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ORBIT OF THE SPECTROSCOPIC BINARY X AURIGE
AND A NOTE ON 12 LACERTE
BY REYNOLD K. YOUNG, Ph.D.

The binary character of X Aurige (a=>5" 26=, §=-+4382° 7/, mag. 4.88, type B1)
was announced by Frost and Adams in the Astrophysical Journal in 1903. An orbit
has been determined from -eighty-eight single-prism spectrograms secured at this
observatory during the years 1913, 1914, 1915, and 1916. An idea of the spectrum
may be obtained from Table I, which gives the wave-lengths of the lines used in making
the reductions, the number of times each line was measured and other data necessary
for correcting the wave-lengths by the usual method of making the weighted mean of
the residuals equal to zero. The residuals quoted are taken in the sense, observed minus
the mean of the plate. In addition to the lines given in this table, the H and K lines
of calcium are present and generally were measured, but they were not included with
~ the rest of the lines for reasons which will appear later. On well-exposed plates all of
the lines given are fairly sharp. Those due to silicon and some of those due to helium
are faint, which accounts for the small number of times they were measured.

*  The velocities obtained at the Yerkes and Ottawa observatories follow in Tables
IT and III. The headings of the columns in these tables are self-explanatory. The
residuals, as given under O-C, were obtained graphically from the final curve, and so
may occasionally be a tenth of a kilometre or so in error.

TABLE I
Number
Element Wave-Length | Arithmetic | Algebraic Total of Times

Residual Residual Weight Meassured
H byt PSS bt £ 4 by ierebiad S L 3964-875 75 +2-1 103 32
L ST e <t ot s PEir vl s s o e R e 4009-417 6-8 +2-1 8 23
Lx LT T T o e e e e 4026352 5-7 +2-9 393 79
82 B B 6 0 Bce) s B A Al o BB Aot 4101-890 5-8 —0-6 303 64
Helium.......... ...................... 4121016 8:3 -0-9 53 19
Silicon.............. vs I S e s P PR 4128-211 10-0 -3-2 9 29
Tl O i St byt v sl S Togarer S 4131-047 6-2 —2-7 7% 24
Ehel e ran e B e e 4143-928 7-7 —-3-1 22} 61
(G517 (s et S I N o o e T 4267-301 7.1 +2-8 133 40
Hydrogen.......................o ... 4340634 6-7 -3-0 48% 83
L T -5 AT e 4388-100 7-2 -1.3 37 . 76
15 1511011 e e N R e 4471-676 6-1 +3-2 63 86
Magnesium. ........................... 4481-400 5:7 -1.2 34 72
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TABLE II

YERKES OBSERVATIONS OF X AURIGAE

Date Julian Day Velocity 0-C
1903
BeptiGueec s LT S T b DR G I i R L S 2,416,363 -825 +24-2 +12-8
Oect. 10........ P et e s TS et s 1 IR 5o 398-782 +12-2 ~ 2-4
0L e S 4 SRR Y Py e b SR 404-844 +13-8 - 12
TABLE I11
OTTAWA OBSERVATIONS OF X AURIGAE
) Velocity y
Plate | Observer* Date Julian Day Velocity | Weight 0-C H and K | Weight
y Lines
\ 1913
5791 P Nov. 4= 4% 2,420,076-915 —19-8 1 + 0-5 —10-6 1
5798 Y Nov: 5. 0. 50 077-872 -17-5 1 + 2.7 -11-8 3}
5804 Y Nove, 6. %05 078-719 —20-6 1 o e e e
5818 Pt [Dec. S8........ 110774 | —19-2 3| —3.4 | Zi27 1
5834 Y 15 7 A e 120-628 - 9-8 ] + 4.5 — 9.5 1
5849 C Ded., 22, .nlns 124-780 —-22-3 4 — 8.7 - 1.9 by
1914
5873 Y Jan. 1........ 134-729 —-14-6 3 o A R P | D
5894 P Jan. 21........ 154-705 —~14-5 3 - 5-9 + 2.7 3
5922 P+ [Feb. 9........ 173-689 | —15-2 . =97 | T
5925 Y Feb, 11........ 175-663 + 1-5 1 0 T | ey 1| i s A
5939 Y |Feb. 15........ 179-580 | — 2.5 1 +20 [........ .
5957 | C-Pr [Feb. 23........ 187665 | + 6-7 1 | +99 | +1.8 g
5973 Y VR LRSS o % s 203-576 — 84 1 - 7.7 +1-3 3
6397 ' Septe 17..... ... 393-889 4 7-8 1 -10-2 — 6.0 1
6460 Y ot s S 407-839 +17-6 1 - 0-3 + 8.9 1
6470 C Oct: 2........ 408-833 +29-1 3} +11-3 +15-2 3
6483 H Oct. 4........ 410-822 +18-0 1 + 0-1 +12-5 1
6486 Y |Oct. 6........ 412.914 | +22-2 1 + 4.3 | +16-9 1
6489 Y Oct. 11........ 417-887 +21-1 1 + 3.3 +11-0 1
6508 H [Oct. 20........ 426-791 | +19.0 1 A |
6526 Y |Oct. 22........ 428.911 | +24.7 1 =Tl 1 e 1
6562 H [Nov. 17........ 454-824 | +17.8 1 +12 | +9.9 1
6587 P-Y |Nov. 28........ 465-748 + 5.2 1 —12.5 + 3.2 3
6593 C-Pt  |Dec. 4........ 471.757 +20-8 1 + 5.8 +12.3 1
8599 Y Begy: 55 . o 472.759 +16-4 1 + 1-4 +17-5 1
6604 Y-H |Dec. 6........ 473-627 +13-3 1 =146 + 7-1 3
6617 C-P* [Dec. 11........ 478733 | +10-7 1 - 37 | +10-8 1
6627 Y Dges 18505500 482-637 +14.6 1 + 0-6 - 3.7 1
6639 3 ) JJec: lBrea: taiin 483-757 +15-8 1 + 2.0 - 01 1
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TABLE III

OTTAWA OBSERVATIONS OF X AURIGZE—Continued

Velocity
Plate (| Observer* Date Julian Day Velocity | Weight 0-C H and K | Weight
Lines
1914
6643 Lt AR 0 17. % , L L 2,420,484-654 | +14.5 | 1 + 0-8 | +11-2 1
6646 350 i Dess. 20. . .. .. .. . 487-496 |. 4+15-3 1 +19 | + 34 3
6652 Nl DEes 220, .. 489-592 +10-4 1 - 2.8 | + 62 1
6667 Y |Dec. 30:....... 497-571 | +16-2 1 +39 | + 89 1
1915
6680 Gl gHTant= AL [k 502-744 | +11.7 1 +02 | +69 1
6702 I I T A 508-502 | + 1-4 1 — 9.1 + 7-2 1
6731 A o R TR 522-609 | + 7-5 1 —05 | +36 3
6750 H=Yi - A28 5 . 526-721 + 81 1 + 10 | + 67 1
6783 S [ 12 . o 541-640 | <+ 6-2 1 + 21 + 9-3 1
6788 12 O 1 | R 546-509 | +11.2 1 +83 | +88 1
6819 Y |Feby 28........ 557-604 - 2.8 1 - 3.2 — 21 1
6844 Yol iMar. T e 564-573 | + 1.7 1 + 3.2 - 26 1
6879 Y |Mar. 19........ 576-555 —11-3 1 - 68 | +48 1
6896 ¥ M 30 587528 — 4-8 1 + 2.3 0-0 1
6919 Y |Apr. 13........ 601-536 —~ 68 1 + 41 — 56 1
6956 Y |Apr. 28........ 616-556 | —17-3 1 L —~18-0 3
7135 ¥ o lhiby 20 o 707 -858 —21.8 P s e o B e 1
7152 H jAug. 10........ 720-851 —24.5 1 = igon M L S 1
7175 . SAR OO IO 736-826 —18.7 1 RS (=GRt e e e 1
7199 Yo Bt ... 743-883 —21-6 1 S it s SeT
7227 ¥ Bt Bl 750906 —16-8 1 L 1Ty o S s o B
7264 Pu  (Sept. 17........ 758875 —11-8 1 e e e e
7280 H |Sept. 21........ 762-900 —13-9 1 + 2.2 —i3.R 3
7316 Y. eent 8. 771-881 —22-2 1 A e S B 3
7323 Y Oct. 9........ 780-816 - 7.1 1 + 63 —12.9 3
7345 C ek 05 786816 — 2.2 1 e M e £
7364 Y |Oct. 24....u... 795-892 —12-2 1 - 1.2 - 06 3
7373 Y |Nov. 3........ 805-622 - 9.8 1 205 —~ 66 1
7384 Y [ Nov Bl 808 -862 —14-6 1 Ao e iyt o A O
7401 H |Nov. 12........ 814740 = 5.3 1 4 2.6 | +10-1 1
7415 G NOTe ATty 810-625 | —16-6 3 = St R AP S
7429 Y-C |Nov. 24...... 3 826708 = 1 + 4.4 SEond 3
7440 ¥ Dect BEAR e 835-570 | + 6-4 1 e A S e
7447 C  |Dec. 10........ 842622 ~ 4.9 1 e RN 1
7454 P |Dec. 20........ 852-649 — 9.2 1 =y 20350 3
7458 Y |Dec. 28.......- 860-651 | + 3:0 1 + 3.2 — 8.0 3
1916
7475 I Toriie M e 870-514 - 5-8 1 i e 1
7481 H |Jan. 13........ 876569 — 20 1 4.0 | + 1.8 3
7494 Y (i OB 891.574 | + 2-6 1 — 1.6 | +0'8 1
7502 H |Feb. 3...... = 807-728 | +12-6 7 + 7.6 | +126 1
7504 Y |Feb. 10........ 904-584 | + 6-2 1 4 0.2 | +11-6 1
7510 P |Feb. 19........ 913-669 | -+13-5 1 S S e e
7512 Y |Feb. 20........ 914-501 + 9.4 1 + 31 + 53 il
7517 G |[Feb. 28...0:00. 917-629 | -+ 65 1 ] 4+ 85 1
7527 Y |Feb. 29........ 923.524 | + 1.8 1 = N ST 1

54002—1}
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z s =
TABLE III
OTTAWA OBSERVATIONS OF X AURIGZE—Concluded
Velocity
Plate Observer* Date Julian Day Velocity | Weight 0-C H and K | Weight
Lines
1916
7532 C 3 B S S el 2,420,924 -501 + 4-8 1 - 3-7 - 20 3
7536 H a4 2k 925-624 + 8-5 1 - 0-1 + 3-9 1
7539 Y 0 2 AR T b s 928-534 + 0-9 1 — 81 + 6-1 1
7542 C Mar: 10..4...5. 933535 -+10-8 1 - 1-3 +10-1 %
7549 Y Mar: . TPl o 940597 +11-5 1 + 1.2 + 4-2 1
7550 Y VAR T A o 940-642 4 8-8 1 - 1.5 + 5-5 1
7558 Y-H Mar. 19...5.... 942-637 4+ 8-5 1 = 2-1 + 9.2 3
7562 Y Maz: 125 0. 944.-510 +14-0 1 + 3:2 +11-7 1
7571 H IMAE: 1235, o i 946-618 +14-8 1 + 3-8 + 6-5 1
7585 Y Mar. 30........ 953-575 + 78 1 — 4.0 + 7-8 1
7594 Y AP 956572 + 90 1 - 30 + 3-7 1
7601 H ADET B0 e 959525 +16-5 1 + 4-2 +13-0 1
7624 Y Muy ' 2., 986 - 548 + 9-3 1 — 5.5 + 0-3 ]
7632 H May 4........ 088-555 4 4-26-1 3 +11-2 +17-4 3

*C=Cannon; H=Harper; P!=Parker; P=Plaskett, J. S.; Pt:=Plaskett, H. H.; Y=Young
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b =
MEASURES OF x AURIGE
5791 5798 5804 5818 5834 5849 5873
A
Vel. | Wt] Vel. | Wt Vel. |[Wt] Vel Wt] Vel. |Wt] Vel. | Wt] Vel | Wt.
3933-825 -29-11 1 =20.0[: 3 ¥8 0. il —15-4| 1 - 72| 1 oot [ N ) P
3964 -875 =7 e g S © S RSLI RO | i B Lt SR ST 3 TN S ) P R - R E
4009 -417 —49-0 %1]........ AR = o L A s (S8 N G VRS RH | pceb B [ReRe | S et Sp) ) E X A5 ‘
4026-352 —33-4/ 1 —18-0{ % —35-1 % —-22-9| % - 31 3 —-15-3| 3§ + 3-8 3
4101-890 —35-6| % —40-4] % —26-0| % o T I e P I (SR (e R R LT
4121.016 —25-4 % —45-0 % —25-4{ %1..... SR i 1 A e (SN i 5 SR R e 1 EAE T Tt
4128-211 5300 1]........].. W1 N S S G, (R SR (I < R S RS e gt
4131-047 Py Bt e o [ R N 2 1 SR | o o SRR, - Sl 5 R S [ SR IS o] T S
4143-928 —10-0f. % —24-8 % -36-7 1 Pl 11201 I O AR A (] I SORN TaT Eer
4267-301 }........|.. ..| —28-5 1} sen e T b S BRI o PR R |1 SR it (N - S
4340-634 —35-8] % =335 Roleglas |k —18-8| 4 — 941 ~15-0 % — 2.3 %
4388100 —38-2| % —40-6| 1 G Y fid | O NS S| (MR 8 ST ~13-5 % +10-5| %
4471-676 -53-1| 1 —31-6| 3% —44-3| % =345 Fleiii. ~22-3| 1 — 2.5 %
4481 -400 -31-9| % —42-3) 3} o T B U Y R R e TS| A| |1 —15-1| %
_ Weighted
mean — 38-40 — 35.60 — 38-48 — 21-88 — 7-47 — 17-68 - 2:42
Va + 18:94 + 18-57 + 18-21 + 3-07 - 2:06 — 4.22 — 9:30
Vi - 0-11 0-15 - 0-07 — 0:07 0-00 — 0-16 - 0-12
Curv. — 0-28 — 0:28 — 0:28 - 0-28 — 0-28 — 0-28 — 0-28
Radial
Velocity — 19-8 - 175 — 206 - 19.2 - 98 - 22:3 - 12-1
H and K — 10-6 = SRR L S st - 12.7 - 9.5 e BCES I |6 Ry




PUBLICATIONS OF THE DOMINION OBSERVATORY

MEASURES OF X AURIGE—Continued

5804 5022 5925 5939 5957 5973 6397
A
Vel. [Wt| Vel. (Wt] Vel. |Wt| Vel. |Wtj Vel. | Wt| Vel | Wt] Vel | Wt.
3933825 +21-4) 31]........ o 0 S R i R N N R +30-4 3| +381-3 3 ~35-0| 3
3964-875 |....... B ALY o2 0 Bt SR P L) 5 “ 7 o I 5P PV L S U 2 s < .
3968-625 |........ LT [ AR T SO [ S T ks bria i ot SRyl B il s ety b —25-5] %
4026-352 S B CE U O S R O A +27-21 3| +32-5 3| +28-1 3| +22-8 3| 4+ 6-9 3
4101-890 + A7 F ey +37-6] +| +16-.0f %1]...... Al LA +22:6] % —~ 5.6 %
2y a1 1SR PR PR (TR (YR Y Ll Ot S M R M S R 2 (T TR B [ S (R A -
ZIPRIPLY o (ki Dol ca Sl ek TR A Ll o7 o PR S B SO K ST 1Sl Y ¢ o] .
4131-047 [........]...].... S SRR 1) a8 O [JE -2 | B ) PR g (e Sepin b et B Sl
AT43-928" 147 ciow b s +31-1 +| +23-4 ]| +22-4] 3| +13-6| 4|........
4267-301 |........ o [ e s +30-1 11 +28-9 if.......... .| +21.50 % -33-00 %
4340-634 - 79 %] +11-4 3] +43-4 3| +87-6] 3| +36-4] 3| +19-3) 3} -27-0| %
4388-100 +22-4) | +24-7) 3| 4177 | +27-1] %| +27-1] 3| +16-5] % —-20-1| %
4471-676 +12-5| 3| + 2-5| 3| +21-2] 3| 443-7 3| +44-51 +33-7 % —-22-3| 1
4481-400 [ PRSI +17-6| 1] +10-1f 3| 444-1] 3| <+15.2{ % —24-9| 1
Weighted .
mean + 4-18 4+ 10-26 + 27.52 + 24-48 + 35-30 + 21-55 — 21.46
Va — 18-42 — 2500 — 25-54 — 26-60 — 28-08 — 29.54 + 29.22
Va 0-00 — 0-20 - 0-18 — 0-10 - 0-22 - 0-15 + 0-11
Curv. - 0-28 — 0-28 -~ 0-28 — 0-28 — 0-28 — 0-28 - 0.28
Radial
Velocity - 14-5 - 15.2 + 1.5 - 2.5 + 6-7 — 8.4 = T
H and K = 287 Ul s s esn o | S 4+ 1-8 4+ 1-3 - 6.0
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MEASURES OF X AURIGZE—Continued

-

hed D e
B Ly s aleies . - 28X
© - - - ] EepsD
a A S S Oh s R A e e - oo < o
8 — S QMO OO~ - £ Sl
QL “2 » 1” .
> o i+ 1+ 4400+ hadd e H
m .12 qlzx_alz..._z R R L o
% : : S & °
= 5 S ek DR N 9o =
3 <5 L et e K i A
B> S SR L D4+ P+ ot
M - mxz” ..znxz”;anlxz 0 D W
e . e . . . . SHSa - o
% i Syl O O TR A e T S 0 © oo -
& G = SR e P i S S st
> I R TR i ++
qu = 121712 e e el
e wMmoa [ =2
2 £ % [ §o S ooac R ) R
3 = ® > c®Q - OO ol s
@ . o
> el ool 4+ I+ 11 ++
.fm . » »
rieh A L ) i L O IR L ] e
W T 5 3 - W < oo
. a e = [ 2 T
2 £ .9 e® . -6 o Lo SSd ®
3 c AR e b R S B o g
> AT LI BT RE AT e T I ++1 e
bh . »
W iy OV e ey =i .11 e mioy ~iew miey <« 0 < o0
. NO =N - 0y
g N TAGBE  ® oo an -% oS & B
3 3 LA e MRS R L A = S
> ! R e I R A L =k o= Et
— - - -
W =5 .1“21)1*‘ ....11#-1’..11?11_1 o 00 &1 00
% ks It W o= ot N o>
g oy oo yowy eSS 5 ®
< < = PO D I QNEW oA o =
. = R AT S I i i B =i Hs
wY D AQ B~ ) © ™ be OD v 6m 2.8 ..
@
SESTREE5388388E 33775 3 2%
3 . . - . . - . . . . . h C l.ld
3%% 28RS ES2e R & 285
(=23 11111233““ D R..ﬂ




PUBLICATIONS OF THE DOMINION OBSERVATORY

MEASURES OF X AURIGE—Continued
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MEASURES OF X AURIGA—Continued

6639 6643 6646 6652 6667 6680 6702
A
Vel. |Wt] Vel. [Wt] Vel. |Wt] Vel |Wt| Vel. |Wt| Vel |Wt] Vel. | Wt.
3933-825 — 0-8 % +15-2| 3 + 6-4 % +10-4| 1 +16-8} 1 + 9:6] % +23-2{ 1
3964-875 +17-3| % £20-6 F4 L ... i 8 o TR = e g [ SRR <8 B Sl +15-6/ %
3968 -625 +-3:3 % L0 Rl e +10-1| % +17-4| 1 +27-2( +-16-5/ 1
4009-417 |........|.. 4+ 94 2L...elll] 4172 % +28-3| 1}]........ L] [ ST LR e o
4026-352 +17-4 3 +25-3| % +18-3| % +16-6/ % +35-7 3]........|-. 5 +25-3| 1
4101-890 +23-4) % 4149 3|........0.. B | GRS e 8 A +28-0f 3 +21-4| % 4+ 2.8 1
% 5.2 31 I RESPENTO S W] (H PR PR ot b 088 A AR 2 FERPIEES| PRT +18-9 L 1........]. S| 1 SIS AR e 5
4128-211 |........|., 0.0 % + 7-6] % i R R (B I P R g 8 +22-9| 1
4131-047 |........|.... +105] Mz 000 + 76| % = S et S | e - SR +26-8 1%
4143-928 +13-5] 30--...... TR 22-21 LA S s . = 20 e L) [ BRSO [ + 5-8/ %
4267 -301 +17-1] % 208 AN o sl e S e CIETEIREY, (S i S R S +13-9| %
4340-634 +26-0f % + 79 % +15-9 % +20-3| % 417-0[ 1 +14.7| "% + 5.7 1
4388-100 + 9:4| % +28-0| % +28-1| % + 1-2| % +26-3| % +18-1| 3% + 9-4| %
4471-676 +18-71 1 +14-9| % + 6-7 % +18-0[ % +31-7| 1 +33-6| % +18-7( 1
4481 -400 + 26/ §| +13-8 1 +31-3| % +22-5| 3 +23-8 % +28-2| % +17-5| 3
Weighted
mean + 17-23 + 16-16 + 18:29 + 14-47 + 24.41 + 23-19 + 15-18
Va - 0-96 - 1.42 - 2.91 - 399 - 8.09 — 10-62 — 13-56
Vi — 0-15 0-00 + 0-24 4+ 0-14 |- 4+ 0-15 - 0-15 + 0-07
Curv. — 0:28 - 0-28 - 0-28 — 0-28 - 028 - 0-28 - 0-28
Radial
Velocity + 15-8 -+ 14.5 + 15-3 + 10-4 + 16-2 + 11.7 + 1.4
H and K - 0-1 + 11-2 + 34 + 6-2 4+ 8-9 4+ 6-9 + 7-2

54002—2
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MEASURES OF X AURIGE—Continued

6731 6750 6783 6788 6819 6844 6879

" ¥
Vel [Wt] vel. |wt| Vel |wt] Vel |wt| Vel |[Wt| Vel |Wt] Vel. |Wt.

3933-825 | +22-4 3| +27-2/i | +32-0/1 | +36-001 | +30-4/1 | +27-2/1 | +30-4 3
3964-875 |........[....| +21-4 3|........ I B35 T S I IS R AR TS B
3968625 |........|.... 4207 & | 4423} 3| +36-8] 3| +10e 3]....... 4. .| +38-8 &
4009-417 | +24-9 3| +37.8 3|........ shegd oM AL R T N e
4026-352 | +44-4 3| +42-71 3| +27-00 3| 419 3| +26-2/1 | +34-0f 3| +24-4 3
4101-890 |........|.. W (R el v+ 9.3 3| +41-0 3| +20-90 3| +21-4 3| + 6-5 3
ok 1 RS Sl (RSP T AL S R R RN TRRER e - i LRI R O e
211 |........[...]........ S N el | (SR S [l R I BRI A (S
4131047 |........|.... 258 31, ... T AR i i o0 I BRI IhR) gRTITAln T
4143-928 | +19-3 3| +21-3 3| +48.3 1)........|.... FER vl ok T RS
4267-301 |........|.. i U= (I W) RS [ +26-70 3| +43-8] 3| +21-4 1
4340-63¢ | +24.9 4| +23.8/1 | +30-5/1 | +30-5 3| +21.5 8| +22.6/ 1 | +20-4 3
4388-100 | +21.1) 4| +35.1) 3| +81-7] 3| +35-1] 3| +42.7 3| +28-1| 3| + 7.0 2
4471-676 | +37-3[ 3| +36-1| 3| +31.1)1 | +42-3 3| +31-1f 3| +34-8 1 | +18-0] %
4481-400 | +23-2| 3| +27-5 3| +44-4 3| +36-9 3| +13-1f 3| +20-4 &| 4275
Weighted

mean | -+ 27-34 + 29.50 +32.3¢ | + 3840 + 26-34 + 31-46 + 18-49

Ve — 19-49 — 20-90 — 25-60 — 26-90 — 28.75 — 29-37 — 29.42

Vi - 0-02 - 0-20 - 0-16 - o011 - 0-16 - 013 — 0-16
Curv. - 0-28 - 0-28 - 0-28 - 0-28 ~ 0-28 - 0-28 - 0-28

Radial
Velocity 3 5 + 81 + 62 + 11-2 - 2.8 & sy - 11-3
Hand K + 86 + 6.7 + 9-3 + 8.8 = Fed - 2.6 + 4.8
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MEASURES OF X AURIGZAE—Continued
6896 6919 6956 7135 7152 7175 7199
A
Vel. |Wt] Vel. |Wt] Vel. [Wt] Vel. [wt]| Vel. [Wwe] Vel. | Wt] .Vel. | Wt.
3933-825 | +28-0 1 +18-4/ 1 O S 1T S SUSEA TSV | M) SN SIS T, 5
3064-875 | +13-2] 3| + 9.9 1]..... SR R e S () | T A B A [ S ] i
3968625 L3000 4 [ 428.9) 4 B F AL i & oA S [ T R TR | B T e
T ol ST X PR T G (1 SO [ L Bl (ST TN | T SR e |1 00 S P
4026-352 | +34-0 3| +18-3 %| +19-9 |........l...feeeiiii]inn, =38:1| %[5 —520 3
dimwean Ple-totssl W Fiv-7h 3R B-sl F WG ol e e e el b
4131-047 |, 42100 3 |........].... T B e L e e [ e L [ e
o en T (St ) ST O i 1 S S [ R B | e —66-4 3| —-45.71 3
4267-301 |........ Sl | I S R S e | RIS e | SR o B =il g U e 5
4340-634 | +19-0f #| +11-1] ] 123 3| —ar6| 3]............ —63-00 3| —50.0 1
4388-100 | +22-2] 31........|.... A | e —44.3| 3| —45-5 %|........[.. £y
4471-676 | +33-6| 1 +19-3| 1 000 3| —45-8 3| —47.0/1 —27.2| 3| -—41.5 3
4481-400. | +17-5| 3| +20.0{ 1 4+ 500 3| —33-7] 3| —54.8 3| —-455 3| —>58-6| 3
Weighted
mean + 24-05 + 18-38 + 4-28 — 41.72 — 48.27 — 46-12 — 50-00
Ve — 28.37 — 25-59 — 21.04 + 1995 + 23.82 + 27-48 + 28-47
Vi - 0-16 - 0-22 ~ 0:28 +. 0.27 + 025 + 0-23 + 0-16
Curv. — 0-28 — 0-28 - 0-28 — 0-28 - 0-28 — 028 - 0-28
Radial
Velocity — 4.8 -~ 6-8 el —21-8 — 24-5 — 187 — 21-6
H and K 0-0 - 56 A S5 ) R [ T || s T e i e e P RS

54002—23
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MEASURES OF X AURIGAE—Continued
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prr——
MEASURES OF X AURIGE—Continued
7373 7384 7401 7415 7429 7440 7447
A
Vel. |Wt] Vel. | Wt| Vel. |Wt| Vel. | Wt Vel. |Wt] Vel |Wt| Vel. | Wt.
3033-825 | —25-2) % |-.......[.... vl 35 0% 4 =248l 3 ba sl - 80 %
e o | TR e | N R || (/S R SR 1 SCSTUIIN ! e L T o R (A | ST 3
3068625 |........[. o | GRS =307 Bl5 ah e e 3,0 T o + 6-6| 3%
4026-352 |........[.... —36-6 3| =19-1 %|........ —17-8 %|........ s - 1.3 %
4101-890 [........[.... —20.4] 3| -12-1] %|..... = 2 ] ~17-7| 3
4143.928 L8320 4¥0 k0 1 —45:0 . LR S, phov koo =26ER0 s HIEEL s 85t =0 JRake e b
7Ly ) S SRR 1+ S (R ~13-90 ], ) [ AT (N /RS (R [ S T
43140.634¢ | —-42-9/ 1 —53-00 1| —30-0/1 -31-6)] 3| — 3.4 3| 4113 3| - 79 %
4388.100 | —37.0] %| -25-81 —31-5 3| —31-2 #| —-281 }[|........[.... 0-0| %
4471-676 —19-9{ 1.] —29-2(1 -24-8 1 -32.3| 4| — 681 - 74 %] -87 1
4481.400 | —31-3] 3| —35-0{1 - 37 3| -282 3[........ —12.5 :|........
Weighted .
mean — 28-40 — 8275 - 21-10 — 30-32 — 11-81 - 094 - 711
Ve + 19-62 + 18.53 + 15-92 + 13-76 4+ 1042 |+ 741 + 228
Vi + 0-22 - 0-08 + 0-10 + 022 | + 0-05 + 0-23 + 0.04
Curv. — 0-28 - 0-28 - 0-28 — 0-28 — 0-28 ~ 0-28 - 0-28
Radial
Velocity - 98 — 146 - 53 —~ 16-6 - 14 + 64 — 49
H and K =0 e e 2 S o ] (B e I e e e S + 15
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MEASURES OF X AURIGZE—Continued

7454 7458 7475 7481 7494 7502 7504
A
vel. |wt| vel. |wt| vel |wt] veL |Wt| Vel |[Wt] Vel |Wt| Vel |Wt
3933.825 | — 0.8 3| —o0-8 3| +12-8 3| +16-8 3| +20-8 3| +36.00 3| +29-6/ 3
3964-875 | — 74 3| +15:6] 3|........ ! ORI S < I RETSY 1 .| +e8-1] 1
3068625 f........|....|...... culon sl 3 AL Ll .| 4198 3| 4355 3| +aa2l 3
4009-417 |...oonif.nn. $rrabid Bl v =1 B ST T o) TV g ot A TN
4026352 | — 3.5 3| +17-0 3| +o0-4 2| 4170 #|...... ... +29-20 3| +24.0 3
4101.890 | —15.8 3| + 8.4 4| + 84 3| 4149 3| +25.20 3| 437:3 | +15.9 &
IR R I (TR B SR vl oLt R 0 S R N S B APTTE
4128-211 |........|.... TerE” IS QR +23-5 3| +10.5 2| +18-1] 3| +15-3 ¢
aisteoer Lol .. LT S R T e I L - +44.00 | +26-.8
£43.088 .t bt +12:6 3| +16:4l 2] 408 k). .. .| +30-5 3
4267-301 | + 53 3| + 96| 3| +24.6) 1| +28-9 3| +246] 3)........[.... +40-6/ %
4340-634 | —16.4 3| — 341 | + 451 | 413101 | +19-8 %] +39-0 3| +39-0 3
4388-100 | — 3.5 3| +14-0/ % 00| 3| + 35 3| +28-1] 4| +386 3| +38-6/
4471676 | — 431 | +16-8/1 | +37 1 | + 741 | +14.3 3| +46-00 3| +32-31
4481.400 |........ +11-3 | +25 2| +88 1 | +25-0 3| +38-8 ¥| +351]1
Weighted
mean | — 615 | +10-15 | + 6-00 | + 12.98 | + 2262 | + 3587 | + 31-52
Vo | - 28 | - 697 - 1176 | - 1471 ~ 2081 | — 2272 | — 24-94
Va | + 007 | + 004 | + 029 000 | + 002 | — 023 — 006
‘urv. | — 028 | — 028 | — 028 ]| - o028 | — o028 )] — 028 | — o0-28
Radial )
Veloeity - 9.2 1 g4 - 58 - 2.0 + 26 + 12-6 + 6.2
H and K - 3.9 — B0 + 45 + 18 + 0.3 + 12-6 + 11-6
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MEASURES OF Xx AURIGA—Continued

7510 7512 7517 7527 7532 7536 7539
A
Vel. |Wt] Vel. |Wt| Vel. |Wt| Vel. |Wt] Vel [Wt]| Vel |Wt] Vel |Wt.
3933-825 +30-4{ 1 +34-4/ 1 +32-00 5| +31-2 4| +27.2( 3| +28-8 %| +32-8 %
3964-875 E R0 [0 (g S [ EPSRRIEN || 1 SR 1 ) MR S0t Tl g 16 e | o] i RO T srg il o
3968625 - 20 e 5 SRR e & +41-6( %) 441-3] :]........].... +38-00 3| +38-8 4
QD417 WL acs e o b sre B B ¢ | B S e R R A 1 IS el ) (B 5
4026352 +42-3| 3| +30-00 4| -+35-3 %| +30-1 3 +45-3| 4| 442-7 &) +31-4 %
4101-890 +45-7 4| +42-911 |........ ol il ...] +33-6 §| 4373 F|........|. S
3P e bR |4 SRRy IO | B S ISEREH] (38 Pt I o [ el T Qo At o0 [ oG o, +33-4) &
b ol bl TR WO IR S R R W) [ B 08 [ B g ot i ¢f o B st +24-9| %
4143-928 +29-5 4| +31-9 4| +30-9 %} +19-8 F|........ i ch B A +26-1| %
i ) B SIS [ G ] 1 BESSTRE SR +37-4 | 42460 %] +47-0 :}|........|.... +24-9| %
4340-634 +41-3; 1 e e U ] ) ) ) 4215 3| +22.6f 3] +25:4 F)]........|.. lz
4388-100 o Ak gk ) (SRR (e | +31-6] % 4+25-8 4| +22-2 §| +28-1] 4| +24.6 3§
4471-676 +47-9| 1 +42.9( 1 +44-8 3| +36-9 %¥| 4373 3| -+51-6) 3| +446-6 %
4481-400 +47:6] % )...o0. 0 =0 A Srod R A 1 S o +32-6| %
Weighted .
mean + 41-20 + 36-99 + 34-76 -+ 31-00 -+ 34-00 + 38-02 + 30-567
Ve — 27-26 — 27-44 — 27-98 — 28-82 — 28-94 — 29-04 - 2929
Va - 0-22 + 0-05 — 0-05 - 0-06 0-00 - 0-19 - 0-08
Curv. — 0-28 - 0-28 - 028 1 — 0-28 - 0-28 — 0-28 — 0-28
Radial
Velocity + 13-5 + 9.4 4 6-5 + 1-8 + 4-8 + 8-5 + 0-9
Hand JC Mok o vt s + 5-3 + 85 + 5.4 - 2.0 + 3-9 + 61
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==z SE s
MEASURES OF X AURIGA—Continued
7542 7549 7550 7558 7562 7571 7585
A
. Vel. |Wt] Vel | Wt| Vel. |Wt] Vel |Wt| Vel |Wt]| Vel | Wt] Vel. | Wt.
3933-825 +40-0, % +34-4 & +36-0] % +39-2( % +40-0, % +32-0/ § +37-6| 3
3964-875 |........[.... +42-8| 1 g he Wil G R [ +49-3] % +49-3] % +39-5 %
3068-625 |........[.... +33-9] % E bty (e [ S SR +42-1} 1 +40-2| % +385-6| 2
4009-417 |........|.... +28-3| l.......{. Witk [N ORI B P +49-71 3]........].. il e e T
4026-352 +54-9 -} +34-0] 3 +44-1] % +34-4| % +38-8 3 +61-5| 3 +39-6] %
4101 -890 +36-4| 3 +43-9] % +48-0| % +35-5| % +39-2| 3% +44-3| } +37-3| 4
P R (RN R 5% R L1 I8 AP Y | 1S AV ERR L By i I 10 sl (e £ad I ..o +38-4 1
4128-211' ............ +42-0| % = ar > 1 W Y P NSRB[RI TR - -, sl G b LSRN, oI +52-5 %
9 et 6 e G 15 A AT8 cdol oD L RO IR =0 1 L e S ... +38:7 1
4143-928 |........ +39-2| % +32-9| % +48-8| % +48-8] 1 +35-3] % +30-4) %
4267-301 |........|.... pd b R 1 BRI P RN ..] +55-6, %} +52-4] 1 +37-4 %
4340-634 +44-1f 3 +34-5 % +35-1] % +30-0| % +36-4| 3 +40-7, % +28-3| %
4388-100 +25-7] % +42-7) 3} +23-4] % +25-8] % +21-8 $ +39-2| 3 +17-6] &
4471-676 +47-3| % +48-5/ 1 +37-4| % +52-2) 1 +58-5| 1 +45-4] % +47-3| %
4481400 |........|.... +36-3| 3| +35.7 %] +20-4 3| +42.6] 3| +43-2] 3| +42.6] 3
Weighted
mean + 40-69 + 41.45 + 38-84 + 38:53 + 43-73 + 44-44 + 36-52
Va — 29.52 -~ 20-47 — 29-47 — 29-46 — 29-28 — 29-11 — 28-26
AL - 0-11 - 0-22 - 0-25 0-25 -~ 0:13 - 0-24 — 0-18
Curv. -~ 0-28 -~ 0-28 - 0-28 - 0-28 - 0-28 -~ 0-28 - 0-28
Radial
Velocity + 10-8 + 11-5 4+ 8-8 + 8-5 + 14-0 + 14-8 + 7-8
Hand K + 10-1 + 4.2 + 5-5 + 9.2 + 11-7 + 65 + 7-8
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MEASURES OF X AURIGA—Concluded

7594 7601 7624 7632

Vel. | Wt| Vel. |Wt] Vel. |Wt| Vel. |Wt] Vel. | Wt| Vel. | Wt]| Vel. | Wt.

3933825 +40-0 %
3964 -875 +46-9| %
3968625 +24-0 3] +45-4 &|........ BBl B B e e | O ey e IR et S S
4009-417 +33-5 %
4026352 +31.0| 1 +55-8| 1 +32.7| 1 +50-1 %]........ R S RO e R E R
4101-890 +28-0( % 3
4121016 +36-5 % : 1
4128-211 +24-8| 3| +31.5 3] +32-5 %| +382 %}........ g Lo ey LS e
H 4
i %
b e

.....................................................................

4131-047 +35-4
4143-928 +34-8
4267 -301 +56-7 5 3
4340-634 +29-4| 1 +55-4| 1 +32-8/ 1 +28-8 §}........ it L (e eI 2 2 e
4388-100 +51-5/ 1 +45-6/ 1 |........ vl 4920 R ]........ [ o g |1 o ol
4471-676 el B e oo +36-15 1 +54-70 §1........ o [Hols ol gk See ] (S SR
4481-400 +42-6) | 4300 3| +435-1|1 HABAAL R bGod] [ dp 3 oot e [T

Weighted
mean + 37-27 + 44-16 4+ 28-97 + 45.05
Vs — 27-80 — 27-22 — 19-15 — 18-40
Vi - '0-23 — 0-19 — 0-28 — 0-28
Curv. — 0-28 — 0-28 - 0-28 — 0-28
Radial
Velocity + 9-0 + 16-5 + 9-3 < B U S N AR ST e B st e
H and K + 3.7 + 13-0 + 0-3 o i R L e | e e e [ B

The period is remarkably long for an early type star, and it so happens that the
observations taken at the Yerkes Observatory fall almost at the top of the curve, so near
this point, in fact, that in the preliminary elements it was impossible to decide on which
branch of the curve they should lie. For this reason, and also because there is generally
a systematic difference between radial velocities obtained at two observatories, the
period was determined from the Ottawa observations alone. As it turned out, the
inclusion of the Yerkes Observatory plates would have yielded practically the same
result, for the final orbit gives a mean residual for their plates of 4-3.1 kilometres, which
is just about the difference usually found between measures made by the two observa-
tories. Seventeen normal places were formed as given. It is unfortunate that the
negative minimum is not more strongly determined, but the lack of observations is due
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to the star and sun being in conjunction at that time.
another revolution this defect could be remedied. In order to determine the period
accurately, the star should be observed at some epoch in the future which can be so
chosen as to define the negative minimum as well.
The preliminary elements chosen follow the normal places and the successive steps
in the least-square solution are recorded.

NORMAL PLACES

If the star were followed for

No. Julian Day Phase from | Velocity Weight 0-C 0-C
L T

L e | 2,420,077 -8 108-8 —-19-3 -3 +1-2 +1-1
PR SRR ST I v 129-1 160-1 —16-1 -3 —-3-8° —3-1
5 R S 185-2 216-2 - 2-3 -4 +0-6 +1-4
A e - A 413-8 444-8 +19-2 -8 +0-9 +1-3
DY e B0 B el 467-9 4989 +14-0 -6 -2-3 —1-6
(A o e WL e 7 - 492-1 523-1 +12-5 -8 —-1-4 —0-5
Y 0 v S R e e 534-4 565-4 + 8:3 -4 +1-6 +2-4
(o D R e P 571-6 602-6 — 4-3 -4 -1-6 -1-3
DL rarar Bers 5 5 5 B 609-0 640-0 -12-1 -2 +1-3 -0-6
e T ole o O 730-3 101-3 —21-6 -4 -0-1 -0-9
B e e o 761-1 132-1 —16-2 4 +0-8 +0-4
JZE - tsa s aima s Taas 800-4 171-4 — 92 -6 +1.2 +1-0
D s kT oa e e 839-9 210-9 — 3-5 -4 + 4+0-3 +0-2
I e o here o ey 879-4 250-4 4+ 2-1 ) -0-2 -0-2
R e 920-7 291-7 4 6.9 -9 -0-9 =1-0
LBk e TS grons 948-1 319-1 +11-4 -8 +40-5 +0-4
I s e e 5 et e 987 -2 358-2 +14.9 -2 +0-2 +0-3

I

It

P
T
w
e
K
Y
m

PRELIMINARY ELEMENTS

660 days
J. D. 2,420,629
135°
0.20
21.5
~0.16

= 0°.545455
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OBSERVATION EQUATIONS

z y 2 P q r —n Weight
Pt 1-000 —-946 + 531 + -452 — -629 —.347 —-1-21 0-3
) 1-000 —-565 +1.007 + -765 L Joge — 304 +3.78 0-3
e 1-000 —-128 + -639 + -859 — .734. —.326 —0-62 0-4
TR 1-000 +-859 — T — 135 — -004 —.001 ~0-90 |« 0-8
Bl ol o 1-000 +-769 + 077 ~ 557 + -360 +-058 +2-34 0-6
850, 1-000 +-654 + -528 = 47 + -574 +-079 +1-39 0-8
oLl 1-000 +-319 +1-105 —1-029 +1-000 +-095 —~1-61 0-4
THERE 1-000 —-120 + 901 —1-141 +1-295 +-074 +1-55 0.4
O 1-000 —.616 =189 —1.021 +1-250 +-025 —-1:31 0-2
1 Sl 1-000 ~-992 + -381 + -384 — -574 +-058 +0-10 0-4
- B 1-000 —.783 + -869 + -625 — 738 +-097 —0-80 0-4
e 1-000 —-475 + -989 + -801 —~ «I87 +-135 —1-18 0-6
) AL 1-000 —-167 + -701 + -859 SNy +-157 —0-26 0-4
7 A, 1-000 +-114 + <217 + -826 — .661 +-165 +0-18 05
 + RUNR 1-000 +:370 — -308 + 719 | — .559 +-163 +0-89 0-9
1 iy 1-000 +-514 —~ -606 + -614 — 485 +-155 —0-52 08
oy 1-000 +-693 — -896 + -410 — .355 +-127 -0-17 0-2
Where =z = dvy
y = dK
2 = Kde
p = Kdw
Ku
q _(1—32)'3' aT
1000 K
1-ed)d
NORMAL EQUATIONS '
+8-400r +1-001y +1-931z +1-459p —-—1-465g +0-402r +1-382=0
+3-003y —1-6382 —1-035p +0-986¢9 -+0-297r +1-433=0
+3-708z - —0-070p —0-026¢ —0-111r <+0-903=0
+4.367p —4.050¢ +0-017r —1-267=0
+3-890¢ +0-028r +1-052=0 .
40-223r —0-153=0
Whenece z = +0-.013 or dy = +40:01 km,.
y = —0-969 dK = —0-97 km.
z = —0-625 de = —0-029
p = +0-197 dw = -4+0°-52
¢ = +0-169 dT = +0-78 day
r = +1-606 du = —+0°-004025
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FINAL ELEMENTS

P = 655-16 + 5-.26 days
T = J.D. 2,420,629-78 *+ 9-56 days
w = 135°-52 + 5°-2
e = 0:171 + 0-026
K = 20-53 km. £ 0-57 km.
¥y = —0-15 km. £.0-35 km.
a sin i = 182,300,000 km.
i Sl RN
(m + m)?

THIRD BODY

It will be noticed that the binary character was announced from three plates, which
the orbit shows to fall near the epoch of positive maximum (ef. radial veloeity curve)®.
In the interval covered by these plates the variation should be small and the velocities
increasing. One is forced to conclude that there is another period superimposed upon
the one found, or else that the announced variation means nothing. The spectrograms
*have been remeasured at the Yerkes Observatory, and Professor Frost finds no reason
to doubt that the range indicated by the velocities is real.

We have been unable to find a period for this variation. Several periods would
harmonize some of the larger residuals and so reduce the sum Zps® a little, but the fact
that there are several which look equally good (or bad) is enough to render one suspicious
of the reality of any. No period found would satisfy the residuals from the main orbit
well enough to warrant its adoption. )

Considering the elements of the system as published, the probable error of a single
observation is 3-5 kilometres. This is larger than we usually find for good line stars
by about 20 per cent.

In the Astrophysical Journal, March, 1915, Dr. Schlesinger published a method
for detérmining the periodicity in a series of observations from a consideration of the
distribution of the observed velocities. Thus, for example, if we are dealing with a
circular orbit, more velocities should be found near positive maximum and negative
minimum than near the ¥ line. If the residuals are due entirely to error of observation,
the velocities around the v line will be most numerous. Curves are published giving
the expected distribution of the velocities for orbits of various forms. In these curves
some allowance has been made for the effect of probable error of measurement upon the
results.

Some time previous to the publication of this article, the writer tried to make use
of the same method in getting a period for the binary 12 Lacerte. In this case the
velocities were distributed very much as one would expect if the observed range were due
to error of measurement alone and yet, since the total observed range was over sixty
kilometres, there could be no doubt of the binary nature of the star. The conclusion

*The normal place from the observations taken at the Yerkes Observatory is indicated by a circle and cross.
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was that the expected distribution was affected vel:y much by errors of measurement.
In applying the method to the present star I have taken some care to find out just what
distribution of velocities we should expect when both factors are taken into account.

Let us suppose that we are dealing with a circular orbit whose range is from plus
ten kilometres to minus ten kilometres, and that the probable error of measurement is r.
Let the velocities, if there were zero error of measurement, which would lie between
the limits plus ten to plus nine be denoted by a, plus nine to plus eight be denoted by
b, plus eight to plus six bye, ............ , plus two to zero by f. Let those from zero
to minus two be denoted by f’, and so on till those between minus nine and minus ten
are denoted by a’. Secondly, let us suppose the range in the observations is due to error
of measurement alone, and let the velocities which would lie between the limits zero to
plus two be denoted by 1, between the limits plus two to plus four by 2, ete. to infinity.
To distinguish the negative from the positive add the subscript minus. Thus 1_ indicates
the velocities lying between minus two and zero.

The numbers a, b, ¢, are easily computed analytically or graphically. The graphical
method has the advantage that it can be applied to any radial velocity curve, while the
analytic expression for a, b, ¢, for other than circular orbits is very cumbersome. The
valuesof 1,4, 8,........ can be readily computed for any assumed probable error.

Now let all the velocities a, b, ¢, ete., be operated on by errors of measurement,
which errors are distributed as indicated by 1, 2, 3, ete. The product of a and I (which
may be written a;) will yield velocities lying between +9 and +12, and if we have chosen
our interval small enough we may regard the velocities as distributed uniformly within
this interval, so that 2 g, will be the number lying between +12 and +10. % a, will also
lie between the same limits, and if we select all these combinations we will obtain the
following series as giving the number of velocities between +12 and -+10.

o +3; +30 +30 + 30 +ic
+ 3ds +3ds +3e + e +3fs + 5Sfe
+ 3 + 357 + 3y + 3els + 3ds + 3 d
+ 3y + 30+ 300+ 30w+ $au+ 2du

. To obtain the velocities lying between 410 to 48 all that it is necessary to do is to
depress the subscripts by one, £ a; becomes 2 a,_, } a; becomes % a;, ete. To obtain the
velocities lying between -+14 and +12 increase the subscripts by one. The number of
velocities lying between limits z and z + 2 are obtained by increasing the subseripts
T — 10.

2

These series have been evaluated for r = 2, 4, 6-66, 10 kilometres, i.e., for the ratios
of probable error of measurement to total range equal %, %, %, &. The results are tabu-
lated below and represented graphically in fig. 1.




22 PUBLICATIONS OF THE DOMINION OBSERVATORY
Velocities in km. - r=2km. | r=4km. | r=6-6km. | r=10 km.

Trom' S gn gl Tl SR T e sk AL et -0680 -0753 -0637 -0479
4 b 2t0 -+ Aevininn.n, s IEge P, s -0795 -0748 -0623 0474

“ 4 4to+ 6..... L LSt Nlopal S8 (R R e i -0833 -0723 -0591 -0461
o i A SR o I Soh e Sk R -0878 -0674 -0554 -0441
“ L 8to+410........... CARRY e N A i B -0793 -0604 . -0503 -0415

“ 41060 +12.00niinnnn o Pl SRR B , -0571 -0495 .0442 -0387
B e i -0295 -0380 -0384 -0356
AR T TR el ERHOTE e his Tl N -0104 -0266 -0318 -0321

QR ey [ VR RN | S UL RT T LT ey -0025 0173 .0258 -0284

G0 UIRAES EI 1. il bt s b ke = S s ik -0004 -0099 -0201 -0249

[ s AR S R s e S e ile 2 el by s ST -0053 -0150 -0215
Ll BV LY RS VT R e N e T T g DO B A b -0024 -0111 -0185
e o B e o b e o 1 SO Mo S I -0009 -0079 -0153
N e e o 0 ot e PN -0002 -0052 -0124

“ 498t0 +30......... Al AL S BRI G A L -0001 ~.0031 -0100
B S s AT 1 ) (e T S T £ L -0019 -0079
e e e e e I s e e -0010 -0061
B e S L e LT bty e Y T 4978 -5004 -4963 4784

In the tabulated results the numbers are given to four decimal places, and as each
was obtained by the summation of several factors, each of which was only computed to
four places, the last figure is not in general correct. The sum of the columns given at
the bottom if extended to infinity should total one-half, so that the addition of the columns
serves as a partial check on the work.

In the curves the abscissae are kilometres, any point plus z indicates velocities lying
between plus z—1 and plus z-+1 and the corresponding ordinate shows what fraction
of all the velocities will lie between these limits. It will be noticed that curves for the
ratios , %, 1 are very similar to error curves.
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Suppose now we are working with such a binary as the one indicated, namely, a
" range plus ten to minus ten, and error of measurement r kilometres. Let us suppose,
further, that we are unable to get a period, and treat the residuals as errors, how much
in excess of the true value of r would the value we obtain be? The results we have
tabulated for the distribution of the velocities enable us to compute this with a fair
degree of accuracy, and we obtain that, if r equal 2 kilometres the computed r will be
5-1, if r equal 4 kilometres the computed r will be 6-1, and if r equal 6-6 kilometres the
computed r will be 8-2. The computation becomes a little uncertain for r equal 10
on account of some velocities lying beyond the computed values.

To apply the results to X Aurige, we have computed the distribution of the
velocities on two bases. In the first the residuals are supposed to be due to error of mea-
surement alone, in the second they are supposed to be due to a probable error of measure-
ment 2-84 kilometres, combined with a binary whose eccentricity is zero and range 8-52
kilometres. In the table below, the first line gives the distribution of the observed
residuals, the second, the computed distribution on hypothesis one, and the third the
computed distribution on hypothesis two.

" b : . .| km. | km. 5 3
0-1 | 1-2 | 23 | 34| 45 | 56 | 6-8 | 810 |10-

17 e e R R s s s = e SR 8 S 8 14 15 11 14 (¢ 4 11 7 6
D e arae 88 e i 5 e A Rl s e A ey 13 13 12 11 9 8 11 5 6
bl R L B S R R W 586 iwena ¢fodr o (rom 13 13 12 11 9 8 11 6 5
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The two hypotheses give almost identical distributions when the number of observed
velocities is limited, in this case 88. In other words, an inspection of the manner in
which the velocities are distributed would not enable us to detect the presence of a
velocity variation three times the probable error of measurement.

The above results are deduced for circular orbits only. They have to be modified
slightly for orbits of high eccentricity, but in these also the effect of error of measurement
is to mask the presence of the orbital variation.

The only evidence that we have of a third body in the system of X Aurige is the
magnitude of the probable error obtained for a single velocity. If we assume that it
should be 2-8, then it would be necessary to assume also a range of 8-5 kilometres in
order to obtain a distribution of residuals to agree with the ebserved.

CALCIUM LINES
A}

In reducing the measures of the different plates the two calcium lines were not
included with the others, for evidence was found showing they would yield a smaller
range for the curve. After the completion of the orbit as given in the preceding pages,
the velocities from the H and K lines were grouped into ten normal places as follows.

NORMAL PLACES FOR H AND K LINES

Phase
Julian. Day from Velocity Weight 0-C
Final T ’
U S 1. U 2,420,104 -4 129-8 - 95 1-0 -2-3
s s il ey el ) e L PN RS % o Sy ¥ & ok 151-3 176-7 - 0.8 0-8 +2-5
e o e oy e N S e A A S Een eyl - Shons 202-4 227-8 + 0-5 0-9 —-0-4
L e L1 N TP 249-9 275-3 + 7:6 1-0 +3-2
L Tk 1 X T L NN T PS8, L 277-0 302-5 + 5-2 1:3 -0-9
O S rvrvageri S BTG ST S e e P W T N 302-9 328-3 +10-3 1-2 +2-8
TS rors NRE Bt < e e e A R 411-8 437-2 + 99 1-3 —0-6
N T TR Y ST e b e o Heesd ey AR D 1 2 473-4 498-8 + 72 1-4 -1-9
B o T s e B I e el 502-1 527-5 + 72 1-4 —-0-1
LONTINT  arerclsorsed 254 D ADE P O O T 5712 596-6 + 0-6 1-5 +0-7

Preliminary elements to satisfy these places were selected, the period, eccentricity
and w were taken as previously found for the other lines. A solution was carried
through for v and K with the result,

vy = + 1.5 km. £0-46
K = 10-47 km. +0-85

The radial velocity curve for the H and K lines is given on the same diagram as
that for the other lines and is drawn with the finer line. The difference between the
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velocity of the system obtained from the H and K lines on the one hand, and the rest
of the lines on the other, would disappear if the assumed values of wave-lengths for the
calcium lines were increased 0-022 tenth-metres.

The behaviour of the calcium lines in stellar spectra has been a subject for much
speculation and investigation since the orbit of & Orionis was published by Hartmann.'
The chief facts so far brought out may be condensed as follows:—

1. In eight stars the calcium lines are constant, or nearly so, and are sharp and
narrow, while the other lines are more or less diffuse and show a large range in velocity.
These stars are given below.

Range
Name R.A. 1900 Type of Broad Remarks
Lines
h m km

4 2 T R o (R L SR R R foc the it ot 3 38.0 B1 224  |Lick Obs. Bull. 181
7, 0 YT e IR U A0 | TIEE T 08 1 e W e 5 19-4 B1 290 £ &
QP TITRN Cs 10 0105 S S il i+ o o 5 21.6 B2 288 “ .
B T TRt e Rdar o SISl b 0% vl o beolatd S e ol sk 5 26-9 B 216 3 =
VAVACIonist o SRt SESIMILL o0 L st 5 28-5 B2 264 |P.A.O, Vol. 111, No. 21
oIS T L e o MU e S BRI 5 30-5, B1 - 220 |Lick Obs. Bull. 181
Ty oo nt ol W T SRS e i S N R 15 596 Bi1 251 |P.A.O,, Vol. II, No. 14
L b e T e AR 03 e 23 51-0 Oep 230 |D.O. (unpublished)

All the stars in this list are of type B2 or earlier, and, moreover, if we form a list of
all such stars whose orbits have been determined and the K line measured, we find only
one, » Orionis, showing a large range and not included above. Future orbits may add
other exceptions.

2. In several stars, the calcium lines are known to vary differently from the other
lines and in four cases, orbits have been determined from the H and K lines, 7.e., for
£ Persei?, type Oeb; 9 Camelopardalis®, type B; X Aurige, type B1; 12 Lacert®!, type
Oe5. In the last two the amplitude is probably about one-half as large for the calcium
lines as for the others. There can be little doubt but that future investigation will reveal
all gradations from those in which the H and K lines are constant to those where they
have the same oscillation as the other lines. :

" 3. In three stars the calcium lines are sharp and narrow and are shifted about one-

half an Angstrﬁm unit to the violet. These stars are,—£ Persei, type Oe5; ¢, Orionis®,
type B; p Leonis®, type B. There is evidence in these cases. that it is the hydrogen

1Ap. J., Vol. XIX, p. 268, 1904.
Dom. Obs. Pub., Vol. I, p. 355.
3Ap. J., Vol. XXXVII, p. 1, 1913.
‘R.A.8.C.Jr., November, 1915.
sAp. J., Vol. XXX, p. 63, 1909.
*Dom. Obs. Pub., Vol. 1, p. 337.
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and helium lines that are shifted to the red and that the calcium lines may be in their
normal positions.

' In £ Persei, the hydrogen and helium lines are broad and no orbit has been deter-
mined from them, although they seém to show a large range. The mean velocity is
about plus sixty-five kilometres. An orbit has been determined from the H and K lines,
and the velocity of the system is plus fifteen kilometres. The component of the solar
motion away from this star is about plus six kilometres, so that unless the star has an
abnormally high velocity for an early B-type star we must regard the K lines as giving
the true velocity of the star. )

In the case of ¢; Orionis, no orbit has been published, but if we. take the mean of
the velocities as representing final values, the calcium lines give plus nineteen, the
hydrogen and helium lines plus forty, as compared with a computed velocity from the
solar motion plus fifteen. Here again it is the velocity from the H and K lines that seems
the most probable.

No orbit has been published for p Leonis, but the mean velocities are, for the
calcium lines plus ten, for the other lines plus forty-three, for the solar motion plus five.

4. In several stars (x Cassiopei®’, type B; 9 Camelopardalis, type B; e Orionis®,
type B), the calcium lines are sharp and the other lines diffuse, but there does not seem
‘to be much difference between the mean velocities as derived from the two sets of lines.
The difference between these stars and those in 2 is only one of degree.

5. In many stars of early B-type, all the lines are very diffuse and in some cases
the spectrum is almost continuous, so that little can be said concerning the behaviour
of the calcium. « Virginis and § Scorpii are representative.

6. There seems to be no exception to the rule, that when the calcium lines are sharp
and narrow and the other lines broad, the star exhibits a variable radial velocity.

Three theories have been advanced to explain the observations. In the first, the
calcium lines are supposed to be due to masses of cooler gas between the observer and
the binary. In the second, the gas is supposed to surround the sta,r or stars, and in the
third, the phenomena are ascribed to anomalous dispersion.

The first hypothesis accounts for the sharp and narrow character of the H and K
lines in class 1 and the fact that they yield constant velocity. Why should the calcium
clouds always. lie in front of a star of type B2 or earlier? We have examined several
later B-type stars without finding anywhere H and K are stationary. There may be
some stars later than B2 discovered which will show the effect, but the phenomenon
seems to be one connected with early spectral type. In all cases in class 1 the velocities
yielded by the calcium lines are very near the velocity of the system. This fact, however,
does not argue strongly either against or for the first hypothesis on account of the very
low velocities of the early B-type stars. The stars given under 3 require an explanation
for the hydrogen and helium lines rather than for the calcium. The phenomenon is too
complex to be accounted for by an hypothesis which allows so little latitude for adjust-
ment.

7Unpublished results (Harper).
SAp. J., Vol. XXIX, p. 235, 1908,
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The second hypothesis may be presénted as follows:—

Fig. 2

Let A and B (fig. 2) be two stars or the two nuclei of a binary, and let the gases be
condensed about these. It is known that calcium occurs at very high levels in the sun,
and let us suppose that the equidensity layers in the ealcium vapour about the two stars
are nearly spheres. The calcium cloud will rotate about the common centre of gravity of
the two stars in the same period as they revolve about each other. If A is the primary star
and only one set of lines is observed on the plate, we need concern ourselves only with the
light from A. The light from the photosphere gives the continuous spectrum, and as
it passes through the cooler gases, hydrogen, helium and calcium, has lines from these
elements absorbed. The absorption of the calcium takes place where the element is
very rare, which accounts for the narrow character exhibited by these lines. The
absorption of helium and hydrogen must be supposed to take place at a much lower level.
Assume that it is permissible to speak of effective levels at which this absorption occurs,
at a height D for the hydrogen and helium and at a height F for the calcium. At the
time when the primary is moving toward us with the greatest velocity, the points at
which the calcium absorption is taking place are rotating then as always about the point
C and so are moving nearly across the line of sight. Moreover, the different points are
all moving at about the same rate toward the observer, thus maintaining the narrow
character of the lines. The points at which the hydrogen and helium absorption occurs,
exhibit a wide range in velocity and give the wide character of the lines and the high
range if the inclination is nearly zero. If the inclination is nearer to ninety degrees,
the hydrogen and helium lines would be sharper and give a smaller range. This fits
the case of 12 Lacertee and X Aurige. There are doubtless other factors not understood
which may contribute to the width of the lines observed in other cases. If the calcium
cloud were extensive enough the calcium lines would remain nearly stationary, at least
the amplitude would be small enough to be masked by errors of measurement. As the
cloud condensed, the amplitude observed in the H and K lines would increase, the exact
range depending on the degree of condensation of the caleium.
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This theory is capable of considerable adjustment® to meet varying demands, and
suggests future types of variations that should be discovered.

The third hypothesis ascribes the wide character of the lines in these stars to
anomalous dispersion effects. The calcium lines are sharp and narrow, due to the small
traces of these elements existing in the star’s atmosphere. It is not intended to pass
on the merits or demerits of this theory, but the fact that it does not satisfactorily
account for the periodicity in the radial velocities has prevented its receiving wide
acceptance.

*Ap. J. Vol. XXXVII, p. 1, 1913.

SUMMARY
1. An orbit has been determined from 88 measures of radial velocity of X Aurige.

2. The amplitude shown by the calcium lines is about one-half that for the other
lines of the spectrum.

3. An analysis of the different cases so far known where the caleium lines behave
differently from the other lines shows that the phenomenon is one of type, and is best
explained by the presence of calcium in a cloud surrounding the binary. The absorption
of calcium takes place at a much higher level than that of the other elements.

4. The residuals given from the simple elliptic orbit were examined to ascertain
if there might be a third body present. No secondary period was found, but the star
should be observed with higher dispersion to test this point further.

5. The method of detecting periodicity in a set of observations from a consideration
of the distribution of the velocities was tested. The value of this method is greatly
interfered with by the effects of errors of measurement. If the ratio of error of measure-
ment to range in the binary is as great as one-fifth, the resulting distribution of velocities
is very much the same as would result from errors alone. If the ratio is as large as one-
third, the distribution is almost identical. It is in these very cases that the method is
most likely to be needed. '

Dominion Observatory
Ottawa
June, 1916.
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.NOTE ON THE SPECTROSCOPIC BINARY 12 LACERTZA
BY REYNOLD K. YOUNG, Ph.D.

The elements of this binary were published in the Publications of the Dominion
Observatory, Vol. III, No. 3. An examination of the velocities given, shows the K line
to have a smaller range than the other lines in the spectrum. If the calcium lines alone
had been used, the amplitude of the curve would have been about one-half that deduced
from the lines for the other elements.

In the following table the differences between the velocities as given by the K line
and those given by the other lines are grouped according to phase. The period is divided
into four parts. The first column includes the positive maximum and the third the
negative minimum. The second and fourth columns include the zero axis of the system

Plate Difference Plate Difference Plate Difference Plate . Diffetence
No. in km, No. in km. No. in km. No. in km.
5670 ~12-0 5642 — 4.4 5623 + 7-3 5630 + 1.4
5735 . -22.5 5720 + 5-5 5692 + 75 5680 + 3-0
6244 — 3-0 5800 + 6-9 5728 + 5.7 5711 + 1.3
6276 -~ 09 6198 +12-4 5792 + 8-9 5787 -~ 4.1
6328 - 3-9 6335 +13-7 6270 + 79 6262 +17-1
6369 + 5-3 6349 —-16-2 6281 + 1-8 6291 +19-4
6409 - 9.9 6504 - 2.9 6342 + 8.6 6308 - 2.8
6426 — 4.2 6992 - 2-0 6531 4 6-1 6356 +11.0
6497 -~ 24 6998 + 3-8 6542 — 4-1 6454 — 5.4
6521 +12-6 7033 — 9-4 7001 4148 7023 -~ 8-1
6557 + 0-4 7043 +11-9 7020 +14.2 7178 + 0:3
7026 - 1.9 7183 + 9-9 177 +22-5 7210 +16-0
7176 —-13-3 7229 - 4.2 7214 +16-9 7244 — 4.4
7182 e e | e PR P 7243 B 0 | T P
7201 = 2T I R S RPN " 7251 =R OIS Berras Nt o g e
7211 Tl R | S| IR S 7266 b el || S S (P A
7249 R T e 7270 D0 87 f] [ PN I,
7268 e e L R s S | S91E et Sl 7293 e A N S A PN A | e sk i et
7302 T e L e 7300 0RO Ul e me o e e e B s ek
7310 —{JHES: s s A ST e b | 7313 i i e e o o v o
7314 e L o ot GOl | D eI e e o e [ R DS | SR S
Mean — 5:2 ||IMean + 1-9 Mean + 9.7 Mean + 3-5

The weighted mean of all the residuals is positive, due to the value of the wave-
length of K used. If we remove this effect, the resulting means for columns 1, 2,3, 4
would read —7-3 km., —0-2 km., +7-6 km., +1-4 km. The semi-amplitude of the
velocity curve as found for all the lines was 16-92 km. The amplitude for the K line
would be about 7-5 km. less.

Dominion Observatory
Ottawa
May, 1916.
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