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Abstract. Analysis of the available observational data for the α-Persei
cluster members shows that rotation effects on the intermediate-band
indices c1 and (u – b) are considerable. In c1, rotation produces a reddening
of 0.040 magnitudes per 100 km s–1 In (u – b) the effect for Β stars is found
to be 0.06 magnitudes per 100 km s–1 of V sin i.
The binaries and peculiar stars are found to behave differently in the
colour excess (due to rotation) versus V sin i diagrams. These empirical
effects can be utilised to recalibrate these colour indices and also to
separate members that are either chemically peculiar or in binary systems.
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1. Introduction.
The effects of rotation on colours and line indices of stars is a subject of some
controversy though not actually appreciated as such. Empirical calibrations of uvby
and Hβ system in terms of intrinsic colour and absolute magnitudes have been carried
out (Crawford 1978) on the assumption that differences in rotational velocities of stars
does not substantially affect their colours. Theoretical work by Collins & Sonneborn
(1977) and Collins & Smith (1985) seems to indicate that such effects are appreciable
only for stars that rotate close to their break-up speeds. Warren (1976) discussed the
proposed effects of rotation in some detail for Β stars in the Orion region and showed
that no systematic effects are present for Vsin i less than 250 km s–1. Similar
conclusions were reached by Petrie (1965) based on Hγ equivalent-width data.
Dickens, Kraft & Krzeminski (1968) found no large systematic effects in (U – B)
colours at a fixed (B – V) for stars in Praescepe. Crawford & Barnes (1974) found that
no rotation effect can be discerned in the data for Β stars in α-Persei cluster, whereas
the data for A stars indicated that the c1 index may be affected by as much as 0.035
magnitudes per 100 km s–1 of V sin i.
On the other hand, Kraft & Wrubel (1965) found that the ultraviolet excess is related
to V sin i in the Hyades. Rajamohan (1978) showed that the c1 index in α-Persei and the
Scorpio-Centaurus association is correlated with V sin i. The work by Maeder &
Peytremann (1970, 1972) seems to indicate that predicted theoretical effects are still
smaller than the observed effects. However due to other parameters that affect the
observed colours, no consistent picture has emerged. A systematic study of this effect
would be needed for not only calibrating the indices, but also for comparison with
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existing theories that could then be used for differentiating between uniform solidbody rotation and differential rotation.
We have decided to reinvestigate this problem systematically and determine
empirically whether the colours and line indices of stars are affected by rotation at all
values of V sin i. Cluster members provide the best homogeneous data since the
members can be assumed to be coeval. We begin with the α-Persei cluster since it has a
low binary frequency (Kraft 1967; Heard & Petrie 1967). We plan to analyse each
cluster separately and later take the effects of rotation into account in recalibrating the
line indices as a function of absolute magnitude and spectral type. Comparison with
theory will become feasible and easy once the analysis is extended to all clusters.

2. The data and analysis
The basic observational data for u,v,b,y and Hβ are taken from Crawford & Barnes
(1974). The V sin i data are taken from Kraft (1967). The identification numbers for the
stars are from Heckmann, Dieckvoss & Kox (1956). Only early-type stars (earlier than
F5) are considered here. There are totally 34 stars of type Β and 28 of type A and early
F (Tables IV, V, VI of Crawford & Barnes 1974).
Before the data for these objects can be analysed for rotation effects, the following
factors that affect their colours have to be taken into account.
1. Binary nature: This makes the star generally lie above the main sequence defined
by non-rotating single stars. This factor, first suggested by Atkinson (1937) for
identifying binaries from colour-magnitude diagrams depends on the mass ratio and
evolutionary status of the components. Binaries in general rotate synchronously and
hence have lower rotational velocities than single stars of the same spectral type. This
effect leads to the inverse correlation between mean rotational velocities and binary
frequency of clusters found by Abt & Hunter (1962).
2. The chemically peculiar stars are likely to have their colours affected by lineblanketing. These are in general slow rotators and some of them are magnetic and
spectrum variables. The binary frequency amongst magnetic stars is very low, whereas
almost all Am stars are likely to be in binary systems (Abt 1965)
3. Evolutionary effects: If the sample does not conform to a homogeneous coeval
group, then evolutionary effects (even within the main-sequence lifetime) have to be
taken into account as this would introduce a spread in the observed colour–magnitude
diagrams. The advantage of analysing cluster data is that this effect would be a
minimum, though in some clusters and associations it is known that not all members
are coeval.
4. Differential reddening across the cluster: Since rotation effect is also to redden the
stars, it is not clear whether the stars must be dereddened for this effect before
analysing the data. The two effects being similar, we have decided to analyse the
observed data as though the interstellar reddening is uniform across the cluster.
5. Large systematic errors in photometry: Eventhough there is no evidence that
such systematic observational errors exist, it is worth noticing that Trimble & Ostriker
(1978, 1981) found that some unknown effect exists which complicates the analysis of
cluster data for discriminating between double and rotating stars. We plan to
overcome this problem by analysing each cluster independently.
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In order to minimize the first two effects, we decided to eliminate stars which are
already known to be binary, variable or chemically peculiar. This we assume leaves a
sample of single main-sequence normal stars at the same stage of evolution and only
differing in their rotational velocities. Any reddening effect found then can be
confidently attributed to the effect of rotation alone.
3. The effect of rotation on colours
3.1 The Effect on c1: B-Stars
Tables 1 and 2 list the relevant data for the Β and A stars. Because of the various factors
listed in the previous section, which affect the colour indices, we cannot hope to derive
Table 1. Rotation effect on c1 and (u – b) for Β stars.
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Table 2. Rotation effect on c1 for A stars.

meaningful results by defining a standard main sequence, or a zero age main sequence
(ZAMS) or zero rotation main sequence (ZAZRMS) (see also Trimble & Ostriker
1978,1981). We have therefore decided to use the data for each cluster to define its own
relationship between different indices. Fig. 1 is a plot of β versus c1 for all members
listed in Tables 1 and 2. A second-order polynomial was fitted to the data and for each
star, a calculated c1 value was derived using the polynomial coefficients for its
observed β. We define Δc1 as the observed minus computed value of c1 for its observed
value of β. We have plotted Δc1 versus V sin i using different symbols for Β and A stars.
It was found that strong rotation effects are present independently for Β and A stars
and that a single polynomial fit is not appropriate for Β and A stars taken together.
Fig. 2 shows the result for the Β stars analysed independently, omitting the probable
binaries and peculiar stars. The c1 indices were represented by an equation of the type.
The (O – C) values in c1 for each star derived using the above coefficients are given in
Columns 6 and 7 of Table 1. These (O – C) values in c1 are denoted by Δc1. Α linear fit
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Figure. 1 The β, c1 plot for Β stars (open circles) and A stars (filled circles) in the α-Persei
cluster. Stars with variable radial velocities, and suspected binaries are plotted as crosses. A
peculiar star is plotted as an open triangle, and a shell star by a filled triangle.

Figure 2. The deviation in c1 is plotted against V sin i for Β stars.
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to the data points in Fig. 3 gives

3.2 The Effect on c1 : A Stars
A similar analysis was done for the A stars in Table 2. The deviations are given in
Column 6 of Table 2 and are plotted against V sin i in Fig. 3. Α linear fit to the data
points given for the A stars.

The effect of rotation on c1 for the Β and A stars taken together (Fig. 4) is of the order
of 0.040 magnitudes per 100 km s–1 of V sin i.
3.3 The Effect on (u– b)
The β, (u – b) relation was also represented by a second-order polynomial for the Β
stars.
The deviations in (u – b) are given in Column 8 of Table 1. These are plotted against
V sin i in Fig. 5. It is obvious that the effect of rotation on the (u – b) colour at a given β
is considerable. Α linear fit to the data points in Fig. 5 gives

Figure 3. The deviation in c1 is plotted against V sin i for A stars.
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Figure 4. The deviation in c1 for all stars. Symbols are the same as in Fig. 1

Figure 5. The deviation in (u – b) is plotted against V sin i for Β stars.

3.4 The Effect on (b – y), m1
No striking correlation is found with excess in (b – y) or m1, when these quantities are
interrelated with β, c1 or (u – b) except in the case of c1 versus (b – y) relation for A
stars. This effect is shown in Fig. 6. The procedure adopted is probably not best-suited
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Figure 6. The deviation in (b – y) is plotted against V sin i for A stars.

to find the effects of rotation on these colour indices. We defer the conclusions
regarding the indices to a later paper.

4. Discussion
The effect of rotation on the observed intermediate-band indices c1 and (u – b) seems to
be considerable. The complicating factors that introduce scatter in the colour–colour
and colour–magnitude diagrams are the incidence of peculiar and binary stars,
evolutionary effects, and reddening. If these are taken into account by eliminating
peculiar and binary stars and confining ourselves to the analysis of main sequence
normal single stars in a cluster, the rotation effect comes out strikingly for cl and
(u – b). Hence in the calibration of these indices with spectral type and absolute
magnitude or the β index, we must make allowance for rotation effects; this has not
been done in earlier work (e.g. Crawford 1978).
Trimble & Ostriker (1978, 1981) tried to derive the binary frequency in clusters by
analysing the displacement of stars in the colour-magnitude diagrams and taking into
account the expected effects of rotation. The effort was not fully successful since they
found that different clusters do not define a unique zero rotation main sequence
According to them, an unknown parameter influenced the observed colours up to a
0.05-magnitude level. We avoid this problem by analysing clusters individually,
eventhough this leaves us with a smaller sample of stars for analysis.
In Δc1 and Δ(u – b) versus V sin i diagrams the binaries seem to be displaced to a
position below the mean relationship while the peculiar stars seem to lie considerably
above this relationship. The region above this mean relationship can also be occupied
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by stars whose indices are affected by incipient emission in β. These objects, in general,
would occur at high values of V sin i excepting those that are seen pole on. However,
emission occurs in general in very early Β stars and hence it should be possible, in
principle by the position of the objects in Δc1, Δ(u – b) versus V sin i diagrams, to
identify these three different kinds of objects.
The tight relationship found for Δc1 and Δ(u – b) with V sin i leads to some
interesting questions. Collins & Sonneborn (1977) found that the relationship between
rotational velocity and the rotational displacement of an object from the main
sequence is almost independant of sin i. Low values of V sin i could be a combination of
high V and very low sin i or a low value of V itself. In that case we must expect a large
spread in the observed values of Δc1 at low values of V sin i. The spread would be
expected to be low at large values of V sin i, since the spread in V itself would be
expected to be small at high values of V sin i. Two possibilities exist. For a random
distribution in V and i, the expected number of stars at low values of V sin i would be
small. However we find in Fig. 3 and 4 the distribution of stars for different values of V
sin i is more or less uniform. The other possibility is that the effect of differing
inclination is much larger than that predicted by theory. In that case, these results seem
to support the arguments by Rajamohan (1978) that the normal single stars of a given
mass arrive on the main sequence with a small spread in their angular momentum. We
will address this question in greater detail after the analysis of data on other clusters is
completed.
We have completely left out the late-type stars from our analysis. The colours of
these stars, with outer convection zones, are likely to be affected not only by rotation
but also by chromospheric phenomenon and star spots. Chromospheric activity
enhanced by duplicity (Young & Koniges 1977) would further complicate the analysis
of their data. They belong to a separate class of interesting objects and the role of
rotation in these objects is a totally different problem. Also some young Pleiades Κ
dwarfs have been found to have very high values of V sin i (Stanffer & Hartmann 1987).
We plan to analyse only the data for early-type stars in different clusters where the
rotation effects on colours and line indices seem much less complicated than in their
late-type counterparts.
5. Conclusion
For the α-Persei cluster members the effect of rotation is found to be + 0.04
magnitudes per 100 km s–1 in c1 and + 0.06 magnitudes per 100 km s–1 of V sin i in
(u – b).
Binaries, peculiar stars and emission-line objects seem to occupy different regions in
the Δcl, Δ(u – b) versus V sin i diagrams. This fact can be used as a criterion for
selecting the most probable peculiar and binary stars in distant young clusters.
These effects were fairly easy to determine in α-Persei since the cluster has a low
frequency of spectroscopic binaries and has been fairly extensively studied both
photometrically and spectroscopically. In fact, no confirmed short period binaries
exists in the α-Persei cluster.
We plan the comparison of empirically-determined rotation effects on colours with
available model calculations after analysing the data for other clusters for which
extensive observational material exists.
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