Main Event – Variable Stars by Maarten de Vries
Why do stars shine?
This first question returned us to basics. Stars shine because they are hot. Maarten
then spoke about star dynamics and how it is that high temperatures and pressures
lead to fusion. This creates a radiation pressure which provides an outward force
balancing the constant gravitational pressure that provides an inwards force. This
results in stability – usually.
Why are some stars brighter than others?
This depends on size, temperature, distance and impediment. Impediment is anything
that blocks the light from a star. Occultations and eclipses of stars can occur
if the stars appear to line up. Nearly half the stars in the sky are double or multiple so
this could happen quite frequently. Dust can obscure the stars’ brightness e.g. the coalsack – a patch of dust in the sky that dims or obscures the stars behind.
Brightness is essentially defined by the visible spectrum because that is what our eyes
perceive. This is known as apparent magnitude and is measured in watts per meter
squared. Absolute magnitude (true brightness) depends on luminosity, which is the
amount of energy that a star emits from its surface - it is expressed in watts.
More luminous stars may appear fainter than less luminous stars to us here on Earth
because they are further away. (1)
(1)

Stars that are closer appear brighter due to the inverse square law.
Brightness is proportional to the square of the radius of the disc we see, which means
that the bigger the star, the brighter it is. (2)
(2)

In addition, the hotter it is, the brighter it is. This is because the amount of light given off
rises as the temperature of the photosphere rises. Our Sun produces approximately
equal amounts of the frequencies in the visible spectrum so actually appears white (not
yellow). (3)
(3)

Bigger stars are usually hotter as can be seen on the H-R diagram ((4) but not always.
A large star on the main sequence means a higher pressure and a faster rate of fusion,
thus these stars have shorter lives but can fuse more elements when they run out of
hydrogen fuel.
(4)

As our Sun is small, it will be unable to fuse elements that are heavier than carbon
(hydrogen to helium, helium to carbon). Most stars spend most of their lives on the main
sequence.
Does the brightness of stars change over time?
The H-R diagram appears to have gaps between the main sequence and the giant
stars; this is due to the speed with which stars change from one state to another. White
dwarves have insufficient surface area to lose temperature quickly so stay hot for
millennia.
Why do some stars vary in brightness?
Possible causes are:
1) They temporarily change in size and/or temperature – these are known as intrinsic
variable stars.
2) Something temporarily moves in front of them – these are known as extrinsic variable
stars
Observations of variables show whether the star is being eclipsed or if the state of the
star is changing.
Diagram (5) show light curves – brightness plotted against time
(5)

Why do some stars vary regularly and others do not?
This depends on what is causing the variability.
(6)

The above diagram (6) shows how the brightness of a star can vary when one star
eclipses another; this will be a regular variability. Not every binary star appears to
eclipse its companion when viewed from our perspective. These eclipses may be partial
in which case the size of the dips will be reduced and the change in brightness will be
less.
Some stars have times when they are not in equilibrium. These stars are larger and
hotter than our Sun (Sun marked in diagram 7) and they pulsate – they expand and
contract like a lung. This occurs when hydrogen and then other elements, created by
fusion, begin to run out. Every time a new element undergoes fusion reactions,
temperature increases and the star expands, but the larger size increases heat loss and
then gravity pulls the star back in again.
(7)

This results in a battle between the thermal pressure and gravitational pressure in the
star occurring over and over again. When stars are in this state of imbalance or
instability, they are crossing an area called the Instability Strip on the H-R diagram. The
heating and expansion can be rapid; as little as a day. Resonance can play a part in the
oscillation and the star appears to ring like a bell. (8)
(8)

Examples of pulsating variables are:
1) RR Lyrae
2) Delta Cephei
3) W Virginis
4) Mira
Eruptive (cataclysmic variables) are novae (9). A smaller star goes nova because of an
accumulation of material from a larger star. It may repeat but periods are unpredictable.
(9)

Flare stars (10) are red and brown dwarf stars, which show brief, and irregular
brightness outbursts. The effect may be magnetic in origin with the magnetic
fields storing and releasing energy similar to solar flares on our Sun.
(10)

Does the Sun vary in brightness?
Our Sun is variable but only slightly and this is due to a number of factors such as the
Earth getting closer and further from the Sun in its orbit, solar flares but these tend not
to change the brightness in the visible spectrum and lastly, the Sun has poorly
understood long-term variations that cause cooler periods such as the mini ice-age.
There are many variable stars that can be viewed either with the naked eye, binoculars
or small telescopes. A good website is:
http://www.skyandtelescope.com/observing/celestial-objects-towatch/
the-top-12-naked-eye-variable-stars/
Start with something relatively straightforward and easy to find such as Algol in
Perseus. Use star charts with magnitudes, compare the brightness of nearby stars,
create your own light curves, use software such as Vstar, Peranso, Photometry Express
and speak to the variable star experts in the Club. (11)
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