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APPENDIX No. 15.‘

¢

NOTE ON A DEYICE FOR ABBREVIATING TIME REDUCTIONS.

2

By O. §. PEIRCE, Assistant. .

~ The simple suggestion that I wish to make is that by maltiplying the observed times of transit
(after applying a provisional correction and subtracting the right ascension) by the cosine of the
declination, the field reduction is much facilitated, and the labor of the least-square reduction is
decidedly lessened. This arises from two circumstances: First, that the azimuth, level, and colli-
mation coefficients are much quicker taken out, and for northern stars quicker used; and second,
that the weights to be assigned to the observations have & small range aud are readily applied,
v while in a rough reduaction they may be omitfed without disadvantage. ’
The following are the values of the coefficients: ' "

Old way. New way.

. Level. cos  sec & cos{
Collimation. +secd + 1 ‘ .

» ' - Azimuth, | sin{secd sin ¢
i
l
j

. The old coefficients have to be taken out of a table of double-entry (w'hiéh is al\mysAdisagree-
able), and this table extends over eight pages quarto at least. The new coefficients are taken
instantly and with greater accuracy from a sihgle-page three-place table of sines and cosives. The

old table is of no use for any other purpose, but the little table of trigonometric functions is invalu- -
able for a thousand purposes, and ought to be at every observer’s elbow, whether this way of reduc-

. ing time-observations is used or not. The old coefficients have often three significant figures, even
when only two places of decimals are used ; but the new ones never exceed unity, and a two-by-two
place multiplication table, such as Waldo's; is all that is required with them. - :

The weights of times of transit of stars of different declinations, according to the researches -
of Mr. Schott, agreeing with the formula of Dr. Albrecht, are given by the formule \

P = » 1 | . . /

1+ (.}E)t tan? a_for the C. 8. large instrunments, .
. ()d )

r= : i

1+ (g_g): tam 6 for the O. 8. smqll instraments.

>

SN

- . The weights for D = d cos J, or the residual times multiplied by the cosines of the declinations,
are the above multiplied by sec® &, which gives . ‘
el ) : 1 . . . - ‘ ~
. _ P = gie 0337 cos 2 & for tye large ;nstmmqnts, . _

P 1
= 081 +0.19¢cos2 ¢

for tlie small instruments.
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Thus, for the large instruments, the weight ranges only from 1 at the equator to 3.06 at the
pole,and for the small instruwents from 1 to 1.6. The old way of reducing observatious, as if all the
times had equal weight, is entirely inadmissible even in a rough field-reduction.” But after multi-
plying by cos d, observations with the small instruments may be treated as of equal weight; while
with large instruments, in a not very refined reduction, we may use the rule that P =1 from the
equator {0 41° of declination, P =2 from 41° to 709, and P = 3 from 70° to the pole. It will never

be worth while to use more than one place of dec1mflls for the weights, which are given in the fol
- lowing table:

Decli- : | Decli- -

nafion: boooav " nation. R .
e

"o 1.00 0.70 . 50 1. 65 g

s . nol o7 L5 .83 .na2y
10 1.03 0.72° 6o 2,02 - ‘1.41 ‘
15 1.0§ o. 74'; 63 2.24 1.57
20 © rog o076 7o L 2.47 L3 i
25 114 o8 75 | 269 1.8
30 I.20 0.8 8o 2. 88 202
35 .28 o090 . 8 = 302 211
40 1.38. o097 90 = 3 o6 " 2.14 -

= 45" 1.5t 1.00

In a field-reduction, the unknown chronometer correction béing small, the azimuth will be

determined in each posmon by a north and a south star, and the residual D calculated for each

" star. This is corrected for aberration, and then the simple half difference of the mean residnals

in the two positions of the instrument is the collimation, while the half sum (taking only high stars)
_is the chronometer error multiplied by the cosine of the latitude.

In reducing by least squares, we have the same quantities to calculate as by the old way; but .

these Are obtained in a different manuer, as shown by the following formulee. The multiplications
are generally easaer by the new method. ' : °

Quantztm used in lcaat squarc work.

p=DPcos*s
PA=DPcosdsin{
pO=+ Pecosd
pd =PD cos'd
v pA?=Psin*¢
PAC =1 Psin{
2Ad=PDsin {

pC’:P
pld =PD
Vp. d vP.D.

The following is an example: On 1885 April 5,1 observed time with transit No. & (large size),
at Key West, latitude 4 24° 33}, The correction of the chronometer had been found to be

April 3,"10" sid. t. +120.07
April 4, 104 sid. .} 11834,
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1t was, therefore, supposed t;o be about 4 10%.60 on the 5th at 10%, with a diminution of 0' 01
every twenty minates. The level was observed as follows:

» : Corrected C
’ : for pivots. !
l | l - T T
! ! ! |
’ . h, m. i d. s :
Clamp E. o 18 l 19 I ;| ~— 207 | ==-0.420 s, !
1 . t
' 9 48 | —143 | — 159 | =—0.323 p—oar2 ’1
Clamp W. . ‘ 9 53 | —22.4 | —208 | =-—o0.422| 1
{10 48 (‘— 20,4 ' — 18.8 | =—0.382 }""0 402
B - ; I : t
The stars observed, with their constants, were as follows:
A s R B T
‘Star. Agglr:x. : ) cosé ~ cos¢ © sinl . p. !
S S N N
¢ Clamp E. ; . ) . :
r A N -. : o
e Argus P9 14 E—-58.8 '+ 833 0 .518 .17 4 .994e - 2.0 |
16 Urse Majoris. = 25 | 4 §2.2 , — 27.6 ;. .613  .886 . --.463 o7l
10 Leonis Minoris, 281 4 36.9  — 12,3 .800 ' .977 - —.213 | 13|
| o Leonis. R 1 I 4104 |+ 14.2° 1 984 . .969 '+ .24 ' !.0!'
¢ Leonis. . 39 ] 4+ 243 '+ 03 .on  LOp0 |4 .005 L1 ‘!
#  Leonis. . 46 1 + 265 1 — 1.9 : .895 ' .999 —.033 2|
* Clamp W. C : ! ‘ l
(v Hydra:. '\or 59 — 12,5 ! +.37.1 . 976 | 748 "+ .60 1o
¥ Leonis. “10 13 204 |4 42 937 .098 4+ .073 LI
9H Draconis. - 25 [+ 76.3 ' — 517  .237 ' .620 : — .785 2.7
i 41 Leonis Minoris. 37  + 238 4+ o8 . .915 1000 ;4 .014 L1
;ﬁ' Ursee Majoris. 55 |+ 57.0 | — 324 : .545  .844 ! —.536 1.9

We begin t.be computatlon w1th two zenith stars observed in the two posmons. The: followmg
gives the data and compntatlon-

P . ) , "ClampE. © Clamp W.

e Leonis. . 41 Leon. Min. ;
‘ h m s i "h. m. s
Chmn.time 9 39 10.65 ; 10 37 o01.63
Assumed carrection. + 10.61 | +10.58
Bk ; 19 39 21.26 10 37 12.21 .
o ' 1 9 39 2092 |- 10 37 1147
|t—a 4 0.34 + 0.74
(#—a)cosd _‘ B ) O + o0.68
|beot : ~ oy —0.37
— 0,06 4 o3r N
? Approx.' azimuth, ; .- U w00 . — o1}
. o — o.% - 4030
Corrected for abernation. |  — o0.08 «+ 0.28
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' o Applying this value of the azimuth to the high stars, we get the following results: 1
The mean between the final figures or § (—0%.08 4 04.28) = 4- 0%.10 is the chronometer error B PPIyINg ) g veE g B
multiplied by the cosine of the latitude. Multiplying by the secant, or 1.1, we get + 0%11 as the BA o "" - T T A g
first approximation to the clock error. We therefore assume that instead of 410560 at 10%, the ' ‘ _ ' .' Chron, time. | Corr. Seg;.”;ds t—a (’c ;;;) Level. DA : :
¢« error was + 10%49, with a diminution of 0401 every 17 minutes. - , ' - | . . ‘ o ! ~ B
We now proceed to find the azimuth. The data and computations are as follows: : < |7 a E_W o o | | ! g
. < - [ amp L. ' v h. m. s 5. | ' ) i : ?
CLAMP E. | 10 Leonis Minoris. 9 28 01.73 | -F10.51 | 12.17.] 4.0.07 | 4-0.06 % ~-0.36 ; +0.16 | —-0. 14 | : i
£ : . | 0 Leouis. 34-52.22 | 410.51 | 02.31 | +0.42 | +o.41 ’ —0.36 | —0.18 | —0.13 | K
¢ Argus. 6 Ursa: Majoris. * ' & Leonis. 39 10.65 | 410.50 | 20.92 | 4-0.23 | 0. 2K | 0,37 | 0.00 | -0, 16
. e S Y ) n Leonis, 46 04. 68 '+lo. 50| 14.91 | -}0.27 | 0.24 | —-o0. 37_'; +4o0.02 | --o0. 11
! : . i ; . .
_ _ ) f ! h m s h. m. = - . . ! ‘ Mean, | —o. 14
. - Chron. time. : ;9 13 53 76 9 2 ©55 ~ Corrected for aberration. | ~-0.16
Correction. + 10.52 + 10.51 : - [
: ‘, e . Clamp 1. . i
e 9 14 04.28 | 9 25 11.06 ' : L L y' Leonis. 16 13 20.71 | +10.48| 39.58 | +0.61 | +0.57 | —0.40 | —0.05 | 0. 12
L a {9 14 '2.98 | 9 25 1125 : ; S f Minor ; ‘ |
i . . ! _ 1 41 Leonis Minoris. 37 01.63 i --10.47 | 11.47 | 40.63 | 40.58 | —0.40 | —0.01 ; 4o0.17
t—a | ! + 130 — o9 ‘ ) » Mean. :_—5_17
(¢ —a)cos & N + o0.67 — o2 ' Corrected for aberration. | 0. 12
beos ¢ o — o0.05; — 0.33 e i i e
- ' | .
i ' { + 062 | — o045 a It therefore appears that the collimation is 4 0°14 and the additional chronometer correction
Csin g , T < 9.994 0 - - 0.463 ‘ v + 0°.02, making the correction at 10%, 4 10%51. We now apply these corrections to all the stars,
_ ! e b L g _— I with the following results:
. ’ : s - . N B
The difference between -+ 0%.62 and ‘— 0445 or 41%07 is due to the difference between the two - | e ;
. : . 1.07 ; " . : . ; : : * A e ] = . ' jg. | Coll.and P
sines or + 1.457. Hence, a = {457 = +0.734. Similarly, in the other position, we have the fol- ' o b Star. .| T--aT (cos ?s) Az Level. | =% D !
. . . oo i 5
lowing data and calculations: . A , E_ : PR e e e — |
‘ CLAMP W. ' \ ' ' | Clamp E. v N . . R
; ; S —— -- - o 1 ' : b ¢ Argus. ' + 32| + 0:68 —ﬁ 73| —o0.04! +F 012 0.93 2
S " | Hydre. o H.Draconis. 3 Ursx Majoris.. ' A g ‘ ‘ . | 8 Ursee Majoris: —o.17} —olo| +hb34| 033 {012 +o003] 2
e e - : i &  {o Leonis Minoris, 4+ 009! 4o07| +o016| —036| Loz —oo01| 1 |
; _ h.m. s. h.m. s hom s ’ h ¢! o Leonis. ' 4044 4+ o043} —o018| —o0.36, -forz’ foori 1
Chron. time. 9 59 23. 9t | 1o 25 9.92 | IO 54 45.70 ; ) i ¢ Leonis. 4+ o025 +023f 4000} —o037; 4012 II — 0.02 1
Corr. +10.49 | +10.47 T10.46° _ 4 ‘ ' ¢ Leonis. _ + o029 + 02| +o002| —o0.37| +o12; +o003| 1
¢ | 9593440 [102520.39 10 54 56.16 ‘ ; - Clamp W. _ ' ' ’
. : 9593351 |03 Ay 1054559 . . : . ‘v? Hydre. +.0.91] 4+ 08! —o0.42| —o0.32| —=o0.16] —o.o01 1
f=a | tod — 0.78 ; + 023 " . L § _ y Leonis. ! 4+ 0.63| + o059 —o005| —o0g40| —o016! —oo0z| 1
(t—-a).cos P + 0.8 —o.19 ! + o.13 ) o - : ~ {9H Draco. — o096} —o0.18| 4 0.55 —0.25| —o. 16 —o.04| 3| ¢
beos{ — 0.32" — 0.25 { — .0.34 L 41 Leonis Minoris. 4 0.65 | + o059 —o.o01 7 0.40| —o.16! 4 o002| 1 |
' : ' . : o | B Urse Majoris. |- . 4 o1 o. 0.34| — o016 4 o001 2
i -+ 0.55 — 0.44 — of21 : : /Y .. | B Urse Majoris 4 0.25 | for| + o037 ;f— 3 B
Sin ¢ ' + o. 601 — 0785 | — 0.536 : , R - B o ‘ T ‘ L :
' S 'i ‘ by Taking the weighted means of D on the two sides,iwe see that the collimation has to be re-

duced bnyé.Ol, while the chronometer correction remainsf.uuchauged. We then have for_D

Combining with +* Hydra, first, 9 H, Draconis, we get

Clamp E. Clamp Ww.
—+99 _. + 0.02 ,0.00
'a—+1.386—0'7;4 - + 0,02 — 001
and second, 8 Urss Majoris, we have ' . - 002, — 0.03
o ] +1.137 ‘ -, 0.03 : + 0.02
As the former star has a weight of 3 and the latter of 2, we conclude + 0.02

-

a=+00.G96. v o '




. ~'This conslades the fieldl reluction;mne-ve xof phieres Hinutrate ot % D | :
‘equations are calcniated as TollowR?. ..~ s : B s : : . . »
"‘ ’ a ‘..(. ' . ‘ * T " ! :
- 2 o, - ‘
" ' 8
: i} L )
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