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TIIK ORBITS OI* THK SPECTROSCOPIC COMPON-

IvNTS OF d I500TIS

liv \v. i:. iiMiii li

IMIIS star, a = 1 '.'' I»r)'"-.S, h + -Ih-' .'U', photographic tr.ag-

nitiule o-;;, v-'s aniiuniiccd as a spectroscopic binary by

Campbell and \Vri<,..it in I'.KH). Approximate measnres of the

four plates secured showed a rans;e of 7") km. Their measures

referred solely to one component ; they made no mention of the

spectrum of the other component being visible, though, no doubt,

such is the case on two of their plates.

Fifty-three spectrograms of the star have been obtained at

this observatory during the years I'.tOT, 1010 and the i)resent

year, and these form the basis „f the present discus ion of the

orbit. The first four were made with the I'niver.sa. spectroscojie

as adapted for radial velocit\ ' ik, linear dispersion at //; 1S«

tenthnielres per millimetre, the next one with three-] rism dis-

persion of -IKVI tenth-metres per millin ;re at the same region,

and the remainder of the plates with the new single prism itistru-

ment, dispersion at same region of '.\?,\ tenth-metres per milli-

metre. For number :!oG.S a Sigma plate was used ;
all the oth"r

plates were of Seed :17 ICmulsion.

As intimated above both spectra are visible, ( Plate XXVI.*)

are quite similar and of type F o. For considerably over half

the period the spectra are well resolved and m,;asures were made

cm the lines of each component. At first all the lines that were

at all measurable were used :
gradually these were eliminated

which from their complicated nature could not be depended upon.

* NOTi:. <)wi[i}; lo llie f.ul llui! ihc eiil.iri;fnR-iit was inadf l>v inovinj; llif

iic'^.itivi.- up •>"'' i!"»'i, > ft" s|-ini.>r< \\\v~ iin' introdiircil.

V



31fl IF. !: Hatfci

Tlie final oii' >me was a selection of tliiitecn liiu-, ji;iven in tlie

tablj below, Uj-^ 1 which ;ill the measures were based. When all

the measures wen- completed a table of residuals of each line,

from the mean siveu by the plate as a whole, was fornitd and

ne\v wave-leuj;ths were derived so that the sum of the residuals

ei|ualled /.i-ro for each line. The first cotnuui gives the wave-

length as assumed at the start, the second the number of times

measured, the third the average residual and the last the wave-

length as corrected for this star. Outside of// it will be noticed

that practically all the lines selected weie those dn*- to iron or

blends of iron.

LiN'i:s UsKi) IN d Boons

X
Tinu-, .\ver.ige (.'uncctfd

Measured Resid.uil \

454,17(10 .i4 o'O km. 454-1-701)

-Ml.V-'l.i 41 .r4 44iVj4i
4,!4"-0.i4 .?! •s 4i4,)-0(„i

;.i-'.5'S^') 4.5 I -; 4.i-'.V"il-'

4_; iS-oSi 54 ^ ~'~ 450S-04-!

.tJri7(icj .^.>
"*') 4^7177.1

421,0-540 .i" r j-^ 4JIIO-405

4i4.r'>i'' 4') - 0-7 4I45-.),;S

4' .71 -no 1 J'l 2-c| 4071 -,,40

)i)'|j7.>'' .iS - 2-'l 4005-705

4"4.i''l75 5-^ o-J 4i)4Vii7S

4005-450 47
... ;;-, 4005- \i\i

With the exception of the last line, whose wave length was

very uncertain at the coiiunenceinent of the measures, none of

the wave-lengths as assumed are in \ery great need of correction.

An unpublished investigation by the writer of the elTect on the

elements of an orbit of the use of wave-leugths which, treated

similarlv, gave residuals somewh.at as tho?-e above, shows tliat tl:e

changes are almost inappreciable. IIoive\er, as the List line

needed correction it wasdecideil to use the corrected w-ave-lengths

throughout and the measured velocities were revised accordingly.

In the table following is given a summary of the measures.

The ]iha.'-es are recW' from the ]ieriastron pa.ssage fnialh
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accepted, J. D. 2417t>7!tr)2;5, ' Mng .e period ',)fi(M") days. The

maxiimitn weight assigned a plaie was If), dependiiiR for the most

part on the sntn of the weights given the separate lines when t' e

nieasurenient was being made. Tlie residuals given are scaled

from the final curve. These a])pear only for those plates where

the spectrum lines of the conip(Hients were resolved. The other

velocities are derived from nieasiucs on blends and are subject to

considerable error. For some distance on either side of the inter-

section of the curves with the yline where the Knes are more or

less overlapping the terkncv is for the measured velocities to

deviate from their true position towards the 'line and h

observations can only be made use of to advantage when groi d

over a large phase interval, the extent of the inter ..ii 0:1 each

side of the cro.ssing point being approximately tiie ...'u-

3



318 IV. E. Harper

Measures of d Boons

Plate
Component I. Component II.

Julian Day Phase
No.

: Velocity Wt. -c Ve'.ocity Wt. o-c

f>i)g 2417671769 I-S5I + Sj-o 10 + 6-0 - 59-9 9 2-8

77" 7Iir6.i5 I -(>94 + 71-3 2 7
'5 7'-5 2 ''•7

7rs 720-593 2-652 + 81-5 4 + 120 - 54^7 3 il
79S 7727-'>53 •loS + 17-S 6

Jil".'* S759-'*54 4-627 4- 17-1 5
.>4"<J S2(.76,S 4"3'" + r(> 7

.i475 Si2 702 "39 + \yi S

.>5>-! .S59-591 S 319 - 54^2 10 4^5 + 73^1 6 , 07
J5i*< S04-5>*4 37'"* f 26-9 10

>5-'4 .SOfi'vSl 5'7"5 + 0-6 9
3550 SSl'sSO 1-501 -*- 73 '4 9 -

3 9 (11-2 9 O-l)

35-7 903-550 4 256 + i"-3 7

j><)4 '»I3542 4 643 f '3'5 ()

j'"".! 9i()-55«j 7 ''57 - 64 -S 4 - 52 + "9^3 3 II -7

.>"-!4 ^*-'3 534 5 "3' + 3-5 3
jS.^O ,K.27'9(i7 3^*14 + 28-4 6

J'I2() <'46-S75 35 '3 -r 2(1-9 2

3)45 "53-95'* -992 -t- 6:) -0 ,s 0-0 56-6
5 7-0

3954 "54-9J5 ' 959 + S3 -2 9 -r 4-5 5"-5 7 • 5^-'*

3't7i» 0(17 -Sijo 5 3 19 r H-7 4
4044 098 -SXi 7 497 + 57" 3 0-2 + 7S-4 2 2-4

4"5- o.)()-S)jo S-50I) 4(1 -() 7 1-.8 + 69-;
5 t 2-5

4,1(14 I.i2-.S4() 1-857 ^ 77^7 5
- !-o 62-,S

5 ^ 4-i>

4<'74 •"3--\ii 2 S ,4 -r (14 •S 7
- 0-4 60 7 5 12-4

41JI1 II2-,S.)2 2-2. |i> + 711-6 8 - 3-X - 593 (1 ()(>

4142 120 -824 Ci2() f 49-3 3
- '7 3 J -6 2 T 2-4

4151) I2.|-,S44 042 1- 10-3 9
417J i34-,Si)() 5'<>5S -r 84 10

41^3 '3r''>53 8 -05 1 - 55^' 3 + 0-2 + 75-0
3 3 5

41.H1 138-712 .8-91 o 29" 4 2-0 + 57^2 2 . 8-2
42".S 145-S07 (,-4.«> 40-5 5 4 0-2 f (16-9

4 J 4-1

4 J IN I4ij-Si6 7-409 522 7 + 5-" 74^i 4 (r(p

4-!,i3 USSul 9 394 , (.-4 7

4 2,if. U'lTciS •(n)7 t 49-S 5
- 4-2 35 -4 2 1

-2

4J52 r5i-7S4 ! 773 + 60-6 7 0-2 50-6
4

- 09
4.'M 152-781 3 771' + 22-0 4
4J7N I55-M2 (i-,8i)i 45-3 4 1 3^5 78 -0 J ()-2

43"4 173 -687 5-4<'7 I
-<j (>

431-' 17(1-740 ,8-520 40-9 4 -f 3 4 + 71 -<i 2 • 4 -.8

4315 I7N-7I"' ••35 < 71-3 7 + ?•!* 47-8
5

(v8

43-!'^ iSi-7i(i 5 -8,, I 17 4 2

4!i>* 1S7-70, •-'75 • 11 -i| ^

4344 i>ii(i(i() -••23" T 7i-ii 5 2'7 («iS
4

0-8

4i5r lOdliJd ii-ii|(' (1-7
1

4.iS2 2 1 i -()o(» 4-9(18 + 13-2

43'i" 2l5(i4(. II -0.18 34 ••^ 2

43''i 2I(i-5(|2 •349 -f 9 9 2

44"5 221-58(1
5 343 12-4

/

4|ll 222-074 "•431 37 'o 2 44 57 '5 1 y^
»»!" 225-551, 9 3'

3

t (1-4 8

44-!5 23 llH.

3

5-75" -t 5-0 (1

4431 2!2-579 "•73J U 7 8 12 .

1

838
i

15-3

444" -•('•^-'M-' 3-180 • 54'" 3 li 399
{

"4

I



Orbits of the Spectroscopic Components oj d Hootis ;?19

For convenience of reference, the early observations of the

Lick Observatory are here appended.

Lick Obshkvations

Date Jul an Date Velocity

19CO March 27 24 5 too -88

1

+ 79
April 4 ! '14-953 ^ .;

9 ,

1 H)-<)o5 t 1

1

'• '7 ;

I27-SI4 -t ()0 _•

1902 Mav 27* ' 807715 + II

Ke^uKtal

from Curve

f .V"
- O'.?

+
17
o-(>

- \-z

* l'iii,ulili-.l'.cil, liut loniiiiiinicilcii ihriiuf;li Uindnos uf ilie Acliiii; Dircclor.

Tlie ]>eriod deditctd from our own observaticns :ind the pub-

lished ones of Lick, assuniing their obttrvations on tlie n;tridiaii,

was '.I ()()•') days. This was the period used throunhont. A cor

rection of - 0(10."> days was made to this when the G. M. T.

of the Lick plates was received. With the exception of the first

four all our observations are practically of one year, so that the

small correction to the jeriod will not affect the results. Like-

wise three out of the four I'.HI" plates are at the crests of the

cuive and no appreciable change will itsnlt from the u.'-e of the

revised period. The correction, however, will accumulate to

approximately O'OTO days in the interval over which our obser-

vations extend and accordin>;ly a correction of -t- 0(170 ilays was

added to the derived value of 7" making it 2417<'>7'.i"')'J;> as given

in final elements.

The observations on component L werefirst groujHil nccord-

ing to phase into thirteen normal places. The j'ecnliar deviati'ii

efTect near the intersection of the curve with the y-line, prcviotisU-

referre<l to, was in evidence in four or five normal ])lacts.

abnormal residuals for these groups Injing the rule.

Preliminary elements by the graphical method were obtained,

which outside of the groups mentioned, satisfied the observaticns

ijuite well. They were the following :

P = 1) «().•) davs

c = 15

m = '2S0"

A' - is km.

y = + '.t'j:! km.

T J.I). 'J417t".7!t t!00

I'reliminarx elements

fur solution of

component 1
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It could be seen that in a least-squares solution the large

residuals, alternately above and below the curve on each side of

the crossing points, would play the most important part and

would cause considerable changes in the elements ; nevertheless,

as a matter of interest merely to see the extent of such changes,

a solution was made. The jjeriod was considered determined

and corrections were obtained for tiie other elements as follows

:

8y = -f -'54 km.

8A'= - -i^S km.

8 <• = + -090

80. = - 13° ir

hT ^ - ^.io days,

so that the first corrected set of elements for component I. are :

/' = '.tGO.") days

c - -240

<- = 2(JG° 49'

A' =- 65o2 km.

y = + 11 77 km.

r^ J. D. 2117fi79;?65.

If we compare the.se with the values finally accepted we
notice differences of consider: Me magnituJe. The eccentricity

is here considerable increa.sed. Another tnarkeil effect is the

lowering of both jxisitive and negative maxima from that given

by the final elements which latter maxima seem well sukstantiated

by the observations at a lime when the observed velocities can be

relied on.

Though a second solution according to the foregoing group-

ing should have been carried out to satisfy the agreement between

eciuation and ephemeris residual, yet any changes thereby

•leduced wouKl have been of a vanishing order, and as the group-

ing at basis was fault> , no good purpose could have been servttl

by such siihition. In the new grouping which was now made
all the plates whereon the component spectra were not distim. tly

resolved wltc grouped into two normal plaoes at or near the two
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points of intersection of the curves. They have, owinj; to the

nuinljer of phUes involved, relatively hi>;h weights.

The same set of preliminary elements as before were used

and the following corrections resulted.

8y + L»;!,S km.

5A' - 16 km.

Sr = + (r.o

8u. = - vi^ or

8 7" - •_>()(! days.

The corrected elements for component I. then are:

/' '.)()U.")days

e - ISd

<u - 2(17" o'.t'

A'- (JSIC) km.

y = + 11 01 km.

r J. I). 2U7(;7'.i-.'5'.i4.

The Sinn of the scpiares of the residnal.s was reduced from SS.",'.")

to 1471.

I'Uements corresponding almost to the above corrected values

were used as preliminary in a least-siptares solution for compon-

ent II. The maximum positive for the curve seemed to be fixeil

ai)out + 7'.l b\- the observations, while the maxinuim negative

was - til. This with correspoiuling values for c ami «> gave a

somewhat discrepant value for y, nevertheless the elements follow

ing were assumed as preliminary for the solution.

/' '.>()0.')
I

r = -xm
«< ,s,H^

A" - 70 km.

y = + Sa() km.

T J.I). •-'417(i7'.i.::'.i4

The two iu)rmal places for coniiioneut I. previously referred

to as comprising all the plates on which the lines were bleiuled

were also used in this solution. This seemeil a reaso lalile i)ro

cedure as the blcndeil obsenatious refer equallv to both com

Preliminary elements

\ for solution of

comjKUient II.
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ponents. The followiiij.

solution.

8A' =

corrections were the result of this

+ 1-1)7 km.

+ 2 •29 km.

- -02.")

+ 2 ' 10'

- -0:^ day,S T

so that the corrected value for component II. are :

P = 9-()0") days

e = -155

«. - 90^" 10'

A'- 72-29 km.

y = + 9-G:'. km.

r = J. I). 2ti7t;79;w:'>.

These values reduced :S./>i'v from 4'.H)-.S to 14.!().

The qusstion now arises as to the best method of combining

the results arrived at from each component to secure uniform

v.iluss for the elements. For the values of y, e and /' must be

identical, whilst the values for a. nuist differ by ISO^, As we

have determined them, they are :

C'otnp ment !. rnniiKmenl 11.

;
+^ Il-t)l km. 1 <) <>.} l<m-

267" 5<)' (270" lo' - iSo" )

/
I. I). i4i7')7<r,V'4 .1- "• ^4'7<'7'r.!".5

One might combine them according to the relative weights

I'f the observations, which in this case are .".1 :! and 2.")-.") for com-

ponents I. and II. respectively. .Again one might combine

according to the jirobable errors of the determined ([uantities.

weighting as the inverse sciuare of the probable errors. Both

these have been performed but before giving the results a better

method than either, suggested by the Director. Dr. \V. I". King,

will be given. It consists in coml)ining all observations on t)oth

components into our set of observati(m e [nations fron which, of

course, only oiif set of elements result. In building .ptlie obver-



Preliminary elemeuts

for toin1)iuecl solution

Orbits of the S()ecliosco/>u Co ifyonciils of d lioolis
'">1'^

vatiou eciuations one must 1 careful to remember I for ... in

one case we must use ISO + <o in the other.

For iirelimiuary elements the following were assumed,

P = '.)•()().') days
j

e = -ISO
I

,u = •H>S° and SS^'

y = + ,S")6 km.

A', - (>7-S7 km.

A', = 70- km.

T= J. I). -iirrMil :!'.»4

This solution gave the following corrections

8 y -+1-2.5 km,

8 A', - + •'):'• km.

8 A'. = + -')'> km.

h e ^ - -Oil

8 oj = J ;." O'V

8 7" ..-4- -O.V.) days

Hence the final values which are consider^

their prob:ihle eirors, are the following ;

/' = (f604.") days

<• = 160 ± Oil

o., = 'J7;'.'-' -i"
'>'>'

as definilive. with

o>. = 1)3^ .). I

A', = «S'.JO km. Oil2 km.

A', = 720r) km 1
!•'> km.

../, = G'.i-OO km.

/;, = 07 -.SO km.

A, - 71 41 km.

//, = 72 till km.
7" =

J. I). 24i7<i7'.t •vj;; •07;;

V -- -f-
!»so km. t- o-.-(i km.

a, sin / = S.'.IOl ,000 km.

a sir.
/• - 9,8,S0,OOl) km.

w, si'T / 1
••'«''>

;•)

w/, sin / = 1
'!'.1 ';>).

Final

Value-

I .i
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The value of Ipvv for the normal equations was red i ed from

780o in the case of the preliminary elemants to 42'.) S and as may

be noted in the following table, last column, satisfactory agree-

ment was obtained between equation and ephemeris residuals.

The phases in the table are referred to the final value for T.

Normal Places, Combined Soution

Mean Phase Mean Vel. Weight -c Ei'ialion -Ephemeris

'\
1737 1- 7'*-5i 2-5 •18 -r -06

2 2141 + 79-7' 2. + 2-59 + -09

3 27S5 + 69-21 2- + 276 + -22

4 J 169 + 54 -60 -3 - 2 42 -t-
-16

5 6-t)l9 3S-70 2- + 6-67 - -08

tj 7-497 56-96 '-5 + •73 - -08

7 8-263 54-4' 1-5 3-17 - -12

8 8-657 - 39-»7 2- - 1-17 - -14

9 •653 + 44-26 '-5 - 765 - •09

lO •955 + 68-47 1-5 + 4-00 + -05

1

1

I -7X0 - 00-70 3-5 + 2-l8 - -02

12 2-2hS -
.
1-90 I- - -29 - •05

13 2 •S62 - (12-6; '•5 - 4-62 - '3

4 47S2 + I2-CS 10- - •14 07

15 6-575 + 73-25 ! + 6-35 -1- -04

16 7 -"43 + 73 •X3 !• - 7-3« -(- •23

17 S-4^7 + 69-60 '5 + 2-08 - -29

iS y5-'' + 8-41 4-5 - 2-28 + 13

'4 X72 - 46-7-! '•5 - 2-06 + -11

The probable error of a plate obtained from the residuals as

scaled, with their corresponding weights, is ± ;5-l.'l km. per sec.

In the curves shown, which represent the final elements, the

continuous curve and circles refer to component I. and the broken

ones to component II.

A compari.son of the elements common to both components,

arrived at in the various ways, is given in the following table.

Comparison ok Iu.kmknts

Elements
Solution Solution

Cjnii«incnt 1 Oinii)onenl II

1
1 '61 Kill.

-iSo

-'67" 59'

. • . 9-394

9-65 km.

'55
,

()0' lu

•• 9-363

Clmihineil

.^f^-ordmg to

Weights

Conibinetl
.\coonling t()

i'rob:ibie ^, ,

Errors Solution

One
T)ircrt

10-72 km. * lo-So km. irSo km.
-|()9 -170 -I6'l

268 " 58' 269" 11' 273" anil 93"

9-.?'<o 6'3"7 9-453
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There seems no doubt to the writer that the last solution

wherein all the observations on both conip<ineiits are Rroupeu

into one set of observation equations resulting in a u..iforni set

of values, is the only riftid one, and, as previously stated, the

suggestion for such a procedure came from the Director, Dr. W.

K. King, to whom my acknowledgements are due for this and

other valuable suggestions.

One detail in which, for future work, the foregoing can be

improved upon. The two groupings representing the blend
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plates should he broken up into four, with residuals scaled from

each curve, the total weigh' assign>.'d the four normal places

hsing enual to that formerly given the two ;
or, retaining the two

normal places, adjust the correspondin;j; residuals in the observa-

tion e<iuations so that they represtnl the deviations from both

curves instead of from one alone as in the present discussion.

Dominion Okskkvatorv,

Ottavi \, Canada,

August. 1011.
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