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THE RADIAL VELOCITIES AND SPECTRAL FEATURES
OF TWENTY-ONE Be STARS WITH LARGE

ROTATIONAL TERMS

By John F. Heard

Presented here are the radial velocities of twenty-one Be stars

with galactic longitudes such that the effect of galactic rotation on

radial velocity is large. This programme came about in the follow-

ing way. About 15 years ago it was believed that the emission line

stars were intrinsically brighter than those lacking emission lines 1
.

To test this hypothesis the writer in 1938 chose from the Mount
Wilson Catalogue of Be- and Ae-type stars 1 a group of 84 stars of

spectral types B3e to B5e for which velocities had been measured,

and attempted to solve for the distances and absolute magnitudes

by analysing the velocities for galactic rotation effects. The results

were of little value because the stars were relatively bright and

accordingly nearby, and because many of them were of such galactic

longitudes as to have small rotational terms. To bolster this list of

stars, then, those stars were chosen from the Mount Wilson Cata-

logue which are accessible at this Observatory, which are between

the spectral classes B3e and B5e, and which lie within 14° of the

galactic longitudes 10°, 100°, 190° and 280°. Radial velocity

observation of these stars was commenced in 1938. Before the

observations had been completed, R. E. Wilson published an in-

vestigation of the mean absolute magnitudes of O- and B-type

stars2 in which he used proper motion data as well as radial velocity

data, and demonstrated that the emission stars were no brighter

than stars of corresponding spectral class which lacked emission

lines. Seyfert and Popper had reached a similar conclusion with

respect to c-stars3 at about the same time in the course of a study

of new radial velocity measures of faint B-type stars. In this way
the original intention of the programme undertaken here was antici-

pated, and so the observation of these stars was deferred in favour

of other programmes. Now the observations have been completed,

and the results are presented with a brief discussion of how they

support the conclusions of others already referred to.

The spectra of most of these stars have very poor lines for

velocity measures, and so at least five plates were taken for each
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star. Most of these were taken with dispersion of 66 A. /mm. at

H7, the rest with 33 A. /mm. dispersion. The observations were all

in the periods 1938-40 and 1946-50, and all the stars are represented

by plates in both intervals. Thus any long-period velocity vari-

ations or spectrum variations may have been detected.

The Radial Velocities

The radial velocity data are presented in Table I. MWC refers

to Mount Wilson Catalogue of Be and Ae stars. P.E. is the probable

error of the mean velocity calculated by Peters' formula; e is the

average of the probable errors of the plates calculated from agree-

ment of the lines. The interstellar velocities are listed only for stars

in the spectra of which the K-line was distinct and sharp on several

plates. For some other stars the interstellar nature of the K-line may
have been missed because of weakness of the exposures in the violet

region.

Four of the stars are regarded as having variable velocities, and

an additional one as possibly having variable velocity. The separate

velocity measures of the four variable-velocity stars are listed in

Table II.

TABLE II

Star
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The Analysis of the Rotational Terms

To analyse this group of velocities and thus to determine the

mean absolute magnitude, the following procedure was used. For

each star the term sin (/ — /o) cos2 b was computed, using the value

/o — 325° for the longitude of the galactic centre and the values of

the galactic coordinates, / and b, as listed in the Mount Wilson

Catalogue. The measured radial velocities were corrected for solar

motion by means of the graphical method of Pearce and Hill. 4

Calling this reduced velocity p , equations were written of the form

fA.s'm 2(7 - /n) cos2 b + A' = p\

where r is the mean distance of the group of stars, A is the rotational

term at unit distance and K is the residual constant which is usually

included in these solutions.

One star in Table I, M.W. 63, is classified by Mount Wilson as

Bne; it was excluded from the solution. This left 20 equations of

the form given above, representing stars of fairly homogeneous

apparent magnitude and spectral type. The solution of these

equations gave

rA = 15.0 ±4.1,

K = 0.0 ± 3.8.

Accepting R. E. Wilson's value of the constant of rotation, A *= 17.7

km./sec. per kiloparsec 5
, we have

r = 850 pscs.,

and from this we get the value of the mean absolute magnitude

uncorrected for galactic absorption,

M> = - 1.65 ± 0.6.

If we correct this for absorption by Wilson's method 2 of allowing

0.65 mags, per kiloparsec for stars within 10° of the galactic equator

and no absorption for stars at higher galactic latitude, we get

AM = - 0.44,

whence the corrected value of the mean absolute magnitude is

M = ~ 2.1.

This value of mean absolute magnitude is probably a little too

bright owing to the tacit assumption that the mean value of log r
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is the same as the logarithm of the mean value of r, a point which

has been discussed by Greenstein 6
. However, Greenstein has esti-

mated that this error will be not more than one or two tenths of a

magnitude for stars as distant as these. If we make a small cor-

rection for this effect we have

M = - 2.0.

The mean spectral type of these 20 stars is B3.8e. Absolute

magnitude — 2.0 is normal for main sequence stars of this type.

This supports the conclusions of R. E. Wilson and Seyfert and

Popper, referred to earlier, that the presence of emission lines is

not an indication of abnormal luminosity.

The fact that the A'-term turns out to be zero may be taken as

an indication that this group of stars is not subject to any systematic

atmospheric expansion or subsidence.

Spectral Features

Most, if not all, Be stars are believed to be subject to variations

in their spectra, especially as regards strength and character of the

emission lines. For this reason brief descriptions of the emission

features in the spectra of these stars and any suspected changes are

recorded in the following list.

M.W. 10 Single emission at H/3 and H7; no change 1938-46.

MAY. 13 Sharp absorption lines; no emission at H/3; no change 1938-46.

M.W. 23 H/3 emission is sometimes single, sometimes a close double.

H7 emission usually appears as an emission border on the violet

side ol" a sharp absorption line. Other hydrogen lines are sharp

absorption. The helium lines are broad, vary in intensity and
sometimes have taint emission borders. There i> a marked dis-

,

parity in the velocities from hydrogen and helium absorption

lines; the mean velocity of the five plates from hydrogen lines is

+ 34 km. /sec, from helium lint- — 15 km. /sec. This star will

be studied further.

M.W. 29 H/3 has strong, close, double emission on broad absorption, and
there are traces of similar emission structure, much weaker, at

the other hydrogen lines. There have been no marked changes

between L939 and HI47.

M.W. 49 H/3 has weak double emission in which there are probably changes

in relative intensity. Other hydrogen lines show traces of

emission.
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MAY. 63 Emission at H/3 in 1938-40 indicated only by weakening of the

absorption line; stronger double emission at H/3 and H7 in 1946-

1950.

MAY. 76 Emission at H/3 in 1939-40 very weak; stronger double emission

at H/3 and some emission at H7 in 1946-48.

MAY. 79 No evidence of emission lines at H/3 etc. in 1938-40 or 1946-49.

MAY. s2 Xo evidence of emission lines at H/3 etc. in 1938-40 or 1946-50.

MAY. 83 Strong double emission at H/3, much weaker at Hy; no change

1939-49.

M.W. 11 J Strong emission (probably double) at H/3, much weaker at H7;

emission stronger in 1938 than in 1939 and subsequently.

MAY. 139 Fairly strong narrow emission at H/3, much weaker at H7;
probably no change 1939-50.

MAY. 159 Weak narrow emission at H/3 and H7; probably stronger in 1949

than in 1939.

M.W. L64 Narrow emission at H/3, H7, Ho in 1939, weaker in 1949 and barely

detectable in 1950.

M.W. 188 Narrow, moderately strong emission at H/3, very weak at H7.

Some faint emission at helium lines. No marked change between

L939 and L949-50.

M.W. 189 No distinct emission at H/3 etc., but hydrogen absorption lines

extremely weak. No change 1940 to L949 50

M.W. 307 Narrow emission at H/3 and Hy, stronger in L946-47 than in

L939-40.

M.W. 31'-' Faint emission at H/3 and H7. In 1947-50 the larger dispersion

shows these double with equal intensity; on earlier plates of

L939-40 and 19 10 doubling is not certain and emission is probably

weaker.

MAY. 320 Double emission at H/3 and H7. Red component stronger than

violet in 1946, 1947, equal in 1948, weaker in 1950. Emission

character uncertain on earlier plates.

MAY. 383 No emission at H/3 etc. in 1938-40 or L946.

M.W . 402 Double emission at H/3 and H7 which is clearly resolved only on

larger dispersion plates of l
(J40-50; there are changes of relative

intensity of the two components in this period.
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