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NGC 6946 - This galaxy is about one-third the size of the Milky Way. Note on the left how the colors 
of the galaxy change from the yellowish light of old stars in the center to the blue color of hot, 

young stars and the reddish glow of hydrogen clouds in the spiral arms. This galaxy is rich in dust 
and gas, and new stars are still being born here. In the right-hand image, the x-rays coming from this 

galaxy are shown in purple, which has been added to other colors showing visible light.



Other Galaxies
We have all seen images of other galaxies, but for a long time it was debated 
whether other galaxies existed. Remember, before modern telescopes distant 
galaxies just looked like a smudge as did all nebula. 

In the early 1900s, some nebula had been correctly identified as star clusters or 
gaseous nebulae. What most nebula are was unclear. To figure it out we needed 
to measure distances to them.  

This became possible with the 2.5m telescope at Mt. Wilson. Edwin Hubble was able 
to resolve individual stars in the Andromeda galaxy and find some that were 
cepheid variables. Thus he could get a distance and found that Andromeda was 
10 times farther away then anything in our Galaxy, thus a galaxy of its own. 



The Andromeda Galaxy, our nearest large neighbor



Having shown most of these nebula are galaxies, Hubble 
and others went about trying to classify them. He found 

some like these are large spiral galaxies 



Some are barred 
spiral galaxies



And some like these he called elliptical galaxies



Hubble created the following tuning 
fork diagram to organize galaxies.



Galaxy Types
Hubble’s diagram divided elliptical and spiral galaxies and connected 
them at the S0 type which is kind of a halfway between type. 

The ellipticals are given a number 0-7 based on how elliptical they are.  
Now days we don’t believe this is all that important. 

Spirals are given a letter a,b,c and later d is added to denote how 
much bulge they have. A has the biggest bulge and d has no blue. Also 
barred and non barred spirals are divided though now days we don’t 
believe the bar matters that much. 

There is also a category called irregulars for galaxies that don’t fit 
anywhere else. Later this got divided into dwarf irregulars which are 
just small so they don’t show spiral structure and mergers which are all 
messed up because they are two merging galaxies.



A dwarf spheroidal is an 
elliptical galaxy that has a 
low mass.  

They tend to be found as 
satellite galaxies around 
more massive galaxies 

This one, M32, is a satellite 
of the Andromeda galaxy.



The small and large 
Magellanic clouds are 
dwarf irregulars that 

orbit our Milky Way. They 
are visible by eye in the 
southern hemisphere.  

You can see they don’t 
have the spiral structure, 
but otherwise they are 

similar to spiral galaxies 
having lots of gas and 
young stars. They are 
simply to small to 

support the spiral arms.



Galaxy Masses
We can measure the masses of galaxies by the motion of 
stars or gas in the galaxy. In most cases we can not see 
individual objects, but instead see the combined light 
from many of them. 

For spiral galaxies the stars and gas mostly rotate so we 
can use a rotation curve to measure their mass as a 
function of radius.  

For elliptical galaxies the stars do not rotate, but we can 
still measure their motions which on average depend on 
the amount of mass in the galaxy. This velocity 
dispersion thus tells us the mass.



Mass-to-Light
Another important property of galaxies is their mass to light ratio. 
Light is what we can easily see, but mass is more fundamental.  

The mass-to-light ratio will vary just because the galaxy is made 
up of different types of stars. So ellipticals will have more total 
mass in stars for the same light because the stars are older.  

Then there is the effect of dark matter which contributes mass but 
no light. The more dark matter the higher the mass to light ratio.  

Where you measure is also very important because the distribution 
of mass and light is not the same. As you get farther away from 
the center of a galaxy the dark matter fraction increases until it 
is close to 100% dark matter where there is no light.



Characteristic Spirals Ellipticals Dwarf Irregulars

Mass (Msun) 109 - 1012 105 - 1013 109 - 1012

Diameter (1000 
light years) 15 - 150 3 - 700 3 - 30

Luminosity (Lsun) 108 - 1011 106 - 1011 107 - 109

Stellar Population old and young old old and young

Interstellar matter gas and dust little gas and dust much gas, little or 
a lot of dust

Mass-to-light ratio 
in visible part 2 - 10 10 - 20 1 - 10

Mass-to-light ratio 
for total galaxy 100 100 ?



The Pinwheel galaxy a nice 
example of a spiral galaxy.



Extragalactic Distances
The first technique for finding distances to galaxies are 
variable stars.  But this only works for relatively nearby 
galaxies where we can resolve the cepheids. 

Type Ia supernova can be made into standard candles and 
are much brighter, so they can be seen as far away as we 
can see galaxies. However, they only occur at random times. 

An observed relation between the rotation speed and 
luminosity of a galaxy called the Tully-Fisher relation can 
be used to get distances to all spiral galaxies. A similar 
method exists for ellipcitcals. Both have relatively large 
errors, but can be used for all galaxies.



Identifying 
a cepheid 
variable in 
M100 to 

measure its 
distance as 
56 million 
light years.



Type Ia 
supernova, 
the merger 
to two white 
dwarfs are 
rare but 
extremely 
bright.



The Expanding Universe
Even before Hubble discovered that nebula were other 
galaxies, it was discovered that almost all of them 
are moving away from this. 

This came from their spectra which is almost always 
redshifted, that is the lines are longer wavelength 
then when not moving.  

Hubble then discovered that not only are they moving 
away from us, but the farther away the galaxy the 
faster it moves away from us. This is now called the 
Hubble Law.



Hubble showed that there is a linear relationship between the distance to a 
galaxy and the speed it is traveling. Only a few very nearby galaxies are not 

moving away from us. Notice the change in x-axis between the two plots.

velocity = H × distance 



If the galaxies are moving why do we say the Universe is 
expanding. Imagine a ruler, if we stretched a ruler then the 

ants on the ruler would move away from us. The farther away 
an ant is the faster it will move. This is why we consider this 

motion expansion, the rate of motion is tied to distance.



If all the galaxies are moving away from us that doesn’t mean we are in a 
special place. Think about baking a loaf of raisin bread. As the loaf grows 

every raison sees all of the raisons moving away from them.



Hubble’s “Constant”
Hubble’s law allows us to get the distance to any galaxy 
we can measure a velocity for.  

However, the H in the equation which we call Hubble’s 
constant isn’t actually a constant. Astronomers used to 
think it would get lower over time as gravity slowed the 
Universe’s expansion.  

But it is actually increasing with time, the rate of 
expansion has been increasing.  

Using a cosmological model we can convert a velocity 
also called redshift to a distance. This is the main way 
distances to distant galaxies is determined.


