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DISTANCES OF 97 OB STARS

By Harry H. Guetter*

Abstract

Equivalent widths of the H7 line are determined for 97 stars of spectral range B3
and earlier which have been observed spectroscopically at the David Dunlap Observa-

tory. All the equivalent widths were reduced to the system of the Dominion Astrophysi-

cal Observatory, Victoria, B.C. The distances of these stars were obtained by the use

of the Hy-My calibration determined by Johnson and Iriarte (1958) and the assumption

that the ratio of total to selective absorption is 3.0.

The distances of various association members are compared to one another, and it is

concluded that the luminosity calibration may be incorrect for very bright stars.

Finally, the effect of duplicity among OB stars on the Hy-Mv calibration is briefly

examined.

Introduction

The basis of this study is the correlation between the equivalent

width of the H7 line of an early-type stellar spectrum and the star's

absolute magnitude, to which attention has been directed by Petrie

(1953). This relation has been recalibrated by Johnson and Iriarte

(1958) with cluster stars whose luminosities have been determined by
zero-age main sequence fits. By a combination of this estimate of

absolute magnitude with the apparent magnitude and colour of the

star, the distance of the star can be computed.

Observational Data

Stars of spectral type no later than B3 and fainter than apparent

magnitude 6.0 were considered in this investigation. With these

criteria 97 stars were selected from spectrograms already available in

the plate files of the David Dunlap Observatory. Upwards to eight

usable spectrograms were available for each star.

The spectrograms had all been obtained on Eastman 103aO emulsion

with the one-prism spectrograph of the 74-inch telescope at the David
Dunlap Observatory. The spectrograph has two cameras giving dis-

persions at H7 of 33 A./mm. and 66 A./mm. respectively. The former

was used for many stars brighter than mpg = 7.0, while the latter was
used to obtain fainter spectra. The slit width was chosen between

0.02 mm. and 0.04 mm., depending on the brightness of the star and the

seeing and transparency during the time of observation.

*Now at the U.S. Naval Observatory, Flagstaff, Arizona.
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Calibration and Error Determination

The measurement of the spectra was carried out with the Dunlap

microphotometer (Oke 1957) with the aid of tube sensitometer

calibrations. The sensitometer spots, exposed on each plate beforehand,

are used to transform density to intensity. The intensity steps were

taken from the work of Armstrong (1933), checked by Wellmann

(1957).

The mechanical magnification of the microphotometer was calculated

from the iron arc comparison lines to be 45.5.

The spectra usually were traced from X4250 to X4450 centred about

H7 so that the continuum could be estimated fairly accurately. The
mean of density readings taken on the unexposed parts of the plate

adjacent to the Hy line was considered to be zero intensity since many
plates showed uneven fog density.

To obtain the line profile, the best-determined side of the H7 line

was drawn, the centre of the profile estimated, and the opposite side

of the profile drawn symmetrically to the first. In this way the effects

are minimized of other lines which are close to the H7 line, for example

Oil X4349 and X4351, and also photographic irregularities.

The plates were given weights from zero to unity to denote the

quality of the spectrogram. Similarly, the tracings were also given

weights from zero to unity. The two weights were then multiplied to

give the final weight for a particular measurement. In case of more than

one measurement, the square of the final weight was taken to equal

the sum of the squares of the individual weights. The weights of spectra

obtained with the 33 A./mm. dispersion were doubled with respect to

those of the 66 A./mm. dispersion.

Calibration of the Equivalent Widths

The Hy-M v calibration by Johnson and Iriarte (1958) is based on

Victoria equivalent widths. It was therefore necessary to determine the

transformation required to convert the Dunlap equivalent widths to the

Victoria system. From twenty-one stars in common, it was found for

the 33 A./mm. dispersion that

HTvictoria = (1-08 ± 0.07) H"7Dunlap .

From twenty-five stars in common, it was found for the 66 A./mm.
dispersion that

HTvictoria = (1-07 ± 0.08) HTDualap.

The individual points are shown in figures 1 and 2.
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Fig. 1—Comparison of the H7 equivalent widths from spectra obtained at the

David Dunlap Observatory and the Dominion Astrophysical Observatory (Victoria)

for the 33 A./mm. dispersion.
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Absolute Magnitudes

The data for the stars which were studied in the present programme
are listed in Table I. The designations of the columns are self-explana-

tory except for the following. Column 8 (Ref.), is the reference to the

source of the photometric data: (a) Hiltner (1956), (b) Hiltner and

Johnson (1956), (c) Hiltner and Iriarte (1955), (d) Author's observa-

tions obtained with the photometer attached to the 19-inch reflector

at the David Dunlap Observatory (Marlborough 1964) ; column 9 (W),

is the equivalent width of the H7 line; column 10(Wt.), is the combined

weights of the plate-tracing combination; column 11 (±AW), is the

standard error of the equivalent width in units of 0.01 A.

Distances of Various Associations

Some of the stars in the present programme are members of associ-

ations. Since most associations are fairly rich in early-type stars, only

a few stars in each association were studied spectroscopically.

The information obtained for four associations is given in Table II.

First the name of the association and its distance (as determined by
other workers) are given. For each association, the individual stars are

listed as to: the spectral type; the equivalent width of the H7 line; the

total weight given to the spectrum-tracing combination; the number of

plates used ; the internal dispersion or standard error of the equivalent

width in milliangstroms; the distance modulus; and the distance in

kiloparsecs.

Table II shows that the four stars of III Cygni agree fairly well with

one another, giving an average distance of 1.6 kpc, which is only a little

smaller than the distance given by Schmidt (1958). The three stars of

III Cephei yield an average distance of 0.85 kpc, corresponding closely

to that estimated by Blaauw, Hiltner and Johnson (1959). For the

other two associations significant discrepancies are found, in that the

computed distances of the three stars with equivalent widths smaller

than about 2.0 angstroms are much greater than those with larger

equivalent widths. Three possible explanations suggest themselves:

(a) that the Johnson and Iriarte calibration is over-luminous for small

equivalent widths, (b) that the three discordant stars are not associ-

ation members, but background stars and (c) that incipient emission

at H7 in the spectra of these stars has reduced the value of the equiva-

lent widths. It is not possible to choose among these explanations

because of the small sampling.
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TABLE II

Distances of Various Associations by Means of Individual Stellar Distances



414 Publications of the David Dunlap Observatory

Heard (private communication), in a study of five stars in the associ-

ation III Cephei, found one definite, and three probable spectroscopic

binaries. It may be shown that in the present method of determining

absolute magnitude, the effect of an unresolved binary is to lead to an

absolute magnitude which is intermediate between the absolute

magnitudes of the two components. The distance of such a binary is

therefore underestimated.

However, due to the high incidence of spectroscopic binaries among

OB stars and the relative frequency of line emission, it seems doubtful

that the stars used for their calibration by Johnson and Iriarte were

all single stars without any H7 emission. Hence the H7-M v relation

is probably overluminous where derived from single stars, and under-

luminous where derived from binaries. Therefore, by assuming that

the sample of stars used in this paper is similar to those used by Johnson

and Iriarte, one would expect that on the average their calibration is

valid for use in this study. This statistical conclusion, however, may be

invalid for the most luminous stars because of the small number of such

objects.
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