
The Milky Way Galaxy



Logistics
• GTA Award!!
• Test on Thursday, Review 3:00pm 

KSS330 tomorrow (Wednesday)
• Homework in boxes, solutions posted
• Final MRS due 4/23
• Final Lecture 4/30, will be a QS of some 

sort
• Final is May 6, 1530-1730
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Given the location marked on the star's radial velocity curve, at 
what location in the planet's orbit (1-4) would you expect the planet 
to be?
At 1 the planet is moving away from Earth, therefore, the star is moving toward Earth, 
negative radial velocity of star
At 2 the planet and star are moving perpendicular to Earth, therefore no radial velocity
At 3 the planet is moving toward Earth, the star is moving away from Earth, positive radial 
velocity of star
At 4 the planet and star are moving perpendicular to Earth, therefore no radial velocity
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Our Milky Way Galaxy
• Above average 

size Spiral 
Galaxy

• Approximately 
100 billion stars

• Galaxy 
Components:
Bulge
Disk
Halo



Our Milky Way Galaxy

• Bulge – Center of the galaxy 
• Disk – Thin disk around bulge
• Halo – Spherical distribution of stars surrounding the 

galaxy 



A

B

Which is our view of the Milky 

A is what we see from Earth inside the 
Milky Way while B is what the Milky 
Way “might” look like if we were far 
away looking back at our own galaxy 
from some other galaxy.



There are nearly 400 billion stars in the Milky Way.  
All the stars you can see in the sky with 

your eye are in our Galaxy.

The Milky Way is made of gas, dust and stars. Most of 
the gas, dust and stars are located in the disk.



Where in the disk are we?



Where in the disk are we?

To answer our question, we want to 
imagine being able to look at the 
Galaxy from above or below, where 
dust is not a problem!

If we look at the 
Galaxy from an 
edge-on view across 
the disk, dust is in the 
way of seeing across 
the galaxy.



Where in the disk are we (or how far 
from the center are we) ? 

• Globular clusters (1000s of stars that 
were all born from the same cloud at 
the same time) are distributed 
uniformly around the Milky Way.

• The center of this distribution is 
located at the galactic center.

Globular Cluster M13



 In 1917, Harlow Shapley plotted the distribution of globular 
clusters in the Milky Way in an effort to learn our location 
within the Galaxy.

 The center (maximum) of the distribution of 
globular cluster shows us where the center of 
the galaxy is.

Where in the disk are we (or how 
far from the center are we) ? 



• We know we are not in the center of our solar system
• AND We know we are not in the center of our galaxy

– (We are also NOT in the center of the universe, but that will come later)

• We are located in the disk about 25,000 ly out from 
the center

Where in the disk are we (or how 
far from the center are we) ? 



Tutorial: Milky Way Scales (p.
135)

• Work with a partner!
• Read the instructions and questions carefully.
• Discuss the concepts and your answers with one 

another.  Take time to understand it now!!!!
• Come to a consensus answer you both agree 

on.
• If you get stuck or are not sure of your answer, 

ask another group.



Imagine that you could travel at the 
speed of light. Starting from Earth, how 
long would it take you to travel to the 

center of the Milky Way Galaxy?

1. It would happen in an instant. 
2. 25 years
3. 250 years
4. 2,500 years
5. 25,000 years



Non-visible light allow us to observe the 
center of the galaxy



The galactic center is an active, 
crowded space

• The center of the Milky Way is located 
near the constellation of Sagittarius.



What do the disks of other spiral galaxies 
look like? M83 observed in both visible 

light and radio wavelengths.



 As we look along 
the disk of the 
Milky Way (from 
Earth), we see 
light from 
hydrogen atoms 
Doppler shifted by 
different amounts 
– this Doppler 
shift is used to 
determine how 
fast the stars and 
gas of the disk are 
moving (rotating).



The MilkyWay Galaxy’s 
Rotation CurveProblem:  

Why do all the 
stars in the 
Milky Way 
galaxy, 
beyond or 
outside of the 
central bulge 
appear to be 
moving at 
about the 
same speed?



Orbital Speed

Distance=Rate x Time
for planets, or stars going around some center
distance=2*pi*a
time=period 
rate=”Orbital Speed”=2*pi*a/period
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Solid Body Rotation Curve 
Example: Merry-Go-Rounds

• Every part of the merry-go-round “orbits” the center in the 
same amount of time
– Inner part moves slow
– Outer part moves fast

Solid body rotation



Kepler’s Law Rotation Curve 
Example: Our Solar System

The period of each planet depends on its distance from the Sun
– Kepler’s 3rd Law: P2 = a3  

– Planets farther away form the sun go much slower

Almost all the mass is in the center; the Sun



What does observing the light from stars in 
other galaxies tell us? 

The visible light from stars 
we observe suggests that 
the majority of the mass of 
the Milky Way should be 
concentrated near the 
center. 

Looks bright at center so 
most the mass should be at 
the center.
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However the flat 
rotation curve tells 
a different story?

Because there is a flat 
rotation curve there 
should be an equal amount 
of mass distributed 
everywhere throughout the 
galaxy’s disk and halo.
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So which mass curve is 
right?

The mass curve determined from the 
rotation curve is our current best 
model for how the mass of the 
galaxy is distributed.  Mass evenly 
distributed everywhere in the disk 
and halo.

But that is a problem.  Where is all 
the missing mass and why can’t we 
see it?
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Where is the missing Mass?

 Dark matter – massive objects (matter) 
that are (is) distributed evenly around the 
galaxy in both the halo and disk.



Dark Matter
• All galaxies exhibit the 

same problem of “missing” 
matter

• Dark Matter
• Does not emit light
• Not mysterious or evil 

matter, just not seen
• Possibilities:

 Brown Dwarfs, Neutrinos, 
Black holes, MACHOS, 
WIMPS

We can not see 90% of the matter that makes up our Galaxy!!

Vera Rubin
Discoverer of Dark Matter



Lecture Tutorial: Dark Matter (p.
143)

• Work with a partner!
• Read the instructions and questions carefully.
• Discuss the concepts and your answers with one 

another.  Take time to understand it now!!!!
• Come to a consensus answer you both agree 

on.
• If you get stuck or are not sure of your answer, 

ask another group.



The Milky Way is a spiral galaxy.

Most galaxies that we can see 
are spiral galaxies. Looking at 
other spiral galaxies, we can 
begin to learn more about how 
the spirals work.



Spirals



Variety of Spiral Arms

Flocculent spirals 
(fleecy)

Grand-design spirals 
(highly organized)



What do you 
notice about 
the colors of 

the stars in the 
spiral arms of 
this galaxy?



The arms of 
spiral galaxies 
contain most of 
the bright, blue 
O and B type 

stars.



• Which live longer, 
Red or Blue stars?

Stellar Lifetimes



• So the stars in the spiral arms are 
mostly bright, hot, and  young stars!

Stellar Lifetimes



Since O stars 
have such a 

short lifetime, it 
must be that: 
the arms of 

spiral galaxies 
are where star 

formation 
happens!



If stars form in the spiral 
arms, how do they end 
up getting spread out 
over the whole disk?

Spiral arms are not 
permanent structures, 

rather they are locations 
where stars are 

forming.



If spiral arms are not 
permanent structures, then 

what is making these locations 
become active star forming 

regions?

 Spiral arms are caused by 
spiral density waves – a spiral 
shaped disturbances traveling 
through the disk of the galaxy 

that compressed gas and 
triggers star formation..



This classification scheme is known as 
the Hubble Tuning Fork Scheme



Elliptical galaxies

Barred Spirals



Galaxies that don’t seem to look 
like spirals or ellipticals are 

called….

Irregular



Galaxy Classification and Properties:  
Lecture Tutorial (handout) 

1 2 3 4

5 6 7 8



Local Group Picture



The Local Group



The Andromeda Galaxy

• The Andromeda Galaxy is 
the nearest large galaxy to 
the Milky Way.

• It is 2.5 million light years 
away.

• It takes the light from the 
stars and gas in 
Andromeda 2.5 million 
years to get to us.

• That means, we see 
Andromeda as it was 2.5 
million years ago.



Tutorial: Looking At Distant 
Objects (p.149)

• Work with a partner!
• Read the instructions and questions carefully.
• Discuss the concepts and your answers with one 

another.  Take time to understand it now!!!!
• Come to a consensus answer you both agree 

on.
• If you get stuck or are not sure of your answer, 

ask another group.



Imagine that you simultaneously receive the satellite 
transmission of two pictures of two people that live on 

planets orbiting two different stars. Each image shows the 
people at their 21st birthday parties. Consider the following 

possible interpretations that could be made from your 
observations. 

Which do you think is the most plausible interpretation?

1. Both people are the same age but at different distances 
from you.

2. The people are actually different ages but at the same 
distance from you.

3. The person that is closer to you is actually the older of the 
two people.

4. The person that is farther from you is actually the older of 
the two people



0/0 Cross-Tab Label

Fifteen years ago, a quasar was observed 
that was found to be located 8 billion light 

years away. If our universe is approximately 
15 billion years old, when did the quasar 

emit the light that we observe?

1. 15 years ago
2. 7 billion years ago
3. 8 billion years ago
4. 15 billion years ago
5. 23 billion years ago


