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NOTES FOR THE OBSERVER

by T. P. Prabhu

1. Variable stars

Stellar pulsations

All stars are elastic spheres and can puls;tte radially. However, the physical
conditions that trigger pulsations and sustain them against various damping
mechanisms prevail only in some stars. These pulsating stars exhibit periodic
variations in their luminosity, colour and radial velocity. The light and colour vary
because of a change in the surface temperature; the surface temperature drops as the
star expands and increases again as it contracts. The change in the surface tempera-
ture also affects the detailed spectrum of the star; the star moves towards later
spectral types as it expands and moves back to earlier spectral types as it contracts.
The variations in the radial velocity obtained from the absorption lines in the spectra
reflect the movement of the outer layers, since the absorption lines are formed in
these layers. '

The stars known to be pulsating include various types of variables comprising the
great sequence variables; the best-known among these are the classical Cepheids.
Other members of the Cepheid group are W Virginis types, RR Lyrae types and
dwarf Cepheids. Besides these, the great sequence encompasses the RV Tauri type,
semiregular and long-period variables. f Cephei (or p Canis Majoris) types are
hotter pulsating variables. Pulsation is important in magnetic variables too.

The first Cepheid variable discovered was the prototype 8 Cephei (1784) by John
Goodricke. Belopolsky (1894) discovered its radial velocity variations which has
the same period as the light curve. Karl Schwarzschild (1899) discovered the
variations in colour and attributed the light variations to a temperature effect.
Though August Ritter had already suggested in 1879 that some variables could be
radially pulsating, a binary model of & Cephei prevailed for several decades. The
light, velocity and colour curves could not be explained by eclipses and hence
complicated binary models with tidal effects were contrived. Shapley (1914) showed
that the sizes of Cepheid variables are over ten times larger than the sizes of
computed orbits and suggested for the first time that the pulsation hypothesis is a
definite substitute.

Ritter had already developed the first elements of the pulsation theory and
obtained an expression for the period P of the adiabatic radial pulsations of a
homogeneous star :

3n 1

2 — _— - s
Pt = 3y —4 Gp (0

where v is the ratio of specific heats, G the constant of gravitation and p the mean
density. Shapley obtained the mean densities of Cepheids from equation (1) which
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agreed with the spectroscopic knowledge that Cepheids are giants. The pulsation
hypothesis was placed on a firm footing by the subsequent theoretical analysis of the
pulsation problem by Eddington (1918). ‘

The pulsations are sustained in pulsating variables by a layer at a critical depth in
the stellar atmosphere in which an abundant element is ionized. The layer respon-
sible for pulsation is the He 11 zone just below the hydrogen ionization zone in the
members of Cepheid family. Primary helium ionization, hydrogen ionization and
hydrogen molecular dissociation are important in RV Tauri and the red (semiregular
and long-period) variables. The pulsation mechanism in these cooler variables is
complicated by the existence of deep convection in their envelopes.

Equation (1) can be rewritten as

Pp/pe)'/* = 0 -(2)

where pg, is the mean density of the sun and @ is defined as the pulsation constant.

While equation (1) was derived for a star in which the matter is uniformly distributed,
equation (2) holds good even for realistic stars (density increasing towards the centre)
but with a different value of the pulsation constant Q. The observed values of Q
for various types of stars are listed in Table 1 along with a few other gross
properties. The regions occupied by these stars in the Hertzsprung-Russell diagram
are shown in Figure 1.

Table 1. Different classes of pulsating variables

Class Typical (0] Spectral Absolute Comments
period type magnitude
d d

Dwarf Cepheids 0.1 0.045 A2-F5 +2-+3 regular; multiple
periods

@ Cephei (B CMa) 0.2 0.027 BI-B2 —3.5-—4.5 regular; multiple
periods; secular
changes

RR Lyrae 0.5 0.075 A2-F6 0.0- +0.5 regular; multiple
periods

Magnetic 7 1-2 AO-F0 +1- 42 regular

Classical Cepheids 5-10 0.036 F6-K2 —0.5-—6 regular

W Virginis 12-20 0.160 F2-Gé6 0--3 regular; slow changes
in period

RV Tauri 75 0.25 G-K -3 some irregularity

Semiregular 100 0.086 M, R —1--3 some irregularity

Long-period 270 0.096 Me-Se —3.5-—45  some irregularity

The changes in the surface temperature of a pulsating star affect the shape of the
energy distribution as well as the surface brightness of the star. When the star
expands and the outer layers cool, the star becomes redder and fainter; when the
surface becomes hotter by contraction, the star becomes bluer and bri ghter. Because
of the changes in the shape of the energy distribution, the variations of light in
certain bands may exceed the variations in the total energy output (bolometric
magnitude). Thus the light curves of Cepheids have a larger amplitude in the
ultraviolet and blue than in red and infrared. Long period variables exhibit much
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Figure 1. The positions of different types of pulsating variables in Hertzsprung-Russell diagram.

more variation in the visible region though their integrated luminosities vary very

little. This is because more molecules are formed in their atmospheres when the

star becomes cooler. These molecules absorb energy and increase the strength of

the absorption bands in their spectra. Thus their light curves have deeper minima .
in the visible region as compared to the ultraviolet or infrared.

Three important observational data on pulsating variables are the light curves,
colour curves and the radial velocity curves. The light variations reflect both the
change in surface temperature and the change in the diameter of the star. The
colour curve, on the other hand, can yield the variation in the effective temperature
directly. The radial velocity curve gives us a measure of the velocity of the outer
layers of the star. An integration of the velocity with respect to time yields the
actual change in the radius of the star. The apparent magnitude and colour curves,
together with an assumption of blackbody spectrum, yield the actual angular
diameter of the star as a function of time. A comparison of the angular diameter
curve with the actual change in diameter yields the true diameter of the star as a
function of time. This procedure was first proposed by Baade in 1926 as a test of
pulsation hypothesis; it has been developed by Wesselink (1946) and later astronomers
into a powerful tool for measuring the diameters of pulsating variables.

There are several interesting semiregular and long-period variables near north
celestial pole. The star Polaris itself is a Cepheid variable pulsating between 1.94
and 2.05 magnitudes with a period of 3.97 days. It is also a spectroscopic binary
with a period of 29.6 yr. This system has a ninth magnitude companion 18 arcsec .
away, a thirteenth magnitude one 43 arcsec away and a twelfth magnitude one
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Figure 2. Standard chart for red variables near the north celestial pole (Courtesy AAVSO).
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Figure 3. Standard chart for S Cephei (Courtesy AAYSO).
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83 arcsec away. Figure 2 is an AAVSO identification chart for some variables
around Polaris. The stars R Camelopardalis, X Camelopardalis and S Cephei are
long period variables like Mira Ceti. All the three are within the range of small
telescopes at their maximum brightness. X Camelopardalis will be near minimum
in 1982 January but will rise to maximum in the beginning of March and again in
the end of September. S Cephei will also be near minimum in 1982 January. This
star has a very long period of 16 months and will rise to its next maximum only in
1982 September. A more detailed comparison chart is shown in Figure 3.
R Camelopardalis will rise to maximum in March and is favourably placed such that
a full cycle can be followed till 1982 December. It is only 5 degrees from the pole
star, and crosses Meridian in the evenings of July when it is at minimum.

There are also a few bright semiregular variables around Polaris. The brightest
is VZ Camelopardalis which varies with a short period of about 24 days. Three
other semiregular variables in the field are SS Cephei, AR Cephei and RU Cephei
all of which have longer periods of about 3 to 4 months. The quoted periods of
these variables are average ones; the observed periods vary from one cycle to
another.

Two other variables in the field shown in Figure 2 are RX Cephei and U Cephei,
RX Cephei varies slowly over time scales of about two months. U Cephei is an
eclipsing variables with a period of 2.49 days. It varies between 6.6 and 9.8 magni-
tudes. The variable star designation was given to V Cephei (Figure 2) by Chandler
(1882) who felt that the star varies between sixth and seventh magnitude with a
period of one year. Such a variability has not been observed during this century.
The star is not a variable and Chandler’s observations are probably erroneous. If
the comparison stars are not close enough to the variable, such errors can easily
creep into the estimates of magnitude.

2. Lunar occultations

Lunar occultations of stars (< 7.5 mag) observable from Kavalur during 1982
January-April are listed in Table 2. Lunar ephemeris and Greenwich Standard
Times listed in Table 3 should be useful in calculating accurate predictions at other
geographical locations.

8 Geminorum is continuing a series of occultations which started on 1981
November 15. It is being occulted on 1982 January 9 and April 1. The occultation
of April 1 is at the dark limb of half moon, but occurs at a low altitude. The
occultation on January 9 takes place during a lunar eclipse. The moon begins to
enter the penumbra at 17" 15m UT and umbra at 18t 14m UT. The totality is
between 192 17m UT and 20t 35m UT. Moon will be fully outside umbra by 21k 38m
UT and out of penumbra at 22k 37m UT. The star 3 Geminorum is occulted just
as the moon is moving into penumbra and the star reappears while moon is fully
inside penumbra. A few stars of magnitude 9 or fainter are occulted in the umbral
shadow. BD + 21°1596 is occulted after totality while the moon is in penumbra.

Another interesting occultation of the forthcoming months is that of the Beehive
Cluster (Praesepe = M44) on March 6. The diameter of the cluster is 95 arcmin
which is three times as large as moon. Thus the cluster is never completely hidden
by moon. The prediction for M 44 listed in Table 2 is for the cluster’s centre.
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346 Notes for the Observer

The disappearance of different members of the cluster takes place for 228 min
and the reappearance for 209 min about the tabulated value. Most of the
occultations listed against March 6 in Table 2 refer to the brighter members of the
cluster including e Cancri.

The list in Table 2 contains two variable stars too. The star CD Tauri being
occulted on January 7 is an eclipsing variable with a period of 3.43 days. The
semiregular variable TV Geminorum (Period : 182 days) is occulted twice : on
January 8 and on March 31. BD + 17°724 (March 2) has a 9m.5 companion
19 arcsec to the north-east which is occulted 38s later in Kavalur. BD 4 22°1687
(March 5) has a 9m.5 companion 39 arcsec to the northwest which is occulted
87s earlier.

3. Maeteor streams

The period between January-June is a lean season for sporadic meteors as well as
meteor streams. However, there are a few interesting meteor streams (Table 4) like
Quadrantids in January with their blue meteors shooting from a diffuse radiant.
Also % Aquarids of May have produced very high rates in the recent years. This
stream also stays near maximum for a long time, displaying activity above one-fourth
of maximum for about 3 days compared to just one day of Quadrantids and 2 days
of April Lyrids. The April Lyrids have bright meteors and this year’s recurrence is
favourable since it is close to the new moon. This stream has had spectacular
displays in the past, the best noted being the one in 1830. A spectacular display of
meteors in 687BC is also ascribed to this stream. The parent of = Puppids-is the
periodic comet Grigg-Skjellerup which is due at perihelion in May. We may expect
higher activity this year. = Puppids are characterized by bright yellow meteors.
Moon is also favourable this year. The « Scorpids are part of a large complex in
Scorpio-Sagittarius and have several radiants from April through July.

© Astronomical Society of India ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/cgi-bin/nph-bib_query?1981BASI....9..336P&amp;db_key=AST

