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SPURIOUS PERIODS IN SPECTROSCOPIC BINARIES, II*

By R. W. Tanner

"\X7HEN radial-velocity measurements are always made at nearly

the same time of day, the possibility arises of representing the

observations equally well by alternative periods. To determine

which of these related periods is the true one, other observations

made at times differing as widely as possible from the usual time

are needed.

If such observations are not at hand, a study of the phase errors

of the observations correlated with even slight variations in the time

of observation may be informative.

A detailed account of the method, with examples of its appli-

cation, will be found in the Journal of the Royal Astronomical

Society of Canada, vol. 42, p. 177, 1948 (Paper I).

For each observation recorded a relative hour angle, a, measured

in sidereal days, is calculated, together with the departure in phase,

A<£, of the observation from the mean curve drawn through all the

observations assembled using the published period. A correlation

diagram of A<f> against a is made. It is readily shown that if the

published period is the true one, A$ is independent of a, but if the

period is spurious, A$ depends linearly on a.

In view of the importance of the correct determination of period

a systematic survey of a large number of published spectroscopic

binary orbits has been made.

The published orbits of 149 spectroscopic binaries have been

surveyed for alternative periods. Four stars were found to have

spurious periods, and one other was found to be better represented

by an unrelated period. This paper supplements the Paper I by

providing

(1) a list of the stars examined, roughly classified according to

reliability of period

(2) notes on some individual stars of interest

(3) revised orbits for the four stars whose periods were spurious.

*From a thesis submitted in partial fulfilment of the requirements for the

degree of Master of Arts at the University of Toronto, May 1948. The investi-

gation summarized in this and Paper I was carried out under a scholarship of

the Ontario Research Council.
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The periods of the stars investigated are not all equally well

determined, and the following classification, while unfortunately

rather vague and subjective, aims at furnishing some sort of index

to the degree of confidence to be placed in the periods assigned.

Class A.— If observations for radial velocity are numerous and

well distributed in phase and hour angle, and if the errors of measure-

ment are small compared with the amplitude of variation, then the

correlation diagram based on the true period will show a strong

concentration of points along the a-axis. Xo other period can so

well represent the observations, and one may repose complete con-

fidence in the published period. Such cases, 57 in number, are listed

in A below.

Class B.—Under B are listed 70 stars for which the clustering

along the a-axis, while not so pronounced, is yet sufficient to leave

very little possibility of an alternative period. It will be realized

that the classes shade off insensibly one into another; the correctness

of the A periods is more evident prima facie than that of the B.

Class C.—In unfavourable cases the correlation figure may fail

to give definite indication of the truth or otherwise of the published

period. This may be due to a paucity of observations, large errors

of measurement, little variation in the hour angle at which the star

was observed, or to non-orbital variations in the lines. All such

orbits were very carefully scrutinized, and although no better period

than the published one could be found for 17 of them, it is believed

that further observation would be desirable to put the periods

beyond doubt. Perhaps some of these stars are not true binaries,

and might be relegated to the appendix of Moore's Catalogue after

further investigation. In concluding this explanation of the group-

ing below, it should be mentioned that two stars at first placed in C
have now been included in A in the light of evidence subsequently

available. The stars for which new periods are found are also listed

under C.

The numbers are those of Moore's Fourth Catalogue up to 372;

the others are H.D. numbers.

1
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Revised Orbit, H.D. 1826

This star appeared in Pub. D.D.O., vol. I, no. 6, with period 3.28

days. A strong positive correlation has indicated P 2 , 1.43 days.

The fit with the new period was at first only slightly better. One
plate omitted from the original orbit was found:

J.D. 2429556.767 Velocity -24.3 km./sec.

Three confirmatory plates were obtained in 1947:

J.D. 2432516. o'lO Velocity +28.0 km./sec.

2432518.402 4-40.4

2432518.660 -01.2

These enabled the period to be estimated at 1.43233 ±0.00002 days

from observations over 3100 revolutions.

40

-40

KM
PER

SEC

40

O PHASE, 02 04 06 08

A few preliminary trials showed a good fit with a circular orbit.

Using the preliminary elements

To 2429189.573 J.D., K = 53.3 km./sec, y = 4.5 km./sec, e =
a least-squares solution by Sterne's method was made on the 48

available plates. Equal weights were employed, and the obser-

vations were not grouped.
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The new elements with their mean errors follow; the former

values are given on the right for comparison.

Revised Elements

P 1 . 43233 ± . 00002 days

To 2429189.577 ±0.004 j.D.

e 0.024 ±0.017
w 202° ±39°

7 +4.43 ±0.62 km. /sec.

K 53.40 ± 0.92 km./sec.

a sin i 1.05 X 106 km.

mass function 0.023 O
mean error single plate ±4.22 km./sec.

Previous Elements

3.28325

0.056
152°

5.90

54.5

2.46 X 106

0.055

O

±6.1

Revised Orbit, H.D. 29763, r Tauri

The original orbit is by Parker, Report Chief Astronomer, Canada,

vol. I, p. 166, 1910. The correlation figure showed a strong positive

correlation, indicating the period 2.9572 days. The observations

were reassembled with this period and the sum of the squares of the
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Recourse was had to eight velocities given by Frost, Barrett and

Struve, Ap. J., vol. 64, p. 1, 1926, obtained from 1903 to 1922. The
number of cycles elapsed between the last Ottawa plate and the

single plate of 1922 was doubtful, so three plates were taken here

to help fix the period:

J. D. 2432602.523 Velocity -44 (Call 4-22) km./sec.

604.486 +61
607.537 +65 (Call +25)

By assuming the period to be constant, an estimate of 2.956524

±0. 000050 days was derived.

• • •:•+ +

phase

The present orbit is based on the Ottawa observations only.

Parker's weights were adhered to, and his 104 plates were grouped

into 9 normal places, using the first plate as origin, as follows:

Phase
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^25 pK»»c 50 75 25

A circular orbit gave a good fit; preliminary elements were:

Ki= 60 km./sec, K 2 = 67, km./sec, e = 0, T = 2423869.113 to-

gether with 7 = —11.87 km./sec. (r = 1.12). The observations

assembled on the period mentioned above were grouped into 10

normal places as follows, the weights being roughly proportional

to the number of plates in the group, and phases reckoned from 7V

Phase
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8V2 = 8y — cos Li8K 2 — sin LiKo^STq —
cos 2LiK 2 e cos a>i— sin 2L\Ki e sin coi

For markedly unequal components, Paddock's method, which leads

to a single equation for each pair of measures would be preferable.

The solution resulted in the following elements:

Revised Elements Previous Elements

P 1.13980 +0.00001 days 7.975

To 2423869.1110 ±.0016 J.D.

Ki 60.12 ±0.77 km./sec. 60.12

Ks 68 . 18 ± . 77 km./sec. 68 . 77

e 0.0166 ±0.011 0.081

co 9-4° ± 29° 90°

7 11.87 ± 0.50 km./sec. (Wilson's method) -10.63
mean error single plate ±4.7 km./sec. about 10

01 sinz 9.42 X 105 km. 6.57 X 10 6

a 2 sin i 10.68 X 105 km. 7.52 X 10 6

K1/K3 1.13 ±.02 (cf. 1.12 by Wilson's method)

mi sin3
* 0.133 O 0.94©

m 2 sin 3 i 0.117 O 0.82 O
Eight more measures were made available April 1948, after the

orbit had been completed.

By revising the period to 1 . 139789 ± 7 X 10
-6

, the plates,

marked +, fit the curve, as shown above. T should be revised to

3869.105; the other changes in the orbit are less than the mean
errors of the elements.

Revised Orbit, H.D. 174343-4, 205 Draconis

The correlation in this case was positive, but one could not be

km/
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certain from the figure whether iP 2 or 2-P2 was indicated. The lines

of the two components are so alike that no reliable indication of

phase can be drawn from them. On trial, 2^2= 4.24 days was

found to give the greater improvement in fit. Only 105 cycles are

covered by the observations, so that the period is not fixed with

great precision. P = 4.2435 ±.003 days was finally adopted.

km/
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H.D. 206874, Boss 5591

This orbit appears in Ap. J., vol. 53, p. 218, based on only 19

plates. The spectra are indistinguishable; the probable error of

phija. .25 50 75 O

Published velocity curve of H. D. 206874

6 km. /sec. is a little large. Because of the sparseness of the

observations, no conclusion can be drawn from a correlation dia-

gram. The phase distribution obtained with the published period

seemed unsatisfactory, and a thorough trial of alternative periods

was made. None of the four simplest spurious periods showed any
improvement.

IOC
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The distribution of observations in time seemed to allow the

possibility of an alternative unrelated period, and after several trials,

3.23 days was found to give a rather good fit to a circular orbit.

The residuals are reduced by about one-half.

Further observations are desirable to establish with certainty

the period suggested.

Diagrams of the representations obtained with the two periods

are given. In the lower figure is shown the 3.23 day period; the

curves are for symmetric circular orbits. Above are shown the same

observations on the original period.

The writer's thanks are due to Dr. F. S. Hogg, director of the

David Dunlap Observatory, for several suggestions of basic impor-

tance to this inquiry, and for guidance throughout. Acknowledg-
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R. F. Sanford of Mt. Wilson, who supplied information on Moore
278 and gave permission to revise the orbit.
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