
Today:

• Extrasolar 
planets: Planets 
orbiting other 
stars!

• Our galaxy: The 
Milky Way

Tuesday, April 24, 12



Extrasolar Planets 

Tuesday, April 24, 12



• Stars form from 
collapsing 
clouds of gas 
and dust

• Sometimes the 
debris in the 
disks around 
stars 
(protoplanetary 
disks), form 
stellar systems 
of planets

http://www.youtube.com/watch?
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• Very difficult to take 
photographs of extrasolar 
planets
– Planets are small and dim 

compared to their parent stars 
(in visible wavelengths, the 
Sun is 1 billion times brighter 
than Jupiter)

• Indirect Methods
– Rely on measuring effects 

that orbiting planets have on 
observations of stars 
(brightness, position) 

Infrared image of HR8799 system

Tuesday, April 24, 12



6

Indirect Methods of Extrasolar Planet Detection:

• Brightness methods:
– Transit: Planet crosses in front of star  observed 

brightness decreases. Reveals radius

• “Wobble” methods:
– Astrometry: Precise measurements of cyclic changes in a 

star’s position in the sky due to gravitational influence from 
a planet. Too high accuracy is needed

– Radial Velocity or Doppler Method: Variations in the star’s 
radial velocity due to gravitational influence from the planet 
is detected from Doppler shift of star’s spectral lines as it 
moves toward or away from earth. Sets lower limit on 
planet’s mass. Most effective method of detection

Tuesday, April 24, 12
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• In a star-planet system, both star and planet orbit around the center 
of mass of the system

• The planet will move in a very large orbit, and the star in a very 
small orbit, or “wobble”

• They are always on opposite sides of each other with the center of 
mass in between
http://en.wikipedia.org/wiki/File:Orbit3.gif

Radial Velocity Detection Method
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Radial Velocity Detection Method

• A wobbling star will alternately move toward and away 
from Earth

• A periodic Doppler shift is observed:

• Greater Doppler shifts are observed when the system 
is observed edge-on
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• Remember Newton’s Law of 
gravitation:

• Larger planet and/or shorter 
star-planet distance  
stronger gravitational force  
faster orbital speed (F = ma) 
 star moves away or toward 
Earth at faster speeds  
larger Doppler shift

Radial Velocity Detection Method

Tuesday, April 24, 12







A

B

In which case would the gravitational force on the star be greatest?  

In which case would the velocity of the star be greatest?

In which case would the height of the graph for the stars velocity be 
tallest?



A

B

In which case would the gravitational force on the star be greatest?  

In which case would the velocity of the star be greatest?

In which case would the height of the graph for the stars velocity be 
tallest?
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G. Marcy and P. Butler

The majority of exoplanets discovered are large 
(Jovian-size) planets that orbit very close to their stars: 
Hot Jupiters
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Lecture Tutorial: Motion of 
Extrasolar Planets (p. 125)

• 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.



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?
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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 relative to Earth - no radial velocity of star
At 3 the planet is moving toward Earth, therefore the Star is moving away from Earth - 
positive radial velocity of star
At 4 the planet and star are moving perpendicular relative to Earth - no radial velocity of star



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.



Some tips for those without a 
ruler

• An inch is about the size of your thumb
• 2.54 cm = 1 inch
• 10mm=1cm
• 100cm=1m

27



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



Answer the following question using the image 
below, which represents the Milky Way Galaxy.

 Approximately how large is the diameter of the 
white dot?

1.  1,000 light years
2.  10,000 light years
3.  50,000 light years
4.  100,000 light years
5.  500,000 light 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?



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



Take out a piece of paper and put 
your name and ID number on it.  
Then, using the information 
shown in the graphs and the 
image below, write an answer to 
the following question.

What is Dark Matter and what 
evidence is there for its 
presence?
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