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Galileo Galilei:
1564 – 1642 AD

“I have observed the nature and the material of the 
Milky Way. With the aid of the telescope this has been 
scrutinized so directly and with such ocular certainty 
that all the disputes which have vexed philosophers 
through so many ages have been resolved, and we are at 
last freed from wordy debates about it.

The galaxy is, in fact, nothing but a collection of 
innumerable stars grouped together in clusters. Upon 
whatever part of it the telescope is directed, a vast 
crowd of stars is immediately presented to view. Many 
of them are rather large and quite bright, while the 
number of smaller ones is quite beyond calculation.”

from The Starry Messenger (1610)







The stars are VERY far away. The 
nearest star (after the Sun) is about 40 
million million km from the Earth. It 
takes light more than 4 years to travel 
this distance.

If the distance from the Earth to the Sun 
were the width of this screen, the next 
nearest star would be in Rome.



Stars radiate equally in all directions

This gives rise to the Inverse-Square Law:

The apparent brightness of a star falls 
off with the square of its distance
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We measure 
the intrinsic 
brightness of 
a star by its
luminosity

Luminosity, L  (watts)

e.g. for the Sun

W104 26×=L



1 Watt  =  1 Joule of energy per second

=  power needed to lift 1 kg bag of 
sugar vertically about 10cm in one 
second



Luminosity varies with 
colour  (see later)

e.g. consider  Rigel and 
Betelgeuse  in Orion
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Luminosity varies with 
colour  (see later)

e.g. consider  Rigel and 
Betelgeuse  in Orion

Adding up luminosity L
at all colours  

Rigel

Betelgeuse

⇒ Bolometric luminosity

W104 26
bol ×=L

e.g. for the Sun



How do stars and How do stars and 
planets form?planets form?
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The Orion NebulaThe Orion Nebula
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Collapse often caused Collapse often caused 
initially by the shock initially by the shock 
wave from a wave from a supernovasupernova

Gas pressure trying 
to expand the cloud

Gravity trying to 
collapse the cloud
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Nuclear fusion only occurs at very 
high temperatures, because atomic 
nuclei tend to repel each other

0

Potential 
Energy

A
tt

ra
ct

iv
e

R
ep

ul
si

ve

Distance

Coulomb 
Barrier



Hydrogen fusion – fuelling a star’s nuclear furnace

E = mc 2

H   = Hydrogen
He =  Helium

Speed of light



EinsteinEinstein’’s Relativitys Relativity

300,000
kms-1

The speed of light is the 
ultimate speed limit in 
the Universe
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We can plot the 
temperature and 
luminosity of 
stars on a diagram

Stars don’t appear 
everywhere: they 
group together, 
and most are 
found on the
Main Sequence
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Betelgeuse Stars on the
Main Sequence
convert hydrogen 
into helium.

Stars like the Sun 
can do this for 
many billions of 
years, using the
P-P chain of 
nuclear reactions
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Betelgeuse Stars on the
Main Sequence
turn hydrogen 
into helium.

Blue stars are 
much hotter 
than the Sun, 
and use up their 
hydrogen in a 
few million years




