
STARS--studying ancient light 
passing through time and space  

       



The Universe is made up of 
islands of stars…  

 





There of billions of these 
islands and inside each island 

there are billions of stars. 



One star 



The basic structural unit of the 
universe appears to be the galaxy. 

A Galaxy is a collection of billions of 
stars and various amounts of gas 
and dust held together by gravity. 



Just like stars, 
galaxies come in a 
variety of types.  
Here are a few 
examples. 



Elliptical Galaxy 



Spiral Galaxy 



Representation of the Milky Way Galaxy 
(Our home galaxy!) 

We are not 
in the 

center! 



Spiral Galaxy 
(The Andromeda) 



Barred Spiral 



Stellar Evolution 
 

  A look at the 
stars from 
their birth to 
their death 
and how they 
change over 
time 



Gravity Holds a Star Together 
 

Stars are held together by gravity.  
 

Gravity tries to compress everything to the 
center.  

 
 

Nick Strobel 
http://www.astronomynotes.com/st
arsun/s7.htm 

 



Gas pressure prevents star collapse 
 
 

What holds an ordinary star up and prevents total 
collapse is the pressure exerted by its heat and 
radiation. 

 
  

Nick Strobel 
http://www.astronomynotes.com/st
arsun/s7.htm 

 



A star is usually 
at 
EQUILIBRIUM: 
gravity 
compression 
INWARD is 
balanced by heat 
pressure 
OUTWARD.  

Nick Strobel 
http://www.astronomynotes.com/st
arsun/s7.htm 

 



Greater gravity 
compresses the 
gas, making it 
denser and 
hotter, so the 
outward 
pressure 
increases.  

Nick Strobel 
http://www.astronomynotes.com/st
arsun/s7.htm 



We are going 
to talk about 

how 
scientists age 

stars, but 
first…how do 

we age    
people??? 



STELLAR SPECTRAL 
CLASS 

Grouping the stars based on 
their temperatures 



Hydrogen Hydrogen Hydrogen   Sodium 

Each class of star has a unique pattern of 
spectral lines (“bar code”) to identify it. 

“Hottest” 

“Coldest” 



Hertzsprung-Russell 
Diagram 

Compares temperature and 
luminosity for various stars 



The H-R Diagram is a scatterplot graph of 
luminosity vs. surface temperature in various 
stars 



But it may be better to start by 
comparing this to a scatterplot of 

height vs. weight in people! 





The H-R Diagram graph shows the relationship that 
for most stars, as temperature increases, luminosity 
increases 

These stars 
fall on the 
main 
sequence! 



The stars that fall off the main sequence are 
EXCEPTIONS to the relationship! 

Bright 
but…  

HOT 
but…  



Red Super 
Giants 

Red 
Giants 

White 
Dwarfs 

COLOR 
AND 
TEMPERATURE 
ARE 
RELATED! 

What 
color 
stars are 
hottest?  
Coldest? 

Blue Super 
Giants 



Which colored stars are hottest?  Which colors are 
coldest? 



Which groups of stars are the BRIGHTEST? 



Which groups of stars are the SMALLEST 
and DIMMEST? 



Which star is brighter?   
Which star is hotter?   

They are about  the same! 

RIGEL 



Now let’s take a look at a 
specific star—one familiar 

to all of us. 



THE SUN  
A 

DYNAMIC NUCLEAR 
REACTOR 



What is the color, temperature and 
Luminosity of the Sun? 



Solar absorption spectrum for 
the Sun (a typical “G” star) 



This pattern would be different for stars of 
a different color and temperature. 



SUN’S VISIBLE SURFACE 

MAGNETIC STORMS ON THE 
SURFACE OF STARS CAN BE 

SEEN AS A COOLER, DARKER 
AREA 





The Sun is a Nuclear Reactor! 



Nuclear Fusion 
What is it? 

 
Nuclear fusion is when the 

nucleus of two different kinds 
of atoms  are fused (or bonded) 

together. Nuclear fusion 
releases a tremendous amount 

of nuclear energy which 
produces heat. 

 
Our Sun produces heat and light 

through the process of nuclear 
fusion 

 

H 

H 

Helium 



H H 



Stars are born in gas nebulas 

They collect gas from their surroundings 
 
 
 
 

They enter the main sequence at various points 
depending on how much mass they collect 

A Nebula is an 
immense cloud of 
gas where stars are 
born. 

A nebula is an 
immense cloud of 
gas where stars are 
born 





Orion Nebula 

Betelgeuse 

Rigel 



Orion Nebula 



HIGH MASS 
STARS 
collected a lot of gas 

More pressure and 
fusion 

Burn quick and shorter 

LOW  
MASS 
STARS 
collected little gas 

Less pressure, less 
fusion 

Burn slow and long 

    MAIN 
SEQUENCE  

STARS ARE 

“YOUTHFUL” 

    STARS 

Stars on 
the Main 
Sequence 
are using 
hydrogen 
as fuel! 



As stars get older, and start 
running out of hydrogen 
fuel they leave the main 
sequence 



These stars 
are depleted 
of 
hydrogen 
fuel and are 
unstable!   

Gravity and 
gas pressure 
are no 
longer 
balanced They have 

switched to 
helium fuel 
and are 
fusing it to 
carbon 



Here is an example of a Red Supergiant 

This is Betelgeuse, the first star after the sun 
whose surface was imaged  in photographs 



Core 
of the 
star  

Shell of 
hydrogen 
heated up by 
core and 
expanding 



Red Giant:  The result of a star 
running out of hydrogen fuel and 
leaving the main sequence.   

Its outer layers expand to an 
enormous size 



What will happen to our Sun eventually???? 



When our Sun reaches “old-age” it will 
run out of Helium fuel and no longer 
carry out nuclear fusion.  It does not 
have enough mass (and gravity) to fuse 
carbon. 



When the Sun reaches an old age, it will 
blow away its outer atmosphere to 

reveal the hot core.  It will 
become.......... 

A White Dwarf 





White Dwarf:  The hot inner core 
left after a giant  runs out of helium 
fuel and blows off  its outer layers.  
This is the late (old-age) stage of 
stars  





SOLAR MASS EJECTION 

EXPLOSIVE ERUPTIONS OF GAS 
SEND LARGE AMOUNTS OF 

HIGH ENERGY RADIATION AND 
PARTICLES INTO SPACE 











Large mass, hot 
stars burn fuel 
quickly.  When they 
run out, there is no 
outward pressure to 
balance out gravity. 
Therefore, the star 
collapses inward.  
This compression 
rapidly heats the 
gases to billions of 
degrees.  This 
creates a huge 
explosion… 



Supernova!  

The intense explosion forces the gases 
outward, away from the 
core…creating a NEW  NEBULA 



Supernova:  An explosion of a large 
mass star  which creates a new 
nebula. 



NEUTRON STAR: 

Tiny and dense remains of a 
star’s core.  Left behind after 
the outer layers were blown 
off. 
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