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Abstract. A classification method has been developed for early-type stars observed on the Dominion
Astrophysical Observatory photometric system. Two reddening-independent parameters, Q(35)
and Q(38), are used. Q(35) is a measure of the Balmer discontinuity, while Q(38) is a measure of the
strength of the upper members of the Balmer series. A preliminary calibration of Q(35) and Q(38)
in terms of spectral types and luminosity classes is given, and applications to several groups of stars
are shown.

A four-channel photometer was put into use by the Dominion Astrophysical Observa-
tory (DAO) in 1968 and has been used in a variety of observational programs since
then. The instrument (described in detail by Walker et al., 1970) has two passbands
which reproduce B and ¥V of the UBV system (Johnson et al., 1966) and two ultra-
violet bands, one 200 wide placed beyond the Balmer discontinuity, the other 150 wide,
which includes the upper members of the Balmer series (H9-H16). We designate our
passbands in terms of their mean wavelengths, quoted to the nearest hundred ang-
stroms. Thus, 35 refers to the 1 3400-A 3600 passband; c(35-44) is the colour derived
from A 3400-4 3600 and A 3900-4 4900 passbands; and similarly for E (35-44), etc.

The instrument was designed in the hope that with one instrument we would be
able to derive luminosities and temperatures for early-type stars whose light suffers
interstellar reddening. In practice we can observe effectively down to 11™ with a
16-in. telescope and un-refrigerated photomultipliers. The multichannel nature of the
instrument has important advantages in observational efficiency and in relative im-
munity from the effects of variable grey extinction due to clouds.

In developing a new photometric system our first task was to obtain colours and
magnitudes for a set of standard stars. These have recently been published (Hill et al.,
1971). In this paper we present a preliminary calibration of the photometric data in
terms of spectral types for early-type stars. Ultimately this calibration will be made in
terms of M, and 7,. In what follows we shall describe how-the calibration was derived
and show how several groups of stars compare with the basic calibration.

In Figure 1 we show a colour-colour plot [¢(35-44) vs c(44-54)] for: (a) relatively
unreddened standard stars, (b) ‘Petrie-Lee’ field stars (Petrie and Lee, 1966) of various
degrees of reddening and (c) stars in Cepheus IV, an apparently young cluster of large
and variable reddening. The ratio E (35-44)/E (44-54) is derived from the slope of the
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Fig. 1. Colour — colour plot, showing the effects of interstellar reddening.

upper envelope of this plot, and has a value of 0.83; the stars in Cepheus IV were not

used in this derivation. The ratio E (38-44)/E (44-54) was derived in similar fashion;
it is equal to 0.62.

We define two reddening-free parameters Q(35) and Q(38) by the relations

E(35-44)

0(35) = c(35-44) — E(@59)

c(44-54)
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Fig. 2. Q — Q plot for DAO standards. The symbol plotted indicates spectral type;
a composite spectrum is denoted by c.
and
E(38-44)
38) =c(38-44) — /. .(44-54
0(38) = ¢(38-44) = 7 - e(44-54)

We assume that the ratios of the colour-excesses are constant around the sky. In
Figure 2 we show a ‘Q— Q’ plot [Q(35) vs Q(38)] for the DAO standards, for stars
ranging in spectral type from late O to late K. It is clear that this classification method
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Fig. 3. The relation between Q(38) and HJf index.
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to be the luminosity sensitive index Q(38) and Crawford’s B-index (Crawford and
Mander, 1966) is seen in Figure 3. For luminosity class V stars there is a linear relation
from BO-B5 and another linear relation from B5-B8. The change of slope is probably
caused by the inclusion of a number of He 1 lines, principally A 3819, in the 38 band.
This line tends to strengthen as the H lines weaken in the earlier main-sequence stars.
The supergiants follow a different line. In these stars, A 3819 varies much less
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Fig. 4. Q — Q plot showing spectral types and luminosity classes.

rapidly with temperature and disappears from the spectrum somewhere between OS5
and O8.5. If one plots measures of Be stars on this diagram, most of them fall on a line
parallel to, but about 0.2 below, the extension of the class V line. Figure 4 isa Q—Q
plot for the D.A.O. standards and our observations of Crawford’s Hf standards,
both of which groups have been exceptionally accurately observed. The main sequence
line is very well defined although a little irregular; the loci of the other classes is
indicated, but is based on as yet inadequate data. Nevertheless, it seems clear that a
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Fig. 5. QO — Q plot for the Pleiades. In this and succeeding figures the luminosity class
lines are those derived in Figure 4.

good calibration will be possible with the additional data that we have in hand. The
wide separation of the luminosity classes in the Q — Q plane is noteworthy and in-
dicates that this method should yield good classification accuracy.

We now compare observations of various clusters with the preliminary calibration.
The cluster observations are displayed on a background derived from Figure 4. Fig-
gures 5-7 show results for the Pleiades, NGC 7243 and NGC 2169. The similarity
found here between the Pleiades and NGC 7243 agrees with the results of Hill and
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Fig. 6. Q — Q plot for NGC 7243.

Barnes (1971); in particular, very similar ages are indicated by the positions of the
turnoff points. NGC 2169 is seen to be a young, relatively un-evolved cluster. In 4 and
x Persei (Figure 8) the transition from class V to class [a-Ib is notable. A number of
deviant points is apparent. Those for which we have spectral types are emission-line
objects, or, in one case, an Alla star. Cepheus IV is interesting (Figure 9) because of
an undoubted systematic deviation from the class V line. Such a difference could be
caused either by anomalous values for the ratios of the colour excesses in the direction
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Fig. 7. Q — Q plot for NGC 2169.

of Cepheus IV, or by the stars in the association really being fainter than class V.
Measures of these stars plotted in Figure 1 appear to define an extension of the
normal reddening line (as is also the case for the ¢(38-44) vs c(44-54) plot); this is
evidence against anomalous reddening in the direction of the cluster. Walker (1965)
examined the luminosity sensitive He 11 line, 1 4686, in the spectra of members of
Cepheus IV and found evidence that the stars are subdwarfs, thus supporting the
second possible explanation. From its involvement with extensive nebulosity, this
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Fig. 8. Q — Q plot for h and x Persei.

group of stars appears to be very young. During its hydrogen-burning lifetime, a B
star will brighten by about one magnitude. Thus the class V line in the plots should
have a breadth of about one magnitude, and the irregularity of the class V line in our
plot for standard stars is a result of defining it by stars with a variety of ages. The de-
viation of measures of stars in Cepheus IV from the line defined by measures of
standards is thus probably an age effect.
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