
CHAPTER 12

Galaxies



1. What is the shape of the Milky Way Galaxy?

2. Where is our solar system located in the Milky Way 
Galaxy?

3. Is the Sun moving through the Milky Way Galaxy 
and, if so, about how fast?

http://www.youtube.com/watch?v=JEH
m-XUHwNw&feature=related



In this chapter you will discover…

• the Milky Way Galaxy—billions of stars along with gas 
and dust bound together by mutual gravitational 
attraction

• the structure of our Milky Way Galaxy
• Earth’s location in the Milky Way
• how interstellar gas and dust enable star formation to 

continue
• that observations reveal the presence of significant mass 

in the Milky Way that astronomers have yet to identify
• that there is a massive black hole at the center of our 

Galaxy



A Sense of Scale

• So far, we have discussed things that are relatively nearby:

• The Sun, Moon, and solar system planets.  The size is several “light 
hours”.

• Stars: many stars that you can see without a telescope are within a 
few hundred light years.

• The Sun (and its planets) and these nearby stars are part of a vast 
collection of stars bound by gravity:

 Such a collection of stars is called a galaxy.

 Our galaxy contains roughly 1011 stars, that’s 100 Billion, 
and is about 100,000 light years across.

• There are about 50 billion galaxies similar to our own in the observable 
universe!

• We know today that galaxies are the fundamental building blocks of 
the Universe.



Island Universes (i.e. galaxies)

• You see galaxies almost everywhere you look, provided you 
expose for a long enough time.



Island Universes: The History

• Astronomers in the 1700s were very 
interested in comets.  These objects appear 
as fuzzy blobs when seen through a 
telescope.

• Comets look obviously non-stellar, 
especially in modern photographs.

• These objects appear as fuzzy blobs when 
seen through a telescope.

• Many workers undertook surveys for 
comets. Many fuzzy objects were found that 
were not comets. Charles Messier made a 
catalog of them, for which he is famous. His 
comet discoveries have been forgotten.



High-Tech Telescope of the Mid 1800’s

Built in 1845 by Lord Rosse, this structure housed a 1.8m diameter 
telescope, the largest of its day. 



Island Universes: The History

• Some of these fuzzy blobs turned out to be clouds of gas relatively 
nearby the Sun.  Other blobs showed “pinwheel” structure.

• This object from Messier’s catalog (the Orion Nebula) turned out 
to be a cloud of gas and dust.
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High-Tech Telescope of the Mid 1800’s

Using his telescope, Lord Rosse made 
this sketch of the spiral structure of the 
galaxy M51 and its companion galaxy 
NGC 5195. 

A modern photograph of M51 and 
NGC 5195. The spiral galaxy M51 is 
known as the Whirlpool Galaxy
because of its distinctive appearance. 
The two galaxies are about 20 million ly 
from Earth.



Island Universes: The History

• This object from Messier’s catalog (the Andromeda Galaxy, 
M31), was clearly not a comet…



Shapley-Curtis Debate -- 1920

• Harlow Shapley argued that the newly observed “Spiral Nebulae”
are relatively small, nearby objects scattered around throughout our 
own Galaxy.

• Heber Curtis argued that the newly observed Spiral Nebulae are 
separate rotating systems of stars, i.e. are distinct galaxies not part of 
our own Milky Way. (the Island Universe Theory).

Q. Does the Milky Way galaxy contain all 
the stars in the Universe?

Shapley - Yes
Curtis - No

Most Astronomers (1920) - Yes



Island Universes: The History

• Edwin Hubble used the 100 inch 
telescope at Mount Wilson (just 
outside L.A.), which was the largest 
telescope available in the 1920s. 

• He could see individual stars in 
some of the spiral nebulae! Are 
these nebulae part of the Milky 
Way?

• Need to determine how far away 
they are.



Distance Indicators

• For Cepheid Variable stars, the 
luminosity, and hence the Absolute 
Magnitude M, is proportional to the 
period of pulsation.

• If you observe the star over a long 
enough time, you can measure the 
period and then compute the 
luminosity.

• If you know how bright a star appears, 
and also its luminosity, then you can 
compute the distance.

Period-Luminosity Relation:     
(P in Days)

M = -1.2-2.9LogP



A Cepheid Variable Star



A Cepheid Variable 
Star in Galaxy M100

--The distance of 50 million ly (15.2 Mpc) from Earth to the galaxy M100
in the constellation Coma Berenices was determined using Cepheids. 
-- Definitely NOT in our galaxy (10-100,000 ly across).

Q. Are these variable stars and structures 
in our Galaxy?



Island Universes

• Hubble found that the great nebula in Andromeda was well over 
1,000,000 light years away (Modern measurements give 2,400,000 light 
years).

• This is much larger than the size of the Milky Way. 

This “Spiral Nebula” is outside our galaxy!  



Finding the Structure of the Milky Way

• A band of diffuse light going around the sky can be seen from a dark 
location. This band was known to the ancient Greeks and Romans and was 
called the Milky Way.

• Using a telescope Galileo discovered that the Milky Way is actually made 
up of millions of stars, each individually too faint to see without a 
telescope.

• Away from this band, fewer stars are seen.



Finding the Structure of the Milky 
Way

• Astronomers in the 1800’s did large star surveys all over the sky.  They 
essentially counted stars using visual observations through a telescope.

• Relatively large numbers of stars are seen in a band cutting across the sky.  
This band was known to the ancient Greeks and Romans and was called the 
Milky Way.



The Structure of the Milky Way Galaxy

• How do we measure the structure of the Milky way, given that we are 
inside it?

• To appreciate why this is so hard, let us briefly revisit stellar 
evolution… 

• The basic steps are:

 Gas cloud

 Main sequence

 Red giant

 Rapid mass loss (planetary nebula or supernova explosion)

 Remnant

• The stars form from clouds of gas and dust, and much of this material 
is put back into space before the star “dies.” So what?

• This interstellar dust can block our ability to observe the structure of 
the Milky Way.

Stellar Evolution



The Milky Way Galaxy

This wide-angle photograph spans half the Milky Way. The center of the Galaxy 
is in the constellation Sagittarius, in the middle of this photograph. The dark lines 
and blotches are caused by hundreds of interstellar clouds of gas and dust that 
obscure the light from background stars.



The Milky Way

• Counting individual stars in the optical leads to biases if interstellar dust is not 
accounted for.  One has the illusion that we are at the center. The globular 
clusters give a much more unbiased view.  The center of the galaxy is roughly 
25,000 light years away in the direction of Sagittarius.

• If the globular clusters are uniformly distributed through the galaxy, then the Sun 
is well off the center!



• There are three main parts:

– The bulge/nucleus at the center (roughly spherical with a radius 
of about 3000 light years).

The Milky Way



• There are three main parts:

– The disk which is about 100,000 light years across and about 
2000 light years thick.  It contains the young stars, the gas, and the 
dust.  The Sun is in the disk about 2/3 the way out.

The Milky Way



• There are three main parts:

– The halo, which is a roughly spherical and relatively diffuse region 
a few hundred thousand light years across.  The halo contains very 
old stars and the globular clusters.

The Milky Way



The Structure of the Milky Way

• The bulge contains relatively old stars.

• The disk contains gas and dust, young stars, and some older 
stars.  The gas and dust are confined to a relatively thin 
region.

• The halo contains very old stars, and essentially no gas and 
dust.



Q. How do we make an accurate map of 
the Milky Way if we can’t see through it?

Electron Spin and the 
Hydrogen Atom

Due to their spin, electrons emits 
photons of energy that is radiated as a 
radio photon with a wavelength of 
21 cm. These photons are not absorbed 
or scattered much by dust, so we can get 
a better image of the Milky Way galaxy 
by studying this wavelength of light.



A Technique for Mapping the Galaxy

Hydrogen clouds at different locations along our line of sight are moving around the 
center of the Galaxy at different speeds. The component of their motion away from 
us varies with their distance from the solar system. Radio waves from the various gas 
clouds, therefore, exhibit slightly different Doppler shifts, permitting astronomers 
to sort out the gas clouds and map the Galaxy.



A Map of the Galaxy

This map, based on radio telescope surveys of 21-cm radiation, shows the 
distribution of hydrogen gas in a face-on view of the Galaxy. This view just hints 
at spiral structure. The galactic nucleus is marked with a dot surrounded by a 
circle.



A Map of the Milky Way Galaxy

This drawing labels the spiral arms in the Milky Way.



The Milky 
Way 

Galaxy

http://www.youtube.com/watch
?v=vO7k8sHhMic

http://www.youtube.com/watch?v=vO7k8sHhMic


Two Views of the Galactic Nucleus

A radio image taken of the galactic 
nucleus and environs. 

The colored dots show the motion 
of seven stars in the vicinity of the 
unseen massive object. This plot 
indicates that the stars are 
held in orbit by a 4 x 106-
solar-mass black hole.



The Nearest Galaxy—
The Canis Major Dwarf Galaxy

--The Canis Major Dwarf Galaxy is a dwarf elliptical galaxy that lies some 
25,000 ly from the Milky Way, containing only about 1 billion stars, the Canis 
Major Dwarf will be completely pulled apart within the next 100 million years or 
so by the Milky Way. 



Differential Rotation of the Milky Way Galaxy

(a) If all stars in the Galaxy had the same angular speed, they would orbit in 
lockstep. 

(b) However, stars at different distances from the galactic center have different 
angular speeds. Stars and clouds farther from the center take longer to go 
around the Galaxy than do stars closer to the center. As a result, stars closer 
to the Galaxy’s center than the Sun are overtaking the solar system, whereas 
stars farther from the center are lagging behind us.



The Galaxy’s Rotation Curve

--The blue curve shows the orbital speeds of stars and gas in the Galaxy. 
--The dashed red curve shows Keplerian orbits that would be caused by the 
gravitational force from all the known objects in the Galaxy. 

There is, apparently, an abundance of dark matter that extends to great 
distances from the galactic center. This additional mass gives the outer stars higher 
speeds than they would have otherwise.

“Nearly 90% of the mass of our Galaxy has yet to be located”—
Dark Matter?


