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Part 2 – The Big Bang
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Hubble focused the 
Mount Wilson telescope 
on a nebula located 
between the 
constellations Cassiopeia 
and Andromeda.

This nebula was 
catalogued as M31 in 
the Messier catalog.
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The Very First 
Galaxy 
Discovered
By Hubble



Examples 
of the 
three 
types of 
galaxies



What Is A Typical Galaxy Like?

1)They Come In Different Shapes:  Spiral, Elliptical, 
and Irregular.

2)Typically about 100,000 light years in diameter, 
30,000 light years thick at center.

3)Typically have about 100 billion stars.
4)They rotate – Milky Way rotates every 225 million 

years.





Graph 
showing 
how bright 
a Cepheid 
variable is 
depending 
on its 
period.



The Cepheid 
variable star 
Hubble found in 
the Andromeda 
Galaxy.  

This allowed him 
to measure the 
distance to the 
Andromeda 
Galaxy: 2 million 
light years.



Sombrero 
Galaxy – a 
very old 
galaxy, a 
combination 
of elliptical 
and spiral

The Sombrero Galaxy is about 30 million light years from 
Earth, and is one of the oldest galaxies known – about 
13.25 billion years old.



The Antenna Galaxies –
45 million light years 
away.

“The Mice” – Colliding Galaxies 
300 million light years away.

Colliding Galaxies!



Spectral Analysis – Analyzing Light from Space

A spectrometer built in 1885

Picture of the Balmer 
Series of light coming 
from hydrogen gas



The Spectrum of (Almost) All the Elements



Emission and 
Absorption 
Spectrum



An example of 
several “red 
shifts” of 
hydrogen light 
that Hubble 
discovered 
coming from 
galaxies



What causes this shift in the spectral lines?

Your five year old grandchild can tell you 
perfectly….



This is called the Doppler Effect!

A noisy object moving towards you will make higher pitched sounds than 
normal.  The same object moving away from you will make lower pitched 
sounds.  The amount of change depends on the speed of the object.

A glowing object moving towards you will produce bluer light than normal.  
The same object moving away from you will produce a redder light than 
normal.  The amount of change depends on the speed of the object.

Objects moving towards you will appear to be blue shifted.  Objects moving 
away from you will appear to be red shifted.



Almost all the galaxies Hubble observed had red shifts in 
their hydrogen spectra.  What does that mean about all 
these galaxies?

By using standard candle techniques (usually Cepheid 
variable stars), Hubble was able to measure the 
distances to many galaxies. 

Using the amount of red shift, Hubble was able to tell how 
fast the galaxies were moving away from us.  He decided 
to make a graph of velocity vs. distance of these 
galaxies.  That graph changed science and our 
understanding of the universe forever.







What do these graphs mean?
• Galaxies farther away from us are moving faster away 

from us.

• The slope of this line is called the “Hubble Constant”.

• The current value of the Hubble Constant is about 72 
km/sec per megaparsec.

• The slope of this line is directly related to how old the 
universe is.



Ready to calculate how old the Universe is?
1)One light year = 9.461 x 1012  km
2)One megaparsec = 3.3 x 106 light years
3)So, a galaxy one megaparsec away is those two numbers 

multiplied together to get kilometers:   9.461 x 1012  km  x  3.3 
x 106 light years  =  3.12 x 1019 km

4)If a galaxy that far away has always been moving away 
from us at 72 km/sec, it will take this many seconds to 
happen:   3.12 x 1019 km  / 72 km/sec  =  4.34 x 1017 sec

5)4.34 x 1017 sec / (3600 sec/hr x 24 hr/day x 365 days/yr) = 
1.376 x 1010 years

This is 13.76 billion years.  That’s how old the universe is.



Question to consider:

As we look as far away into space as 
it is possible to do, no matter what 
direction we look, what do we see?


