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Abstract. Β and V observations of the suspected variable BV 690 = NSV
04298 are reported. The star shows light variations with a period of ld.2400
and with amplitudes of 0m.27, 0m.36 and 0m.11 in V, B, and B – V
respectively. The light curves show steeper rise than decline, and there is 
evidence for the presence of a bump in the descending branch around the
phase of 0.35. From considerations of the period, spectral type, presence of
the bump and high tangential velocity we conclude that BV 690 belongs to
the BL Herculis class of Type II Cepheids. 
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The light variability of BV 690 (NSV 04298, HD 76296, BD –22 2440, CD –23 7878,
SAO 176679) was reported by Strohmeier, Knigge & Ott (1965) who found the star to
show light variations of amplitude 0m.3 from photographic observations. As the nature
of its light variation was not established, this star was included in our observing
programme for occasional observations in between our regular observing programme 
of eclipsing binary stars. These observations were made on 35 nights from 1974 to 1976
with a photoelectric photometer attached to the 1.2 m reflecting telescope of the Japal- 
Rangapur Observatory. The photometer used had an unrefrigerated EMI 6256B
photomultiplier, whose output was fed to a GR 1230A dc amplifier and recorded on a
Honeywell-Brown chart recorder. The comparison and three check stars used with BV 
690 are listed in Table 1. Observations of all the stars in Β and V filters were reduced to
fluxes outside the atmosphere using nightly extinction coefficients obtained from the 
observations of the comparison star. The differential magnitudes of the variable and
the check stars with respect to the comparison star were then transformed to Johnson’s 
standard UBV system using the transformation relations obtained from the observa- 
tions of a number of UBV standards on several nights. The average values of the V 
magnitude and (B – V) colour of the comparison and check stars in the UBV system
determined by us are given in Table 1, along with the number of observations on which
these determinations are based.

The individual differential magnitudes of the check stars with respect to the
comparison star have been published by Sanwal et al. (1990). Our observations do not 
indicate any significant variation in any of these stars. The average values of the
magnitude difference between the check and the comparison stars are given in Table 2
along with the number of observations of the check stars. From our observations of the
check stars we estimate the standard error of a single Δm observation to be less than
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Table 1. V  magnitudes and (B – V) colours of the comparison
and the check stars observed with BV 690. 

 
 

Table 2. Magnitude differences with respect to the comparison
star. 

 
 
0m.01 both in Β and V. Table 2 also gives the values of ∆V and ΔB for the variable star
at its maximum and minimum brightness.

The magnitude differences ∆V and ΔB between BV 690 and the comparison star are
listed in Table 3 along with the heliocentric Julian date and the phase of each
observation. The observations of individual nights show slow but systematic changes 
in brightness. Observations of different nights were combined to form normal light
curves for a large number of trial periods, and the smoothest normal light curve was
obtained with a period of ld.2400. We find that the following light elements represent
observations in both the filters satisfactorily:
 

Time of maximum (hel. JD) = 2442359.490+ ld.2400 E.
 

These light elements have been used to calculate the phases of individual V  and Β
observations listed in Table 3. This table also gives the derived values of Δ(B – V) and
its phase. The light variations of the star in Β and V filters as well as in (B –  V) colour
are shown in Figs 1–3 respectively. The small scatter in the light curves and the absence 
of any systematic difference between 1974–75 and 1975–76 observations indicate that the 
star has a stable period. The amplitude of light variations is 0m.27 in V  and 0m.36 in
B. The duration of the ascending branch is 0p.4 while that of the descending one is 0p.6. 
The light variation is fairly smooth but there is an indication of a small bump in the
descending branch of the light curve near the phase 0.35. Presence of a bump is also 
supported by the nature of (B – V) variations near this phase. 

The light maximum in Β occurs earlier than the light maximum in V by about 0p.01. 
The epoch of maximum light used by us for the calculation of phases corresponds to an 
average value of the times of maximum for the two colours.

Using the V and (B – V) values for the comparison star given in Table 1, we find that
the V magnitude of BV 690 varies from 7m.17 at maximum occurring at phase 0.00 to 
7m.44 at minimum occurring at phase 0.60. Similarly, the Β magnitude varies from
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Table 3. Magnitude differences (BV 690 –BD –22 2431).

 



122 Ν. Β. Sanwal & Μ. Β. Κ. Sarma 
 
Table 3. Continued. 
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Table 3. Continued. 
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Table 3. Continued.
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Table 3. Continued. 
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Table 3. Continued. 
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Table 3. Continued. 

 
 
 
 

 
Figure 1. BV 690: Light variation in yellow. Filled circles represent the observations for
1974–1975 and those for 1975–76 are plotted as crosses.
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Figure 2. BV 690: Light variation in blue. Filled circles represent the observations for
1974–1975 and those for 1975–76 are plotted as crosses.
 
 

 
Figure 3. BV 690: (B – V) colour variation. Filled circles represent the observations for
1974–1975 and those for 1975–76 are plotted as crosses.
 

7m.68 at maximum to 8m.04 at minimum. The (B – V) colour of ΒV 690 varies by 0m.11,
from 0m.50 occurring at the phase 0.92 to 0m.61 occurring at the phase 0.49. Thus the
star reaches extremes of temperature slightly before it reaches extremes of brightness.
For BV 690 the values of brightness averaged over one cycle are found to be 7m.30,
7m.85 and 0m.55 for 〈V〉, 〈B〉 and 〈B – V〉 respectively.
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In the HD catalogue the spectral type of BV 690 is given as G0, and in Nancy Houk’s 
reclassification of the HD stars, HD 76296 is assigned a spectral type of F3/5 III. From 
the calibration given by Schmidt-Kaler (1982) the (B – V)0 and Mv values correspond-
ing to this spectral type are + 0.40 and + 0.90 respectively. As the (B – V) colour and
the V magnitude of this star are known to vary by 0.11 and 0.27 magnitudes and the 
phase of observation of the spectral type is not known to us, we expect the mean (B 
– V)0 of BV 690 to lie in the range + 0.34 to + 0.46 and the mean Mv to lie in the range
+ 0.76 to + 1.04. 

BV 690 has a period in the range ld < Ρ < 3d where one finds a mixture of different
types of pulsating variables. Diethelm (1983) has classified variables in this period 
range into the following four classes: (i) RR Lyrae stars (RRd), (ii) W Virginis stars
(CW), (iii) BL Herculis stars (BL), and (iv) Classical Cepheids (Cδ). In the General 
Catalogue of Variable Stars, (1985) the W Virginis Cepheids of periods less than eight
days and the BL Herculis objects are grouped together as the type CWB.

Properties of Cepheid variables are summarized by Duerbeck & Seitter (1982,
hereafter DS). Cepheids differing in the form of their light curves, amplitudes, absolute 
magnitudes, colour indices, spectra, radial velocity curves, space motions and stability 
of periods can be associated with either of the two stellar populations. The low galactic
latitude of BV 690 (b = 13°.6) would indicate the likelihood of its being a classical
Cepheid. However, according to Hoffmeister, Richter & Wenzel (1985) the classical
Cepheid with the shortest period currently known in our Galaxy is V 473 Lyr (HR
7308) with P = ld.49. On the other hand a number of Type II Cepheids have periods 
smaller than this. Moreover, according to DS, a bump is generally present in the light
curves of Type I Cepheids having periods greater than seven days, while a bump is
present in the descending branch of the light curves of Type II Cepheids of even shorter
periods. 

In DS the period luminosity (P–L) and the period-colour-luminosity (P–C–L)
relations are given separately for the Type I and Type II Cepheids. The mean period-
colour (P–C) relation for Type I Cepheids is:
 

〈B〉0 – 〈V〉0 = 0.27 + 0.47 log P. 
 

From this relation we estimate 〈B – V〉0 = 0m.31 for BV 690. This value is outside
the range of 0m.34 to 0m.46 estimated earlier from the spectroscopic observations. 
Considering the possibility of error introduced in extrapolating the P–C relation, we 
have adopted 〈B – V〉0 = 0m.34. Combining this with the observed value 〈B – V〉 
= 0m.55 we estimate a colour excess of 0m.21 and an interstellar absorption AV 
= 3.3 EB–V of about 0m.70 and 0m.90 in V and Β bands respectively.

In DS the linear P–C–L relations for Type I Cepheids in the period range
0.4 <log P < 1.9 is given as:
 

M〈V〉 = – 3.425 log P + 2.52 (〈B〉 0 – 〈V〉0) – 2.459.
M〈B〉 = – 3.425 log P + 3.52 (〈B〉0 – 〈V〉0) – 2.459. 

 
Using the above P–C–L relations we estimate Μ〈V〉 = – 1.99 and M〈B〉 = – 1·69.

Combining these results with the observed values 〈V〉 = 7.30 and 〈B〉 = 7.85 and
taking into account the interstellar absorption estimated above we derive a distance of
1000 parsec and 1200 parsec from V and Β light curves of BV 690, The estimated
interstellar absorption seems to be appropriate for the mean distance of about 1.1 kpc
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derived for this system. However, the absolute magnitude MV derived from the P–C–L
relation differs by about 3 magnitudes from the range of 0m.76 to 1m.04 for MV 
estimated from the observed spectral type of the system.

On the other hand if we assume BV 690 to be a Type II Cepheid, then we have the
following P–C relation: 
 

〈B〉0 – 〈V〉0 = 0.31 + 0.18 log P. 
 

This yields an intrinsic colour of 0.33, which is also outside the range of 0.34 to 0.46 
estimated from the spectral type. Again adopting 〈B – V〉0 = 0.34, we have a colour 
excess of 0.21 and a total visual absorption of 0m.70. The P–L relation for Type II
Cepheids given in DS is:
 

M〈V〉 = – 0.08 – 1.59 log P. 
 

This gives an absolute magnitude M〈V〉= –0.23, and yields a distance of about 450 
parsec for BV 690. This estimate of Μ〈V〉 is closer to, though still outside, the range of 
0m.76 to lm.04 inferred from the spectroscopic criteria. We feel that this difference is
tolerable in view of some uncertainty in Μ〈V〉 obtained by extrapolating the P–L
relation and considering the lower accuracy of ΜΚ spectral types determined from
objective prism spectra. In any case, the assumption of a Type II Cepheid results in
much better agreement with spectroscopic absolute magnitude than the assumption of 
a Type I Cepheid. 

The position and proper motion of BV 690 (SAO 176679) appear in the Smithsonian
Astrophysical Observatory (SAO) Star Catalogue (1966). These have been taken from 
the Transactions of the Astronomical Observatory of Yale University (1943) where the
star has the number 6884. In SAO the proper motion components of the star reduced
to the FK4 system are given as µα=0s.0005 ± 0".0018 and µδ = 0".049 ± 0".018.
Combining these with the distance of 1100 parsec derived above for a Type I Cepheid,
the tangential velocity of the star turns out to be about 260 km s–1, very high for a
classical Cepheid. The proper motion of BV 690 is also given in the Publications of 
U.S. Naval Observatory (1948), under the star number 2061 as µα = 0s.001 and µδ

=0".027 in the FK3 system, from which we derive a tangential velocity of about
160 km s–1, also quite high for a classical Cepheid. However, if we use a distance of
about 450 parsec appropriate to its being a Type II Cepheid, then the estimated
tangential velocities would be about 100 km s–1 and 60 km s–1 for proper motions
given in the SAO and USNO catalogues. It may be emphasized that in view of the large
errors quoted for the proper motion, the tangential velocities derived above are highly 
uncertain. However, when this information is combined with conclusions based on its 
short period, relatively low luminosity as indicated by its spectral type, and the
presence of a bump in its descending branch, it seems quite likely that BV 690 belongs
to the BL Herculis group of Type II Cepheids. Several studies have been made on
theoretical models for Type II Cepheids and on their comparison with observations
(for example, see references given in Peterson & Diethelm 1986). As most of the stars
belonging to the BL Her group are faint objects, BV 690 which is brighter than BL 
Herculis by about 3 magnitudes would be very useful for a detailed study of the 
properties of this kind of Cepheids. On the other hand if from high resolution 
spectroscopic studies, it is found to be a Type I Cepheid then it would be a classical
Cepheid with the shortest known period and would be an important object to define 
the blue edge of the instability strip. 
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