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PREFATORY NOTE.

The Repart of the TJ. 8. Coast and Geodetic Survey for the fiseal year 1891 is the
first one in which the text has been arranged for publication in two parts.

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

Part II, it will be observed, is in octavo, and includes the professional papers
relating to the methods, discussions, and results of the Survey which have been
approved for publication during the year. Such illustrations as are needed accom-
pany them.

The octavo form is more convenient and suitable for the scientific and professional
papers, while the quarto form appears to be demanded for the statistical matter and
the progress sketchies. Since the latter are of less general interest than the former,
in the future distribution of the Report Part IT only will be sent, as it is believed
that this will include all that is generally desired and in a much more compact and
convenient form than that of the old quarto.

~ In special cases, where both parts are desirable, they will be sent.
. T. C. MENDENHALL,
Superintendent,
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APPENDIX NO. 1—1891.

APPROXIMATE TIMES OF CULMINATIONS AND ELONGATIONS AND THE
AZIMUTHS AT ELONGATION OF POLARIS FOR THE YEARS BETWEEN
1889 AND 1910. .

Submitted for publication as a Bulletin November 21, 1889, by CHARLES A. SCHOTT,
Assistant, and Chief of the Computing Division, and first publislied
February 18, 1890.*

These tables of the times of culmination and of elongation of the
Pole star and of its azimuth at elongation, for any time between the
years 1889 and 1910 and for any place within the United States between
latitudes 25°© and 50° north, are designed for the use of the surveyor,
to facilitate the determination of a meridian line and of the magnetic
declination (variation of compass) by simple instrumental means and
by a method easy of application. ¥or this purpose the tables afford
sufficient accuracy. They will also be found useful when preparing
for or laying out work for a more refined determination of the astro-
nomical azimuth as well as for the measure of the value of an eye-
Ppiece micrometer.

* Bince these tablea will be serviceable for their purpose until the year 1910, it has
been deemed desirable to republish them in this annual report.
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8 U. 8. COAST AND GQEODETIC SURVEY.

Local mean (astronomical*) time of the culminations and elongations of
' Polaris in the year 1889.

{Computed for latitnde -+ 40° and longitade 6+ west from Greenwich.]

s Upper W,, N N . Lower

Date. \East elong’n. culrg’n. West elong'n. colm'n.
188g. J Ao e A, . A. 2. A. 72,
Jan. 15 o 362 6 310 12 257 18 2971
15 |, 23 370 5 357 11 304 17 338

Feb. 1] 22 299 4 286 10 233 16 2067
15 1 21 346 3 333 9 281 15 314

Mar. I, 20 394 2 381 8 328 14 362
15 19 444 1 431 7 377 13 411

Apr. I J 18 374 o 360 6 307 12 341
i 15 . 17 424 23 371 5 357 Ir 390
May 1} 16 39'% 22 342 4 329 10 361
15 15 446 21 39°3 3 38c 9 412

June 1 } 14 37°9 20 327 2 313 8 346
Is i 13 430 19 37°8 1 364 7 397

July I 1z 404 18 352 o 338 6 371
15 11 455 17 403 23 350 5 422

Aug. 1. 10 39.0 16 338 22 284 4 357
Is 9 441 15 389 21 333 3 408

Sept. 1 8 37°% 14 323 20 269 2 342
_ 157 7 426 13 374 19 320 1 39°3
Oct. 1l 6 397 12 34°5 18 29°f o 364
I3 5 447 Ir 39§ 17 34°1 23 376

Nov. 1 4 379 10 327 16 273 z2 308
15 3 427 9 37'5 I5 322 21 356

Dec. 1 2 397 8 345 14 292 20 326
15 | 1,444 7 392 I3 340 19 3773

It will be noticed that for the tabular year two eastern elongations
occur on January 10 and two western elongations on July 9; there are
also two culminations on April 10 and on October 10.

The lower culmination either follows or precedes the upper culmina-
tion by 11* 58™ -1,

"For other dates and positions than those implied by the table we
need to apply the following corrections:

To refer the tabular times to any year subsequent to the tabular
year (1889) add O™ -33 for every additional year,

To refer the tabular times, corrected as above, to any year in a
quadriennium, observe that for first year after a leap-year the table is
correct ; for second year after a leap-year, add 0w -9 to the tabular
value; for third year after a leap-year add 1™ -7 to the tabular value;
for leap-year before March 1, add 2™ -6 to the tabular value; for leap-
year from and after March 1 subtract 1™ -2 from the tabular value.

To refer to any calendar day other than the first and fifteenth of each
month, subtract 3™ 94 for every day between it and the preceding

* Counted from noon and from zero to twenty-folr hours.
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Approximate times of culminations and elongations of Polaris, etc.—Con-
- tinued.

tabular day, or add 3" ‘94 for every day between it and the succeeding
tabular day. The longitude correction will amount to 0» -16 subtract-
ive for each hour west of 6h,

To refer to any other than the tabular latitude between the limits
of 25° and 50° north, add to the time of west elongation 0w 13 for
every degree south of 40°, and subtract from the time of west elon-
gation 0™ -18 for every degree north of 40°; reverse these signs tor
corrections to times of east elongation.

It will be important to direct attention to the fact that the year 1900
is not a leap-year, and this must be kept in view when dealing with
dates from and after March 1 of that year. The twentieth century
begins after the expiration of December 31, 1900,

The deduced tabular times may generally be depended upon, with no
greater error than + 0™ -3,



7. 8. COAST AND GEODETIC SURVEY.

10

1.—Azimuths of Polaris when at elongation for any year between

| )
fat. | 18900 18g1°0 18920 18930 18940 18950 18960 18970 18980 18990 1goD-O
o 4 ’ o / Q / o V4 <] 4 @ ’ o s o ’ < g < /’ -] ’
4z 1246 1243 1239 1236 1232 1229 1226 1222 I 2I'Q I215 I 212
26 1 253 250 246 243 23'9 236 232 229 22'5 222 218
27 260 257 254 251 247 243 240 236 233 229 225
25 26-8 265 26-2 258 254 251 247 244 240 237 233
29 276 273 270 2006 263 259 25'% 252 248 245 241
30 28'5 282 278 27§ 271 26:'8 2604 2600 257 253 24'9
3I 294 291 25-8 284 280 276 273 26g 265 262 258
2 30'4 30°1 29y  29°3 290 286 282 278 275 2971 26+7
33 314 31°1 307 3003 300 296 2092 288 285 281 277
33| 325 321 318 314 310 306 3003 299 295 29T 287
35 336 332 329 3275 321 317 3173 3f0 306 302 208
361 348 344 340 336 332 3229 325 321 31'7 31'3 309
371 300 356 352 348 345 341 337 333 329 325 321
38 373 399 365 361 357 353 349 345 341 337 333
39 387 383 379 375 371 367 363 359 355 350 347
40} 401 3977 393 3%¢ 385 381 377 373 368 364 360
41 41°6  41°2 408 40°4 400 366 392 388 383 37-9 37°%
42 432 428 42°4 4270 41§ 41°1 407 40°3 398 39°4 390
43 44'9 444 440 436 432 42°7 423 419 4I'§ 410 400
44 466 462 458 453 449 444 440 436 43X 427 423
45 485 481 476 471 467 462 458 454 . 44'5 440
46 505 500 49'5 490 486 482 437 473 468 464 459
47 52'5 520 505  5i0 500 502 467 493 488 483 479
438 546 54z 537 532 528 5§23 51 5I'4 509 504 49.9
49 5609 56’5 560 555 550 54'5 54T 536 3531 526 52.1

50

1593 1588 1584 1579 1574 1569 1564 15590 I554 I54°9 1545
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~

1889 and 1910, and for any latitude between +25° and 4 50°.

11

I9OI'0 1902'0 19030 1904’0 16050 19o6'Cc 19070 19080 1900 IGIO'O Lat.
Q 4 o 7’ o I [+ / o 4 o Id =] £ o / =] ' =] 4 o
12008 12085 12001 1198 1194 Iigr 1187 1184 1181 1177 —+25
21°% 211 208 205 201 198 14 191 18-7 184 20
22-2 21°g 215 212 208 20°5 201 19°8 19°4 19°1 27
230 220 222 21°g 21°6 213 20'9 20'5 20°1 198 28
23'8 23°4 230 22+7 22°4 221 217 21'3 209 205 29
246 242 239 235 237 228 224 221 21-7 21°3 30
255 25°1 247 24°4 240 236 232 229 22°5 222 3r
2604 260 256 253 24'9 245 241 238 233 231 32
273 270 2606 262 25°9 255 25X 247 243 240 33
284 280 276 272 26-9 265 26'1 257 253 250 34
29°4 290 287 283 279 275 27-1 268 264 260 35
30°5 301 298 294 290 286 282 27°G 275 271 36
37 313 309 305 301 297 29'3 cgo 286 282 37
330 326 322 318 34 310 306 302 29:8 20°4 33
343 339 335 331 327 323 318 314 3ro 306 39
356 352 348 344 340 336 332 328 324 3200 40
37’r 367 362 358 354 350 346 342 338 334 41
386 382 377 3773 369 365 360 356 352 348 42
402 398 393 389 385 381 376 372 368 363 43
418 414 410 405  40r 397 392 3¥%8 384 379 44
436 432 4277 423 418 414 409 405 401 396 45
455 450 446 ag2 437 432 427 423  4U'9 414 46
474 469 4065 4600 456 451 446 442 437 433 47
49'5 490 - 486 481 477 472 467 463 458 453 48
51'7 512 507 502 498 493 488 484 479 474 49
I54'0 1535 1525 1520 I5I'§ IS5I0 I500 1501 14906 50

1 530
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12 AND GEODETIC SURVEY.

The preceding table is computed with the mean declination of Polaris
for each year; a closer result will be obtained by applying to the tab-
ular values the following e¢orrection, which depends on the difference

U. 8. COAST

of the mean and the apparent place of the star:

- . i . f -

I'O’ro‘;‘”‘_d‘“e Lat. 25°.] Lat. 40°.| Lat. 50°. Foro?l‘_ddle Lat. 25°. Lat. 40°.] Lat. 50°.
i
t ’ ’ ! / ’

January — 03 — o4 —og | July -+ o2 403 + 03
February — 03 — 03 ~— 04 | August “4 o1l o1 -} 02
March — 01 — o2 — o2 | September oo | —ol — o1
April oo o0 oo | October — 02 --0'3 — 03
May -+ o2 4 o2 + oz i November — 05 i — o6 —7
June -+ o2 -4 03 +- 03 J‘ December —0b [ — o8 — 09

The deduced tabular azimuth (counted from the north) may gen-
erally be depended upon with no greater error than 4+ 0/-2.

In computing the tables, the mean places of Polaris were first accu-
rately deduced from Newcomb’s Catalogue of 1098 standard clock and
zodiacal stars, Washington, 1881 (?), for five equidistant epochs, viz:

Ted &
k.o, 5. © ' ’”
1890 1 I8 31°13 88 43 1839
1895 20 3008 44 5268
1900 22 3376 46 26°66
1903 24 42°48 48 o031
1910 26 56°58 49 33°61

From these derived fundamental places those for each year were
readily found by interpolation to third differences.

Among the simple methods for tracing out on fhe ground a true
north and south line, and one demanding only a very slender instru-
mental outfit, is that given in Lalande’s Astronomie and used by
Andrew Elicott in his boundary survey in 1785, and again recom-
mended in the present century by Dr. Charles Davies.* It con-

* For referenece and practical hints to the surveyor, see ‘“ Davies’s Surveying,” Van
Amringe’s edition of 1883, or the last edition of W. M. Gilleapie’s ‘‘ Treatise on
Land Surveying;” also instructions by the General Land Office to surveyors-gen-
eral. [NOTE.—One of Ellicott’s original noitebooks, containing reference to the .
method, was inspected by the writer February 25, 1880, Ellicott remarks: *“We
learn from De la Land that the star & Ursa Majoris passed the meridian with the
Pole star in July, 1751, and that it gained of the said Pole star 1/ 13730’/ of time in
ten years.””—Note added September 19, 1852} The problem involved is readily solved
Ly firast considering the spherical triangle, pole, Polaris, and second star, in which
is given the angle at the pole or the difference of right ascensions of the stars and
their polar distances, whence we deduce the angles at the stars. The condition
of verticality demands that one or the other of these angles (according as we deal
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Azimuths of Polaris when at elongation, etc.—Continued.
. J

sists in watching for the time whén Polaris and a given bright star
come to the same vertical, and then, after a short lupse of time, given
in a table, Polaris will be found exactly on the meridian, and hence
can be referred to the horizon or to a mark placed there.

The verticality may be ascertained by a plumb line or by the vertical
thread of a transit instrument; the method demands neither a gradu-
ated circle, nor a chronometer, nor an exact knowledge ot the local
time, anh ordinary watch being suflicient to measure the short tabular
interval.

Early in the present century the star Alioth (¢ Ursa: Majoris) was
favorably situated for use of the method; however, in 1850 the interval
Dbetween times of verticality and of culmination already amounted to
17 minutes, which interval 4 = now (1390} has grown to 278 for Lower
Culmination and to 2878 for Upper Culmination; hence this star is
no longer suitable, and £ Ursa Majoris or & Cassiopes®e should now be
substituted for it, both being in very favorable positions. £ Ursse
Majoris or Mizar is the middle oue of the three stars in the tail of the
Great Bear, and ¢ Cassiopemr is at the bottom of the first stroke of the
W as frequently imagined to connect roughly the five brightest stars
of this constellation. At present the Pole star culminates not quite
one minute before it comes to the same vertical cirele withh £ Ursms
Majoris, a fact indicated by a negative sign of 4 z; but the two stars
will culminate together two and a halt years from now, with an annual
increase of the interval of 0™-35.

We have, with sufficient accuracy, for any latitude in the United
States between, say, ¢ = 24° and 49°, and for either the Upper or the
Lower Culmination of these bright stars, the value of 4 z, as follows:

m.
For ¢ Urs® Majoris ;ﬁ }ggg :_ ()H(); } annual increase 0m-35.

For 4 Cassiopex ig }ggg i gi } annual increase 0v-33.

In the higher latitudes, the Lower Culmination is preferable to the
Upper, but in all cases special attention is to be paid to the adjustment
of the vertical thread of the telescope and to the horizontality of its
transverse axis, which is best done by sighting up and down a fine
thread or wire from which a plummet is freely suspended.

with Upper or Lower Culmination) when subiracted from = should be a given
angle in a second spherical triangle formed by the zenith, the pole, and one of
- the two stars, in which there is also knewn the co-latitude and the polar distance;
solving it, we get the hour angle of Polaris.
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APPENDIX NO. 2--1891.

ON THE DETERMINATION OF AN AZIMUTH FROM MICROMETRIC
OBSERVATIONS OF A (CLOSE CIRCUMPOLAR STAR NEAR ELONGATION
BY MEANS OF A MERIINAN TRANSIT,” OR BY MEANS OF A THEOD-
OLITE WITH EYE-PIECE MICROMETLER.

Submitted for publication as a Bulletin December 12, 1880, and first puhlished
Fehvuary 26, 1801 .4
Report on method and example of computation hy CHARLES A. SCnoTT, Assistant,
and Chietf of the Computing Pivision.
Observations by A. T, MosymaxN, Assistant.

This method ix capable of great accuracy of result, hut demands that
an elongation mark be set up in the direction of a vertical plane pass-
ing through a close circumpolar star when near elongation, and that an
instrument, with an eyepiece micrometer, be available to measure
micrometrically the angle between the vertical planes passing through
the mark and star. Polaris is generally selected for this purpose, and
even two elongation marks, one east and the other west of the meridian,
may be set up for a double determination of the azimuth, in which case
any small error in the star’s declination as well as in the time and lati-
tude of the place will be eliminated. It will be advantageous to locate
the mark nearly in the direction of elongation so as to make the sum
of the plus and minus micrometer measures balance as near as may be;
the distance of the mark should be great enough not to require the
sidereal focal adjustment of the telescope to be changed when pointing
to it, and the appearance of the artificial light in size and intensity
should resemble that of the star as nearly as possible. Defore com-
mencing observations the rotation axis of the telescope should be

* Davidson’s Meridian and Equal Altitude Instrument (now generally known on
the Survey as the Meridian Transit) is especially well adapted for this application.
It is deseribed and figured in Appendix No. &, Coast Survey Report for 1867 (Ilate
No, 28); it is also shown on Plate No. 64, Appendix No. 14, Coast and Geodetic Sur-
vey Report for 1880. As used on the Survey it is made in two sizes; its principal
characteristics are the split or double base frame, and the folding Y's, which give
great portability to the instrument. .

t The republication of this paper in its present form is owing to its permanent
value as an exposition of one of the methods of the Survey.

o : 15



16 U. 8. COAST AND GEODETIC SURVEY.

leveled, the collimation of the telescope adjusted, and the two parallel
vertical micrometer threads or lines adjusted to focus, and set truly
vertical. To secure the horizontality of the axis either a spirit level is
used or the star is observed alternately direet and reflected in mercury.

Though the method was understood and actually put in practice on
the Survey as early as 1844, it does not appear to have come into gen-
eral use, and Assistant Mosman devised it independently in Septem-
ber, 1880, It is not specially mentioned in the collection of azimuthal
methods given in Appendix No. 14, Coast and Geodetic Survey Report
for 1880. This limited use of the method may have been due to unfa-
vorable conditions for locating the mark. The present account of it has
been written with the view of bringing it anew to the attention of the
observer. It may be remarked that the use of a collimator in the place
of the mark was tried at an early time of the Survey (in 1844), and
again later (in 1876), with an improved collimator, but its use never
gave satisfaction, and its instability, on mountain tops especially, was
plainly apparent.

The value of vne turn of the micrometer may be determined, as usual,
by observing the transits of a culminating star over the movable mi
crometer thread set ahead of the star successively by a small fraction
of a tur: only. As but a limited part of a turn is ever used by this
method we need only the value of that part of the screw actually used
in the observations for azimuth. Let ot or r=the observed interval
of time, int seconds, corresponding to one turn and s=the star’s declina-
tion; then considering the small range for which the micrometer is
needed, we have, with sufficient accuracy, 1 turn =15 r cos ¢ , ex-
pressed in seconds of arc. Attention should be paid to the transit
level, which should not change during the observations, or else is to
be corrected for change; also a correction for rate of chronometer on
sidereal time may be needed.

We have the hour angle ¢, and the azimuth (counted from the north)
A, at elongation, by

cos te = tan ¢ cot & and sin A, =sec ¢ cos ¢
and the chronometer time for { \Y elongation = a t ¢, + chronometer

fast
slow

correction to sidereal time, + when { of sidereal time

where ¢ = latitude of the place and « and ¢ the apparent right ascen-
sion and declination of the star at the time of elongation. For this
time we have also the zenith distance from

Cco8 § = sin ¢ cosec &

We find first the an gle between the mark and the line of collimatidn,
the reading of the latter being known after inversion of telescope on
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the mark; next we measure micrometrically the angle between the ver-
tical plane through the line of collimation and the star (Polaris usually);
to reduce the latter mreasure to the plane of the horizon let A = the
angular difference in divisions of the micrometer and n = the value of
one division in seconds of arc; then the avgle in question referred to
the horizon becomes # A cosec 2. The algebraic sum of these two
angles gives the azimuthal difference between the mark and star.
The correction for deviation of leve! "

a

4

where d = value of one division of level in seconds of arc, ¢ and e the
readings of the west and east ends of the bubble betfure, and ' and ¢
similar geadings after inversion of the telescope; for the tactor
sin k set ¢ we may substitute its approximate value tan ¢.

When a number of micrometer measures of the star near elongation
are made they may be approximately reduced to the clongation by
means of the simple formula

2sin % - tan A, /xin 17

(w0 4w’y — (¢4 t")] sin & sec ¢

where r = ¢, — ¢t or the difference betwcen the chronometer time of
elongation and the time of observation. For Polaris this expression-
will answer with sufficient anccuracy for the limit r = 15 or 20 minutes,
and roughly even for half an hour before or after elongation. A far
more rigorous formula was developed in 1855 by Mr. James Main, for-
merly a member of the Computing Division;* it is as follows:

2sin %%~

A, — A =sin A, cos A, cosec® t, ST

(14 cot ¢, sin )

where the result is expressed in seconds of are; this formula will give
results true within 0/ -03 for 1» 30™ from elongation for latitude 40°
north. The rough expression

(2 sin* 3~ /sin 1) tan A,
as well as the better expression
8in (A, — A) = tan A, sin®*s2 sin’ &~

given in C. L. Doolittle’s Practical Astronomy (New York, 1885), how-
ever, take no mnotice of the inequality in the azimuthal effeet for the
same value of = before and after elongation. The most convenient and
accurate form may be given as follows:

A, — A = tan A, sin? 8 ——-n—~~ (1 + cot %, sin 7)

* Between Novmnber, 1851, and March, 1881,
H. Ex: 43, pt. 2--3
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The values of log. (2 sin? § r / sin 1) are found tabulated in many
works on Practical Astronomy and Geodesy, e. g., in Chanvenet's
Manual on Spherical and Practical Astronomy, Volume 11, where they
are given up to half an hour. Tables of greater extent up to 1" 40=
will be found in Dr.T. Albrecht’s collection of formulae and tables.* It
is important to note that cot ¢, sin r changes sign according to the
observed time being before or after elongation, viz:

ris + { b&i{g‘e W. and { 1::31}511‘-6 E. Elongation.

The effect of this term may be seen in the following short table, which
refers to ¢ = 38% 38/-5, and to observations of Polaris, September 14,

1885:
Reduction to Fastern Elongation for-—

]

Before r After .
T elongation, | e]ongat:on. %
r2 i Ids
5o 12:85 | 12°88
20 22-83 | 22-90
25 3565 | 3579
30 5129 5153
45 115'06 | 115-88
6o 20381 ! 20574
75 317707 | 32080
‘ A

The mean of the several measures reduced to elongation when alge-
braically combined with the angle, mark and star, will give the
azimuthal angle »~ A between star and elongation, and consequently the
azimuth of the mark =— A, &+ A A.

The sign of & A will depend on the relative position of the mark and
the vertical plane through the star supposed at east or west elongation,
as the case may be; a rough diagram or projection of the hemisphere
upon the plane of the horizon may be useful.

To (£1.)t EXAMPLE OF RECORD AND REDUCTION.

StatioNn GouLp, OHIO (occupied eccentrically).

@ = 38° 38/ 30773 A==82° 497 §5//'8 W.
-Sept. 14, 1885, 4th set. Instrument, the Meridian Telescope, No. 7; value
. of one division (roo d =1 turn) of eyepiece

A T. M, Obs.aerver. _ micrometer 0’77830, and. of one division of
Polaris near Eastern Elongation. transit level 17740

== -} B8® 41/ a5//-

a=+ 1h ismi}bss.13 Zo=— &Y 55m 49°7 and A To =< —ob orm 3508

[ = 519 207 47/ T== 19 20 -39 6and A,=— 1° 40 10797 E. of N.

*Formeln und Hitlfstafeln fiir geogra.phische‘ Ortsbestimmungen, etc., von Dr.
Theod. Albrecht; Leipzig, 1873; see also ‘“Nautische Tafeln,” Pola, 1885. :
t See arrangement of App. Neo. 14, Rep. for 1880. -
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Level, | chwons B | Time from | Reduction to | f90,0 | Micrometer reads—
t 387. elongation.| elongation. scope. On mark. On star.

| £ 4.

E. 15 3605

300

355

300

36°5

W, OE! | Mean 15 361
o, d. i/1‘. ., s, M. S 4 Z.  d.
230 26°0 19 34 40% i4 00'g 1125 E. 15 360
302 220 35 275 14 47°G 1254 | 360
35 495 15 099 1317 370
35 ogo 15 29'4 1374 375
36 350 15 554 1452 390
Mean 15 37°¥
29:8 230 '19 40 400 | 20 004 22:92 w. 15 30°5
223 305 . 40 585, 20 189 2363 , 360
‘ 41 150 20 354 24°27 | 355
41 306 20 510 2489 340
41 482 21 086 ! 2560 | 340
Mean 1865 Mean 15 352

W, 15 490

490

500

49'0

480

l’;\!ean 15 490

[
Telescope east, mark, 15:3610
Telescope west, mark. 15°4900
Collimation reads. 15°4255
Mark east of coHimation. ‘064§ == - 577 -05§
Telescope east, collimation ~—star. 4 154255
— I5°3710
. - 00345
Telescope west, star—collimation. - — 15°4255
—+ 1573520
— 00735
Star east of collimation %4 (345 — 7%-35) X 1'003 == — ©’/-°Q%
Star east of mark. : — 6-00
Reduction to east elongation. + 1863
Correction f