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-Orbit'of-aSteriod'lslo TR (Taunton 99).

| This minor ﬁlanet was discovered'on a platé taken by Rcv.
.Joel H. Metoalf‘at Taunton, Mass.,‘on February 4, 1910.' Five othcr,
plates were taken on February 5, March 3 and 11, April 1 and 5. He
has furnished the following data for determining the obaerved posi-'

. tionss

| o ... d_hom_.8
~ Plate 999 taken Feb. 4 16 6 .55 G. M. T.

: | . x y

B. D. 20° 2328 Star 1 . 12,398  33.860
Astcroid 13,167 33.200

B. D. 18° 2336 Star 2 17.010  27.315.

‘Plate 1003 taken Feb. 5 15 7" 30° G.M, T.

2]

B. D. 19 2218 3. - 8.738  32.250
A ‘ ~Asteroid 11.738 32.208
B. D, 20,7 3828 4.”, | 12.489  32.549

o

Plate 1024 taken Maroh 3 15 1 50 G. M."T.

| o | (12.769 39 979 Take mean of two
o BB RORBTA Btard (2.7 39.978 images.
Asteroid  (13.633 40600
| (13.570 . 40.008

{(13.749  39.065

B. D. 230 2276  Star 6 | .
R 7 | -(13 650 39.065

. ' : N h R ‘
' Plato 1055 taken March 11 15 54 50 G. M.AT,

B. D. 20 3360  Star 7 . 12.282  25.978
| o Asteroid | 14.669  25.487 55410
B. D. 19 2159  Star 8 . 17.318  19.069
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' Plate 1052 taken April 14 15" 1%m G. M. T,
B. D. 20 260 Star 8 7.178 © 24.040
| ‘Asterold  9.582 - R1.270
 Star 10 | 11.915 1e.188
Plate 1065 ‘taken April 5 14 15 o® ¢, MoT |
" B. D. 30 2260 Star 11 19 360 35 951 |
| L Aeteroid ' 21.926 53 530
B. D. 19 2159 Star 12 24.097 50, 110
| To convert the rect angular coordinatee into right ascension

and declination, the following equatione are ueed.

tan‘ﬁ*- ~

154:!1 ‘coB f)’+2 Etan((’ —9) '~'-'¢v.y_

| ax
| Aﬂ% ‘9‘(6 S sin3"+ay coss')

ke "'V\(A‘X c'osvo‘- k2 sinﬁ’)

The eoale valueg' ‘and - angley“are detormined from the two
given stara, and then with these values, the aeteroid is’ determined
with referenoe to each star. By meane of these equatione the fol-

lowing poeitione of the asteroid wwre obtained for 1910 O.

._nate G.‘M.ATQ_f - I . w8

"igle'.""peb, 4.67147 '3, [é? :zg;oo»_ 19 46  28 5 1 3
o Feb. 5. eso~17 9 35':36}58 '-‘19<.4aee4o ef 3 '4\

Mar. 3. 62637 9 i 04  26.09 'J20123  a4 5 6 |

Apr.11.56564‘ e‘>“5e 56,80 20 21 ‘%s,ol>-<?'ee..;
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x - =
Apr. 1.65542 8 55 05.40 19 47 36.2 9 1o

Apr. 3.59376 8 55 08.91 19 42 e 11 13

(1910 0)  (1910.0) R Authority

19 26 01.09. 19 51 8.1 1/3(Rbg.. A.G.Ber A+ A. .G.Bex B)

2 9 28 37.32 19‘ 08 08.6 1/B(Rbg-+A G.Ber Ai—A G. .Ber.B)
B 9 25 57.45 19 40 48.3 -1/3(A G. Ber A-kPar5$~Rbg)

4 9 26 01.10 19 51 26. 4’ /”(A G.Ber A+A.G.Ber B)
59 03 56.98 20 06.3 A.G.Ber B.
6 9 04 29.90 20 16 085 A .Bex B/

r7 8 ‘58 36.3¢ 20 25 14.7J:1/2(Bo VI4-Ber B)

8 9. 01 22.08 19 47 269 A G.Bex A,

9 8 55 43.62 20_'09ﬁ 01.1 ¢ xaeﬁ' |

10 8 '56d_zo,e5~ ie .es';gs;eg }/B(A;GrBer A 4¢r§:5faa).
11 8 55 43.62 20 09.0l.1 o

12 8 56 ao.es -19::25'~zs.5“ 1/3(A.G.Ber A;+Par3+Ba )

| In the absence of any knowledge of the orbit, it is a matter‘e
‘of ohoioe as to the simplest method of procedure. The method deter—
"mined upon wae to compute a provieional ellipse and correct thie by |
varying the geocentric dietanoes.  Since the majority of the minor.

vj planete have nearly ciroular orbits, and the arc described in the pe-
riod of observation is small, we may with advantage utilize the curv-
‘ature of the’ orbit in our: computdtion. For‘a ehore interval, the |

‘trajectory,thru the apparent p}acee will coincide with e ema11 circle
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whose‘ polee" are “, f)[, 'and‘whose -diétance ig v ; f a longerxr interval
we obtain a mean circle which best aa+isfies the obse rvati Lona, the
-less eccentrio the orbit, the: better will be the. provieional result._
Fach (oL > ) gives us an equation of the form ™

sin ¥ sin ;;‘-f— cos * 00317:, sin K-

_‘cosﬂ) =
or’ cos? .= gindecot I cosX 'c‘dt‘.):iooso(,',;,cos )sim{\COt {)1., sinxo
sinf ' ' S ,
By subtracting each equation from the mean of all, cos»u is :

‘ - s8in/J _
eliminated and we have a set of equations, linear in the two unknowne

‘cot ) com( and c'ot ),, aino( ¥ which may be solved by the method
of 1east squares or a simila.r method. . The values of 4, }' vV may
\be Bodved into the condition that the. three selected positions of N
theplanet are . in a plane passing thru the Sun' | | |
| ﬂ.c";A' -CoB )' cosac' - cA& cos?"coso(-— c".a "coe) " cose(-"' =(<E'-e)x,

-

ot oosz)'sin.«' -Cc 4 sin« an < oM A"coe/" cos K " *(E—-é)Y,"‘
cta' sinJ' v ~ca gint - c"atgin " —(E-e)Z
'I'he solution fora' may be written in determinant i’orm.
o 7,
X, cos/cos4 - coe)" coso«”

Y, cos/ sink cos T sino("

o s 2, sin/’  ain ()"
c! S . o e .
: cos)! cosx ! Q_og)‘mosog,cqe )" cosL " 3
: ‘ooeJ' sin og' cos/ sink cos ) " véi‘n_K" H
’ H ) :.
: sin)' - sin sin fn ¢
- x Annals of Paris Observatory, Memoirs, Vol 23, p. G 53.
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-5 -

Let.fL- Xy cosﬂbcosd =+ Y, cos)’ sin«,+ 2, sin /7 putting

this* value of 7, in fhe numerator, it may be reduced to the form "

ﬁ (AB" - BA™) where A = cos)‘cosx -~ X, cos v
sin} B o
- - B = cos/ain« - Y, cos v
, ' E-g ' ' ‘ :
8o that 4! = - Ly e
L et sin() o ] COB)"COS,Q' y cosfsing sinJ"‘[

 As the o's are the ratios of the triangles included by pairs
of zradii vectores, we have, calling e = K(t"mt) etc.,

c =0 ,/c"=g" .- 7 ot =1 - e, where. for the first ap-
e ’gl , , o

‘proximation e = gg" -
: -T2 ana 7/ 50'

In refPrence to the earth a similar relation holds for

c, C', C" and F, aosuming o =o"g , 'x) =xt - O-¢C (x"-x) -

fe . TET - Fo
| The determinant in the denominator can be replaced by |
abse cot«) yhere bz 4 ( coe/' coa)" afl.n2 o(" -0( +sin29" ahl
ang our valﬁe beoomes v : | s o ? :
A' = (AB" é‘@ ~2e) L o @ " tanw
. (1-e)(e0" 6¢) sin/j, NTM" MM" MM'

or o' =h_  (2E - 2e )
1se - (00" eo!

anvdl'." | £3+ —g—:;&f = - . _Zt_g-:’;d.;, o A_"l";_.

S L) ~(AB") (AB7)

) - L

With the values o:‘.’jj and A ", we find the oonotanus of the
', orbit and the positions computed for the given times of obaervation o

’uaing the following equations.
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: 2(1‘"+r ) -£(x-cx") + Z(x" . x)? g ®. = B(x"—x) (x"x)

ltz = ®(x" - x)

- T
sing' =r" - r
A e

) '\ '
sin w -tanm‘

tain‘a = v —-Jz - (r" - :r:)"a

2 S 4rr"
m=g ' "
- s(r*r”)cosw' cosv 5 ;-
f= - | |
2(r+1")° cosw! cos vV -v(1 PRREL
) , (14-cos v - v
: , 3 w"""—"z—)
~h =m
§/6 +7

M® ‘found from'h by table.
P B _ 3
. 18 B-ipr——v" -V

=
| g.’e frr"'co'éw'“ )sin v+v" = tan

P ) 38 . slny" -v
| (eflrz™ 008 ') CO8 vay" = 1 - X" Ccogw!
(e = - )y 2 . P
o Gos vt =y
. T3
A =p_  e=ging
' 'coaz?‘ ’ _ ;ﬂ

8in a coe 2}' vu"; = (x" = x) - (x"4x) tanw

gln v" - v (xr +x") cos® !

R
‘8in a sin éuﬁ,_v;v") =(x"+ x) ~ (x" = x) tan«w
- | ) cos ¥" — v (r+r") cos w !
x T sin a sin (A' L v) |
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Tak ing February 4, March 3 and Ap:nl 3 as bases for the pro-—
visional orbit, we have in addition to the given uncorrected times and

~ positions the following data:

P4 apr.s
X 0.703286 © 0.973944
Cy -0.634155 .- o.z‘iszial'
7 .0.002508 - 0.375095

o _d.'ssz"z'os o‘.ess'sefs 0.463679 -
For our circle we get £o= 137 47 04.7 a = (0.666905)
/= 11 o9 57.9
B V= 9 2 b0
m (7.699373) (7.714643) (1 rmese)
N %ﬁg}_z_ﬁ (7.749713) (8.320843) (8.583983)

N is found ly successive approximations and from it

a 1.948565 . 2.3328333 o
/o 2.93317 . 2.92007 >
. ‘Bin‘“\)“,‘ (7.121784) - o | o
388 16 46.4 388 44 15.6
e . (8;18'6209'=)w-'«i_-” o .
a . (0.472085)
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Time - (9.999765) = (9.933080) - (9.694988)

A 28 B 57.1 .167 8. 5414 1701 41 53.4
L& 9 36 ar.a3 os B5.76 8 655 08.31
| o.gr . 19-146,5ze.o¥> 20 25 15.3 19 42 09.4
0 -C 44~ 'uﬂ 30.34  0.67
AP ae L 106. 2 "t,j" 9.9

 The failure of the residuals of the first and last places to
approach 0, indicatee some error in the computation, but it is hardly
g worth seeking in the provisional results.
To improve thie orbit we follow the method of varying the
‘geocentric. |
Riatanceu. The residuala from each observe.tion are due to
the fact that the used valuee ofo and A" are inacourate. calling
' their correctione aA ahd aA", we- have from each observat:.on |

],- .
4% cos’ = cos d& coa/‘ doc "
| | =5 AA+ da"lA

Jo=aryy ;' LA
‘ /a | LA
provided we can neglect the higher noxvene. ‘ Thle coefficiente are .
i'ound by varying A and 4" separately and computing the changee in A
s and J’ for each date. | - |
For our first hypothesis aesume ‘the taluee of & and A" to be
4 +-.os,,. + .05'as the ‘equations indicate that the values of 4 and
A" obtained above are too emall. The timee are coi'rected for aberra=_: |

tion and the AS and 310 for parallex from the provismonal data,

- 80 that our corrected data are.
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e “
Vau. 55,65994 o 26 fzs 94 19
| 26.51866 8 35 336.87 10
62.61426 9 04 26.00 20.
‘770.53904‘ 8 59 55.76 20
 91 62180° 8. 55. 05.51" 19
'93. 58000, & "85 08.08 19

& 1.998565

g}
46

48
25
2l
o
@

| With-theed'values our -

‘sin/ 9.520538

-1log, 0.300718

o ‘x"

:42§5, 714948 ﬂ
;zé.ot ‘.946688_
59.5'»_,980511~
iée.v' ”}975697"

19. s‘ﬂ;‘ 72969

Y
.634186
.625?73
.271123

.148688

'.188857

”.215130

computation follows'

- R.382333

coaa”cos< 9.867833

,cosaﬁsin« 9 .766681

X +~x =1.474148

‘X 0.703196

X -2.177344

. Y4y 1.167883

Y -0.634186 '

y 1. 808068?“

Z+8 Q. 676170

% -0.275100

z  0.951279

 9.527866
" 0.376984
9.815888
o 9.833376
1.551930
 “o.972069
'z 524899"
R '1 619049
" 0.215120 |
| ~1.495929'
0.803249-
v;092445

710804

2 -
-.275109 1st

-.270376
51i7615 middle
~.064504 |

079310 -

.092446 1last
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- 10

L—°3$

'0.673306 .
0.506234 f
0.2206 53
: }1;344630

‘1;012453

0.441306

1.560233

1.349203
0.2313329

0.104082

9.601723 -
8.558888
. 7.30968By

0.301030

7.008656

000000

10.947286
0.475643

0.949058

0.474529

- Nos

| Vos
X"+ x ~4.702243
B A A 3.207997
ntz 1.662085
i(#"i;x)?'_ 22;11168
';(f"::x}z ‘kld,39l25
Wzr22)® | a.7emEa
((x"zx)®  z5.6485
W o.smees
2(x"+2%)  55.50040
 5§2#,52,“ 17.75020
(x"3-x3)  1.634289
(y"z-yz) - 1.270814
(zn ~z2) -~ 0.399690
n r"‘3 2 - 0.036215
‘ Bin‘tw r"z-rz ‘
: “Te
1+coelw
tan w =‘sink,fw
008 w! |
'rﬁz 8.866992
r“

EL 8.893207
T . |
T Lqu,'l
| .i(rapr“z)j.‘ 0.776116
cos~! . . .000000 .
M+ 0.776116

.

Logs

19.541204‘

u-597848

| 9.381070

'9.082848,
 9.195696 -
8.?65140'
-9;525756

']14~K

(r4rm)?

col1K?»‘

: cqiog,1

g 2
5/61

=3

(col' N

Nos

“0.547555 i

~0.396139

. ~0.240475
0.1569264
0.0578282
© 0.35655493
7.677668

9.997938

' 0.1207947

81n® v~y 7.975476

0.300000 .

0.301030 .
1.560233

| 0.474244

7.3765656

~ 9.932067

7.765601

0.0064427

7.672216

7.365760

9.9094567

0.0033799

0.8367153

10.0056964

' 0.0047013

0.0083314

(K- 9.997938
m. »9 702182
sin (w"-v) : L
0 501050'
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45 -

o

" Check -

Gosv.
‘3:

e coe v
lye cos v
pﬁ R

r

c+
o
. B =
B ol WE T Wi<d wij<

- 8in

.e .

4%e_sipﬁ)5 )

‘44..34

307 42 %

.. 868.9

9.786473

 8.163105 -

7.949578

0.003860

163 651 10.4
9.691006

. 9.684685

. 3.371901

0.478379
0.474629

 9.993679 .

164 10" B8.7
308 21 45.4
 9.894871

3.477530 .

-1z -

.

318 b1 48.9

'9.876879

'8.163105

 8.039984 .

0.004736

. 0.478379

0.473643
3
160 25 54.4

9.574312

9.993679

"9.567991
159 * 42 16.4
319 24 33.9

9.813360

5477530

3.290880

(leewll' . -0 39 14.5. -0 32 33.8
U | 309 00 53.9 . 319 57 06.7 -
a2 0.717707
X . 3.560007
X © 2.832300
B 858300
(t" - t) 1.762829
1(u"-x) ~ 4.595129
LT 10 56. 06.7
direct 10 56 06.8
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3

nE

'"sin‘v" A‘v
2
(x+x") cosCem t -
cos(¥" = V) -
(x -ex")(tahd)_l

x M- x

- tan w

x‘f+-x
(x" - x)tan w
(x" +x) =(x"-x) tanw

cos v" - v (r +r") cos?

- 13 -

XA
© 8.987738

Nos

0.775116

9.997938

7.680960

' 9.541024 .

- 0.004797

~0.347555 -

7.008656

0.672305
6.649679

 0.672338

~4.702243

-4.702698

¥ 0.775054

( n - x) - (x" +~x) tan«, 9. 54&77

sin v" - v (r 4—1’“)003%

" sin (A'@ ir-nr")sin a
S 2

sin
cos |

~ sin a cos(A'., LAY
T ee
tan (A' "“—(-r\r’
A.__'_ v".*- v

gin a ]
sin z A

cos 2 A!

9 768854

9.899519. -
94784123
0. 115161'

"40.552552

: 9.899284

253 30 - 52.5 -

9. 999550

”-515 17. 04.9

a 279 15 2. 8
9.999765
9.500313

| 9.97‘7087: o

0.000366

Y B

313..17. 04.9
188 - 08  33.6-

9,938284

- 9.447811

9.876568

1 9.982216

Nos

7.514889  ~0.003375
 9xse7348 -0 396139
7.008665 | |

0.506234 . 3.307997

6.606503 0.000404

0.506179  5.207295

. 0.773054

6.594244_ -0.392866

9.?63854 :
9.733185

9.893106
9.851390

9.901735

141 25 38.5
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oin ¥v" ~ v
A 2

(r fr") cosz_w 1

- Cos (V" —v) .

S TTE
(x4+x"{tam') .
X" - x
tan w'

X"+ x

(x" - x) tan.w

(.x" + X) - (=" -f-._'x), tan E

cos

- (x"

| sin y" - V’(r+r") coazsq"

sin

v"i= v (T +1") cos

zd‘,

- x) ~(x"4x) tanw

(A'_F\.r -c-v") éin .a o

R

"gin -

cos

sin

tan
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z o

7.220308

9.581070- V

7.008655

0.220653

6.389725 -

0.220589

0.773064

9.377996 .

9.762854

9.4475%5

- 9.615143

 9.917504

9.832393

145 47

313 17

192 30

0.697638

29.7

04.9

24.8

‘9.626172
9.305276
 9.957237

Nos

- 0.001696
= 0.240475

© 1.662083
© 0.000245

1.661838

~.0.238779
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z.sina‘a - l-sinz a ‘sin 24! ﬁ;ainz a cos 2Ai

© 0.752607

0.998918

0.248471

1.998996

~0.316113

0.251047 =

'0.105063

~0.000003

~0.947583

1 0.728410

" 0.226166

-0.000006"

‘(r,v) for
| - [Febyi5": Mar. 5
g2t |  1.400881

K,_ - 2.832500 '2.832300

8-t '9.981692 ©  1.430628
W< 5 B0 46.5
N . ,519~~5§  06.7
¥ 309 00 59.9 . 309 00 59.9
'MfJ-iu' 0 0 sl.6 5 05 20.1

wr 508 11 51.5 . 314 06 20.2

o T 2000

e s.arveso s.ammsso

sin W' _ s.égezes '9;85§l60&‘

[COLE | | A1§559605 | ;’1.559605”

atn 2 . 9.9010%0 - 79.999788

W 309 11 51.5 514 06 20.1

=% 471 -izp iBei

sin 2! 214 .-2l.8

' 308 33 45.0 313 30 02.1

sin B' © 9.893271 9.860558
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e -

 Feb. B :,V"? | f]_uar.'z ~ (Cont'd.) -
Cer T 5.477880 3.477530 |

(e 8in E ) : 39 08.6  -36 18.2

M 309 11 51.6 514_06  80;3

M" ‘ oy ) "001 . " "" 0.2

E. 308 052 42.9 515 30 0l.9
E 164 16 21.4 156 46 00.9
an E . 9.632018  .633008
,{:an'(éslk— [ D) 9.993679 o 9.993679
tan vi“f*\‘,‘ 9.689239 ﬂ - 9.639414
| 163 ‘56 42.0 166 26 46,7
307 b3 fz4.o 315 53 33.4
cos v ' o.te8avs ‘~9.833909,;;
e R '8;163105“  :8.165105
ecosv 7.951378 o 7.996014
140 cosv:  0.003866 .  0.004782
0 | }":0.478579_ . 0.478379
T | 0.474513  0.474097
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MU - M
Mi' |
sin‘Mi-
JEt
‘sin 2 N
Mr

(B“sin‘E'
wo
w

) :

cos B

e cos E

E =N
1l ~-ecoskE
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 Marvll

-1.362501

- R.832300 ..

© 1.542562

4 21 00.3

319 57 06.7

309 00 89 .9

6 55 06.4
315 56 06. 4
3.477550
9. 844876
1.339605

9 999904‘-

315 56 06. 3'

-35 - 00.1

~ -31.9

315 00 44.3

| 9.849303
3477530

| ~55 22.9
515 36 o7. 2 
‘-09 i

8.165

9.848
010

¢ .

- 0.9 =-0.9

- 17"~

‘Apr. 1

. 0.291857

2.832300

,jo 23 10 9.

319 .57 oe 7,“

) 319 34 5008

3. 477050'

9. 811814 .

1.559505
9.994421

319 34 55.8

- 32 26.9

-21.6
.319 oz 07.37

9 816634 :

| 3.477530
W”‘- 33 48.6.

519 3¢ 55. 9

'.; 0.1



7.724732

- . .
 Mar. 11 Apr. 1  (cont'd.)
B 516 00 45.4 519 03 07.2
" E.  1m %0 21.7 169 Bl 05.6
tan £ . 9.617095 © 9.572829
fan (45 = ¢) + 9993679 9.998670
tan v ° 9.623416  9.578650
v ° 167 1é;»55.o 159 -14 340
3 | 314 25 10.0 - 318 29 08.0
1 éqs v . 9.845040 9.874350
e . 8,163105 8.165106
@ cos v ' 8.008145 8.05?464‘
ly-e cos v 0,004403 . 0.004709
‘. 0.478379 . 0.478379
T  0.473976"  0.473670
Check |
(al/? 0.259236 © 0.259256 0.239236  0.259236
§¢01 13 9. 762744 §:762952 9.763018  9.763165
ésin» ¢ 7.861986 7.861986 7.861986 7.861986
sin‘tz 9.893a71. 9.860558  8.849394  9.816634

7.681021 -

sin 1/3(v - E)7.757257 - 7.713628

‘1/2(v - E) -0. '19 39.41° -0 18 14.36 -0 17 46.75 -0 16 2958

V-E -0 39 18.8 -0 36 28.7 -0 35 35.5 -0 33 59,2
‘direct © -0 39 18.9  -0_36 28.5 -0 36 33.4. -0.33 29.2
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Ay v
‘B'r&—v
C‘.’,V

r 8in 4

sin (A'+v)

‘'r gin b

gsin (B'+~v) 

r sin ¢

sin (C'f v)

X

x )

%
Yoy o

sin
cos

X+x
tan o.
(%)
time
Z+z
Sin
COB

A cos J\

R265648.5

136 50

140 12

0.474294
9.863633
0.412813

9.842813

0.172167

9.806139

- 3.177344

0.703196

1.802071
0.634186
0.951275

0.276109

. 9.894219

0.168541

0.898859

141 36

9 26

' 9.83005%

. 9.973603

-B4.56

45.7

-19 -

10.474278

9.864934

0.412797
9.841515
0.172151

- 9.804457

0.067400 =

9.9 902329 |

2.1837956

.0.714948

1.796034
. 0.623373

0.947563

.0.2370376
- 0.069206

9.892914

0 166977

0.475863
19.897323

0.412381

9(798541

'0.171735
9.754234
- 2.350093
0.946688
‘1s63525?
- 0.271123
| 0.843274
~ 0.117615

10.131663

19.857107

0. 147185
9. 984479

\141 25:44(1.:136 01

9 25 34.94

| ,9g350709

0.274332

© 9.973498

0.274063

9 04 05 67
9 860 7.)3

o.or1842°

0.290076

0.473741

9.908998

0.412260

 9.783806

0.171614

0.980511

1.570602

- 9.736936

53.597592

- 0.148688 -

0.810131

. 0.064504

 0.152873

9.860254

0.161333

0.001540

134 B3

8 59

9.8725616

79.971959
 0.302619
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tah')7

aQ

5 - 'fog o
0=-C le

A?3§y
Bti v
¢l v
sin (Ai* v)

r sin b

sin (Bf+_v)

T sin c

9.5566731

19 46 29.5

0.300719
0.01

- 0.7

sin (C'v)

x

X
R4

Y '

7
z

Yoy

8in
cos

- 20 -

'9.566646

19 48  48.0

0.300565

1.33 -

~"B.6

0.473435

9.927089
“__0.411954‘ '
| 8.r40m17
';‘_0~i7}508.‘
9.686675
2.514630
 0.979697
'ii-43°3?°7

0.182837

. 0.719421

~ 0.079310

0.204962

9.888757

9.570657

20 24 36.4

. 0.318234,

20.49
- 67.4

338 05 16.5

9.569897
30 23 38.5

0.330680

20413

‘ ""5900.

147 00 22.5

161 22 13.7

0.475408
1 9.928836
| o.41193§ |
| 9.73§dsé

1 0.171281

 9.680466

rAz.Szﬁaee‘
0.972959

| i}éoészé"

| 0.3;3120

4 0;7;0799

0.093445

0.209359

1 9.868484
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Xi+x

tanva

time

=21 -

© 0.186089

0.018873

133 45 '19.6
8 55 0l.31

9.902401

 9.973552

0.346225
9.556176
19 47 36.8

0.372673

2.09

- 11.6 |

0.018387

135 47 14,9

.8 B5 08.99
9.904847

”.975792'

O 550775'

9. 504073
19 42 19.0
0.376985

= 0.01

“For the second hypothesis,A is unchanged but a " is decreased

by .OB and for the third hypotheeisd is increased by .10 and a " con-

8tant. The computation is repeated with each of these two sets of -

'Vulues and the following values of certain quantities are iooted.

x, x"
-Y:Y" B

Zyzn .

3(r”§#‘r2) >

| Hypoth II.
~2.177344 |

1.802068 B

0.951279

34.93737 -
0.350437

0.474529

' 0.466630

- 0.693945

—8 4923?7

1.571949 -

1‘."860501

0.986113

- Hypoth,III. '=, . Final
~2.251103

~2.524899
. 1.408939

0.710804

36.71266

. 0.366845

£ 0.488847
0.473643
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- 22 -

Hypoth. II © Hypoth.III

tanw  7.988780 . 8.243110

v © B86 02 47.6 281 11 32.0

T 297 29 44.8 292 19 53.6

P 0.486589 10.508317

a . 0.481119 . 0.522885

A 300 52 51.1 305 45 50.5°

B! 209 50 68.3 214 35 37.5

o . 214 01 B6.1 219 15 12.6

~ sina  9.900778 ~'9.999738

sinb - 9.938650 . = 9.987336

osinec 9.696418 .  9.700628

The resulting positions for‘the six dates are:

Hypothesis II -

4 9 R6 26.95 9 25 36.22, 9 04
: 8 55

] 19 46 50.3 19 48 45.2) 20 25

19 47

- Hypothesis III

& 9 26 26.94 9 25 37.41 ,9 04

8 &5

J' 19 46 30.4 19 48 419 20 25

19 . 47

12.15,8

03.57 -8

Q2.7) 20

9.1 19
2.1 19

58.85) S

03.95 8

bl.1 '7’20

34.8 19

R5

42

39.88

08.77 -

1]..07

18.9

04;707'
08.95
09.5, "

19.5
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And the resuiting residuals in the gense O -G are:

‘ ’ : : y
" " (2] R 0"

Hyp. II  =.01 .05 14.01  15.87 =-.06 .32

0.1  =2.77 -93.7  -91.5  -2.4. 0.4

l‘
. Hyp.III 00 -1.14 -12.67 -8.95  -0.44 .03

-0.2 0.6 -22.1 -30.0 -8.1 -0.3

~ The . '4&’3 are reduced to the .equator ({ch’é)’) and the results

.tabulated_:

 Feb. 4 Feb..5 ~~  MHar. 3 Mar. 11
(axcos )"  «« cosl picost AF  cos
. ) o A ' T Adon At;'

ad

Hyp. I 0.1 -0.7 18.8 -5.56 288.0 ~67.4  283.0 =0.0
" I -0.1 -0.1 0.7 - -8.7 196.9 -95.7  223.1 -81.5

"IIT 0.0 -0.2 -16.1 0.6 -178.1 -22.1 -125.8 ~30.0

Apr. 1 Apr. 3
ascos? 0 - 4xcos) ay

Hyp. I  31.1 =10.1 -0.1 ~ 0.3 .
" II -0.8 -2.4 3.1 0.4

:~'" III -6.2 -8.1 ° 0.4 =0.2

Calliﬁg the‘fractiqnal ‘corrections to d4" (-‘.05) x and to aat

( ~Fi.lo)y, each date glves us two. equations of t_he form ax+ by‘.,.n=0£ |

F.'ep. 5’  a8k 4 6.1y -5.6 = 0
 yar. 3 “Blulx -466.1y + 288.0 = o
L = 0

-26.3x 4~ 45.3y = ~67.4
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- 24 -

g1~ 59.9x - 408.8y ¢ 283.0

,];(ar. . ‘ =
- 32.5x  + 89.0y -59.0 = 0
Apr. 1 - 3l.ex - 373y  + 311 = 0
= 0

By the methqd_of leasf'squafes,'these-reduce to the twp“nor~
mal'eqﬁatidns:"'v

66669x-£589910y' ~ 266561
15047x 4766669y - 40924

o
o .

whose solution 1s  x = ~o 807065
”’y‘_: - 0. 795996
So - that the corrections to. A" and A\become respectivelyv

.040555

(~.05\ x (-.807065)

10 X .795996

,079600

i

Hence = 1. 998565-% 079600 2,978165 S

2. 422586 

E 2. 588?53-% 040350 |
With these values the final valuea are computed, giving_
log a = 0 496406
log//%e- 2. 805398
” ‘;=99 4% B9! 5015
 and the heliocentrio coord1nates |

P
x : (9 999717) = sin (v4-505° 58! 19.9) . ..

"
hs (9 957187) r Sin (v‘+?l4° 46' £4.0)

z = (9 701118) r sin (v.F219° 52' 09;4)  T
The other ‘constants are obtained from Al B' o by means,

of the following equations.
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~36 -

tan 8 = sinc

§ » ~ . s8in b '
tan (B! +C' - (®@=0)) = ein (sims8) tan (B 'cl)' |
: .' 2 : - sin (s - ®) a3 /.
~tan 1 = sin b éin c,ainf(B'»~ c') A = A - (7m-)
) ' 8in a cos A. o 4 :
tan L. = s8in b sinTB-sécla
| sin a sin A
* Check -
sin 1 sin<- =>sin'b‘sin,c sin (B! - Q')
sin & - 9.701118 sinb sinc  9.658308
| sin L. 9.937187 sin (B! - C') 8.919382
tan 8 - . 9.763931  cosec a ©0.000283
. . s 30 08 35.3 sec A  0.528860
s+€ BB 35 36.8 ~tani  9.086670
., - \ ) . ' -, ) ' ¢ i
B - & - 6 41 29.8 1 6° 57! 33.3
B ~C' -2 23 52.7 sina . 9.999717
e L o S o -
sin (8+E) 9.906796 sin A 9.980103
tan (B - 0!} . 8.618945 . sinbd 9.237187
 cosec (S --&)70.933583 sin B © 9.499437
 tan( )  .9.458322 = sec § 0.037441
() 343° 58! 16.0  cos{l. . 9.979820
B4 2.7- 09 16.7 sin (v 9 .474065
- -.833 11 00.7.  tan - 1 9.494245
A - w2oar 9.2 = = "343° 40! 07.0
R ) | gin 0.  9.474066
ein i  9.083468
AR 8.667628
" check 8.557527
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. Hence the elements are:
Epoch 19210. Feb. 4.5 'Gr..M. T.
M - = 290 36 34.0

C = 215 b1 08.0

i1 = 6 57 8.5
= 4 59 303
= 638.849

log a = 0.496406

Comparing the elements wuth those given by Mascart , it is
“seen that the mean motion corresponds to that of one of the larg—
~ est groups (630 to 650 ) the same is true of the eccentrlcity,
"inclinatlon and longitude of'ascending node.' Only in the longi-

'tude of perihelion'does,it fall in with one of the smaller groups.
‘ / . ) . . - co. A

= gpgr;s;Memoirs,‘Vol.xxxxx.
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