STELLAR EVOLUTION
The Milky Way
Attractive gravitational forces between stars cause them to group together in
enormous groups called galaxies. Galaxies consist of billions of stars. Our galaxy
is a spiral galaxy called the Milky Way.
Classifying Stars
Diﬀerent stars have diﬀerent colours, diﬀerent levels of brightness and appear to
be diﬀerent sizes. The colours of stars tell us about their temperatures. A very hot
star emits more blue in its spectrum and therefore looks blue, a medium star like
our Sun looks yellow and cooler stars appear red. Using the colours of stars and
their surface temperatures, scientists have created 7 diﬀerent groups of stars.
These groups are called O, B, A, F, G, K, M. O & B are the hottest stars and K & M
the coolest.
The Brightness of a Star
The brightness of a star depends on:
a) the distance the star is from the Earth
b) what the star is made from and the kinds of nuclear reactions that are taking
place.
As a result there are 3 diﬀerent ways in which astronomers describe the brightness
of a star:
1) The apparent brightness or magnitude of a star. This is the easiest method and
is simply a measure of how bright a star is seen from the Earth.
2) The absolute brightness or magnitude. This is a measure of how bright stars
would appear if they were all placed the same distance away from the Earth.
(This distance that astronomers agreed on, called the standard distance, is
equal to 10 parsecs or 32.6 light years). This is often a better measure of
brightness because it allows scientists to make comparisons between stars.
3) The luminosity of a star. This measures how much energy in the form of light is
emitted from a star’s surface every second.
The Birth of a Star
Stars like our Sun are formed from large clouds of dust and gas particles we call
nebulae or stellar nebulae. These particles are drawn together over a very long
period of time by gravitational forces. Compression (pulling together) of particles
tightly causes a very large increase in temperatures and pressure. As a result of
this, nuclear fusion reactions begin. Hydrogen nuclei join together to make larger
nuclei and huge amounts of energy in the form of heat and light are released. This
incredibly hot ball of gas is a very young star.
The Life of a Star
The appearance of a star changes gradually with time. When a star first forms,
gravitational forces are pulling particles together. Then when nuclear reactions
begin, the high temperatures create forces that try to push the particles apart - that
is, makes the gases expand. When these two forces are balanced, the star is said

to be in its main stable period. A star in this main stable period is referred to as a
main sequence star. This period can last for many millions of years. At the
moment, our Sun is in this stable period.
Towards the end of this stable period, there are less hydrogen nuclei and
eventually the hydrogen fusion reactions stop. Gravitational forces are now the
largest forces and compress the star. As the star shrinks in size there is a large
increase in temperature. So high that fusion reactions between helium nuclei
begin. The energy released by these reactions causes the star to expand to many
times its original size. As it expands it becomes a little cooler and more of its light
energy is emitted in the red part of the spectrum. The star is changing into a red
giant.
Some time later when most of the helium nuclei have fused (joined) together, new
nuclear reactions begin, but now the compressive/ squashing forces are larger and
the star begins to get smaller or contract. This contraction causes an increase in
temperature so the star again changes colour. It now emits more blue and white
light. It has changed into a white dwarf star. Finally, as a white dwarf star cools it
changes into a cold black dwarf star.
A star that is much larger than our Sun may follow a slightly diﬀerent path at the
end of its life. After the stable period it will expand into a large red supergiant. At
the end of this period, as it contracts it becomes unstable. It explodes throwing
dust and gas into space to form a new stellar nebula. This exploding star is called
a supernova. Any matter remaining will form a very dense neutron star. If the
neutron star has a mass that is approximately fives time greater than that of our
Sun or more, it collapses further to become a black hole.
The Hertzsprung-Russell Diagram (HR diagram)

The HR diagram shows the relationship
between the brightness, temperature and
classification of a star. The importance of
this diagram is that by finding a star’s
position in this diagram we then know its
internal structure and at what stage it is at in
its life.

