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DOMINION OBSERVATORY

OTTAWA, CANADA

ORBIT OF THE SPECTROSCOPIC BINARY = ARIETIS

BY REYNOLD K. YOUNG, Ph.D.

The binary character of = Arietis (a=2% 43m.7, 5= +17° 3, mag. 5-30, type B5)
was announced by Adams in the Astrophysical Journal, Vol. 35, p. 173. The present
orbit is based on fifty spectrograms secured during the years 1914, 1915, 1916 and 1917.

The character of the spectrum prevents accurate determination of the orbital elements

from any reasonable number of observations.

The range is not very large, the lines are

of poor quality, and measures of them subject to considerable uncertainty. So that the
number of plates is inadequate to provide accurate values for the eccentricity and the
longitude of periastron. The wave-lengths of the lines used are given in Table I. On
account of their poor character, they were not adjusted to make the sum of the residuals
zero. The material to do this, however, can be found in the table of measures.

TABLE I
A A A
3933-825 4131047 4388-100
4026-352 4143-928 4471-676
4101-890 4267-301 4481.400
4121-016 4340-634
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TABLE II
OBSERVATIONS OF x ARIETIS
Phase
Plate Observer* Date Julian Day Velocity | Weight |fromJ.D.| O-C
2,420,370
Mt. Wilson{............ 1910, Dec. 24..............| 2/419,030-693 | . — 9 [........ 1-885 -2
s B SRE <1911, Jen. 19, . .0 0 = 056700 =12 5k "0-914 0
£ i ooy M e AT oA Feb. 30..., ... 5 078-660 o 2 o S S 3-400 -1
S T b rE g DeciA2xic . ilites 383-625 G e e R 0-249 -8
6310 H 1914, Aug. 25........ s..] 2,420,370-810 - 59 1-0 0-810 +3
6380 H Bept.16......... .- 391-795 +14-5 1-5 2-525 0
6418 C el T o P 397.785 —15-4 1-5 0-807 —~6
6435 Y o A 403-885 +36-4 1-5 3-053 +6
6450 C Chpa s S R e 406-854 + 1.8 1-5 2-168 -1
6482 H Oc A4 0L AR 410-768 + 7-2 1.0 2-228 +2
6571 c-pt 0y o}, A < PP v 460-689 — 59 1-0 2-047 -4
7406 X 1915, Nov. 13............ 815-762 + 5.2 0-5 2-552 -11
7417 H LRI b i) S 819-784 +24-1 1-0 2-720 +2
7428 Y 4 st B il e e 826-641 - 2.8 0-5 1.869 +5
7431 H o L R e 827-578 +26-6 1-0 2-806 +2
7452 P Pat.200.,. el 852-524 - 653 1-5 0-674 -1
7457 Y SHORIDREE Lt 860-591 - 95 0-5 1-133 +6
7480 H 1916, Jan. 13............ 876-507 -17-1 1-0 1-633 —4
7806 Y Sept. 9........... 2,421,116-868 +29-8 1-0 3-046 0
7825 Y L e 137-862 —21.0 1-0 0-916 -9
7839 Y Oet. 25wt 139-855 +30-9 1.0 2-909 +3
7846 H i SN M SR 140-872 + 9.0 1-0 0-072 ~13
7850 Y A i 41 8 S O N 141-703 —10-4 1.0 0-903 +1
7860 H fs S0 o 143-744 +27-6 1-0 2-944 e |
7866 Y LSRR g P 146-661 + 5-2 1.0 2-007 +g
7867 Y Lo T Sy R 148-721 + 4.1 0-5 2-067 +5
7871 Y SIS 148-627 +13-6 1.0 0-119 -5
7872 Y ) e 148-680 +23-3 1.0 0-172 +¢
7880 Y N et 161-726 —11-0 0-5 1-656 +9
7883 Y L e S oo o 166-687 +13.0 0-5 2-763 +4
7885 Y L ¢S S S 167-681 +34-8 05 3-757 +9
7891 Y NOVL 52 e e gt 173-589 - 76 1-0 1-957 -3
7892 b B e T 173-640 - 9.1 1-0 2-008 -6
7895 i L b DD, S a0 oA 174-741 +23-9 0-5 3-109 =9
7900 ' LN £ T el 182-703 +25.9 1.0 3-363 -7
7904 H L S 188567 — 8-1 0-5 1-519 4+
7906 Y GO R 188-704 —18-0 1-5 1-856 -5
7910 ¥ G R o oy ol 189.582 +20-9 1-0 2-534 +5
7911 Y A e o S 189-639 +21.3 1.5 2-591 +3
7948 Y. etV it he 215-516 - 9.1 1-0 1-490 +6
7949 Y R b s ot 215-573 -15.5 1.0 1-547 -1
7953 Y s L 217-535 +40-2 1-0 3-509 +g
7974 Y S SR 228-454 +22.5 1-0 2-866 —d
7975 Y L e e I 228504 +17-7 1.0 2-916 -1
7987 X FOLT - Jam. A5 el k 241-518 + 0-3 1-0 0-514 -1
7988 Y N A e s 241-575 +12.6 1-0 0-571 +13
7994 Y T o e s 245-532 —-10-7 1-0 0-674 =8
7996 Y 45 B1GA 0 oo o] L8} 245-608 + 4.2 1-0 0-750 +1,
8041 Y ) oA 1 W e — 271-479 +26-8 1-0 3.497 -5
8042 Y N R el 271-535 +32.7 1-5 3-553 +2
8051 Y LS RO ot 272.483 - 50 1-5 0-645 -1
8057 Y \ M e o 9 275-533 4311 1-0 3-697 +3
8062 Y LI | R 278-490 +25-7 1-5 2-800 +1
8097 Y MAE! 16 v srepes 204 -503 +36-4 1-5 3-.307 +4

* P=Plaskett; H=Harper; C=Cannon; Pl=Parker; Y=Young
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MEASURES OF = ARIETIS

6310 6380 6418 6435 6450 6482 6571
A
Vel. {Wt] Vel. |Wt] Vel. |Wt] Vel. | Wt] Vel. |Wt] Vel. | Wt| Vel |[Wt.
e R R A 5 R S - 326/ 3|+ 1227 3|- 136 2|- 128 1|+ o8| 12
4026-352 |- 10-4| 3 |- 3.4 3|- 268 31|+ 286 3|- 260 3|~ 78 1|+ 47| 1%
4101-800 |— 26-9 i}|— 13.0f % |— 40-8 1|+ 23-2f |- 2600 1 |........0....0..... s A S
4143-928 |........ fescli 3 . [ 6 skl Al URE TR ot A B ] LI D == gl YRR e
Pt i el U K N W NG Wt R B S T | o A N gl g ) By 4
4340-634 |— 19-1| 1 |— 78 %|— 394 |+ 78 |+ 28 %|- 90 3|+ 10-6 i
4388100 1= 37:3f Y Li.o.. el e = C] I T LS 0L st TR TP 10 TG ) SRl S .
4471.676 |— 48.9) ‘3 {— 921 3|~ 37-7 1|+ 136f i}|— 235 F{+ 142} i}|— 3.7 %
4481-400 |- 52-3) 3|— 74 %|— 387 %|........ ... - 1500 ¥|— 199 %|+ 62 %
Weighted
mean —33-60 — 8-16 —36-00 +17-52 —15-11 — 8-21 + 3-70
Va +4-27-82 +22-80 +20-79 +-18-49 +17-30 +15-66 — 9.22
Ve 4+ 0-14 + 0:09 + 0-09 - 0-14 — 0-10 + 0-04 — 0-08
* Curv. - 0:28 — 0-28 — 0-28 — 028 — 0-28 — 0:28 - 0:28
Radial
Velocity - 59 + 14-5 -15-4 +36-4 + 1.8 + 72 - 59

54040—14%
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MEASURES OF x ARIETIS—Conlinued

7406 7417 7428 - 7431 7452 7457 7480
A
Vel. |Wt] Vel. [Wt| Vel |Wt] Vel. |Wt| Vel. |Wt| Vel. [Wt]| Vel | Wi.
St i S R R ERI] P R e (1 St Bino a0 i B B St Pl 4 I3 & B0t + 31-6] 1%
4026-352 |....c00efonnn + 283 3|...s...n o f+ 4415 %14 29-6) % |4+ 39-6 4|+ 36:6] 1%
4101-890 [........|.... 5ot 5 Tl I 1 o+ e T Pl e 26-1 1|+ 12-1] § 00-0] %
4143-928 |........ AT [ - R (RERSACEER, He P TR R W 1ef et L NI 0 S s 4 i 271 %
4267-301 |........|.. B o R S (R IR 8 R BT [ [ e i 1L P [ e il e e
4340-634 |+ 7-3] 1|+ 44.6] ¥ |~ 6-2) ¥|+ 27-1] 3|4 345 |+ 39 3|+ 45 3}
4388-100 |+ 1-2| % |+ 25-7] }]........|.. IR R s e B eSS SN G i 7
4471-676 |4 31-0( % |- 2-5 2|+ 17-8 %1+ 3791 |+ 191 |+ 3-8 |- 11-2( 1}
4481-400 |— 1-2( } |+ 26-3] 3+ 3.1 31+ 544 FL........0... 00000 e J+ 44 3§
ATV 08T - bl ol s o] e bimlin o s Sl cope 8RN R ) G P\ SR R e T R R 25
Weighted

mean +9-57 +30-66 +7-05 +36-82 +16-00 +14-85 +11.31

Ve —4-00 — 6-08 —9-57 —10-02 -21-17 —24-01 —~28-14

Va -0-15 - 0-21 +0-01 =+ 0-11 + 0-12 - 0-07 + 0-01

Curv. —0-28 - 0-28 —0-28 - 0:28 — 0-28 - 0-28 — 0-28

Radial
Velocity +5-2 +24-1 -2-8 +26-6 -~ 5:3 - 95 -17:1




ORBIT OF THE SPECTROSCOPIC BINARY 7 ARIETIS

73

MEASURES OF = ARIETIS—Continued

7806 7825 7839 7846 7850 7860 7866
A
Vel. |Wt| Vel. (Wt]| Vel. [Wt| Vel. [Wt.| Vel. |Wt| Vel. [Wt] Vel. | Wt.
3933-825 |........[.... ETeRr (R SHIE Y o et R SR b, AR R IR L I L) & S i | s e e
4026-352 |4+ 13-0f 4 |— 19-1] 3|4+ 286 F[|........|.... = 2340 & Fb- 4q8l kMR
4101-890 |........0.... c I S T e S ) ARG P — 14-8| % |+ 10-2] ¥ |+ 19-5 %
20t G SRS S [ ERS R o e e ST et =i - s T Tl L o B AR R TR
cr v it ] SRR B e T I SRl el SRR 1 IR | 1L I S R SR - e £ E¥oon (ol Il [ R o e
4267-301 |........[|.. et bt gl e OS] o0 & G o B8 T =i el St RUEH] o ALV % allc ot + 32 %
4340-634 |- 11-3] 3 |— 46-2| § |+ 192 |- 191 }|— 146 *|........[.. = 1920
4388-100 |— 4.7 4 |— 42-00 3|+ 12-8 3|+ 116 3|— 51-3 F|........ ... =  2:31 %
4471-676 |+ 29-7 % |— 44-3|1 |+ 1.2 3 |- 74 3|- 37 |+ 98 |+ 74 1%
4481-400 |+ 13-7) % |- 32-4 4{+ 87 |- 106/ :|— 33-1] 3|+ 287 &[|— 11.2] %
Weighted
mean + 5-70 —~37-70 +15-01 — 6-38 —25-67 +13-25 — 8-00
Ve +24-42 +17-09 +16-28 +15-82 +15-45 +14-58 +13-27
- Va - 0-01 - 0-11 - 0-12 — 0-13 — 0-14 + 0-09 + 0:20
Curv. - 0-28 - 0-28 - 0-28 — 0-28 — 0-28 - 0-28 — 0-28
Radial
Velocity +29-8 -21-0 +30-9 + 9-0 —10-4 +27-6 + 5-2
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MEASURES OF = ARIETIS—Continued

7867 7871 7872 7880 7883 7885 7891
A
Vel. [Wt| Vel. [ Wt| Vel. |Wt] Vel. |Wt] Vel. | Wt.] Vel. |Wt] Vel. | Wt.
3033-825 |........ i DA ) R RIS v 0 RO % § TR SN J4 Torary
40268352 |4+ 52 & ]........}.... ARl T3 | B PR ] B 0 e L RIS ..]- 30 1
4143.928 |..... i e RNy OB Rty 0 NS e 1 LAt 23 3] UEe Ty
4340-634 |........|.... - 67 3|+ 12-4/1 |— 282 41+ 180 4]+ 33:8 i|— 24.3 3
4388-100 |........[.... s | I T (R T R N R R S e i S SRS s - 93 3
4471676 |— 149 ¥ |- 98 %1[|........].... + 1.2/ 3|4+ 49 2|+ 3.7 :|- 124 3
4481-400 |- 3.0/ {4+ 17-6| % |+ 12-6| 4 |— 23-2| 4|+ 324 1|+ 486/ % |+ 11-3 3
VT e AT PO, A S SFUSNIT e T . - BE o ity B + 101 1
Weighted
mean — 8:95 + 1-42 +11-14 —-16-73 + 9-75 +32-07 —-7-37
Va +13-24 +12-33 +12-33 '|° -+ 5-98 + 3:45 + 2.97 —0-13
Ve - 0-10 - 0-14 - 0-14 + 0-01 4 0-06 4+ 0-06 +0-20
Curv. — 0-28 — 0-28 — 0-28 - 0-28 - 0-28 - 0:28 —0-28
Radial
Velocity ¥+ 4-1 +13-6 +23-3 -11.0 +13-0 +34-8 -7:6
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MEASURES OF 7 ARIETIS—Continued
7892 7895 7900 7904 7906 7910 7911
: ;
Vel |We| Vel [Wt.| Vel |wt| Vel |wt| vel. |wt] vel. [wt| vel |wt.
s tuerronl | SEUIIERR Ol | Pl it Ll | oo b (e & Y T ) b cpuall g lerrasaob oy o ol g
4026-352 |........|... 3 | N S S . A Aabv 5% enks ESH IR et + 24.0/ 1
4101-890 |- 1.4/ 31]..... L3 vig: L e R Lol ¥ sl a B *
g -t -wab 1B bR R LR O T (R
FEAET TR TR S TR U S ST 1T | SN A — 1021 |+ 509 3|+ 311 3
4388-100 |........|.. AN st Ve Rl 3kl U, sembi ol Bl 2 3 v S8 b B it o W
4471676 00 3|+ 20-1 3|+ 346 3|+ 12 3|- 112 3|+ 288 3|+ 124 13
4481-400 |- 112 3|+ 87 3|+ 163 3|— 12 3|- 163 3|+ 6.2 |+ 313 3
4121006 |........|.......... il | Iyt o e W el SN en AR A + 3817 1
Weighted ‘
mean —~8.76 +25-00 +31.02 +0-00 —9-70 +29.32 +29.97
V. —0-10 - 0-71 — 4-86 —7.96 —7.97 — 8.44 — 8.45
V. +0-00 —~ 0-09 + 0-00 +0-14 —0-09 + 0-08 + 0-04
Curv. —0-28 —~ 0-28 - 0-28 —0-28 —0-28 - 0-28 0-28
Radial
Velocity -9-1 +23-9 +25.9 —8-1 —-18-0 +20-9 +21.3
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MEASURES OF = ARIETIS—Coniinued

7048 7949 7053 7974 7975 7987 7988
A
va, |wt] ve |wi) vel |wt] vel |wi] vel [wt| ve. |{wt] ve. |[we
2008352 4oL b R e 3 o e Rt
PR, [t Y 1R R Rt I ST B SR sy B T A
4340-63¢ [+ 9.0 |+ 12.00 3|+ 595 3|+ 204 3|+ 49-4| 3|+ 17501 |+ 277} &
PRI P Y NS SRR S £ Sl S SO o I R G L AT B3 I Setiii e
4471676 |+ 162 3 |- o0.6| 3|+ 635 3|+ 658 3|+ 386 2|+ 392 &|+ 425 1
4481.400 |- 3.2 3|+ 44| .|+ 638 3|+ 510 3|+ 351 3|+ 200 3|+ 514 3
Weighted
mean +11-35 + 5-26 +62-26 447-48 +42.73 42855 +40-90
Va —20-32 —20-32 —~21.84 —24.80 —24.80 |~ —27.95 —27.95
Va +012 |- + 009 + 0-09 + 0-15 + 0-09 + 0-00 + 0-05
Curv. - 0-28 — 0-28 - 0-28 — 0-28 —~ 0-28 - 0-28 —- 0-28
Radial
Velocity — Bl ~15-3 +40-2 +22-5 +17-7 +0-3 +12.7
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MEASURES OF = ARIETIS—Continued

7994 7996 8041 8042 8051 8057 8062
A
Vel. |Wt] Vel. | Wt] Vel. |Wt| Vel. { Wt} Vel. |Wt] Vel. | Wt] Vel. | Wt.
AT IRy ST LS [ R SR ROR i 1 4 4+ 58-3] 2|4+ 333 p....... N |- SRR - b
4026-352 |+ 33-2] 31]..... i A+ 484 3|+ 527 &)........ e [ iERe S | P + 64-0 3
A1OERO0 F L TR L s s s @Rl bl T L e 208 b e + 69-0 3
C LR R P T LSS | DU = P S I N R I e JOIRE R0 ek + 324 3
P BLlivaren o bl 9 o SRl L O S 1t R (I (RN ] Pl QR (£ ) I TR T - naet s i | (RS PR S o s
4340-634 |+ 9001 |+ 30-0f 3|+ 61-1]1 56-6| % |+ 30-5/1 |+ 51-5 4|+ 61-0 %
4388-100 |........[.... <Ly R AL 2o i W Y A i, (1 e R < P (R (- SR IS "
4471-676 |+ 9-3| 3|+ 186 % |+ 51.0/1 G IS B e S EERE + 64-0[ % |+ 42.9 3
4481.400 |+ 20-7] Y|+ 26-3] & |+ 7t-4 3{+ 739 3|+ 19-4| 4|+ 67-6] 3|+ 488 3
Weighted
mean +18-05 +33-07 +56-94 +62-98 +25-13 +61-03 +55-90
Va —28-38 —-28-40 —29-82 —29-82 —29.74 —29-42 —-29-82
Va - 0.07 - 0-18 — 0-09 — 0-18 — 0-10 - 0:20 — 0-14
Curv. -~ 0-28 - 0-28 -~ 0-28 — 0-28 - 0-28 - 0-28 - 0-28
—
Radial E
Velocity -10-7 + 4.2 +26-8 +32-7 - 60 +31-1 +425-7
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MEASURES OF = ARIETIS—Concluded

8097
A
Vel. |Wt] Vel. |Wt] Vel. [Wt] Vel. |Wt| Vel. [Wt] Vel. [Wt]| Vel |Wt.
3933-825 |+ 52-0 %}..... e et o o Tkt IR R 0 ol e Exdde 2 D il g % L cade i
4026-352 |+ 63-2[ %}........ L o Chng. B il SR T s s 2 Lo P, & S IXT: s 2 e el
4340-634 |+ 61-001 |........ g B Pk s RISl 1 g SRS a0 (A 2 e, .
4388-100 |+ 76-7) % |..... (R et B St AN S Palas| Sty S g 1 oRe g
4471-676 |+ 62-8] §}........ Rz AT S B e OO |- i LIS: ol SIS, s £ el og.t,
4481400 |+ 62001 |........]....].... g Bt ) e lptts S 2 s 30 T S Byl
Weighted
mean 46259
Ve —25-85
Ve - 0-22
Curv. - 0-28
Radial 4 %
Velocity + 36-4 5
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Table II gives the journal of observations. These were formed into thirteen normal
places.

NORMAL PLACES

Phase

Julian Day from J. D. Velocity Weight (0-C)y (0-C): 0-C

2,420,370 4 Final
1 2,420,370 0-121 +15-30 0-6 —5-40 .—3-89 —~3-47
2 370 0-613 — 0-50 1-0 +1.95 +1-34 +1-59
3 370 0-765 - 790 0.9 +1.02 —0-38 —-0.27
4 370 0-954 —14-50 0-5 +0-25 —1-64 —1-59
5 371 1-519 —11-50 0-5 +3-80 +3-40 +3-74
6 371 1-648 —16-50 0-6 —3-90 —3-86 —3-42
7 371 1-990 — 4-20 0-9 —1.42 —0-97 —0-36
8 372 2-171 + 4-00 06 +0-75 +1.04 +1.55
9 372 2-552 +17-20 0-9 +1-34 +0-61 +0-76
10 372 2-795 +23-65 1.0 +0-73 —0-59 —0-69
11 373 3-008 +28-76 1.2 +0-91 —0-54 —0-81
12 373 3-436 +32-80 0.9 +0-85 +0-54 +0-41
13 373 3-635 +32-50 0.6 +2-30 +2-93 +3-05
Zpt=47-7 35-0 342

~

Preliminary elements were selected by trial and corrected by least-squares. The
result of this solution is indicated in the residuals under headings (O-C), and (0-C),.
The reduction in Tp¢? is satisfactory, but on computing the residuals from the observation
equations they were found to differ from those computed from the ephemeris. To show
the magnitude of the changes in the elements and indicate the degree of uncertainty
which attaches to them, the two sets are given below.

1st. 2nd.
P =3-854 days 3-854 days
T =J.D. 2,420,370-55 2,420,370-375
e =0-10 0-030
w =105° 89°.05
K =25km. 24-60 km.

vy = +7.65km. + 8-24 km.
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The main change is in the eccentricity, which was greatly over-estimated, in the
preliminary elements. In proceeding to a second solution w was put at 90 degrees, and
a small change made in T to correspond. The eccentricity was made 0-05, and the solution
again carried through. The normal equations using Schlesinger’s notation are:

10-200r+ 0-808k.— 1-249x + 0-705¢ — 0-652r = — 1-586
+ 4.863k — 0-774x + 0-299¢ — 0-7197 = 4 1-114

+ 5-3377 + 0-182¢ + 4-7657 = + 0-352

+ 1-300e + 0-2097 = + 0-425

: + 4-285r = 4+ 0-190

whence, r =—554 daT = — 125
e =+0-44 de = — -008
* = + 5-037 dow = —11-73
« =+<40-174 dK =+ -174
T = 4 0.063 dy =— 19

and the final elements with the prol;able errors become,

P = 3.854 days
e = 0-042 + -025
T = J.D.2420,370-259 + -351 day
w = 78°.27 5 + 21°.9
K = 24.77 km. + -70 km,
¥y = +47-81 km. 5
asini = 1,312,000 km.
misn's o 00610
(m+m,)*

The residuals from these elements agree with the residuals from the observation
equations to the nearest tenth of a kilometre. Comparison with the residuals given by
the first solution shows that little has been gained, and the differences between the last
two sets of elements are less than the probable errors.

The residuals given by the individual plates are tabulated under the heading (0-C)
in the table of observations. The probable error of a single observation is 3-7 km.

Dominion Observatory
Ottawa
May, 1917.
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