 [45 13 20.55 {16 56 57.48 05 09,02 | + 5 16.11 | +2.99 | 4-0.12 28.24
18 |ieecennannnn 20. 87 57.68 05 09.28 | + 5 19.50 | —1.58 | 4-0.11 27.52
18 503 520 |42 39 19.42 |19 24 37.74 01 58.58 | + 8 28.60 | —0.89 | 4-0.19 26. 48
171 509 524 |29 25 16.57 |32 35 19.54 18,06 | +10 10.95 | —0.16 | +0.23 29.08
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TABLE II.—Results for latitude. Station, Spearville, Kansas.
' i Individual results.
Star ngs:_m and Mean. | Weight.
Oct. 24. Oct. 25. | Oct.26. | Oct.27. | Oct. 28,
. "
1261A  1274A 04. 41 0.9
1287A 1313A 07.83 0.9
1320A 1326C 05. 52 0.8 .
1359A 13724 06.79 0.9
1424A  1438C 08.96 1.3
1448B 1475C 07.30 0.8
1450B  1464C 03. 84 0.8
15004 1502B 03.77 0.9
1535B  1539B 07.19 1.5
1558B 1559C 07.64 [ 1.5
1579A  1598A. 06. 32 1.7
1608A.  1619A 07.12 2.4
1645B . 1658A 05.27 2,2
1683B  1702A 04.99 0.9
1687AA 16%4A 05.52 | 2.6
1692B  1702A 04,97 0.9
1703C  1707A 06. 36 0.8
1718A.  1727B 07. 05 04. 57 04,98 04. 83 05.77 05, 44 3.1
1744 A 1752A 08.16 07.76 |oenen..n. 05. 66 05. 04 06. 65 3.0
1762C  1782A 06. 61 07.20 |~ 08.49 04.37 |.oceee....| 06.67 1.9
1792C  1801B 04. 80 04.88 |..ceoo.... 0186 |.eeeeunn.. 03.85 1.5
1800AA 1814A [eeveeeiiinmmens]ocmoeaa oo, 06.79 06.79 1.0
1824 A 1836 A 08, 87 07.55 07. 02 05.55 [.......... 07.25 3.0
1833B BRI - J RN PR Y P P 04,91 04.91 © 0.9
1850C  1867A 10. 46 08.52 |eeeeun.on. 02.58 |.oceennnn. 07.19 16
1859B 18783B  |iecemeiaenincani|enemannnn 06.59 |....... .. 06. 85 06.72 L5
1883B 1888B 06. 39 06,07 |.ececannn. 04.98 06. 64 06. 02 2.5
1209A.  1929C 03. 94 07. 63 05.85 07.50 |.aceeunnn. 06. 23 L9
1937B 1957A 08.79 10. 42 05. 94 05. 89 08. 56 07.92 3.1
1983A 1996C 08.67 08.35 07.01 02.83 |.eeena.... 06.72 1.9
2013A.  2018C 06.59 06. 48 03.88 06.87 05.73 05.91 2.1

Weighted mean, 39° 51’ 06".34 + 0".14.
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TaBLE II—-Continued.—Results for latitude: Station, Boisé City, Idaho.

. Individual results.
Star numbers and class. Mean. | Weight.
Nov.12. Nov.13. | Nov. 14,
o] 7 " 1 " > i

1409A ) 1417C 43 35 |eeee..... 58. 36 58. 36 0.8
1427B 14314 e, PP 55. 66 55. 66 0.9
1470B 1478A  |eeeeiiieiiiecec e, 57.49 57.49 |, 0.9
30Cephei AA  p Pegasi AA |.ceeniienninnic foneennnnn. 55. 38 55. 38 1.0
dCephei AA u Pegasi AA 56.56 [.oceeno--. 56. 56 1.0
1581A 1584C 56.75 58.48 57. 62 1.3
1615A 1630A. 58.45 59.37 58.91 17
1647C  1656B 59.45 59.45 0.8
1647C - . 1662A 60. 64 58. 47 1.3
16694  '1681B 50.00 | 57.84 2.2
1713A 1719B 58. 09 58.09 0.9
1747A 17588 58.32 59.24 1.6
1783B 1798B 54.76 55,87 L5

1810B 18154 59. 38 59,38 - 0.9
1821A 1830A e 57.67 57. 88 57.77 1.7
1834 A 1841A. |ceieeeee.. 57.80 56,41 57,10 1.7
1871B 1874B 56,77 1.5
1885B 1894B 59,12 (]
1893C 1906 A 60. 69 0.8
1911B  1915B 58.83 1.5
1948A 1960B 57.32 1.6
7 1965B  1984A 59. 24 0.9
1993A 20054 59. 25 1.7
1993 A 2008B 57. 86 1.6
2001A 2005A 58. 80 1.7
2001A 2008B 57.45 1.6

Weighted mean, 43° 35' 57".98 +0".16.

21
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TABLE II—Continued.—Results for latitude: Station, Cisco, Texas.
Individual results.
S":£ dmcl]l;]sl:frs Mean. | Weight.
Dec. 2. Dec. 3. Dec. 4. ' Dec. 5. ‘
o 1’ 1" " " " "
1510B 1518C 29.20 30.73 29,97 1.2
1531A 15L7A 30.91 30.75 30.83 1.7
1541A 15440 29.04 ¢ 3).47 31.28 ‘1.6
1557B 1662A. feeeeee.... PR P 32.37 30.77 31.57 1.6
1562A 1568C  |ieeceiieninaaned] 2864 |iiiiiiiiiifeeieenaenn 28, 64 0.8
1571C 1579A 33.21 29.12 30. 68 1.6
1588B 1601C 33.70 29,58 30.62 1.5
1609C  1629B ceeeeeeeas| 32,22 32.22 0.8
1618A.  1619A 82,52 |eeeeeeo... 32.31 1.7
1636A 1652A. 33.03 33.03 0.9
1637A.  1640B Ceeeeeees 33.55 31.72 1.6
1655A 1663C 20.52 l.......... 3).08 1.3
1693C  1707A X 32,05 30.63 30. 93 1.6
1732A 1T40AA |cecineaeannnnnn 28.99 29.79 31.17 20. 98 2.6
1765B  1766A 30,15 1.6
A797A 1802A 32.91 2.4
18314  184AA 31.15 1.8
1875AA 1886A 34.62 3.2
1897C 1903A 31.45 1.9
1917B  1934B 32.85 1.5
1917B 1939AA 32. 30 1.7
1927A 1934B 31.42 1.6
1927A 1939AA 30.88 1.8
19368  1930AA 30. 8¢ 0.9
1950A.  1955C 31.58 1.3
1964C  1965B 32,52 0.8
1969C 1976 C 30.10 0.7
1976C 1978A 30.50 1.3
1993A  2010AA 30. 99 3.2
2010AA (Y 31.46 3.5

'a Arietis AA.

Weighted mean, 320 23’ 817,45 +0".15.
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TaBLE II—Continued.—Results for latitude: Station, Sierra Blanca, Texas.

TIndividual results.
Star numbers and Mean. | Weight.
class. g
May 17. May 13.
o ] " " i
8A 13A 31 10 27.51 27.90 27.70 1.7
19A  23C |eeeeereenn e 27.23 27.23 0.8
56A  66B 25.43 29.15 27.29 1.6
68A 9B 20.11 27.84 28. 47 1.6
92B  102A. 25.34 27.59 26. 46 1.6
109C 1124 29.50 .| 25.62 27. 56 1.3
122B 1324 25.30 24.77 25. 04 1.6
142B  152B 27.07 25.38 26,22 | L5,
i73B  1T5A 26. 84 28. 68 27.76° 1.6
184C  186B  |eeeeiieeeein.-n 24,94 24,94 0.8
1974 201C 29,47 29.40 29,44 1.3
197A.  205C 2871 |icenennans 28,71 0.9
207AA 220B 29, 37 28. 88 20,12 1.7
226C  233C 26. 48 27.15 26, #2 1.0
240C 2524 30.74 31.62 31,18 1.3
257A  262B 28.68 26. 20 27,44 1.6
272C  273A  |ieeerieeenn.....] 28.02 28.02 0.8
287TA  203A . 2121 28,25 27.73 L7,
312A  323B 26,96 27.90 27. 08 1.6
344A  346B 27.82 25,69 26.75 1.6
349B  359C 29.61 29,29 29.45 12
367B  373B 26.74 27.77 27.26 1.5
423A  431B 30.06 25. 00 27.53 1.6
4564 460A 29,34 27,14 28,24 1.7
460A.  484A 26. 83 27.88 27.36 1.7
495A  496B 28.24 27.52 27.88 | 1.6
5038 520AA Jieeeiiieeeeno... 26.48 26.48 0.9
509A  524A 20.08 | ceuen .. 29.08 0.9

‘Weighted mean, 31° 10’ 27.64 £0".16.

'

LONGITUDES.

(5) The methods of observation and computation adopted in the
time work were substantially the same as those followed by Prof.
Pritchett and myself in 188485, and described at length in Bulletin
No. 49 of U. 8. Geological Survey. In the work of 1889-90, however,
equal weights were given to the mean transits of the stars. Nearly all
of the stars observed fell in declination between —20° and 4-65°; so
that the theoretical inequality in weights would be slight, while ex-
perience seems to justify the conclusion that in a well arranged time
determination the application of weights is an illusory refinement. ;

In 1889 Prof. Pritcheétt observed, in general, transits oun five lines of
the diaphragm. In 1890 he observed, in general, on seven lines. At all
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the field stations and in the personal equation work at St. Louis, the
writer observed, as a rule, on five lines. Departures from this rale
occurred only when transits were broken by clouds or rendered un-
certain by atmospheric unsteadiness. It would appear that, under
ordinarily favorable conditions, the advantages of the use of a greater
number of lines than five are inappreciable. '

The details of the time work are given in Table III following. The first
column in these tables gives the name of the star observed ; the second,
the position of the clamp ; the third, the azimuth factor ; the fourth, the
collimation factor ; the fifth gives the observed time ¢ of transit of the
star, corrected for inclination of, horizontal axis and for daily aberra-
tion; and the last column gives the residuals v resulting from the sub-
stitution of the derived clock correction, azimuth, and collimation in
the observation equations.
~ The right ascensions used were taken either directly from the Ber-
liner Jahrbuch or reduced to the Jahrbuch system.

Along with each of the Tables 1IT are given the normal equation
for the clock correction, the resuiting clock correction with the corre-
sponding epoch, and the adopted azimuths and collimation.

A preliminary computation of the results from Prof. Pritchett’s obser-
vations in 1889 was made by him during the course of the work. This
computation was revised and checked during the winter of 1889-"90 by
Mr. 8. S. Gannett. The observations made by Prof. Prichett for the
determination of Sierra Blanca, Texas, were completely reduced by
him, all computations and readings of chronograph sheets being care-
fully checked. The results from my time observations were computed
during the progress of the work and subsequently revised also by me.

(6) Personal equation work.—In the work of 1889, observations for
personal equation were made at the observatory at St. Louis on two
nights after the observations at the field stations were completed. The
transits were set up on piers 4.2 feet apart and the difference in longi-
tude of these observed, each observer using his own transit, transit
key, chronograph, and electric apparatus, precisely as in the longitude
work, For the longitude of Sierra Blanca in 1890, the same method of
determining personal equation was adopted; and observations were
made on three nights before and on four nights after the work at Sierra
Blanca. The details of the time work for personal equation are given
along with the other time work at St. Louis.
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|Spearville, Kansas, Octcber 27, 1889. Before signals. Observer, Woodward.]

DETAILS OF TIME WORK.

TaBLE IIL.—Details of time work.

.

25

Name of star. Clamp. A 4 t v
¥ .

h. om. & 8.
< W. +0.7788 +1.022 21 03 23.32 +.02
+0.1618 1.152 08 42,66 +.02
+-0. 5474 1.004 10 - 21.81 —. 04
—0. 879 2.139 17 32.44 —.05
Ww. +0. 9470 +1. 086 19 59.64 +.11
E.- | —1.565¢ —2.935 29 35,66 —.05
: . —0. 0471 1.308 33 14.03 —.14
PR 1YY G +0.4833 . 1,013 38 54.19 +.01
& Capricorni.....oeueemiiaannan... ' +0. 8494 o Lou 40 41.71 +.11
LEL0) 70 ) R, E. —0.2885 | ' —1.518 43 41.48 +.05

Normal equation, 10A¢ + 1.5559aw — 0.5683a — 1.413¢ +-328%.98 =0’
Adopted aw—=642.48 A=+ 64135 c==-08.25
Chronometer fast 392.23 at 21b.41.
[Spearville, Kansas, October 27. After signals. Observer, Woodward. |

, Name of star. Clamp. A 4] 3 v

h. m. s . 8.
TLacert® ..cvvivmmnereneieniannnns E. —0. 3181 —1.5647 .22 27 45.54 +.20
n Aquarii......ociaiiieianiiiain +0. 6231 1. 000 29 40.75 +:14
S Pegasi.cooonininiiiiiiiiiianas —+0. 4707 1. 016 36 06.95 +.12
n Pegasi........ eeeeeeiiaicenaaaas +0.1642 1.150 38 18.73 —. 29
¢« Cephei..... et E. —1.1290° —2.422 47 38.75 —.20
0 Andromu...cieiciiaeiiiiiiiana. w. —a0. 0908 +1.340 57 35.99 +.04
a Pegasi.eeiueenaa il 1 +0.4077 1.033 59 28.83 —. 02
L 0751) 1T S . —2.2914 3.813 23 07 31.81 —. 04
7 Pegasi.:... e iseeaesarremetaanna +0. 2762 1.087 15 32.08 —. 03
x Piscium ...c..oooiiiiiiiennan. . w. -+0. 6046 +1.000 21 16.98 +.06

Normal equation, 10at — 1.0937a@ w—0.1891ac - 1.138¢ 4-4744.58 =0
Adopted aw=+ 64129 T @e=-}-64229

Chrozometer fast 391,24 at 22.87.

c=+0.24



‘
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TaBLE IIL.—Details of time work—Continued.

[Spearville, Kansas, October 28, 1889. Before signals. Observer, Woodward.)

Name of star. Clamp. A (o) t v

5 h. m. 8. 8.
vAquarii..........oiiiiiiiiial, w. +0.78 +1. 02 21 04 13.41 —. 03
COYED e caeeeemenececerannana, +0.16 115 08 53.41 .05
aEquulei....oo. .ol +0.53 1.00 10 57.13 .00
@ COPhEi. .uneenerannanenenennn —0.88 2.14 15 36,72 — 02

{ Capricorni .cccoovincaeeaaiaia. w. +0.95 +1.09 © 21 00.36 —. 08
BCephel.canaeceaaiiaenanne, E. —1.56 —2.93 27 55.73 +.04
TACTENL neerneennenernaeeanennns ~0.05 1.30 33 11.30 +.03

¢ Pegasi ... +0. 60 1.01 39 25,17 +.04
d'Capricorni . +0.85 1.04 41 35.89 —. 02
A0 7 S, " E. —0.29 —1.52 43 23.05 —. 04

Normal equation, 10at+1. 54a,,~0. 550 ,—1. 40¢c +4*. 51=0
Adopted ap=+9"55 a,=+0.55 e=+0, 135
Chronometer fast 39, 49 at 21b. 41.

[Sbearvillo, Kansas, October 28,1889, After signals. Observer, Woodward.]

Name of star. Clamp. A o t i v
h. m. 8. 8.
D T Y173 o E. —0.31 —1.55 22 27 25,14 -.10
n Aquarii.........c. eemeeinn ‘40,62 1.00 30 20.40 .00
CPOZABL . veaeaeenaaaeennt cnaaas +0.47 1.02 36 36.97 +. 03
n Pegasi veeeuenannnn [T +0.16 115 38 29.61 ~.01
O TS B E. —1.13 —2.42 46 27.30 +.09
SAquarii...ooioiiiiiiiiiiene.. . W. +-0.85 +1.04 49 26.45 —. 09
0 ADATOM emeennnnnnennnncnneneanns —~0.09 1.34 57 30.73 +.06
@ Pegasi .ueeneeaeiiiaananaan +0.41 1.03 59 55.21 .00
L 0731) 115 GO —2.29 3.81 23 04 06,87 —.07
L3 7.2V SR W, -+40.28 +1.09 15 50.12 +.03

Normal equation, 10At—0. 84a,,—0. 19a, +1, 17c+6+, 20= 0
Adopted a,, =402 74 P c=+40+12
Chronometer fast 39 57 at 225, 81
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o TaBLE III.—Details of time work—Continued.

[Spearville, Kansas, November 2, 1889. Before signals._ Observer, Woodward.)

Name of star. Clamp. A g t v

h. m. s 8.
B AQUATI . .uveeecmeeneneninennenss w. +40.70 +L01 | 21 26 23.29 —. 01
B Cephel ceeeniiiiiniaaniiinennns . —1.56 2.93 28 03.05 —. 09
ePegasi «.uiiiimiiiiiiiinaa +40.50 1.01 39 25.34 +.07
72 CFZ0H e arenenrenccniarraanan e —0.29 1.52 43 26,07 .00
16 Pogasi cuunieeraniciainiiininann. w. 40,24 +1.11 48 43.06 +.03
OPegasi caveervrniinieiiianiiannns E +0. 54 —1.00 22 05 17.18 —.01
2 Cephel cemmnnneeniiiinnaicnnenn, —1.79 3.20 08 31.77 .18
0 AQUATii..covernrrnneiviennaans - -+0.73 1.01 11 38.93 —.07
vAQuarii..iceeieiiiiiiiiienian 0. 64 1.00 16 36.18 .01
D VTV o E. —0,31 | —1.55 27 21.97 - 11

Normal equation, 104t—0, 60a—0, 18¢+4119¢, 20=0
Adopted @, =+4%30 a,=+4.30 c=-0.04 °
Chronometer fast 414, 67 at 21b, 93

[Spearville, Kansas, November 2, 1889. After signals, Observer, Woodward.]

Name of star. Clamp. A g t v ‘
h. m. s 8.
o Androm..... E. —0.09 —1.34 22 57 32.98 —. 08
a Pegasi ...... 40,41 1.03 59 55.73 —.01
= Cephei ...... . —2.29 3.81 | 23 05 17.37 +.04
y Pisclum .. ... veeeeoiiiiiiiia. . E. +0. 58 —1.00 12 05.98 +..06
TPegasi uuiiiiennieniiiiiiaaan Ww. +90.28 +1.09 15 51.29 +.01
4 Cassiope®. . R —0. 85 2,11 20 43.01 +.09
70 Pegasi .... +0. 44 1.02 24 14.42 —.02
72 Pegasi .. .- +0.14 1.16 29 10.17 —. 06
y Cephel covennncemanni i, Ww. —2.81 +4.45 35 46.99 —. 01

Normal equation, 9At—4. 19a+2. 65¢+4-1232. 24=0
Adopted a,—-14'.38 @, =+4.38 c¢==0%.05
Chronometer fast 41 64 at 23b, 26.




28 ASTRONOMICAL WORK OF 1889 AND 1890. _  [BuLL. 70.

TABLE IIL.—Details of time work—Continued.

[Boisé City, Idaho, November 15, 1889. Before signals. Oﬁserver, Woodward.]

Name of star. Clamp. A (4] t . v

h. m. 8 8.
@ AQUATH cenevaraneannaaneacnan. w. . +0.70 +1.00 | 22 00 4148 +.04
0 Pegasi.cccecinnnonnnmanccnaaans -+0.62 1,01 05 12.68 —. 06
¢ Cephei.ccuaraanacaeneaaannaanas —0.45 1.87 07 39.09 +.10
3 LACOTt®. ceuneenacerannraaannannns w. —0.23 +1.61 19 50.15 -1
7 LAcert® «oeeeiamceaaneeannanenns E. —0.16 —1.55 27 22.36 +.06
N AQUarii.ceeeenieeiacanaannnan. +0. 70 100 | 30 16.34 +.10
¢ POZABE vacrunmacneaannreanannenns ' +0.56 1.02 36 32.99 —. 02
A Pogasi .ccoeeneennenenneeranannnn. +0.38 1.09 41 48.94 —.07
¢ Cophei.veeceeancensraanecnannea.| E. —0.91 —2.42 46 25.20 —.08

Normal equation, 9A¢+1. 21a—1. 59¢-}-58*. 30=0
Adopted a,—+2.43 a,=+2.43 c=+0.22
. Chronometer fast 36%. 77 at 22*. 40.

[Boisé City, Idaho, November 15, 1889. After signals. Observer, Woodward.]

Name of star. Clamp. A [} t v

h. m. 8. - 8.
o Pisciom ....oooeiniiiiiaa. L. +0.61 —1.01 23 5¢ 14.45 -+.086
B CasBiope® ...ccvuveeuannann. .o —~0.49 1.92 0 03 56.86 +.04
Y Pegasi coveer i i -+0. 50 1.03 08 09.26 —. 03
L0 N E. +0.81 —1.01 14 23.66 | .01
b 022N 071 - F G Ww. +0.75 1. 00 24 59.60 +.09
¢ Cassiope® .cceeeiveninnennnnnnn. . —0.28 1.67 31 27.39 +.05
8 Androm......cceciiiiiieiann. +0. 27 1.16 34 02,05 —. 01
21 Cassiopes® .......... e —1.9¢° 3.7 39 05.43 —14
- N T 0 (13 | P Ww. +0.37 +1.09 42 05.43 —. 06

Normal equation, 9A¢4-0. 64a--3. 66¢4-572. 72=0
Adopted @,=+2.37 a,=+2%.37 c¢=+0%.22

Chronometer fast 36¢. 68 at 0b. 35,



WOODWARD. |

DETAILS OF TIME WORK.

TABLE IIL.—Details of time work—Continued.

|Boisé City, Idaho, November 23, 1889. Before signa]s‘. Observer, Woodward.]

29

Name of star.” Clamp. A [ t ]

. . h. m. 8. s.
3 . SO s w. +0. 62 +1.01 22 05 18.65 —, 04
0 Aquarii........ +-0. 80 1.01 11 4141 +.12
y Aquarii........ +0.71 1.00 16 38,02 - 07
3 Lacert®...... . —0.23 1.61 19 54.46- — 07
d Cephei ......... w. —0. 46 +1.88 25 45.95 +.06
10 Lacert®. coveeeiieaccnnceenannn. E. +0.11 —1.28 34 59.00 ., —.07
¢Pegasi covrieenn el ~+0. 56 1. 02 36 37.89 —. 04
pPegasi .........iiiiiiiiiiiial. +0.28 1.15 38 30.19 -—. 03
APegast ....coiiviiiiiiiiiiiiaia., +0.38 1.09 41 53.46 +.07
[RL07-) 1) 1) —0.91 2,42 46 26.15 +.15
m Cephei......... et E. —1.97 —3.8L 23 05 04.69 —. 19

Normal equation, 11At+1.44 @, —1.55a, — 4.26c+449°.64=0 -
Adopted a,, =+0.26 @, =--0°26 e=—0.27
Chronometer fast 40°.98 at 22,52,
[Boisé City, Idaho, November 23, 1889. After signals. Observer, Woodward.]

Name of star. Clamp. A c t v

h. m. 8. 8.
a ADArom .ceeerinciiiiiiiiiiaaaa. E. -+0.30 —1.14 00 03 21.80 —.10
N D +0. 50 1.03 08 14.00 -~ 01
[ 07 +0. 81 1.01 14 29.15 +.12
¢ Cassiope® - .viiienniiiiaianan, E. —0.28 —1.67 .51 3101 +.02
& Androm...... T T TR ER S PP Ww.. +0.27 +1.16 34 07.50 ! .08
21 Cassiope®..... —1.90 A 39 07.38 +.07
‘¢ Androm. ... +0.37 1.09 42 1112 +.10
y Cassiope® .....oooiiuipiniaoa.. —0.57 2.01 50 45.95 —. 13
e PisCinm . ccneeieninnvecacnanaan... -+0. 60 1.01 57 54.50 —. 04
BANATOM. . ciietiiannnnn.... W. +0 18 +1.22 1 04 15.12 —.12

[

Normal equation, 104¢+40.28a-5.36¢+4102.98=0

Adopted a,, =—+0%.28

,=-+0%29

=—08.29

Chronometer fast 40°.95 at 02.57.



30 ASTRONOMICAL WORK OF 1889 AND 1890. [BULL. 70,

TaBLE III.—Details of time work—Continued.

[Boisé City, Idaho, November 24, 1889. Before signals. Obgerver, Woodward.]

©

Name of star. ’ Clamp. A o t v
h. m. s 8.
TLacert®. .ccvaveeraneienernnnnas . Ww. —0.16 +1.55 22 27 25.88 +.10

7 AQUATHL «eenemeveeansceenenannnn. +0.70 1.00 30 21.73 +.04

G POZASE wunerraaernaenannaneans +0.56 1.02 36 88,13 —.02
APegasi coeenne i +0.38 1.09 41 53.74 .00
(30753 1) 11 SRR W. —0.91 +2.42 46 26.92 —. 09
BPOZASE .eunniieeevenaniaannan. E. +0.31 —1.13 59 05.82 —.09
7 Cepheicunenireraeaereaannns - —1.97 3.81 23 05 04.95 +.05

T Pegasi..iiiiiiiiiiiiiiaice ) +0.38 1.09 15 50.98 —.02
4 Cassiope®. . oeeveneanacerannnnn. [ —0.65 2.11 20 37.24 —.07

TOPOZASE vemerevmnrnnnnrnnanionas| B +0.53 —1.02 2% 14.92 +.05

Normal equation, 10A¢+0.57a,, —1.40a, —2.08¢+407.96=0
Adopted a,,=+0°.29 @, =-+0231 c=—02.23
Chronometer fast 40°.82 at 22,91,

[Boisé City, Idaho, November 24, 1889, After signals. Obgerver, Woodward.]

Name of star. Clamp. A [4) t v

h. m. s. 8.
a Androm .....c.icieeneneiaaiin. E. -+0.30 —1.14 0 03 21.72 —. 05
Y PeEAST crereinieeerraaeeneas +40.50 1.03 08 13.91 +.01
L2071 S +40.81 1.01 14 28.98 +.03
¢ Cassiope®... . coneerceeeccananns. E —0.28 —1.67 31 30.80 +.01
21 Cassiope® ......cceenuireennnan, Ww. —1.90 +3.71 39 07.10 —.01

CANATOM . ..o eaeecennaaaannn. C40.37 1.09 42 10.82 +.08.

y Cassiopes®. ....... teesseseeaanens —0.57 2.01 60 45.78 —.02
e Piscium. .c.oovvoeeiemaannenon. Ww. +-0. 60 +1.01 57 54.18 —. 06

Normal equation, 8A¢—1.50¢,,+1.33a, -2.97c+326%.96=0
Adopted @, =+0236 °~  a,=+0.16 c= —02.25
Chronometer fast 40%, 74 at 0b.51.




WOODWARD. ]

DETAILS OF TIME WORK.

TABLE III.—Details of time work—Continued.

[Cisco, Texas, December 8, 1889,

Before signals. Observer, Woodward. ]

31

Name of star. Clawmp. A c t v
h. m. 8. 8.

7 Pegasi W. +0.1763 +1.09 23 15 12.64 —. 03
70 Pegasi +0.3513 102’ 2L 39.52 +.10
41 H. Cephei .eeveevveennnnnnnnnnn. —1.4729 2.58 42 14.27 +.05
¢ POgasi cocaveeeinannn . —+0. 2530 1.05 46 56,15 +.14
w Piscium. cconen iinanmnineiannn. +0.4432 1.0 53 45.34 .00
B Cassiopem® .cceuereunnn. e —0. 8446 1.92 0 03 03.60 —.19
Ty POZASE cerareennenns eeaans w. +0.3162 +1.03 07 37.83 —. 09
12 Cobl cenveniecimainaieiiiaanas +0. 6032 —1.00 24 33.86 +.07

¢ Cassiope®........ PO Lt —0. 5969 1.67 .29 39.69 +.03

o Cassiope®..... feeeeen cieinaaan —0.7132 1.78 34 03.14 +.02

B Ceti ... +-0.8198 1.056 38 15.87 — 14

¢ Androm E. +0. 1656 —~1.09 41 3174 +.01

Normal equation, 124¢t—0. 7775¢,,+-0. 2785a,+3. 11¢—15° 31=0
Adopted a,=—16%20 @ ==—16* 31 e=—02. 07
Chronometer slow 0% 62 at 0b. 08.
[Cisco, Texas, December 8, 1889. After signals. Observer, Woodward.]
Nawe of star. Clamp. A 4 t v
h. m. 8. ‘8.

¢ Cassiope® .. E. —1.1309 —2.21 1 46 10.07 +.02
B Arieti8..ccececeaniannien +0.2239 107 48 36.31 —. 02
v Cetl oeiiriieiiiaaeieaenean +0. 8703 1.07 55 02.70 +.10
7 Andeom ...cavinenenn.. [ —0. 2194 1.34 57 04.32 +.02
a Arietis...coeeneaannann. eeeenae. E. +-0.1783 —1.08 2 01 00.06 —12

T 67 Ceti cenienneneeeiaaann eremaeas w. +0. 6383 +1.01 11 39.51 +.02
L 071 7 N +0. 4175 1.01 22 24.62 — 12
36 H. Cassiopem . —2.1162 3.30 27 01.55 —. 06

v Arietis . . +0.2033 107 32 36.98 +.17
O Persei ....cooceviminniiiinannn. AVA —0. 4276 +1.52 36 33.87 —. 02

Normal equation, 10a¢—1. 2847a@,,—0. 0778a,--1. 14¢—27%. 52=0

Adopted a,,=—16%33

a,=—16"33

Chronometer slow 0%, 54 at 28 17.

c=—0111



[BULL. 70.

32 ASTRONOMICAL WORK OF 1889 AND 1890.
TaBLE ITI—Delails of time work.—Continued.
| Cisco, Texas, December 10, 1889. Before signals. Observer, Woodward.] '
Name of star. Clamp. 4 () t v
h. m. 8. 8.
Ww. +0.26 +1.06 23 46 54.79 +.11
+0.45 1.01 53 41.01 —-.01
—0. 84 1.92 0 03 19.70 .00
+0.32 1.03 07 35.54 —. 07
w. +0.68 +1.01 13 50.86 | .01
E. ) +0. 61 —1.00 24 27.11 +.06
¢ Cassiope. . .. —0.59 | 1.67 30 51.90 —.05
a Cagsiope®....ceunn .uue - —0.70 1.8 34 17.37 .00
BCeti......... . +0.82 1.06 38 05.74 —. 07
§Andr0m...........7 ............. +40.17 1,09 41 31.89 —. 07
y Cassiope®. ...ccvvennnn. ... -0.92 2.01 50 05.89 +.10
-e Piscium . E. +0.43 —1.01 57 15.73 +.04
Normal equation,124¢+0.85¢,,—0.18a,~3.59 ¢-26.31=0
Adopted a,=—0%40 a,=— 040 ¢= + 002
Chronometer fast 2017 at 0b.39.
[Cisco, Texas, December 10, 1889. After signals. Observer, Woodward.}
Name of star. Clamp. 4A ¢ t v
h. m. 8. 8.
¢ Perseiveeces crcecrenaann eeeeaan E. —0.47 —1.56 1 36 47.78 —., 03
o Piscium....... ceeeeeeen PP +0.41 |- 1.0 39 36.95 —.02
e Cassiopem. . —1.12 2.21 | 46 31.29 +.05
B Arietis.......coeen.. . +0.23 1.07 48 35.65 —. 05
LV 07-1 1 RN E. +0. 87 —1.08 54 51.63 +.07
y Androm. ...eeevemenennnnannns el w —0.21 +1.34 56 11.08 +.12
+0.18 1.09 2 01 00.59 +.13
+0. 64 1.01 11 32.23 +.05
+0.42 1.01 22 20.79 —.10 |
36 H. Cassiopewx. . g —2.10 3.30 27 38.06 —.07 |
v Arietis w. +0.21 +1.08 32 36.33 —11 ;

Normal equation, 114¢—0.08¢,—0.86a +1.96¢+26:.13=0
Adopted aw=-036 o, =—012¢ ¢=—007
Chronometer fast 2.39 at 2b.03



WOODWARD.]

DETAILS OF TIME WORK.

TABLE III.—Details of time work—Continued.

[Cisco, Texas, December 11,1889. Before signals. Observer, Woodward.]

33

Name of star. Clamp. l A c . t v

h. m. s 8.
B Cassiope® - vevemcrncnnerannnnnn, w. —0. 84 +1.92 0 03 20.69 +.07
¥ POZASE - < can et arana e +0.32 103 07 36.33 —. 04
T2 07 +0. 68 101 13 51.63 +.06
12 Cefl . cnmeeimeea it +0.61 1. 00 24 27.75 .00
¢ Cassiope® - ..covveremnnuaaa.. .l W —0.59 +1.67 . 30 52.81 —. 09
a Cassiopem® ....ocvvnnicammnnaanian. E. —0.70 —1.78 3¢ 18.27 +.01
BCetl . covee i 0. 82 1. 06 38 06.64 —.0t
CANArom ...coeeniiiiin i, “40.17 1.09 41 32.82 +.01
e Pisciam ..cooennon. feeeenemaaa +0.43 1.01 57 16.52 —. 02
BANATOM - vrneniiiiiiiiiieaaannn E. —0.05 —1.22 1 03 36.87 +.03

\
Normal equation, 104¢+4-0. 18a,,+0. 67a,+4-0. 47¢-+30%, 55=0
Adopted @ ,——0°. 24 a,=—0%.36 c=-0s04
Chionometer fast 3¢ 03 at 0%, 53.
[Cisco, Texas, December 11.1889. After signals. Observer, Woodward.]

Name of star, Clawup. A C t v

h. m. s 8.
e Cagsiopem . E. —1.12 —-2.21 1 46- 32.09 —. 02
v Avietis. ..ocevvieaiiiol. PR +0.21 107 2 32 387.31 —. 05
0 Persel . coocveeiuineennani i, E. ~0.41 —1.52 36 44.50 +.10
2 POSBE - eeee e w. —0.68 +1.76 42 43.41 —02

Normal equation, 44¢—2. 00a—3. 04¢+12s, 33=0
Adopted a,,=—0%50

Bull. 70—3

@,=—0%50 o=+05.08

Chrovometer fast 3% 27 at 2b, 41,



34 ASTRONOMICAL WORK OF 1889 AND 1890. [BULL. T0.
TABLE IIl.—Details of time work—Continued.
[Sierra Blanca, Texas, May 16,1890. Before signals. Obsérver, Woodward.]
: TTTTY

Name of star. Clamp. A C | t v

. ) h. m. 8- 8.
v Hydre Ww. +0.76 +1 04 10 44 20.23 —. 01
46 Leonis —0. 08 1,22 49 20.24 +.03
BUrs.Maj covvviminiincnrnnaannns —0.80 1.8 57 24.79 +.02
W UTS.MAJ eemen e ieeenenens —0.34 1.42 11 05 40.19 —. 00
,8 Leonis..... N w. +0.19 +1.07 08 25.49 —. 08
U8 MaJ ceenniieeieaaeeenaeaaas E. —0.05 —1.20 11 43.35 +.12
X Draconis...... —1.82 2.92 95 08.58 —.09
k Urs. Maj...... —0.45 1.51 40 26.55 —.17
B LEODIS avneneneeiaannianans * 40.28 1.04 43 37.05 +.02
B Virginis ...... e rearaeeeieaiaen, E. 4-0.48 —1.00 45 07.63 +.13

Normal equation, 10At—1.83a—1. 09¢+ 105 31=0
Adopted a=-+22. 49 c=-0s, 067
Chronometer fast 10° 07 at 110.25.
[Sierra Blanca, Texas, May 16,1890. After signals. Observer, Woodward.]

- Name of star. - Clamp. A (o] | t v

. h. m. s. 8.
8§ Corvi......... ceeaeiaiaiaans .. E. +0.76 —1.04, 12 24 19.68 +4.04
8Can. Ven....,comeuinnnaannn.n. —0.25 1.34 28 42.95 —. 09
y Virginis ...ooeiiii it -+0.53 1.00 36 14.95 —. 06
31 Come Ber................. . 4-0. 06 1.13 46 31.67 +.05
E. —0.78 —1.81 49 24.99 +.04
w. 0. 34 +1.02 56 52.34 —.03
40.59 1.00 13 04 25.01 +.03
-+0.87 1. 08 13 05.59 —. 02
—0.73 1.77 19 43.47 +.11
w. -—1.00 +2.03 24 39,32 —11

Normal equation, 104¢40. 39a +0. 58¢+99*.86=0

Adopted o, =a,=+2526

c=-4-0s, 02

. Chronometer fast 10°, 08 at 12°. 91.




WOODWARD.] DETAILS OF TIME WORK.

TABLE III.—Details of time work—Continued.

[St. Louis, Missouri, May 25, 1890. Before signals. Observer, Woodward.]

Name of star. Clamp. A c t v

. h. m.” s 8.
BULS, Ma.eeneenenanaennannns w. —C. 80 +1.83 | 10 55 30.45 ~. 04
WOrS. Maj.menmeemenneaneanennnns —0.34 1.42 11 03 46.92 +.02
dLeonis ..o +0.19 107 08 33.‘ 42 —. 01
SCrateris. ... ooiviiiaiiinn. R +0.73 1.03 14 08.15 —.07
cleonis .coovuiiiaiiiiiiin L. Ww. +0,42 +1.01 15 45.80 +.07
TLeonis .. ..iiiiiiiiiiiii E. +0. 47 —1.00 22 34.43 +.09
vLeonis .....ceiiiiiiiiiiii +0. 52 © 1.06 31 36.48 —. 08
xUrs. Maj. ... —0.45 |- 1.51 40 32.14 —.09
B Leonis........ s U, +0.28 1. 04 43 . 44.56 .00
yUrs. Maj.ooveeninian oo, E. —0.67 —1.71 48 20.57 +.07

Normal equation, 10A¢-4-0. 20a,,+0. 15a,--0. 10¢+73% 05=0
Adopted @, =021 =000 ° c=~—0, 227
1
Chronometer fagt 17¢. 31 at 11h. 38,
{St. Louis, Missouri, May 25, 1890. After siznals. Observer, Woodward.]

Name of star. | Clamp. A 4] ¢ v

' \ h. m. 8. 8.
e Virginis......ooooiiiiail E. 40,34 —1.02 12 57 00.09 +.01
g Virginis. ...l +0.59 |- 1.00 13 04 33.16 —. 04
43 Com» +0.05 - 114 07 02.69 e 07
20 Can. Ven. —0.23 1.33 12 55.04 +.01
¢ Urs. Maj E. —0.73 —1.77 19 48.64 —. 01
69 H.UT8. Maj.emeuennenneraannnnns w. —1.00 +2.03 24 45,05 +.01
¢ Virginis ............. N +0. 52 1.00 29 23.87 +,05
m Virginis ...l +0.64 |  L01 36 08.88 —. 02
TBootis . ...l +0.24 1.05 42 20.80 05
OIS Maj covnnenneeeaian oo, w. —0.50 +1.55 43 31.06 —.02

Normal equation, 10At—0. 10a,,+4-0. 02¢ ,+0. 38¢+73% 92==0
Adopted @,,= 0223 @, =023 c=—0 236
Chronometer fast 17, 38 at 125, 36.




36 ASTRONOMICAL WORK OF 1839 AND 1890. [BULL. 70;
TABLE III.—Details of time work—Continued.
[Sierra Blanca, Texas, May 28, 1890. Before signals. Observer, Woodward.]
Name of star. Clamp. A C ’ t v
= 1
. . h. m. 8. 8.
B Urs. Maj....... e —a—. E. —0.80 —1.83 10 55 30.69 +.01
YOS Maj..oveeriiiiiiieieieea —0.34 1.42 11 03 47.51 —.01
8§ Leonis. coooveanaao.. emmmmeaaaan +0.19 1.07 08 34.52 +.04 i
8 Crateris ....cecveivnenaracnaan-n +0.73 1.03 14 09.52 —. 09
¢ Leonis... ) E. +0.42 -~—1.01 15 47.04 +.08 )
v Leonis.. 4w +0.52 +1.00 31 38.31 —. 04
x Urs. Maj..esanaanian.e PO —0.45 1.51 40 38.81 —. 04
B LeoniS.cuerrnaciei i cniaaan... +0,28 1.04 3 46.32 +.04
B Virginis ..oceviiiiiiiaiiiia L -1-0.48 1.00 45 17.36 +.01
yUrs. Maj.oeen e w. —0.67 +1.71 48 22.13 +.05
Normal equation, 10a¢-+0. 16a,,+0. 20a,—0. 10c+6%. 56=0
Adopied a,=—0°.32 @, =—0%39 c=—0s 09
Chronometer fast 18 64 at 11b. 41.
[Sierra Blanca, Texas, May 28, 1890. After signals. Observer, Woodward.]
Name of star. Clamp. A c t v
h. m. 8. 8.
$ Virginis......... .. heeeeeeaa Ww. -4-0. 46 -+1.00 12 50 23.45 +.05
e VirginiS..oeceeniiinanvaacanan. +0.34 1.02 56 01.79 —. 02
O VATEINIS. eve el +0.50 1.00 13" 04 34.94 —. 06
20Can. Ven .....c.cevienniianannn. —0.23 1.33 12 56.75 +-.02
SUrS. Maj . cvveeiiiiieiaaniaanas w. —0.73 +1.77 19 50.33 —. 01
6O B, Urs. Maj .cvvnvneicenacnann.... . —1.00 —2.03 24 45.43 +.11
¢ VATGIDIS. o emeoeeeneeeeeeennnnns 40.52 100 ! 29 2508 | +.08
m Virginis. ......oeueno.n. +0. 64 1oL 36 70.03 —.08
T Bootis. ... e veeeeieana. +0.24 1.05 42 21.91 .00
n Urs. Maj E. —0.50 —1.55 43 32,48 —. 32

Adopted @, =0s. 00
Chronometer fast 18¢. 72 at 13%, 33.

a,=—010

Normal equation, 104¢4-0. 43aw—0. 10a,—0. 52c-+7¢. 10==0

c=—0%. 09



'WOODWARD.] DETAILS OF TIME WORK.

TABLE III.—Details of time work—Continued.

[Sierra Blanca, Texas, May 29, 1890. Before signals. Observer, Woodward.]

37

Name of star. Clamp. A c t v

h. m. s 8.
O CrateriS.eeianeiaaanaeeinnniannn. WL +0.73. +1.03 11 14 10.07 .00
v Leonis cooueuaenn.. . +0.52 1.00 31 38.66 T — 04
3 Draconis —1.53 2.60 36 39.69 —. 01
XTUT8. Maj o aaann, —0.45 1.51 40 34.15 +.02
BLEONIS..cvueniiiii i, w. +0.28 +1. 04 43 46.70 +.06
YUrS. Maj.cceeeiieieieeninaaann. E. . —0.67 -1 7l 48 23.07 +.10
7 Virginis «.ooveviiiiiiii i, -+0.41 1.9t 55 34.34 .00
o Virginis ceu.eveeniieaniennnann. -+0. 38 L0l 59 56.55 .00
SUTS . Maj . ooiiiiieiiiaencaanns —0.83 1.87 12 10 19.40 —.12
p Virginis ...l E. +0. 52 —1.00 14 36.93 ~—. 03

Normal equation, 10A¢—0. 46a,,—0. 19¢,,+0. 58¢--2¢.82=0
Adopted @,=—0°253 a,~—0%209 c=-0 181
Chronometer fast 195,31 agv 11%, 79.
[Sierra Blanca, Texas, May 29, 1890. After signals. Observer, Woodward. |
Name of star. Clamp. A c t v
E)

. h, m. s 8:
&Virginis ... ...l E. +0. 34 —1.02 |. 12 56 62.66 +.06
O Virginis ..ovovveriiiniennaa.. +0.59 1.00 13 04 35.79 — 01
43COM® .. +0.05 1. 14 07 05.04 —. 04
20Can. Ven.......ooviivninnnnanna. —0.23 1.33 12 57.35 -.13
CUS. MAjeuaaneaaannanaanenn..|  E —0.73 177 19 51.20 +.14
GOH. Urs. Maj .o ccvniminnnnnnnnnn. . WL —1.00 +2.03 24 46.13 +.13
¢ Virginis ................. . -+0. 52 1. 00 29 25.66 -+.06
m Virginis ............... . +0.64 1.01 36 10.61 —. 10
T Bootis ... . +0.24 1.05 42 22.58 .04

. L]

nUrs.Maj.....oooooiiiiiin oL w. —0.50 +1.55 43 83.14, c—.13

Normal equation, 104t—0.10a,,+0.02¢,+-0.38¢-+4+.26=0
Adopted @w=0%.00 a, =—0.08 c=+40141
Chronometer fast 19°.43 at 132,36
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TasLe 1II.— Details of time work—Continued.

{St. Louis, Missouri, October 27, 1889. Before signals. Observer, Pritchett.}

. Name of star. Clamp. A (4 t | v
X h. m. s s.
a Aquarii..e...... e ienaai e W. +0.637 -+1. 000 22 06 36.28 +.03
« Pegasi .. +0. 263 1.102 08 22.44 +.09
m Pegasi +0.125 1.187 11 35.32 —. 08
24 Cephei.cenceeenenianenninnnnnn. —1.750 3.200 14 15.52 —. 03
0 AQUATH +eoeesieeeeninncenaane w. +0.739 | +L011 17 29.88 | +.02
mAQUATH. ceeei i et E. +0.614 | ° —1.000 26 07.46 —. 02
NAQUATH . coieeiiiiiiiiiae s +0. 634 1. 000 36 10.14 .00
31 Cephet .- ceeeniiesasacacaans —1. 941 3.434 39 36.01 +.03
nPegasi ..ooeiiiiii il +0.180 1.150 44 19.35 ~—.11.
pPegasi coeeeniiiiiea E. 40,276 —1.095 51 10.29 +.10

Normal equation, 10a¢+-0. 004a,w—0.'237a¢——0. 179¢—99%. 30=0
Adopted a,=—1° 214 @, =12 102 c==+0%. 262
Clock fast 389. 91 at 22", 32.

[St. Louis, Missouri, October 27, 1889. After signals. Observer, Pritchett.]

Name of star. Clamp. A C t v

. h. m. s 8.
7 Pegasi ..... eremmecnmamne e, E. —+40. 291 —1.087 23 21 40.24 —.Q2
ke Piscium. .coeie iennniciininnn. +-0. 617 1.000 27 - 45.74 —.12
T0 Pegasi cvavanuan [, E. -+0. 456 —1.023 30 04.08 +.11
41 H.Cephei ccouneviennnninenn.n. o Ww. —1.233 +2. 580 49 12.52 —. 06
dPegasi coeeenicieiniiia e +-0. 363 1.05% 53 22,94 +.12
@ Piscium.eeeeniniiiiiiiiiian.. 0. 539 1,006 0 00 08.83 +.04
vPegasi ..coevnnnnn e w. +-0.423 +1.¢33 14 03.49 —. 07

Normal equation, 74¢4-0.92a,,+1. 364@,4-2. 5640—69°. 67=0
Adopted a,—=—126¢ =12 041 c=+-0% 338
Clock fast 3907, 05 at 23", 67.
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TABLE IIL.—Details of time work—Continued.

.

[St. Louié, Missouri, October 28, 1889, Before signals. Observer, Pritchett.] |

Name of star. Clamp. A [} t v

h. m, s 5.
o AQuarii....coiioriiiinaiiiean w. +0. 64 +1.00 22 06 38.22 +. 06
¢ Pogasi com et i +0.26 1.10 08 24,40 +.14
7 Pegast . ceiieiiiiieiia +0.12 1.19 11 37.20 —. 10
24 Cephei.ceeeeiacreiaiiiananann. —1.75 3.20 14 17.39 —.03
0 AQUATH.cceent i aan. w. +0.74 +1.01 17 3171 —07
E. +0.61 —1.00 .26 09.40 —.03
+0.63 1.00 36 11.99 —. 09

—1.94 3.43 39 37.75 +.03 b

+0.18 1.15 44 2L.%0 +.13
# POgasicvn i e E. +0.28 —1.09 51 12.09 —.03

Normal equation, 104¢4-0. 0la,,—0. 240, —0. 17c—18° 48=0
Adopted a,——1°.22 @, =—1°.04 ¢=+0%26
Clock fast 3912.83 at 228,32,

[St. Louis, Missouri, October 28, 1889, After signals. Observer, Pritchett.]

Name of star. Clamp. A C t v
: ho om. & 8.
T COPhei . cunseenennennnneeeneans E. --2.25 —3.81 23 10 59.72 +.03
T Pegasi covieiiiiiiiiiiii e -+0.29 1. 09 21 42.33 +.06
X PISCIUM eonnenensvemennenes +0.62 1.00 27 47.85 +.02
+0.46 1.02 30 05.96 +.02
E. —0.09 —1.36 39 15.82 —14
w. —1.23 +2.58 49 14.40 | . +.03
+0.36 1.05 53" 24.99 +.18
+0.54 1.01 0 00 10.83 +.06
—0.17 1.42 11 08.69 —.09
w. +0.42 +1.03 14 0538 —117

Normal equation, 104¢—0. 08e, —0. 97a,—1. 19¢—21¢.42=0
Adopted a,,=—17.20 a,=—12.16 c=+030
’ Clock fast 3922, 06 at 23", 62.
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TaBLE TII.—Delails of time work—Continued.

[St. Louis, Missouri, November 2, 1889. Beforo signals. Observer, Pritchett. ]

[BULL. 70.

Name of star. Clamp. f iA C t v

h. m. s 8.
o Aquarii E. +40.78 —1.02 22 31 28.02 +.20
n Aquarii +0.63 1.00 36 20.48 —.13
31 Cephelveenniiiniinaeiniannnn, —1.94 3.43 39 45.72 —. 07
APegasi couiiieeniiiei e E. +0.29 —1.08 47 53.06 —.01
pPegasi ... R, w. +0. 28 +1.09 51 21.25 —.12
BPeZASE ceneeneieanecaeannnne, +0.22 1.13 23 05 06.49 +.10
mCephed .ooooiiiiiiiiiieiie —2.25 3.81 11 10.18 +.09
@ Aquarii +0.71 1.01 15 16. 60 —. 07
7 Pegasi ...oc.oeea... +0.29 1.09 21 51.38 +.02
x Piscium w. +-0. 62 +1.00 27 36.87 —. 01

Normal equation, 10a¢— 0. 13a,,~0. 2¢a,+2. 60c—6°. 72=0
Adopted a,=—1%14 a,=—0° 902 c=+-04. 29
Clock fast 4002 56 at 22, §7.
[St. Louis, Missouri, November 2, 1889. After signals. Observer, Pritchett.]

Name of star. Clamp. A () t v

h. m. s 8.
x Androm..... eevesmacsuiansconans w. —0.12 +1.38 23 41 40.09 —. 17
41 H. Cephei...ccaviereecinnannnnn. —1.23 2.58 49 22.89 +.05
G Pegasi cooveeeniiiiiiianian e -+0. 36 1.06 53 33.25 —. 03
w Piscium . coveniiemiininiiaio.. w. --0. 54 +41.01 24 00 19.37 .13
LR 0] E. +0.75 —1.01 20 28.31 -.01
44 Piscium. +4-0.61 1.00 26 25.03 +.10
12Ceti. . oiriiniiaiia il +0. 69 1.00 3l 04.58 +.03
7 Androm........... ceeeneaeaas +0.12 1.19 37 40.09 —. 02
§ Androm.......c.ceenn teeereaeane +0.17 1.16 40 06.41 —. 08
21 Cass cevvunnnn [ E. —2. 17 —3.71 45 07.62 +.0!

Normal equation, 108¢—0.45a,,+9. 17a,—3. 04c~-5*. 89=0
Adopted a,,=—1°29

Clock fast 400°. 63 at 24", 18.

a,=—1°.06

c=-40%26
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TABLE IIL.—Details of time work—Continued.

[St. Louis, Missouri, November 15, 1889. - Before signals. Observer, Pritchett.]

41

Name of star. . Clamp. A o t v

. . h. m. s 8.
e Piscium ..o E. +0. 56 —1.00 23 34. 01.32 .+.04
41 H.Cephei .......cocevvveenninn. —1.23 2.58 42 25.64 .00
¢ Pegasicooen i ciiiiii i, +0.36 1.06 . 46 37.64 .00
w Piscium. .oocivveiiininenen il +0. 54 1.01 53 23.80 —. 11
B Cassiope® ........... ... seenens —0. 65 1.92 0 03 04.24 4. 06
@ ANAIOm ceomae i e aaae E. +0 06 —1.24 12 19.59 +.01
mAndrom ... ... iiaaiiaana. W. +0.12 +1.19 30 45,76 —. 10
- ADATOM. et +0.17 1.16 33 11.84 +.17
21 Cassiope®. ccveaenannnrnnnnnnnns —2.16 3.71 38 14.13 —. 06
CANdrom. ...oiiiiiiiiiii i +0.28 .1.09 41 15.49 +.04
d Piscium +0.53 1.0t 42 43.27 —. 04"
e Piscium. ..... W. +0.52 +1.01 ) 56 58.85 — 02

Normal equation, 12A¢—0.90a+ 0. 36¢ + 512 85=0
Adopted a¢,=—1"0{ a@,=—1%.04 c=-0%.28
Clock slow 14s. 41 at 24, 27,
[St. Louis, Missouri, November 15, 1889. After signals. Observer, Pritchett.]

Name of star. Clamp. A 4 ot v

. h. m. s 8
v Piscinm w. " -+C. 56 -+1,00 1 35 27.19 +.07
o Piscium. +0. 51 101 . 39 20.13 —.15
e Cassiope® w. —0.92 +2.21 46 17.30 +.07
a Arietis ......eeeiiiiiianiaiio, E. +0.29 —1,09 2 00 43.03 —. 08
@ Trianguli .~ +0.09 1.21 02 44,79 —.01
# Ceti ... +0.51 1.01 06 54.53 +.08
¢ Cassiopem E. —1.21 —2.55 19 47.82 +.01

Normal equation, 78t4-0. 15a.,—0. 32a,—1. 6 tc + 100% 85=0
Adopted a,=-1¢37 a,=—1°.03 c=+0°37
Clock slow 145, 34 at 1%, 93.
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42 ASTRONOMICAL WORK OF 1889 AND 1890
TABLE III.—Details of time work—Continued.
[St. Louis, Missouri, November 23, 1889. Before signals. Observer, Pritchett.]

Name of star, Clamp. A C t v

h. m. s 8.
wPiscium .coemvimenniiiennn et w. +-0. 54 +1.01 23 53 24.33 +.10
a Androm +0. 20 1.14 0 02 27.33 —-.04
yPegasi.cooeiieanan ool +0. 42 1.03 07 19.15 +.04
YADATOM .cevvniacines aeeanann, +0.06 1. 24, 12 20.45 -.06
44 Pisciom .ooceniennrieiamanennnn.. +0.61 1.00 19 30.57 —.02
x Cassiope® .......... Ceeeraeiaas —0.86 2.15 26 32,44 —.07
$Cassiope® . c.vuuiiunrenneiiannns W. —0.42 +1.68 30 37.05 +.07
SANATOM - eeveveneeacnionmanaeans E. +0.17 —1.16 33 11.32 +.11
21 Cassiope® —2.16 3.72 38 11.96 -.02
SAndrom......culeeeneannenn. -+0.28 1.09 41 15.01 -.03
SPiscium. . coiounicinniia . +4-0.53 1.01 42 42.80 -. 07
mAndrom..oceeeiiiiniiaaiL., +0 01 1.27 50 23.92 -.02
ePiscium.....coneina o Ll -E. +-0. 52 —-1.01 56» 58.27 +.03

Normal equacion, 13a¢+-0.55¢,,—0.65a, —0.01c-184°.82=0
Adopted a,= -0°.95

= -1°.15
Clock slow 14%.23 at 24b.46.

'

c=+0.30

[St. Louis, Missouri, November 23, 1889. After signals. Observer, Pritchett.]

Name of star. Clamp. A ¢ t v

h. m. s 8.
Y PISCINM «eeeceeeeeeemeneneannes E. +0.56 ~1.00 1 35 26.88 +.04
oPisciom ....ooviiiiiiinii . +0.51 1.01 39 19.72 -.12
vArietis cooiii i +0.36 1.06 47 14.56 -.20
50 Cassiopemf ...................... -1.77 3.21 A3 5121 —.06
v Androm -0.07 1.34 56 53.89 +.28
a Arietis...... Ceeesresaaneaaneans E. +0.30 —1.08 2 00 43.11 +.06
B Trianguli .ceceviiian i, w. 0. 08 +1.21 02 45.67 +.05
y Trianguli .....coooioimiiiiiiL, +0.11 1.20 10 32.25 -+.03
¢ Cassiopew® «ooveemerniniiannan s —1.21 2,55 19 49.29 -.01
+0.52 1.01 22 03.91 -.13
+0. 63 1.00 33 35.75 +.02
W, +0.59 +1,00 37 21.16 +.04

Normal equation, 124t - 0:11a,+0.72a,, —0.73¢4-51%16 =0

Adopted o, =—1.19

a=-1.11
Clock slow 142,18 at 2.08.

c=+0.28
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TABLE III.—Details of time work—Continued.

|St. Louis, Missouri, November 25, 1889. After signals. Observor, Pritchett ]

Name of star.® Clamp. A c t v |

h. m. s 8.
LY or Y PSR w. +0. 63 +1.00 2 33 8557 +.07
o7 P +0.59 1.00 37 2L 11 —. 03
[P e Y S +0.49 1.01 38 44.85 — 04
AL ATIOHS .. oveevascmen e ennes 0,23 112 43 16.05 .02
48 H.Cophel ..eunvneeennneannnnn. --2.85 4,56 3 06 15.84 .00
CATIOtS . o arieee i, w. +0.33 +1.07 08 20.05 +.04
L3 YT U E. +0.51 . —1.01 18 38.05 +.13
2 H.Camelop - .vevnrenennennnn... —0.71 1.97 19 56.12 +.08
B SO 40.45 1.02 24 32.73 —.14
5 H.Camelop - -eeoonnoano. L ~1.64 3.07 38 33.13 —. 03
R T U +0.28 1.09 40 41.57 —.05
s E. +0.55 —1.01 57 02.77 +.07

Normal equation, 124t — 0. 68a,,— 0. 56a,-+0. 59¢c-+502. 28 =0
Adopted a, =—1823 ¢, =—1.22 =032
Clock slow 14 32 at 8b, 18.

{8t. Louis, Missouri, December 8, 1889. Before signals. Observer, Pritchett.]

Name of star. Clamp.’ A (4 t v
h.m. s 8.
44 Piscium..ccveceeeneonnnaan.s t... E +0. 61 —1.00 0 19 2843 +.06
12Cetieeennennccennanann. SR +0.69 1.00 24 08.08 +.05
7 ANATOM . eeenemecanaannannnnnn, +0.12 119 30 43.73 —. 07
G ADATOM . . oetiemiiiii et +0.17 1.16 33 10.08 ~. 02
21 Cassiope® [eneeeeinniiiiiiinn.. E. —2.16 —3.73 38 09.86 —.01-
e Piscium. ...cuveniiinininannn. w. +0.52 +1.01 56 57.42 +.12
BADAIOM....cuetreanerannannnnnn. +0. 08 122 1 03 18.64 —. 06
7 PISCIUM e et e veareneeransenenns +0.46 1.02 30 59.72 +.01
y Piscium...... eeraliaeiiieiieeaas +0.56 11,00 35 26.01 +.02
I3 ST - s w. +0.51 +1.0L 39 18.87 —.09

Normal equation, 10a¢ + 2. 13@,,— 0. 57a,,-— 2. 82¢ - 1572, 44 =0
Adopted a,—=—1%.08 a,=—1208 e=+4026
Clock slow 15 50 at 0b. 92.
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TaBLE III.—Details of time work—Continued.

{St. Louis, Missouri, December 8, {889. After signals. Observer, Pritchett.]

Name of star. Clamp. A (9] t v
. L. m. s 8.
8 CBbE vuvnnniceneearenninnaeeaaas w. +0.63 +1.00 2 33 34.46 +.11
o7 SN +0.50 | 1.00 37 19.98 .00
o T R +0.49 1.01 38 43.67 + 06
41 ATietiS - eeeeeanaieeainenans +0.23 L12 43 14.84 |  +.04 .
47 H.Cephei ........ e —3.39 5.24 51 21.70 —.09
o Persei «eoceunnnnnn veereanans w. +0.01 +1.28 57 52.55 —.12
48 COpPhei.eeens orenecarannennnnnn. L. —2.85 —4.56 3 06 1149 +.07
N 1 L I +0.33 1.07 08 18.39 —. 04
0 TAUT -+ aennemns enneenenennsn +40.51 1.01 18 37.01 +.10
L s DO 0. 50 1.01 21 55.84 +.10
B U S +0. 45 1,02 24 31.51 +.02
17 TARI et eeemeee e eeeeeen +0.28 1.10 38 04.40 —. 06
P T E.. +0.28 ~1.09 40 40.64 —.18

Normal equation, 13a¢ — 1.44a,w-—0.50a,0— 0.21¢c 4 199°.26 =0
Adopted @, =—12.04 a,=—1.17 c=+40%.29
Clock slow 15.48 at 3.08.

[St. Louis, Missouri, December 10, 1889.. Before signals. Observer, Pritchett.]

Namne of star. Clamp. A g t v
e e ‘

\ h. m. s 5.
x Piseium .......cooiiiiiiiiial E. —0. 86 —2.15 0 26 29.34 +. 04
7 Androm ............. . +0.12 1.19 30 43.64 —. 07
8 Androm ...ooviiniinanaan . +0.17 1.16 33 09.88 +. 09
¢ Androm ....... +0.28 1.09 41 13.62 —. 06
y Casssiope® ... ...... —0.74 2.01 49 48.67 —. 03
e Piseium ..o.ovveiiiiieanaiiao... E. -+0.52 —L0l | 56 56.91 +-.04
B Androm ........oceiiiiiiianaa.. w. +0.08 +1,22 { 1 03 18.68 —. 05
7 Piscium ... 4-0.18 1.15 ! 05 20.25 —.01
7 Piscinm ..... +0. 42 1.03 ' 25 19.68 @ -.04
40 Casssiope® . ... - —1.85 3.32 ' 29 32.23 .00
v Placium «o..ociiiiiien e, +0.56 | 100 | 35 26.02 | +.12
a Trianguli.......ooooiiiniaan, w. +0.19 +1.14 ) 46 32.93 —. 02

Normal equation, 12M—0.42aw—0.51ae+'0.25c + 184s.74=0
Adopted @, =—1°08 a,=—11.09 c=+0.32
Clock slow 15%.49 at 10,04,
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TaABLE III.—Details of time work—Continued.

[St. Louis, Missouri, December 10,1889. After signals. Observer, Pritchett.]

Name of star. Clamp. A o} t v

h. m. s 8.
P2 071 A +0. 51 +1.01 2 06 54,07 +.02
y Trianguli .....ooiiieaiiaa L +0.11 1.20 10 30.95 -+.01
0 Arietis. .o iiiiiii i, +0.35 1.06 11 44.54 —. 02
BCeti..coomnnnn eieeremesrmmanaaas +0.52 1.01 22 02.53 +.02
P-N S 1) 5 (- DN w. +0.32 +1.07 32 18.44 -—. 03
41 ArietiS..ccoveiiinniiiiani it E. +0.23 —1.12 43 14.34 +.01
o Arieti8. ciuieeiiiie +0.42 1.03 45 08.83 —.03
6 Arietis...ccaviiannn. [ +0.35 1. 06 3 05 04.05 +. 02
¢ ATieti8.ceenenaiaaiiinia +0.33 1.07 08 18.53 —. 02
o Tauri E. +0.51 —1.01 18 37.21 ~+.04

Normal equation, 10A¢+41.81a,, +1.84a , +0 06¢+-1582.07=0
Adopted @, =—12.12 a, =—15.09 c=+0.25
Clock slow 15040 at 20.64.

[St. Louis, Missouri, December 11, 1889. Before signals. Observer, Pritchett.]

Nume of star. | Clamp. A (%} 13 v

k. m. s 8.
43H.Cephei......ocvvviannann.n. E. —9.68 —13.23 0 53 44.92 —. 11
€ PiSCIUM. «eevvvnan i iannna. +0.52 -1.01 56 56.78 +.13
BAndrom .. ... ....oiiialL -+0.08 1.22 1 03 17.76 +.09
T Pisciam. coeeiiiamn s +0.18 1.15 05 19.54 —. 05
S Piscium. oeeeiiiiiiii . +0. 58 1.06 11 50,32 +.03
v Piscium. ....... ......o... seeee . -+0.23 —1.12 13 08.59 —.08
nPiscium......ooiiiaall w. +0.42 +1.03 25 19.56 .00
40 Cassiope® .......cocoii. —1.85 3.32 29 32.07 +.02
v Piscium. . - +0. 56 1.00 35 26.03 +.05
oPiscium.......ooiiiiii. -+0.51 1.0t 39 18.87 —. 10
o Trianguli . ........ooooei o .. +0.19 1.14 46 32.85 +.01
B Arietis. ..o il W, +0. 34 +1.07 48 17.74 +.01

Normal equation, 124t—0.17a,, —8.09a, —10.16¢:4180%.01=0
Adopted &, =—1°09 @ ,=—1"15 e=+-02.30
Clock slow 1551 at 18.82.
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TABLE 1I1.-—Details of time work—Continued.

'

[St. Louis, Missouri, December 11, 1889. After signals. Observer, Pritchett. ]

Name of star. Clamp. A 4] ¢ : v

h. m., 8. 3.
y Trianguli cooveeeeeaaeiiannnan.. . W +0.11 +1.20 2 10 30.97 —.12
72 Coti..eeeennnn.. +0.51 1.01 22 02,41 +.10
36 H. Cass —1.83 3.30 ‘27 23.29 —. 03
v Arietis.. , ) +0.32 Lo7 32 18.45 —. 13
8 Cebiannenicnenean raieeen| WL +0.63 +1.00 33. 34,36 +.17
41 ATiebiS.neeeiveranaaneeaennns E. +0.23 —1.12 43 14.00 +.10
o Arietis..... e anaaeaa, +0.42 1.03 45 08,77 —.19
47 H.Cophei.couuruceeneraauneenns —3.39 5.24 51 18.31 +.01
T8 ATIEHIS et iaeeeeieaeaaeanaann +0.35 1,06 3 05 03,77 +.07
¢ ATIOHIS . e o e eeeacaaeaenaeaias +0.33 1.07 08 18.43 —. 16
O30 S E.’ -+0. 51 ~1.01 18 36.86 +.18

Normal equation, 114¢—0.26a,,—1. 55@,—2. 95¢+-170%.61=0
Adopted a,=—0.90 @p=~12. 05 c=-0%29
Clock slow 15 60 at, 2b. 64.

{St. Louis, Missouri, December 18, 1889. First series. Observer, Pritchett.)

Name of star. Clamp. A o t v

h. m. s 8.
w Piscium ............. ceenmmnnans E. +0.54 — 10 23 53 22.42 +.01
33 PisCiOm «.oeucnernaennnn. SUPP +0.71 1.01 58 24,81 +.02
B Cassiope® .coueveenn crreennnn.. —0.65 1.92 0 3 02.25 —. 04
y Pegasi............... P +0.42 1.03 7 17.11 +.01
o ADArom ..oviciininnanencnneas +0. 06 1.24 12 18.07 .00
44 Piscium cvevvvinniiinniiian.n. +0. 61 1.00 19 28.61 —. 07
¢ Cassiope® —0.42 1.68 30 34.26 +.04
J Androm ....co.ooioiiaai. eeeean +0.17 1. 16 33 09.90 +.04
$ADdrom .....oeoiiiiiiiiiiiaa, +0.28 1.09 41 13.60 .60
S Pisciam ...oveveerinniennnnenn.. +0.53 1.01 42 41.41 +.02
y Cassiope® .............. e E. —0.74 —2.01 49 48.39 —. 02
43 H. Cophei..ueeemneemereenannn.. W. -9.64 | 413.18 53 46.67 | —.01
f Piscium F +0.58 1.00 1 11 50.87 —.02
v Piscium +0.23 1.12 13 09.00 —. 05

8 Cassiope® «.ouvuvueeennn cinnnnn —0.71 1.98 18 22.41 +.02 i

7 Piscium ..ooiiiiiiiiiiii el +0. 42 1.03 25 19.36 +. 03
7 PiSCium ...vennneennn e w. +0.46 + 1.02 30 59.55 4. 04

0

Normal equation, 174t—8. 66a,,+1. 51@,+-5. 17¢—257+, 68=0
Adopted a,, =089 a =+40.82 | c=~0°18
Clock slow 152 59 at 24", 83,
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TaABLE II1.—Details of time work—Continued.

[St. Louis, Missouri, December 18, 1889. Second series. Observer, Pritchett.]

Name of star. Clamp. A ‘o t v

h. m. s 8.
y Eridarni ...... N Ww. +40.67 +1.00 4 30 33.38 +.01
Gr. 848.......... J N —2.45 4.06 33 52.05 +.21
4 Camelop . . —0. 56 1.81 38 36.13 +.05
[A 1111 S, .. . +0.36 1.06 44 40.66 —.03
w5 Orionis........... . +0.59 1.00 - 48 15.38 +. 05
e Auriga: : —0.12 1.38 53 49.37 +.10
[t 1511 1 SO Ww. +0.32 +1.07 56 15.53 +.02
17 Camelop ............. . E. —0.91 —2.20 5 19 32.50 —.21
¢ Tauri - +0.32 1.07 30 48.12 .00
0 AUTIE® - 1veeennanecaiaaneaaans —0. 30 1.55 38 07.26 —.01
6 Aurige . -+0.03 1.26 51 57.60 —.15
66 Orionis....coveeimmaeiannenn.. +0.57 1.60 58 53.32 +.11
v Orionis ... .oiiiiieiieaiis +0.42 1.03 6 01 01.31 .01
22 H. Camelop - ococnvmnnianniannns E. ~1.45 —2.84 06 29.70 —. 08

Normal equation, 14at—1.19a,,—1.82a,+-0.43¢ —2172.21=0
Adopted a, =093 @, =+084, c=—01.24
Clock slow 15468 at 5b,26.

[St. Louis, Miséouri. December 19, 1889. First series. .Observer, Pritchett.}

Name of star. Clamp. A (9] t v
. h. m. s 8.

n Piscium. .ooveininnnieiianaaan. E. +0.42 —1.03 1 25 19.08 +.02
40 Cassiope® ..co..vvveninnnnannnns —1.85 3.32 29 29.70 — 14
43 Cassiopem .. —1.26 2,61 33 56.95 —. 05

o Piscium +0.51 101 39 18.35 .00

€ Cagsiope® ...coveeieciinnnnnnn. —0.92 2,21 46 13.74 +.07

FPiscium. ..ooovn coveiinianan, . +0.59 1.00 47 34.90 +.02
50 Cassiope®.....coovernnerennnonns —1.76 3.22 53 48.77 ~—.06

-N 5 13 2 1 +0.29 1.09 2 00 41.86 +.05

B Triapguli - .vovveiianenrneiiannns +0.09 1.21 02 43.59 +.10

[ 2 071 & S E +0.51 —1.01 06 53.53 +.10

« Cassiopea ..... eeceereeesariaas w. —1.21 +-2. 55 19 46.95 —.29
+0.52 1.01 23 02.41 +.01

—1.83 3.30 27 22.69 +.34

-40.352 1.08 .32 18.32 —.08

+0.59 1.00 37 19.90 —. 05

41 ATIOHS. o oeeeie it e 40.23 112 43 14.78 —.02
[0 o 13 7 1 TR w. +0.42 +1.03 45 09.19 —. 02

Normal equation, 17a¢—0.96a,,—3.38a,—6.62c—2612.20=0
Adop-ed a, =102 . @,=+0.83 c=—0%.21
: Clock slow 15¢.51 at 2b.09. ’
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TABLE III.—Details of time work—Continued.

[St. Louis, Missouri, December 19, 1889. Second series. Observer, Pritchett.]

Name of star. Clamyp A C t v

h. m., 8. 8.
B 1710 S w. +0.28 +1.09 3 39 04.89 —. 04
[T LTS & A R -+0. 28 1.09 40 41.08 —. 09
P X - +0.28" 1.09 42 21.60 ~—. 05
9 H. Cameclop ...... PP —0.77 2,05 47 31.70 —. 01
ATauricoenenierianaeeiiee e +0.46 1.02 54 19.23 +.04
2 N3 10 ¢ S +0.55 1.00 58 02.31 +.05
oEridani ... ceiiinivnaniiienan. w. +0. 72 41.01 4 06 13.77 +.03
y Tauri E. +0.41 —1.04 13 15.82 +.01
¢ Tauri -+0.36 1.06 21 55.48 .00
Eridani.....ociieieeniinninnn, +0 67 1.00 30 33.06 —. 03
Gr.848.....cccunene. [N —2.45 4.06 33 50.74 +.04
a Camelop. veuienriiacneinnninnn. —1.14 2.47 42 52.93 —.01
E. -+0.59 ~1.00 48 15.00 +.08

Normal equation, 13At + 1.80a,, — 1.56a, — 2.28¢c — 203%.06 =0
Adopted a,,=--0.98 a, =099 c=—1019
Clock slow 15557 at 4%.15.

[St. Louis, Missouri, December 18, 1889. First series. Observer, Woodward.]

Name of star. Clamp A [ t v

: h. m. s 8.
« Piscium .. . Ww. +0. 54 +1.01 23 53 41.02 +.09
33 PisCium..ceanereeiinaerannannn.. +40.71 1.01 59 43.51 —. 06
yPegasi ccveeenienniiia Ll +0.42 1.03 0 07 35.44 —. 08
e Androm ..., c.cooiiiiiaiiiaina.. +0. 06 1.24 12 36.17 +.09
44 Piscium. ceceneeeceniecnn vannn. +0.61 1.00 19 47.17 +.01
¢ Cassiope® ... veeviinacncnnnnn.. —0. 42 1.68 30 51.86 +.03
S ADArOM. . iiiiiitinaiieaieaaans +0.17 |}~ 1.16 33 28.05 —. 03
8 Piscium... +0. 53 1.01 42 59.90 —. 05
y Cassiopece w. —0.74 +2.01 50 05.52 +.03
43 H. Cephei . ccuue. ... [ E. —9.64 —13.18 53 51.61 +.06
B8 Androm..... eseceneteentaonnn. -+0.08 1.22 1 03 358 —.25
v Pisciom..... coiceveerieniiaanen +0.23 1.12 13 26.90 —.05
d Cassiope®...... ... ceeerenuieaes —0.71 1.98 18 39.13 —. 08
nPiscium......cocieiiniianannnn.. +0.42 1.03 25 37.59 —. 05
mPisciom ... .o.ooiiiiiiiiat, +0. 46 1.02 31 18.04 +.16
o Piscium...ooiiiiiiiannann.. 4 -+0. 51 1.0t 39 37.14 +.15
€ Cassiope® ...oveeiveenanecnnnnn. E. —0.92 —-2.21 46 31.24 +.04

Normal equation, 174t —7.69a — 11.62¢ 4- 26,63 =0
Adopted ¢, =—0%33 a,=—0.38 c=4 009
Chronometer fast 25.24 at 0h.83.
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TaBLE IIL.—Details of time work—Continued.

{St. Louis, Missouri, December 18, 1889. Second series. Observor, Woodward.]

Name of star. i Clamp. | 4 | o t v
}
T N
. ! i h. m. s 8.
E. ! 4067 —1.00 4 30 53.03 .00
I —2.45 4.06 34 07.65 +.09
| —0.56 1.82 38 53.07 —.11
| 40,36 1.05 44 58.84 —. 04
—0.12 1.38 54 07.00 —.09
E. . 40.82 | —107 56 33.70 —.06
L0 10 TN T 4 +0.72 +1.01 5 12 18.55 +.14
17 Camelop «cevvereinmraaenneanaen. —0.91 2,20 19 49.86 +.05
X AUTIZD - evnmemianaaaaieian, " 4013 1.18 25 36.48 —. 08
G TANTE < ecneineemieeiaanens . +0.82 1.07 30 06.68 +.08
0 AUTIZ® «eneenenamnccannanen. —0.30 1.55 37 25.27 +.03
. 0 Auriges .. i +0.03 1.26 52 15.64 .00
66 OTionis. «e.onieeenrnaninaenennen. WL, ) +0.57 | +1.00 59 12.20 +.07

Normal eﬁuation, 134¢4-0. 56a,,—1. T8a,~1. 11c 429+ 83=0.
Adopted a,==—0% 10, a,=—0".29, c==+0", 065.
Chronometer fast 2. 32 at 5t, 24,

{ St. Louis, Missouri, December 19, 1889. First series. Observer, Woodward.]

Name of star. Clamp. | A o’ t )
B P B — -

| h, m. s 8.
7 PISEIUM -.evvnevnnniinnnnenenaesl  Wo 1 40,42 +1.03 12 31.77 +.08
0 PiSCIUM +evenenenrrianaeenannns, +0.51 101 39 37.16 +.12
£ Cassiope® ....ooeeneirannaannn. —0.92 2.21 46 31.00 .00
50 Cassiopem® .. ..ovvieeiianiiiann, —1.76 3.22 | | 5¢ 04.91 —.07
|« Arietis. .. +0.29 1.09 2 01 00.34 —.0
+0.09 1.21 03 0186 —.07
w. +0.51 +1.01 07 12.3¢ +.08
« Cassiopes® -...... [ E. —1.21 —2.55 20 03.37 +.33
B2 06t oeeneeeeeanaeiinanens D 0.5 101 22 21,07 .00
{36 H Cassiopem........cceeoenn.... —1.83 3.30 M 3815 | .30
| v ATieiS. oo e . 40.32 L0s | © 32 3664 | —o0L
i . +0.59 1.00 37 38.57 —.02
ol 0. 112 43 32.90 -1
E | 4o —1.03 & 7.8 | .14

0 1

Normal equation, 14a¢41. 83a—0. 31c+35°. 25=0.
Adopted a,==a,~—0%28, c=+0"13.
Chronometer fast 2% 55 at 2b, 20.

Ball. 70——4
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TABLE IIT.—Details of time work—Continued.

[St. Louis, Missouri, December 19, 1889. Second series. Observer, Woodward.}

Name of star. Clamp. A 4 t v
h. m., s 8.
U -1 S E. +0. 28 —1.09 3 38 23.22 —. 01

7 Tauri oo +0.28 1,09 - 40 59.46 +.09

Py B 111 N N -+-0. 28 1.09 42 39.90 —. 03
9 H. Camelop - —0.77 2.05 47 48.63 —.10
A Tauri..... .. +0.46 1.02 54 37.94 +.06
ol Eridani ..covvvvuininnienniannn. E. +0.72 —1L01 4 06 32.78 +.06

W. +0.41 +1.04 13 34.62 —. 02
+0. 36 1.06 22 14.16 —. 05
+-0. 67 © 100 30 52.18 +.01
—2.45 4.06 34 05.66 —.29
—1.14 2.48 43 10,01 .28

w. +-0. 59 +1.00 48 34.13 +.01

Normal equation, 12At—1.56a,w +1.25a,+3 29c+-30°.30=0.
Adopted a,,==—0.47, ° o, =—0.22, ¢=+0%10.
Chronometer fast 2+.58 at 48,17,

[St. Louis, Missouri, April 29, 1890. Observer, Pritchett.]

Name of star. Clamp. A (4} t v

. h. m., s 8.
Gr.1706 . .cenervncnnascuonncacnnn E. —3.168 —4. 957 10 49 40.83 .00
x Leonis.... +0. 514 1.010 58 58.34 +.02
p Leonis .. +0. 590 1.001 11 00 55.54 +.02
8% Leonis .... E. +0.322 —1.072 07 52.92 —. 05
7 Leonis ceuvee. ... . Ww. +0.577 +1.001 21 54.06 —. 05
A Draconis........ . —1.515 2.916 23 25.93 +.01
v Leonis........ +0. 627 1. 000 30 56.36 —. 08
x Urs.Maj .......... . —0. 256 1. 506 ;| 50.43 +.11
B LOONIS «ceveecani et eiaaaaan, w. +0.412 +1. 036 11 42 03.98 +.01

Normal equation, 94¢—0.155e, —1.742¢,~0.581c—25°.09=0
Adopted @, =—2°.213 @ =—20271" c=+01.341
Clock slow 24¢,33 at 112.28,
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TaBLe 11L.—Details of time work—Continued.

[St. Louis, Missouri, May 1,1890. Observer, Pritchett.}

51

1
Name of star. Clamp. | 4 4 ’ ¢ v
: h. m. 8 8.

A Draconis. ...oeceeniiiiinniii;o. —1. 5150 —2,916 11 24 52.56 +.01
e 7 B | o3 1.000 30 45.45 | —.07
x Urs. Maj ... —0. 2551 1. 506 39 54,82 —. 01
B Virginis ... +-0. 5918 1.001 44 25.06 +.10
w Virginis coeeeeeeconiinannnnns, E. +0. 5251 —1.008 54 42,34 +. 04
0 Virginis ..ccovvemvnnnnnnes P w. +0. 4958 +1.013 11 59 05.62 —. 02
4 Draconis. e —3.1255 4.903 12 07 32.52 —.02

20 COMB .. cevivenevnmnanescennancnn -+-0. 3165 1.075 23 43.94 —. 04

24 COMB . cceceeeerrancnioaraenaas 0. 3566 1,058 29 08.42 +.04

S Virginis.coeeeveeenvnnnanneannnnn. W. -+0. 5698 +1.003 12 49 31.99 —.03

Normal equation, 10at--1, 3878a,,—0. 0319a,+-1. 621¢ — 220°. 56 =10
Adopted a,,=+15344 ae="+15370 c=—0°,332
Clock slow 245.29 at 125.00,
fSt. Louis, Missouri, May 2,1890. Observer, Pritchett.]
Name of star. ’Clamp. A c t v
\
R m. s s
322 Camelop W. —6. 827 -+9.591 12 48 05.24 +.01
e Virginis +0. 464 1.021 56 18.88 —. 04
8 Virginis +0. 692 1.004 13 03 52.08 —. 01
43 Com® ......... dueereesscanseaan Ww. +0. 202 +1.137 06 21.46 +.05
7 Urs. Maj : E. —0. 303 —1. 552 18 07.57 —. 08
7N BootI8 . coeiiiiiiaiaaaat +4-0. 356 1. 058 48 04.24 +.02
7 Virgini8....ecoeevianan 0. 596 1.001 55. 40.48 +.05
a Draconis . —1.044 2.357 14 01 02.46 +.01
dBoOtiS. . oiniiiiineeianais E. -+0. 250 —1.109 05 00,31 —.01

Normal equation, 94t — 5. 469a,, — 0. 145a, + 5. 676¢—38:.94 =0

Adopted a,,=—0°.100

@, =—0.997
Clock slow 24223 at 134.30.

c=-40°.025
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TABLE IIY.—Details of time work—Continued.
[St. Louis, Missouri, May 16, 1890. Before signals. Observer, Pritchett.}
) Name of star. Clamp. A [ 3 v’

h. m. s 8.
7 Virginis .eoeeecieenciacennanaaee w. +0.53 +1.01 11 54 53.45 +.13
o Virginis ........ +0.50 1.01 59 15.55 +.03
4 H, Draconis. .. —3.13 4.90 12 06 44.49 —. 01
7 Virginis ...... . -+0.62 1.00 14 55.90 —. 05
6Can. Ven -vccvvvennsicnrncnennns Ww. —0.02 +1.30 20 05.14 —.11
20 COMMB.ccvurorucmanrannenannaanas E. 0. 32 —1.07 12 23 50.17 +.07
k Draconis. ....ocvicencninina.... —1.57 2.98 28 25.32 .00
© oy Virginis cooceeeeieiiiiineioa. -0, 64 1.00 35 43.61 -1
31Com.Ber......coveviiuiiinnnaan. +0.21 1.13 45 58.94 —.07
SVirginis ..oeooiiennccneenL. E. +0. 57 —1.00 12 49 42.35 +.11

Normal equation, 104¢—1.50001w--0.170ac+-2.040c—224.43—=0
Adopted aw=—=—0°503 ae=—0490 c=—0°.435
Clock slow 22,26 at 12°.36,
[St. Louis, Missouri, May 16, 1890. After signals. Observer, Pritchett.]

Name of sta-,r. Clamp. A () t ?

h, m. 8. 8.
(25 11]1) S E. —1.93 —3.41 13 22 58,97 +.02
S VIrinis . veveennevromrencnceaenns +0.62 1.00 28 44.02 +.01
7B00t8 «.nviirrnrineiiearacnaina. +0.37 1.05 41 40.84 +.02
7 Baotis . icvevereiaanccroncctiancnn E. -+0.36 -~—1.06 49 05.53 —. 04
7 Virginis ..ooviviceiianiiiciiennn. Ww. +0. 60 +1.00 13 55 42.45 —. 10
aDraconis. .e.ceeeeeecaniionieeconn —1.04 2.36 14 01 05.70 —.01
dBoOtS «.iiieaiiicaaeai it ians +0. 25 1.11 05 02.73 -+.08
¢ Virginis . ccceeeeereens ceaseranoat +0.70 1.00 09 54,50 —.01
pBootis ...eiiiiiaiicicaaaa w. +0.16 +1.16 14 26 45.21 +.03

~ Normal equation, 94¢-0.67aw—0.58a¢-+0.11c—19°.93=0
Adopted a,=——0°.460

ae=—0%.527
Clock slow 22:.23 at 134.85,

c=—0.410
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TaBLE III.—Details of time work—Continued.

- [St. Louis, Missouri, May 25,1890. Before signals. Observer, Pritchett.]

Name of star. Clamp. A (4] t v

- — [—

h. m. s f 8.
4 Draconis ....ac.evenannns PRSI E. —3.126 —4,90 12 06 49.99 . +.01
2 CAD VN +evves cannemeamnrmanns|oaaenannns —0. 062 1.33 10 1632 | —.07
7 VIDZINES o vneemeenaneneonenan]enaeanennn +0. 624 1.00 13 54.57 | +.06
2 ® +0.316 1.07 33 50.45 +. 04
24 COM®PB...auacerennnocansvacane.nn +0. 355 —1.06 39 15.30 —. 03
31 Com. Ber............. eeneas WL +0. 206 +1.13 45 00.48 | —.10
8 VALIniS. .. eeenemeneenacnrnaceen]onnernnnns +0.570 1.00 49 42.79 +.05
€ Virginis ..oevececeeceaenns s cevmeeeeed]  40.464 1.02 12 56 21.41 +.02
+0.202 1.14 13 06 24.58 +.05
—1.926 +3.41 22 07.84 —.02

Normal equation, 10at—0.484a,,-1.888a,—1.66c—4°.93=0
Adopted a,,=+2°.270 a=+2.394 ¢==—0°.406
Clock slow 20°.99 at 120.63.

{St. Louis, Missouri, May 25,1890. After signals. Observer, Pritchett.]

Name of star. Clamp. A C : t v

h. m. s 8.
7 Virginis ......... ceresaaanaceae w. 0. 596 +1.00 13 55 42.15 —. 02
a Draconis ....cceeviaveevicennen. —1. 044 2.36 14 00 09.63 —. 01
d Bootis .ccuianannn . esacececcacss -+0. 250 1.10 05 03.21 +.01
p Bootis..acieeiiennen.n +0. 157 +1.17 26 46.00 +.01
€ BoOtiB.coceermeieennainnnnnann. E. -+0. 217 —1.13 39 50.44 —. 05
109 Virginis ...cvceeeemccnennnnnens N +0. 592 1.00 40 19.77 +.07
BUrs. Min..ocusmarvameuane PPN . —2.215 |- 3.77 50 49.25 .00
Y Bootis. ....oiiiieiaaaaas caeee E. +0. 220 —1.13 59 23.41 —. 01

Normal equation, 8At—0.041a,—1.186a,—1.40c—5°.66=0
Adopted a,,=-+2.194 @ ==+2.305 e=—0.426
Clock slow 21200 at 14h,45.
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TABLE III.—Details of time work—Continued.
[St. Louis, Missouri, May 28, 1890. Before signals. Observer, Pritchett.]
Name of star. Clamp. 4 g t v
h. m. s 8

o Virginig.ceeueicvvianniiniiiaaa.. E. +0. 496 —1.01 11 59 14.24 “+.01

4 H.Draconis.cuawe. eeenieaceaan.. —3.126 4,90 12 06 54.36 —. 01

2Can, Ven....o.coueaciaanaanann. -—0.062 1.04 10 16.87 —. 056

7 Virginds..omeieniiiniianaaaa . E. ~+0.024 —1.33 13 54.19 +. 06
20 Com® .cuvunn.n ehsencessssansenns W. +0.317 +1.07 23 61.52 +.12

k Draconis. ..eveieiaaiioiaaa... --1.571 2.98 28 35.84 —.01
31 Com. BOr..uicaeiacaracncacnennan 40,206 1.13 46 00.72 —. 11

4 Virginis......... cesreacteacnanns -+0.570 1.00 49 42.49 +.04

e Virginis...ccevenveienanann..n. W. +0.464 +41.02 56 21.22 —. 04

Normal equation, 942—0. 014a,,—32. 006¢,—1. 08c—176°. 70=0
Adopted @, =+3:.726 a,=+8" 759 =05, 440
Clock slow 207, 46 at 12", 45.
{St. Louis, Missouri, May 28, 1890. After signals. Observer, Pritchett.]
Name of star. Clamp A c t v
h. m. 8. 8.

0 Virginis ...cceeiieeienionnanaon. E. . =0, 692 —1.00 13 03 53.82 +.01
43C0MB eueuenrnninananeraemaneneas| +0.202 114 06 23.87 +.01
20Can. Ven -.c.coiennevecccecaaann —0. 059 1.33 12 17.08 —.02

(65 01113 PN E. —~1.931 ~3.41 23 08 14 +.02
aDraconis.....o...oiivenenaaaa.. Ww. —1. 044 +2.36 14 01 11..78 +.01

ABOOHIS - -cnuoaneannceiaaenaes ’ +0. 260 1.11 05 03.40 .00

¢ Virginis .. o.ooiiiiiiiiaenaae w. --0. 699 +1.00 09 53.35 —.02

Normal equation, 7At—0.095a,,—L. 0964, 2. 40c—139°. 62=0

Adopted a,=+3¢.745
Clock slow 202, 42 at13b. 63.

a,=+3" 660

c=——10s, 436
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TaBLE III.—Details of time work—Continued. .

[St. Louis, Missouri, May 29, 1890. Before signals. Observer, Pritchett.]

55

Name of star. Clamp. A c ’ t v

h. m. 8. 8.
Kk Draconis.cooouiannciceaaaanan. w. —1.571 +2.98 12 28 25.97 .00
31Com. Ber.....cc.vauunne PR +0.206 1.13 46 02.23 —.10
S Virginis..ooooiiiiiiiiiiiiiin +0. 570 1. 00 49 406.31 +.03
e Virginis.....oocoaieniiiiiiaias . W. +0. 464 +1.02 12 56 24.45 -+. 03
a Virginis...ooeenieniieenaiiaan. .. E. +0.770 —1.02 13 19 06.39 +.04
(€2 981 1) SR, —1.931 . 3.41 22 55.70 -+.04
¢ Virginis +0. 624 1.00 28 47.42 +.04
m Virginis +0.735 1.01 Pp 32.77 —. 04
TBOObIS ..ol E. +0. 371 --1.05 41 43.54 —. 05

Normal equation, 9a¢—0. 331aw+0.'569a —1. 36c—1821. 22—=0
Adopted a, =2 650 a e=—2’. 830 e=~02, 439
Clock slow 20°.26 at 134, 16.
{St. Louis, Missouri, May 20, 1890. After signals. Observer, Pritchett.]
Name of star. Clamp. A [ t v

h. m. s 8.
a Draconis. ....coceeiiaiaaa .. E. —1.044 —2.36 14 01 02.89 .00
a BOOtIS. ceo e e iieecaanaes +0. 250 L1 05 04.17 +.01
« Virginis.........ooa. [ +0. 699 1.00 09 57.19 .00
S Virgints. ocooiiiiiiiiiiiann. +0. 648 1.00 22 14.43 +.03
pBootis. oo E. +0. 157 —1.16 26 46.36 —, 06
B 70717 0 YN . -+0. 387 v +1.04 35 16.08 .06
wnVirginis +-0. 696 1.00 36 59.27 +.04
109 Virginis +0.592 1.00 40 24.46 +.07
+0.220 1.13 59 26.22 —. 06
+0.102 1.20 15 10 46.20 —.12
1H. Urs. Mib cceeceienenvanannn W, —1.290 +2.65 13 03.38 —. 01

Normal equation, 114¢+40. 707a,,+-0. 710a,+1. 39c—108>. 48=0
) Adopted a,=—2:. 77 o, =—283 c=—0% 480
Clock slow 20°. 28 at 145, 58.
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TABLE III.— Details of time work—Continued.

[St. Louis, Missouri, June 7, 1890. Observer, Pritchett.]

Name of star. Clamp. A ¢ i t v

i hom. s 8.
4 018 Miluceneniaeaaananss i) —3.072 —4.84 14 08 42,62 .00
P BOOS - ceeeeeeeaeneanns 40,157 116 - 2 47.99 —.10
7 BOOS <o e eeeeoeeeananans 40,387 .05 | 35 17.42 +.03
109 VACINES - eeveeeereneeaennen +0.696 100 36 0.57 | +.03
B VARGIDS < eeone e eniienreennnes . 40,592 —1.00 40 26.45 +.04
B UTS. Mil «oveernnnansnnannans w. —2.215 +3.77 1 14 50 36.45 +.01
B LAV covoevne oo eiiieeinn +0.748 1oL ) 15 10 5266 | —.04
7! Serpentis.. ... oooieaaaiot . . -+0.408 1.04 | 20 26.81 +. 05
B COLBOT. cenenemennaannnn +0.182 115 ¢ 23 02.03 | —.02
@ COL.BOT « oo oW +0.224 | 4112 | 15 20 46.46 —.01

Normal equation, 10a¢—0. 658a,,—1. 240a,—0. 96¢ —200°. 53==!
Adopted a,=b". 820 =58 662 c=0s. 569
. Clock slow 18- 91 at 14, 87.

[St. Lonis, Missouri, June 9, 1890. Observer, Pritchett.]

Name of star. Clamp. f A ¢ t v
—_ ! —_— [P e e - .

h. m. & 8.
7 Virginis ...o.oioiiiiiiiaanaan, w. | +0.60 +1.00 13 55 46.21 +.04
a Draconis | —Lo04 | 2.36 14 01 12.29 —.01
d BOOtiS cevure i ciiaa +40.25 1.11 05 06.80 —.03
¢ Virginis....oooviiiii et +-0.70 1.00 09 58.10 +.08
ABootis . .oooniiiiiiiiiiiaiaa w. | —0.20 +-1.46 11 57.06 —. 10
pBootis ...o.ieiit ceiiiiiiaiann E ’ --0.16 —1.16 26 46.57 —. 04
= Bootis ...... eeeneane PR ' +-0.39 1.05 35 14.50 .00
109 Virginis .coeeeveecaeecaaan.. ; -+0.59 1.00 40 22,22 —. 01
B Urs Milieeeeneioaanmeaneee. =222 3.77 50 44.43 .00
0. 22 1.13 14 59 25.25 —.01
+0.75 —1.01 15 10 46.30 +.08

Normal equation, 11at+-0. 31a,,—0. 11@,—2. 19¢—~207". 15=0
Adopted =0 891 a, =0 807 c=—1v, 267
Clock slow 18 56 at 14%. 49
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TABLE IIL.—Details of time work—Continued.

|St. Louis, Missouri, June 10, 1890. Observer, Pritchett.]

57

Name of star. Clamp. l A C t v
=
: h. m. s 8.
S Virginis. .ooeeueniiinnneaaan, E. % +-0. 648 -1.00 14 22 11.93 —. 03
5 Urs. Min . —2. 559 4.20 27 40.30 .00
T BOOLIS - oeiiiiiici i { +0. 387 1.04 36 14.38 —. 02
109 Virginis...ooovviviinuaaania o +0.592 1.00 40 21.43 =+.01
aLibrae. ccovennn i i -+0.842 1.04 44 26.86 +.06
i Pz, XIV,221 ccceviinnnnnvnnnn. E. | 40.416 —1.04 50 42.67 —. 03
D BLibrm. e oW +0.78 | 401 | 15 10 45.77 | —.07
7 Serpentis . +0.403 1.04 .20 23.37 +.07
a Cor. Bor..... 40,224 1.12 29 44.77 —.01
a Serpentis ... i 40.53L 1.01 38 32.51 —. 01
B Serpentis .ecemeeiiiiiennann.. { +0. 404 1.04 40 48.71 —. 01
w Serpentis ....oveiiiiaaa. . -+0.666 1.00 43 33.77 +.03
SUTS. Min wcveeeeeeieeaneniannns w. ' 3,009 ’ +4.87 48 02.21 .00
Normal equation, 134¢—0. 123a,,--0. 326a,-+1. 77c—237*, 28=0
Adopted a,, =4~ 090 @, =+4.079 c==—(r, 453
Clock slow 18+, 25 at 15, 12.
*
[St. Louis, Missouri, June 11, 1890. Observer, Pritchett.]
Name of star. Clamp. A 4 t v
ko m. 8. 8.
y? U8 Min.oeeenieonenoannnnaannn W. —1.82 +3.28 15 20 41.50 +.03
BCOr.BOL. cciiiniieiaicannanans +0.18 1.15 22 01.64 —. 07
aCor.BOr....ooviviiniaiiiin s +40.22 1,12 29 49.95 +.05
aSerpentis ......coeeeieniennnnnn. +0.53 1.01 38 34.97 +.02
B Serpentif.ceeee i iiiaienianaa, w. +4-0.40 +1.04 40 50.67 .06
S S T IO E. +0. 67 —1.00 43 35.90 —.04
gSerpentis. .....ovunaieioniaeaan. +0. 56 1. 00 45 03.11 +.01
$UTS. MiNaceuennunnnn. . | —3.10 4.87 47 45.14 —.02
eCor.Bor............ +0.22 1.12 52 45.12 —-.09
& Ophhiuchi +-0. 67 1.00 16 08 18.08 —. 02
AHerculis ..oooveveeiicaiecnaaa.. E. +0.35 —1.06 16 47.33 +.06

Normal equation, 11A¢—0. 49a,,—9. 63¢,—2. 45¢—89, 25=0
Adopted a,,=—0.126 a,=-—0.128 e=—0, 403
Clock slow 18+, 01 at 15%. 73.
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TaBLE 1II.—Details of time work—Continued.
[St. Louis, Missouri, April 29, 1890. Observer, Woodward.]
\
Name of star. Clamp. A c t v

h. m. s. 8.
(€5 0 & {1 SR w. —3.17 +4.97 10 51 17.07 +.04
x Leonis..... e e ranee e, 0. 51 1.01 59 31.96 +.04
D Leonis cecenniiennnicenaananan. +0. 59 1.00 1 01 29.07 —. 06
03 Leoni8..cveaerecnen i w. +-0.32 +1.07 08 26.55 —.03
7 Leonis E +-0.58 —1.00 22 26.61 —.06
A Draconis..oeeeieaciiiiiiaiiaaaan —1.52 2.92 24 56.90 —. 06
v LeoniS . o.oviiiiiiiiiiiiiaiann +0.63 1.00 31 28,97 —. 02
X Ors. Maj..oeniiaina i, —0.26 1,51 40 22.46 +.06
B Leonis.....coivvarannn. P L. +0. 41 —1.04 43 36.56 +.11

Normal equation, 9At—1.91a+-0.58¢+73%66=0
Adopted ¢, =—2.43  @=2043 c=—0.80
Chronometer fast 82.64 at 11%.29.
[St. Louis, Missouri, May 1, 1890. Observer, Woodward.}

Name, of star. Clamp. A [ t v

h. m. s 8.
A Draconis........... teeseanaaanen W. —1.52 +2.92 11 25 11.39 +4-.08
v Leoni8........... Cereeemeeraaeas +0.63 1.00 31 32.83 +4.01
X Urs. Maj.ooiiiiiinniiieeann —0.26 1.51 40 29.90 —.04
B Virginis -4-0.59 1.00 45 11.86 .03
= Virginig .......o... Ww. -+0.52 +1.01 56 28.14 —. 03
o Virginis ..... ereaecancen e E. +0. 50 —1.01 59 47.48 —.12
4 Draconis...... vevmeeremneraas —3.10 4.91 12 07 12.99 —. 01
20 Com® ......... maeivmeee e, +0.32 1.08 24 23.11 —.01
24 COMB vuurnnimaniariannanniann. +-0.36 1.06 29 48.19 +.06
8 Virginis «..covvecenennaadiaanas E. +-0. 57 —1.00 50 15.14 +4.03

Normal equation, 10At—0.04a,,—1.35¢,—1.62c+117°.75=0

Adopted @, =043
Chronometer fast 11,97 at 128,02,

a,~=+0.26

e=—1%43
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TABLE IIL.—Details of time work;—Continued.

{St. Louis, Missouri, May 2, 1890. Observer, Woodward.]

59

Name of star. Clamp. A C t v
h., m. s 8.
20 COMB. - eemmeiainennneacaaans W, -40. 32 +1.08 12 24 26.61 —. 03
&k Draconis .ceeiienenieniiaian.,. —1.57 2.98 29 05.57 —. 01
e Virginis. .ccoveiiiiniacnan. anaee +4-0.46 1.02 56 56.92 +.01
8 Virginis...oc ool +0.69 1.00 13 4 29.92 .00
43 Com®. . eveen-n.. eeeeennaans e WL 4-0. 20 +1.14 6 59.63 .00
CUrS. Maj ceverennniaieaaaaannn E. —0. 51 —L.177 19 45.45 —.11
NBOOtIS ol +0.36 1.06 49 41.57 .00
7 Virginis...... eeeeeeeteeeaeren. +0.60 1.00 56 17.46 +. 02
aDraconis.....cocoiieinniaaiao.. —1.04 2,36 14 01 41.64 +.13
ABootis .ceouet i, E. +0.25 —111 05 37.79 —.02
Normal equation, 10at4-0. 10@,,—0. 34a,—0. 08¢4-8. 68=0
Adopted a,=+0. 61 a,=+0%.43 c=—01, 20
Chronometer fast 13t 86 at 13", 32.
[St. Lonis, Missouri, June 7, 1890. Observer, Woodward.]

Name of star. Clamp. A -0 t v

h. m. 8. 8.
4 Urs. Min.. Ww. —3.07 |. +4.84 14 ‘10 06.92 .00
pBootis ............ P, +-0.16 1.16 27 48.58 +.21
7 Bootis, Proceeeccaciiiieaneaan. +0.39 1.05 36 16.14 4. 03
w Virginis ..... eeemnemiaccnanea. +0.70 1.00 37 58.15 —. 09
109 Virginis .occcenienoaiaaaaan. w. +0.59 +1.00 41 23.63 —.16
E. —2.22 —3.77 51 49.80 .00
-+0.75 1.01 15 11 47.42 —.10
+-0. 40 1.0+ 21 24.02 +.09
. 40.18 1.15 .24 00.55 — 11
E. -+0.22 —1.12 30 44.92 +.10

Normal equation, 104¢—1. 23a,,—0. 67a,4-0. 96c—18¢. 14==0
Adopted @,,=+0.77 a,=+12.02 ——0r. 048
Chronometer fast 41% 65 at 14". 89.
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TaBLe III.—Details of time work—Continued.

{St. Louis, Missouri, Jnne 9, 1880. Observer, Woodward.]

[BULL. 0.

Name of star. " Clamp. A C ¢ b

h., m. s 8.
e Bootis .. W. 0. 35 +1.06 13 50 10.31 —. 06
7 Virginis.. +0. 60 1.00 56 46.36 .00
a Draconis ... . —1.04 2.36 14 02 09.59 —.05
d Bootis...... . 40.25 111 06 06.69 +.07
¢ Virginis. ... . +0.70 1.00 10 58.24 —.03
ABOOtiB.caeueieereaneiinnacrcnnns W. —0.20 +1.46 12 56.25 . +.05
PBOOtIB . caueoniaeriiiianiaaaann E. +0.16 —1.16 27 48.84 —.25
7 Boots, Pr...vecrranianiaannt +0.39 1.04 36 17.11 +.14
109 Virginis......... teessresreenans —0.59 100 | 41 24,87 +.11
BUrs. Maj..oovneniiennnanrnannns -2.22 3.17 51 48.74 .00
L7803 2011% 0 1 TN +-0.22 1.13 15 00 27.70 -, 02
[ 511) < Y E. +0.75 -1.0 11 48.89 +.02

Normal equation, 124¢+0. 66a,,~—0. 11a,—1. 12¢+4*. 77=0
Adopted a,,=+0°173 a,=+0%239 c=—0°. 047
Chronometer fast 42s. 41 at 14b, 43.
[St. Louis, Missouri, Tune 10, 1890. Observer Woodward.}

Name of star. Clamp. A C t v

h. m. s 8.
¢ Virginig....ooooaiiaiaiiiol Ww. -+0.65 +1.00 14 23 16.01 —. 02
S5UTS. Mim, ..ceooiiiiecnanenan —2.56 4.20 28 33.32 .00
mBootis, pr...coeimiiiiea +0.39 | 1.05 36 17.46 .00
109 Virginis.....ocoooiiaaiiannaa, +0.59 f 1.00 41 25.26 —. 01
LA A1) - S +0.84 1.04 45 381.61 v —. 05
Pz. XIV, 221t w. 4-0.42 +1.04 51 45.96 +.10
BLibre.......ccovieniiiiiaiaan. E +0.75 —1.01 15 11 49.10 - 07
7 Serpentis. ........coeiiiiiaaa.. -L0.40 1.04 21 25.39 +.12
BCor.Bor.....ceeeeuncnnnnn. veeet +0.18 1.15 24 01,85 +.05
aCor.BOr.....iciacanemnninannnn +0. 22 1.12 30 45.91 —.08
B Serpentis ............ e +0. 40 1.04 41 50.70 +.01
1 Serpentis .....ecioeceniiiinnnn. +0.67 1.00 44 36.71 —.04
SUrB. Min...covvmnvennncninnnnnn E. —3.10 —4. 87 48 48.32 .00

Normal equation, 13A¢+-0. 33a,,—0. 48a,—1. 90c- 8% 87=0
- Adopted a,,=-0+. 089 @, ~=+-0% 161 c=—400, 093
Chronometer fast 42+, 89 at 158 12,
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TABLE III,—Details of time work—Continued.

[St. Louis, Missouri, June 11, 1890. Observer, Woodward.]

61

Name of star. Clamp. A c t v

h. m. s 8.
YR U3 {0 ' £ w. —~1.82 -}3.28 15 21 41.60 - .02
B Cor. Bor........ cevereonns cevoanns +0.18 1.16 24 02.27 — .02
@CoT, BOL «.cicceeciomcnencacnanna +0. 22 1.12 30 46.43 - .04
a Serpentis............ veveremmsaane +4-0.53 101 39, 35.57 + .06
B Serpentis ceccveeenenn [ Ww. +-0.40 +1.04 41 51.23 + .04
pSerpentif ... ..cecvvenecenn vaeuns E. +0.67 —1.00 4 37.07 + .01
eSerpentis. .occeereiicneceranenan, +0. 56 1.00 46 04.26 .00
¢Urs. Min .coemmviiiiiiaienannnn, © —3.10 4.87 48 48,41 — .01
LY 075 20 117 S +0.22 1.12 53 46.48 .00
S0phiuchi. cceeniennnancanacnann. +0.67 1.00 16 09 19.18 -, 04
yHerculis ...... cemesen smmarecnanen E. +0.35 —1.06 17 48.46 — .02

Normal equation, 11A¢—0, 49a,,—0. 630,—2. 45¢+104.30=0

Adopted a,=0". 00
Chronometer fast 42, 95 at 150, 76.

@=+0.111

c=—0°. 084
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7. Time-piece corrections and rates.—Collecting the clock corrections
and their epochs from' the preceding tables and computing the hourly
rates from the differences of the corrections and epochs, there results
the following Table IV :

TABLE IV.—Time-piece corrections, epochs, rates, etc.

! Chronome- Hourly rate Céxtg(:.r.lg :n )
Station. Date. ter cor- | Epoch. | of time- Bond &
rection. piece. Sons.
-
1889. 8. h. s !
Spearville, Kansas ........ Qct. 27 —39.23 21. 41 | 187
—39.2¢ | 92.87 | —0.003 |
28 —39.49 21.41
—39.57 22,81 -0, 057
Nov. 2 —41. 67 21,93
—41. 64 23.26 +0.023
Boisé City, 1daho.......... 15 —36.77 22, 40
—36. 68 24. 35 +0. 051
23 —40.98 22. 52 i
—40.95 24.57 i +40.015
24 —40. 82 = 22. 91
—40.74 1 24,51 +0. 050
Cisco, TOXa8 e oqeenaeaenn. Dec. 8 + 0.62 i’ 0.08
<+ 0.54 | 2,17 ! —0.038
10 | —217 0.39 |
— 2.3 2.03 l —0.134
11 — 3.03 0.53
— 397 | 24l | —0.128
$t. Louis, Missouri ....... 18| —22 | 08 |
—2.32 5,24 | —0. 018
.19 — 2.55 2.20 I
—2.58 417 o015 |
1
1890. |
Apr. 29 — 8.64 11.29 :
May 1 —11.97 12,02
2 —13.86 13.32
Sierra Blanca, Texas....... 16 ~10. 07 11.25
—10. 08 12.91 +0. 006
25 —17.31 11, 38
—17.38 13.36 ;40,035
28 —18. 64 11.41
—18.72 | 13.33 40,042 ,
29 —19.31 11.79
—19.43 13. 36 +0.076
St. Louis, Missouri ........| June 7 —41. 65 14.89
) 9 —42.41 14.43
10 —42. 69 15.12
11 —42. 95 15.76
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TIME-PIECE CORRECTIONS, ETC.

TaBLE IV.—Time-piece corrections, epochs, rates, etc.—Continued.

Hourly rate

s Clock Clock by
Station. Date. | sorrection.| EPoch. | of time. | Sy o 4
piece.
1889, 8. h. 5.
St. Louis, Missouri ........ Oct 27 --389, 91 22,32 214
—390. 05 23. 67 —0.104
28 | —391.83 22.32
—392,05 23. 62 —0.169 "
Nov. 2 | —400.56 | 22.87
. —400. 63 24.18 —0.053
15 | + 1441 0.27
+ 14.34 1.93 —0. 041
23 | + 14.28 6.46
+ 14.18 2.08 —0.030
25 | 4 14.18 22,97
+ 14.32 3.18 0. 046
Dec. 8 | + 15.50 0.92 .
+ 15.48 3.08 —0.010
10 | + 15.49 1.04
+ "15.40 2.64 —0. 051
1 | + 1551 1.32
+ 1560 | . 264 -+0. 069
18 | + 15.59 0.83
+ 15.68 5.26 | 40.020
19 | 4+ 15.51 2.09
+ 15.57 4.15 +0. 029
1890.
Apr. 20 | 4 24.33 11.28
May 1 + 24.29 12,00
2| + 2423 13.30
! 16 | + 22.26 12.36¢
+ 22.23 13.85 ~0.020
25 | 4 20.99 12.63
+ 21.00 14.45 —0.006
, 28 | 4 20.45 12.45 |
+ 20.42 13.63 —0.026
29 | + 20.26 13.16 )
- 20.28 14.58 +0.014
June 7 + 18.91 14.87
9 | + 1856 14.49
10 | + 18.25 15.12
11| +18.01 15.73

63
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(8) Record of clock comparisons and apparent differences of longitudg.—
In comparing time-pieces both automatic and arbitrary signals were
exchanged. In general the comparisons were derived from the mean of
the arbitrary signals so selected as to give a nearly symmetrical distri-
bution throughout a whole minute and throughout one revolution of the
chronograph cylinder. A like distribution of automatic signals, when
equally legible, gave the same result. The records of these compari-
sons and the apparent differences of longitude of the.field stations and
St. Louis are given in Table V, and the corresponding data for the per-
sonal equation work are given in Table VI,

TABLE V.—Adpparent differences of longitude.

[Results for differences from arbitrary signalsmade at field station.]

' Mean differ- &‘;‘;‘f St. Louis chfggl(?m Field station |
Field station. Date. |ence of clock- sig- clock correc- eter cor: west of St.
face times. | ¢ 5 tion. rection. , Louis.
‘_—_A N - 1
1889. |- k. m. . m. 8. 8. h. m. s
Spearville, Kansag.......... Oct. 27{ 0 44 02.23 25 —6 29.99 | —39.24! 0 38 11.48
* 28 03. 68 25 —6 31.95| —39.54 11.28
Nov. 2 10. 45 30 —6 40.59 | —41.65 11.51
Boisé City, Idaho........... 15| 1 43 12.01 19 + 14.36| —36.71{ 1 44 03.08
23 07. 97 21 +  14.20 | —40.96 03.13
24 08.11 15 + 14.22 | —40.78 03.11
Cisco, Texas.......cc.vo....j Dec. 8| 0 34 51.54 22 + 15.49 | +4-00.56 35 06.47
1] 48.72| 11| <+ 15.44| —02.31 06.47
11 47.78 19 + 15.57 | —03.1€ 06, 51
1890.
Sierra Blanca, Texas........ May 16| 0 60 04,15 13 + 22.24 | —10.08| 1 00 36,47
: 25 59 58.11 15 +  20.99 | —17.36 36.46
! 28 1 59 57.32 8 + 20.44 | -—18.70 36. 46
29 | 59 56.80 11 ] <+ 20.27 | -—19.39 36.46

[Results for differences from arbitrary signals made at St. Louis. ]

1889. : :
Spearville, Kansas.......... Oct. 27{ 0 44 02.10 12 ~6 20,98 i Z39.24 0 38 11.36
28 03. 57 21 —6 B81.94 ;| —39.54 11.18
Nov. 2 10.83 | 23, -6 40.50 | —41.65 11.39
Boisé City, Idaho........... 15 1 43 11.72 23 4+ 14.36| —36.71( 1 44 02.79
23 07.70 26 4 14.20 { —40.96 02, 86
24 07.84 16 +  14.22 --40.78 02.84
Cisco, Texas.cc.vaveuen..... Dec. 8| 0 34 61.39 29 4+ 15.49{ 400.56 ; 0 35 06.32
10 48,59 2 4 15.44 | —02.30 06.33
1 47.64 18| + 15.56 | —03.16 06. 36

1890.

Sjerra Blanca, Texas........| May 16 | 0 60 03,91 15 4+ 922.2¢| —10.08| 1 00 36.23
25 59 57.82 13 4+ 20.99 | —17.36 36.17
28 59 57.00 11 4+ 20.44| ~1870 36.14
29 59 56,52 7 4+ 20,27 | —19.39 36.18
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TaBLE VI.—Adpparent differences of longitude. Personal equation work at St. Louis.

[From record of Geological Survey chronograph.]

Mean dif- . R I i
Dato. | forence of | NURST | BG Lons 1 ometor | aa
times. signals. | rection. | cerrection.
1889. s 5. 5. &
Dec. 18 17.97 ol | 41657 | — 222 | 0.18
18. 00 19 ] 41559 | —2.92¢ | .17
18.01 13| +i5.60 1 —29 | .15
: 18.06 18 | 415.66 | —2.30 | .10
18.06 15 | +15.65 ¢ —2.32 | .06
18.06 18 | 41570 0 —234 | .04
19 18,95 ° 5 | +15.49 | --2.5¢ | .22
18,25 5 41551 | —2.55 | .19
18.26 5| +1558 | —256 | .17
18.28 5| 4155 | - 257 | .16
18.28 5| 41557 | — 258 | .13
18.29 5 | 41559 | —2569 | .11
1390.
Apr. 29 | 33.23 10 | 42483 | —s63 | .27
May 1 | 3644 10 | 42429 | —1.97 | .18
2 38.17 15 | 42423 | . —13.88 | .06
June 7 60.83 15 | 418010 | —41.65 | .27
9 | 613 15 | +18.56 | —42.41 | .16
10 | 6L16 15 | +1825 | —4269 | .22
1 ) 61.10 15 | 418.01 | —4295 | .14
[From record of Prof. Pritchett's chronograph. |
1889,
Dec. 18 17.99 9 | 41557 | —2.9 | 0.20
18. 00 9 | 41550 | —a2 | .17
18.00 18| +1561 | —22 | .14
18.07 16 , +1566 | —2.8 | .11
18.07 1| 41568 | —=232 | .07
18.08 17§ 1570 | — =234 | .04
19 18.24 5 | 41549 | — 254 | .21
18.22 5 41551 | —2.55 | .16
18.25 5 | 41553 | —2.56 | .16
18.28 5 ! +15. 55 — 2.57 .16
18,98 5, 41553 | —258 | .13
18.28 5| +155 | —2.5 | .10
1890
Apr. 29 33.21 10 | 42433 | —8.63 25
May 1 36.42 10 | 424929 | --1n97 | .16
2 38.17 15 | 42498 | —13.85 | .06
June 7T 60. 81 15 | 41891 | —d41.65 | .25
9 61.11 15 | 41856 | —2.41 | .14
10 61.16 15 | 182 | —42.60 | .22
1 61.10 15 | 41801 | —42.95 | .14

Bull. 70——5
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(9) Longitude differences uncovrrected for personal and instrumental
equation.—Calling the result for a longitude difference from the record
of the western observer’s chronograph 4A,, and the corresponding re-
sult from the eastern observer’s chronograph 42,, we get the following

table of results for longitude differences and transmission times:

TaBLE VIL.—dpproximate results for longitude differences and transmission times.

l

Station. Date. AN AAy 2(AA4-4A))
1889. h. m. s h. m. s h. m. 8.
Spearvitle, Kansas ....... Oct. 27 0 38 11.36 38 11.48 10 38 11.420 °
28 11.18 | 11.28 .230
Nov. 2 11.39 11.51 . 450
Boisé City, Idabo......... Nov. 15 1 4 02,79 44 03.08 [ 1 44 02,935
22 02, 86 03.13 . 995
24 02,84 03.11 .975
Cisco, Texas .............| Dec. 8 0 35 06.32 35 06.47 ;0 35 06.385
10 06. 33 06.47 . 400
11 06. 36 06. 51 .435
1890,
Sierra Blanca, Texas..... May 16 1 00 36.23 00 36.47 |1 00 36.350
25 36.17 36.46 .320
28 36. 14 36,46 .300
29 36.18 36.46 ° .320

! H
1 3(BA—8Ay,

8.

0.060 °

. 050
. 060

0.145
.135
.135

0. 075
.070
.075

0.120
.145
. 160
. 140

The values of 3(4A,44A,) in the preceding table give a series of
observation equations of the form

AN —3( AN+ dAg)=v.

Denoting the values of 4A for the several stations by accents we find
the following equations:

Obcervation equations for the quantities AA.

Station.

Spearville, Kansas . .

Boisé City, Idaho ...

Cisco, Texas ........

Sierra Blanca, Texas

Equation.

m.

8.

38 11.420

. 230
. 450

44 02,935

.995
975

35 06.385

.400
.435

00 36.350

Date.
1889, h.
....... Oct. 27 1AA —0
28 1
Nov. 2 1
....... 15 1aAi—1
23 1
24 1
....... Dec. 8 | 1aAt—0
10 1
11 1
1890.
....... May 16 1AAi—1
25 1
28 1
29 1

. 320
. 300
.320

Residual. | Weight.

8.
—0.053
+0.137
—0.083

-+0.031
—0.029
—0. 009

+0. 016
-+0. 001
—0.034

+0.028
—0. 002
—0.022
—0. 002

[

O om RO e e e
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The result of November 23 for Boisé City is given a weight of 0.2 for
the reason that no time observations were made at St. Louis on that
date, the clock correction being interpolated from observations of No-
vember 22 and 24. Likewise, the result of December 11 for Cisco is
given half weight for the reason that the time determinations both at
St. Louis and Cisco were imperfect (on account of cloudiness) after
exchange of signals on-that date. '

Since the results for the first three stations were obtained under sim-
ilar circumstances, and will have the same correction for personal equa-
tion applied to them, we shall treat the first nine of the above equations
as one group and the last four as another group. There result, there-
fore, :

h m 8 8 -
4At =0 38 11.367 4 0.028,
AM =1 44 02,9664 0.033,
AMi=0 35 06.401+0.031,
AAv==1 00 36.32240.007.

(10) Corrections for personal and instrumental equation, 1889.—-As
stated in section (6), the observations for personal equation were made
in the same way as those for longitude. In the work of 1889, however,

" 8ix comparisons of the time-pieces were made on each of the dates of
observation instead of one, as is usual in the longitude work. These
comparisons were made at the beginning of each of the two time deter-
minations, at the epoch of each reversal, and at the end of each deter-
mination. The earlier and later of such comparisons have less weight
than those made near the mean of the epochs of the two clock corree-
tions ; and since the rates of the time-pieces are obtained by dividing
the difference of the clock corrections by the difference of their epochs,
the early and late comparisons will show in an exaggerated form any
change in personal equation which may occur. But since the personal
equation is the unknown quantity sought, we have considered the
clock corrections as fallible quantities giving rise to discrepant values
of the personal equation. If we call 4¢! and ¢ the clock correction aud
epoch respectively from the first time determination, and denote by 4tt
and ¢ the corresponding quantities from the second determination, the
correction to either time-piece at the time ¢4t is of the form

(1—m) 4t + mAth, (a)
in which ~ :
T

g
and if ¢ is the time of comparison,
T==t—1l,
Assuming the probable errors of 4¢ and 4¢! equal, the weight of the
-above ¢orrection is proportional to .
(1 —2m+4-2m?)~!, ' ‘ (b)
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A result for personal equation, or $(41;+42,) involves the difference
of two corrections of the form (a), but since the values of m are nearly
identical in the two, weights may be computed from (b). The follow-
ing table gives the results for personal equation, together with their
weights and the data on which the latter depend:

Results for personal equation of 1889.

' Date. | -4 t m Weight. Py Ali.eiuAlig). Wrﬁgl,‘,t_ed
1889. h. h. 8. 8.

Doc. 18| 4.42' —1.16| —0.262 0.60 0.190

18 —0.23| —0.005 0.99 170

18 4077 40.174 1.40 .145

18 +3.471  +0.785 1.5 .105

18 +4.20 | 40,950 111 065

18 45.85 | 41210 0.66 040 0.119

19 —0.70| —0.302 0.47 0.215

19 ' 40,04| 40020 1.04 175

19 +0.64|  40.817 L] - . 165

19 +1.38|  +0.683 1.7 .160

16! +2.11]  +l049 0.91 .130

19 j | tana| 4135 0.51 .105 0.159

The results from the individual couiparisons indicate a progressive
decrease of the equation on both dates. A decrease is no doubt real in
each case, but its apparent progressive character is due to the linear
function used in computing the clock corrections rather than to any
such systematic change in the equation itself. It would appear that
the early and late comparisons were of little value except to show that
the rates attributed to the time-pieces are not the real rates. The two
weighted mean values, however, differ immaterially from the values
which would have resulted from single comparisons at times falling
midway between the epochs of the clock eorrections.

Taking the half sum of the two weighted means in the table and
computing a probable error {from their difference, we have

05,139 4 0°.013.

Prof. Pritchett’s transit during this personal equation work was west
of Woodward’s 4.2 feet, or 02.004. This diminishes the above result to

08,135 4 02.013.

. In view of the previous and subsequent experience of the same ob-
servers in determining their relative equation, it would appear that the
probable error just given is too small. As explained below, the mean of
seven results, obtained on as many different dates in 1890, shows a
probable error of 102021. It is evident that the mean of the more
consistent though smaller number of results of 1889 should not have a
less probable error. Hence we adopt as the value applicable to the

work for 1889
05,135 + 0s.021.
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This correction will be applied to 41}, 4AH, and JA1# given in section
(9) above. It means that Pritchett observes the traupsit of a star later
than Woodward, and hence the longitude differences are to be increased
by this amount.

(11) Correction for personal and instrumental equation, 1890.—In the
personal equation work of 1890, applicable to the apparent longitude
difference of St. Louis and Sierra Blanca, Texas, or 4A", given in sec-
tion (9) above, but one time determination and one comparison of time-
pieces were made on any date. Observations were made at St. Louis
on April 29, May 1, and May 2, before going to Sierra Blanca, and on
June 7, 9, 10, and 11, after returning from that station. The results
derived from Table III are given below:

Results for personal equation of 1890.

Gorrection | o, rocted
Date. Result. foorfp;?i?:;?n result.
1890. 8. 8. 8
Apr. 29 0. 26 -+0. 004 0. 264
May 1 0.17 +-0.004 0.174
2 0.06 +-0. 004 0.064
June 7 0.26 —0.004 .+ 0.256
9 0.15 —0. 004 0.146
10 0.22 —0. 004 0.216
11 0.14 —0. 004 0.136 .

The piers used in this perscnal equation work were 4.2 feet or 05,004
apart. Pritchett was east of Woodward on the first three dates and’
west of him on the last four dates. Hence the corrections given in the -
third column of the table above.

Assigning equal weights to the results in this table, the mean of the
first three values in the last column, or the mean value of the equation
before the exchanges for the longitude of Sierra Blanca, is 0.167.
Likewise the mean of the last four corrected results, or the mean value
of the equation after the longitude exchanges, is 02,188. The half sum
of these two values, or 02178, was applied to 4Aiv of section (9) above
in deriving the longitude of Sierra Blanca for the purpose of fixing the
one hundred and fifth meridian. It would have been better, perhaps,
to have used the mean of all the corrected results. This mean is 0s.179
£0s.021. It differs immaterially from the applied value, but its prob-
able error derived from the discrepancies between the seven individ-
ual results and their mean, appears to be the best index of the precis-
ion of the applied value. Hence we adopt for the personal equation
correction to be added to the longitude difference of St. Louis and
Sierra. Blanca, or 4Aiv of section (9),

08,178 4L 0s.021.
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(12) Arrangement of telegraphic circuits, transmission times, and instru-
mental-equation.—The routes of the telegraphic circuits used and their
approximate lengths are as follows:

Miles.

St. Louis to Spearville, Kansas, via Kansas City, Missouri.....c. ceveuianiaanns 640

8t. Louis to Boisé City, Idaho, via Omaha, Nebraska, and Ogden, Utah....... 1,950

8t. Louis to Cisco, Texas, via Pine Bluff, Arkansas, and Dallas, Texas........ 860
St. Louis to Sierra Blanca, Texas, via Cairo, Illinois, Pine Bluff and Texarkana,

Arkansas, and Sherman and Dallas, TeXa8...cceerncarninrnnceeniaannennn- 1,344

In the first of these circuits there were repeaters at Kansas City, and
Nickerson, Kansas; in the second there were repeaters at Omaha, Ne-
braska, and at Ogden, Utah ; in the third there were repeaters at Pine
Bluff, Arkansas, and at Dallas, Texas; in the fourth at Pine Bluff,
Arkansas, at Dallas, Texas, and at Big Springs, Texas.

Taking means of the transmission times given in Table VII, we have
the following table of results:

Transmission times, lengths of circuils, ete.

Approxi-
Average | Number | mate total

Ficld station. trans- of re- | length of
mission peaters | telegraph

time. used. line.
. 8. Miles.

Spearville, Kansas. ........ 0. 067 2 640

Boisé City, Idaho.......... 0.138 2 1,950

Cisco, Texas......ccoaunne. 0. 073 2 860

Sierra Blanca, Texas....... 0.141 3 1,344

In all cases the transmission times given above involve the action
times of three relays in addition to the action times of the repeaters.
These relays are the clock relay, which repeats to the chronograph cir-
cuit; the main line relay, which also repeats to the chronograph cir-
cuit, and the chronograph relay. The electric apparatus used by Prof.
Pritchett differed from that used by the field observer only in the chro-
nograph relay and in the transit key. Whatever difference these may
have produced should appear in the correction for personal equation
given in sections (10) and (11) above.

(13) Adopted longitudes.—Applying the corrections for personal and
instrumental equation given in sections (10) and (11), namely, +0°.135
4+ 05,021 for 1889, and 405178 4 05.021 for 1890, we have for the longi-
tudes of the several field stations relative to the pier used at Washing-

ton University, St. Louis, Missouri :
West of St. Louis

k. m. I3
Spearville, Kansas . ..ooiiemietiiiiat iiiieecaecrae cecaans 0 38 11.502 :]:0 035
Boisé City, Idaho. ..... e et e teee et e aaanas 1 44 03.101-0.039
Cisco, TeXa8 . .ovnnevmanevama e e e 0 35 06.5364-0.037

Sierra Blanca, TeXas . oouvee coneioiann cavaeeiacaee canaen aen, 1 60 36,500-190.022
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The longitude relative to Greenwich of the pier at St. Louis, used
from 1881 to 1884, has been determined by the U. S. Coast and Geodetic
Survey. Its adjusted value, given on page 423 of the report of that
Survey for 1884, is

6 00™ 495.163.

. The pier used in 1889 is 6 feet or 05.005 west of this position, while the
pier occupied during the longitude exchanges in 1890 is 0°.001 west
of this position. Hence, to get longitudes with respect to Greenwich,
we must add to the first three of the above differences 62 00™ 492,168,
and to the last 6® 00™ 495,164, Applying these values, we have—

West of Greenwich.

he m. & °
Spearville, Kansas. . coceeuvoinetiamiariiiriencieeiinaeecnnnaeennnnn 6 39 00.670
Boisé City, Idaho. «c oo iae e i i dreetiacticaae e 7 44 52.269
L0 1YL o T 5 T R 6 35 55.704
Sierra Blanca, TOXas ..o ooemneeeeeanenne ammeenaen s saeaaeaann 7 01 25.668

(14) Geographical positions of piers.—Collecting the weighted mean
latitudes of the observing piers given in Table II, and converting
the longitudes just derived into arc, we have the following table of
definitive values:

TABLE VIIL.—Geographical positions of piers.

Station. ) Latitade. Longitude.

o 1 " ° ’ "
Spearville, Kansas......... 37 59 06.34 99 45 10.05.
Boisé City, Idaho.......... 43 35 57.98 116 13 04.04
Cisco, TeXa8..coouvvunrnnnn 32 23 31.45 98 58 55.56
Sierra Blanca, Texas. ...... 31 10 27.64 105 21 24.96

4

FIXATION OF THE ONE HUNDRED AND FIFTH MERIDIAN IN EL PASO
COUNTY, TEXAS.

(15) The intersection of the ode hundred and fifth meridian of longi-
tude with the Rio Grande determines the common corner of El Paso,
Jeftf Davis, and Presidio Counties, Texas. The position of this meridian
was not known, except within rather wide limits of error, prior to
the determination of the longitude of Sierra Blanca. After the first
night of longitude work at this station the observing pier was found
to be about twenty-one miles west of the meridian. The method which
the nature of the country suggested as most practicable and accurate
for measuring this distance was that of triangulation. From their
junction at Sierra Blaneca, the Texas and Pacific and Southern Pacific
Railways run toward the southeast along a level valley furnishing many
suitable sites for base-lines, and very favorably flanked by mesas and
mountains available for triangulation. stations. Accordingly, the
method of triangulation was adopted.
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As already stated, the details of this work were carried out chiefly
by Mr. A.P. Davis. It is proper to state, also, in this connection that
very substantial aid was rendered as by Prof. W. von Streeruwitz, of
the Texas Geological Survey. Engaged in geological and topograph-
ical work in the same vicinity, he placed his assistants and camp out-
fit at our disposal and thus solved for us the serious problem in this
region, especially destitute of water, of subsistence and transportation.
During the previous winter in connection with his topographic work,
Prof. Streeruwitz had measured in the same valley a base-line about
four miles long (6,400.70 meters) with the secondary apparatus of the
U. 8. Coast and Geodetic Survey. This line, which- was connected
with our triangulation, served as a valuable check on the correctness
of our work.

(16) Measurement and length of base-line.—The site selected for a base-
line was a nearly level and straight portion of the Texas and Pacific
Railway, extending from Sierra Blanca to Arispe, a station or section
house about five miles east. On the south side of and 80.5 feet perpen-
dicularly from the south rail of the main track at Arispe, an iron rod
about two inches in diameter and two and one-half feet long was driven
into the ground so that its upper end was a few inches below the sur-
face of the ground. This rod marks the east end of the base and is
called Arispe. The measurement of the base was made along the south
rail of the main track from the point on this rail defined above to the
point of intersection of the rail with the meridian through the center
of the transit instrument at Sierra Blanca. This center is defined by a
small hole drilled into the top of the capstone of the pier. This hole
marks the west end of the base and is called Pier. The distance along
the meridian from Pier to the west end of the line measured nn the rail-
way track is 296.84 feet, the pier being south of the track. The angle af
the Pier between true north and Arispe is 108° 30’ 06”.6, determined
in a way explained below.

The length of the line between the two points on the railway track
defined above was measured with a 100-foot Chesterman steel tape, U.
S. G. 8. No. 5. The measurement was made during the night of June
1, 1890. For very efficient aid rendered in this measurement the
Survey is indebted to Prof, W. von Streeruwitz and his assistant, Mr.
Taff of the Texas Geological Survey, and to Mr. Otto Peterler of the en-
gineer staff of the Southern Pacific Railway.

The tape was stretched on the surface of the rails with a tension of
16 pounds, maintained by weans of a spring-balance. The rear end of
the tape was carried by Mr.Taff, who, with the assistance of Mr. Peterler,
brought the 100-foot graduation of the tape into coincidence with the
successive marks made on the rails at the front end. The front end
was carried by Mr. Davis, who kept the tape at the standard tension.
The position of the front end of the tape for a few tape lengths was
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marked on the rail by Prof. Streerawitz with a cold-chisel. Although
this method is a good one it failed in this instance for want of a suffi-
ciently hard chisel. For the remainder and greater portion of the line
the front end of the tape was marked by the writer with a sharp file.
This method gives a weli-defined mark and is more expeditious than
the former, but is perhaps not quite so precise. Pins were used as in
ordinary chaining to indicate the positions of the marks on the rails,
and the count of the tape lengths was kept independently by three dif-
ferent persons. The time required in the measurement was about five
hours.

The temperature of the tape was assumed to be the same as that of
the rails on which it lay in close contact. To determine this tempera-
tureé a thermometer was placed on the rail at the end of every ten
stretches of the tape. Care was taken to bring the bulb of the ther-
mometer into metallic contact with the rail so that it might commnicate
its temperature to the bulb by the relatively rapid process of conduc-
tion. The observations showed that the measurement was begun some-
what too early in the evening (about 8 o’clock local time) for the most
advantageous temperature conditions, since the temperature fell from
850 to 67° I'. during the time of the first hundred stretches of the tape,
and remained nearly stationary thereafter. The observed temperatures
ranged from 85° F. to 61° F., the average being 68° F,

The whole distance measured was 244 tape lengths plus 8.833 feet.
A tape length as here used is the distance between the 2.inch mark
and the 100-foot mark of this tape when lying on a horizontal support
and under a stress of 16 pounds.

The length of this space on the tape was determined by comparisons
with a 300-foot steel tape of the Missouri River Commission. For this
valuable courtesy the Survey is indebted to Lieut. J. C. Santord, Corps of
Engineers, U. S. Army, secretary of that Commission, and to his assist-
ant engineers, O. B. Wheeler and G. A. Marr, who made the compari-
sons. The tapes were stretched in the basement of the exposition bnild-
ing at St. Louis, June 7, 1890. They were held up about fifteen inches
above the floor on nearly frictionless supports which were placed at
intervals of 33 feet along the length of the tape. The tapes were placed
on the supports successively and were free to sag between supports.
Temperatures were observed by three thermometers placed at intervals
along the tape. The two comparisons, which differed by only 0.02 inch,
gave in mean the equation—

3x100-foot tape at 70.40 F. = 300-foot tape--0.28 inch at 70.6° F.

The length assigned by the Missouri River Commission to the 300
foot tape uséd in these comparisons is

300.03162 feet + 300 x 0.00000685(t—620),
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t being the temperature F. of the tape. Assuming the two tapes to

have the same co-efficient of expansion, the above equations give
100-foot tape = 100.01845 feet at 620 F.!

Deducting from this value two inches, or 0.16667 foot, and applying
the same co-efficient of expansion as given above for the 300-foot tape,
we find for the tape length used in the base measurement

99.85178 feet+0.00068(t—620) feet.

Since, as stated above, there were 244 tape lengths at an average
temperature of 63° I., we have for the length of the measured line

244 % 99.85178 feet = 24363.834 feet
Temperature correction—-4 0.996 feet
Fractional length =+ 8.833 feet

Total = 21373.663 feet

According to a topographic map of the vicinity projected from the
surveys of Prof. Streeruwitz, the elevation of the railway at Arispe is
about one hundred and thirty feet less than at Sierra Blanea. Assum-
ing the slope to be uniform between the two ends of the measured line,
the grade angle would be 18’ 20/, and the corresponding grade cor-
rection is 0.35 foot. The measured line corrected for grade is, therefore,
24373.31 feet. The correction, derived from the data given above, to
be applied to this length to get the line Pier-Arispe, is —95.69 feet.
This gives for the latter line 24277.62 feet.

The elevation of Sierra Blanca above sea-level is given by the South-
ern Pacific Railway as 4,512 feet. Deducting from this one-half of the
fall to Arispe, or 65 feet, we have for the mean height of the base above
sea-level 4,447 feet. The base being in latitude 31° 10/, and having a
mean inclination to the meridian of 71° 29/, the reduction to sea-level
for the above elevation is —5.16 feet.

Collecting the several elements of the base just given, we have the
following summary :

Feet.
Length of measured line.......oueeecomnnn iomnariiin e caraeieeeeae 24373. €6
Correction for grade .....coeoiei i eice i 0.35
Correction for transfer to line Pier-Arispe . .......ccaeiioeoieoeaaaiiios 95. 69
Correction for elevation. ... ... . iiieeriiieiiiiei et ieiiiira e aans 5.16
Sea-level length of line Pier-Arispe.. ... cccciieeeriiocarcore venens cvenns 24272, 46

(17) Angles of triangulation.—The angles of the triangu]atidn connect-
ing the astronomical station with the one hundred and fifth meridian
and with the base of the Texas Geological Survey, were measured by

1 A comparison of this tape with the mural standard of the U. S. Coast and Geodetic Survey, made
June 26, 1890, at a temperature of 82° F., the tape being supported withont sag on thestandard, gave

100-foot tape =100.02083 at 62° F.

This value depends on the assumption that the mural standard and tape have thesame rate of expan-
sion. The correction for the error of this assamption and the correction for sag of tape as used at St.
Louis would both diminish the discrepancy between the two values, which ianow about 5535,
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Mr. A. P. Davis with a non-repeating theodolite, No. 437, made by
Fauth & Co. This instrument has a circle eight inches in diameter
gradunated to 10’. The circle is read by two micrometer microscopes
whose headsare divided to 2. The telescopehas an objective two inches
in diameter and a focal length of about sixteen inches. It has a con-
venient device for shifting the circle, and is in all respects a high
grade of instrument.

In general, four measurements of each angle were made on as many
equidistant parts of the circle. By a measurement is meant the mean
of two results obtained by moving the microscopes in the direction of
the graduation and immediately afterwards in the opposite direction,
or, vice versa, so as to eliminate twist of the instrument or its support.

The instrument was mounted in general on its heavy tripod and was
protected from the sun and wind by a canvas screen. The signals
used were either well defined targets of white cloth or symmetrical
cairns of stones. Nearly all the stations are marked by such cairns so
that they may be identified easily so long as they remain undisturbed.

Table IX, following, gives the angles and derived data used in com-
puting the connection with the meridian and with the base of the
Texas Geological Survey. As may be seen from the sketch of the
triangulation below, many more angles than those used were measured.

~NErglePeak .
TRIANGULATION CONNECTING SIERRA BLANCA PIER WITH I05TH MERIDIAN, ELPASO COUNT v. TEXAS.

Scale of miles,
L S

)

Since our principal object was to locate the one hundred and fifth
meridian well within the limits of the unavoidable errors in the astro-
nomical longitude of the Pier, it was unnecessary to make use of all
these angles as might have been done by means of a complex adjust-
ment. Accordingly, the best chain of triangles essential to this pur-
pose was selected and the angles of these triangles were adjusted for
errors of closure simply.! As may be seen from the table, the maximum
error of closure of these triangles is 5.4 and the average error 21.9.
These errors of closure indicate a probable error of about +1" .3 for a
measured angle.

I To this statement there is one exception, viz, in the angles at Arispe. They were subjected to a
local adjustment, and the angles given in the table are the locally adjusted angles. The maximum
correction from this adjustment, however, was only 0.5
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TABLE IX.—Principal triangles and their logarithmic sides.

" Measured Spherical | Adjustedsphet- " Log. sides
angles. excess. jcal angle. | LOg-sines.| i cters.
! -
[+} ‘ 1" i i [+} i " :
Pier ..ccvecneacoa-.-.| 49 01 42.2 49 01 41.3 | 9.877965 3.786814
b ¥: 5 65 51 57.8 0.10 65 51 56.9 9. 960276 3. 869125
ATiSpe..ceecrcnnenn. G5 06 22.8 65 06 21.9 9. 957650 3.866499
Arispe. ..... . 556 43 22,7 . 55 43 22,0 9. 917150 3. 848998
Yucea -eeeecnaannen.. 59 56 31.8 0.12 g 59 56 31.1 9. 937276
Pior .eocieennn veanns 64 20 07.7 } 64 20 07.0 9. 954890 3. 886739
i
Pior .....coivniennan 113 21 50.2 ‘ 113 21 50.6 9. 962844 4.080913
Taff . ceeiiaeiiannns 32 33 35.6 0.12 ! 32 33 36.9 9. 730929
Yucea . cceveeeanennn. 34 04 33.2 . 34 04 33.6 9. 748414 3. 866483
Taff —verveeecncnann. 32 33 35.6 32 33 35.9 9.730929 3. 849014 ’
Yoees coeeiianiuanan. 34 04 33.2 0.12 34 04 33.6 9. 748414
j 33 15} 113 21 50.2 113 21 50.6 9.962844 4. 080929
i

Y, S 80 36 43.3 -8 36 42.2 | 9.90144 | 4 268680
Mesa ceeeciaccnnannn. 39 48 49.9 0.49 *+ 39 48 48.8 9. 806377
Yueea cocericareennn. 59 34 30.6 59 34 29.5 9. 935654 4. 210130
Taff..cevennoanenccnns 47 18 20.6 47 18 20.9 9. 866277 4,110106
MEB «cnnvaacnnonnnan 20 26 02.4 0.18 20 26 02.7 9. 542986
ATiSPB..ceineainannn. 112 15 36.3 112 15 36.6 9. 966364 4, 210192
Arispe......ceeiaaaann 126 54 38.3 126 54 39.1 9. 902854 4. 268674
MeSa .aenaeameeaann- 19 22 47.5 0.20 19 22 48.3 9. 520919
Yucea ..eooceveanaa| 33 42 31.9 33 42 32.8 9. 744274 4, 110094
Mesa .ocoameiiacnnnn. 102 51 17.9 102 51 17.2 9, 988977 4. 515167
Eagle................ 33 33 09,7 1.06 33 33 09.0 9. 742489
Yucea -.. ieoiinnnn. 43 35 385.5 43 35 34.9 9. 838553 4, 364744
Moesa coviienranniannn 30 52 10.1 30 52 08.3 9, 710181 4.075016
Signal ............... 88 49 40.2 0.61 88 49 38.4 9. 989909 '
Eagle................ 60 18 15.7 60 18 13.9 9. 938852 4. 303687
MeSa venceraiannnnnnn 79 40 29.8 79 40 28.0 9. 992909 4, 262332
E.Bage ..c..coievennn 86 39 00.0 0.20 86 38 58.2 9. 999257
Yuceea . .oceoeianann. 13 40 35.7 13 40 84.0 9. 373707 3. 643130
E.Base.....ccoeaen.. 67 49 59.3 - 67 50 01.6 9. 966655 3. 795809
W.Basge .....cce0nee. 40 39 41.8 0.07 40’ 39 42.1 9. 813975
MeS® ceerianeonacnn. 71 30 15.2 71 30 16.4 9. 976968 3. 806123

(18) Connection with base of Texas Geological Survey.—The logarithm
of the base Pier-Arispe expressed in English feet, is 4.385114. Using
Clarke’s ratio for converting feet to meters, the corresponding logarithm
of the base in meters is 3.869125. Using this logarithm and the angles
of the triangles in Table IX, we find for the logarithm of the Texas
base 3.806123, corresponding to 6399.16 meters. ‘
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The length of the Texas base, corrected for grade and temperature
of measuring bars, as given me by Prof. Streeruwitz, is 6400.70
meters. The elevation of this base above sea-level is about the same
as that of Torbert Station, which is given by the Southern Pacific Rail-
way as 4,343 feet. The mean latitude of the base is 31° 05/, and its
azimuth from the east end is 1190 05’. Hence, the reduction to sea-
level is 1.33 meters, giving for the sea-level length of this base 6399.37
meters.

+ The discrepancy between this and the computed value given above
is 0.21 meters, Or 34,5 part. It is smaller than might reasonably be
expected, since a change 0.5 in the angle at Yucca of the triangle
Mesa-East Base-Yucca would change the discrepancy by 5355 part.
For a precise connection of the two bases this triangle is ill-shaped.
‘The connection suffices to show, however, that no error comparable
with that in the longitude work lies in the trialgulation.

(19) Azimuth of base-line Pier- Arispe.—The azimuth of the base-line
depends on the azimuth of a meridian mark set up about one mile north
of the pier. This mark was very nearly bisected by the middle line of
the transit diaphragm during the period covered by the time observa-
tions May 25, 28, and 29. The average of the twelve azimuth factors
of these dates (see Table III) makes the mark east of north 0/.85.
Special observations, however, were made for the azimuth of the mark
on May 31 with the meridian transit. Nine circampolar stars, five at
upper and four at lower culmination, were observed. The times of
transit of the stars across the mid line of the instrument were recorded
on the chronograph, and the small angles between the stars and the
mark were measured by means of the micrometer screw of the movable
V. The error of the chronometer was accurately known from its rate
and previously determined error as well as from time stars observed
during the course of the azimuth work. Correcting the results for in-
clination of horizontal axis and collimation, they gave in the mean
077,58 east of north for the azimuth of the mark, a value not differing
materially from the value derived from the time work as stated above.
The angle at the pier between the meridian mark and Arispe was
measured with the 8-inch theodolite described in section (17). Six
measures on as many equidistant parts of the circle were made. Their
mean value is 108° 30’ 06’.0. Adding to this the correction just given
and 180°, we have for the adopted azimuth of the line Pier-Arispe
2880 30/-06".6. ‘ '

(20) Geodetic positions of points in triangulation.—Using the triangu-
lation given in Table IX and the initial azimuth derived above, the fol-
lowing geodetic positions and azimuths result:
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TaBLE X.—Geodelic positions and azimuths in triangulation.

Stations. Latitudes. Longitudes. | Azimuths. Stations. alzzi‘::ﬁ:;%.

. =] ’ 1" (=] ’ 1" =] ' 1" o N i

) ST SN 31 10 27.64 {105 21 24.96| 239 28 25| Taff .............. 59 30 29

288 30 07 | Arispe... ....| 108 32 24

352 50 14 | Yucca ............ 172 50 31

Taff ... 31 12 28.86 | 105 17 25.68 | 306 20 11 126 24 27

' 353 38 32 173 38 46

26 56 51 206 55 04

Arispe....ceceunn. 31 09 11.33 105 17 00.09 | 285 54 22| Mesa -.cocvvnnnn.. 105 58 24

i 52 49 01 { Yucea ...oce.o.... 232 47 01

Yucea -.ooeeiann.. 31 06 40,08 ) 105 20 51.72 ] 266 29 34 | Mesa ......cuu.-.. 86 35 35

' 280 10 08 | East Base ........ 100 15 59

310 05 09 | BEagle Peak....... 130 13 15

PV T 31 07 16.43 | 105 09 12.38 | 312 352 12 | Meridian Signal ..| 132 56 '59

343 44 20 | Eagle Peak.......| 163 46 26

6 55 07 | East Base ........ 186 54 &7

East Base......... 31 04 54.70 [ 105 09 32.38 | 119 04 55 | West Base........ 299 03 06
‘West Base........] 31 06 35.65) 105 13 03.41

Eagle Peak .......| 30 55 14.41 | 105 05 08.13 | 224 03 40 | Meridian Signal .. 44 07 21
Meridian Signal ..| 30 59 51.56 | 104 59 56.49

=

(21) Positions of stones marking one hundred and fifth meridian.—From
the latitude and longitude of Meridian Signal given in Table X it ap-
pears that the one hundred and fifth meridian lies 305.51 feet west of
that signal. The stones marking the meridian were actually set 295.94
feet west of Meridian Signal. This discrepancy between their actual
positions and their proper positions relative to the triangulation arose
- in the following manner: By reason of a blunder in the field computa-
tion, made by the writer in deriving the tape length used in measuring
the base, a linear error of 1z}¢y part (1.88 feet in length of base) was
introduced into the triangulation. This error made the longitude of Me-
ridian Signal 104° 59’ 56.60", instead of 104° 59’ 56.49/ as given above.!
As explained in section (22) below, however, this error of 9.57 feet in
placing the meridian stones is small in comparison with the error of the
initial longitude, and is entirely negligible in comparison with the un-
avoidable deflections of the plumb-line.

The meridian stones were set June 16, 1890, by Mr. A. P. Davis with
the assistance of Prof. W. von Streeruwitz and Mr. J. A. Taff, of the
Texas Geological Survey, and Col. J. R. Marmion, county surveyor of
Presidio County. The stones are about one mile apart in a true north
and south line, the northerly one being due east of Meridian Signal or
in latitude 30° 59’ 51.56//. They are of limestone, dressed to a square
cross section at their upper ends, and project a few inches above ground.

1The ervor of the tape length used in the field computation was §X4X0.28 foot, and was due to
the omission of the term 0. 28 inch from the observed equation of the 100-foot tape with the 300-foot tape
of the Missouri River Commission (see section 16). The omission was not discovered until June 26,
when the 100-foot tape was compared with the mural standard of the U. S. Coast and Geodeti¢
Survey. .

~
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(22} Probable error of position of meridian as defined by marking
stones.—It will be of some theoretical interest to state what degree of
precision is attainable in fixing a meridian on the surface of the earth,
and what probable error must be attributed to the position of the one
hundred and fifth meridian defined by the stones set in El Paso County.

Evidently, the error in position of any meridian fixed by means of a
longitude determination will depend on the errors of the longitude dif-
terences which enter into the determination. Other things being equal
the uncertainty increases with the number of differences added together
to make up the determination. If but one difference is involved the
relative longitude of two places may be found with a probable error not
greater than 0202 to 0203, or 15 to 20 feet in middle latitudes. In gen-
eral, however, the longitude of a place depends on several sach differ-
ences and the probable error is correspondingly greater.

In the present case we have to consider three differences of longitude,
viz, the difference of St. Louis and Greenwich, Sierra Blanca and St.
Louis, and Sierra Blanca and Meridian Signal. The probable error of
the first of these differences is unknown, but it can hardly be less than
4-05.050. The probable error of the second difference is given in sec-
tion (16) as 4-02.022. The probable error of the last difference, or that
measured by the triangulation, may be estimated as ;53455 part of the
linear distance between the meridian of the pier at Sierra Blanca
and the one hundred and fifth meridian; that is, in time, 4 02009.
Taking the square root of the sum of the squares of these préobable
errors, we get for the probable error of the position of the one hundred
and fifth meridian as fixed on the ground

4-08.055=40".825=4-72 feet.

This probable error, it will be seen, is substantially the same as that of
the position of the pier at Sierra Blanca.

- The probable error just given takes no account of the deviation of
the plumb-line at Sierra Blanca from the normal to the earth’s spheroid,
and the question may be asked, would the adopted position of the one
hundred and fifth meridian agree with the position which might be
found by geodetic connection with some other astronomical station?
The answer to this question is, I all probability it would not by some
hundreds of feet. The average plumb-line deflection in such mountainous
regions is three to five seconds of arc, which for the latitude of Sierra
Blanca means 250 feet to 440 feet. This being the case, no two deter-
minations from different initial longitude stations could be expected to
agree except within some such limits as those just assigned, even if the
astronomical and geodetic work could be done with perfect accuracy.
Discrepancies of this character could be avoided only by means of geo-
detic operations too elaborate and too costly to be employed in fixing
a boundary line,



