
1.3 The Galactic Rotation Curve
List of topics
• Keplerian rotation curve
• The rotation curve of our galaxy
• M(r) from v(r) assuming a spherical model M(r) 

from v(r) assuming a disk-like mass 
distribution 

• The winding problem and density wave theory
• Metallicities of spiral arm stars
• Galactic archaeology

Some, but not all, of this material is in JL 1.3
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Which of the below is a Keplerian 
rotation curve?
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Which of the below is the rotation curve 
of our galaxy at large radii?
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Which of the below is the rotation curve 
of our galaxy at small radii?
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The rotation curve of our galaxy

Roughly flat

Roughly linear rise
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Rotation curves
• A

• B

• C
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Rigid body
(~center of galaxy)
ω = constant

Flat rotation curve
(Our galaxy)
Differential rotation
Not Keplerian

Keplerian
(The solar system)
Differential rotation

v=rω

ω ∝ 1/r

v ∝ r-1/2
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Estimate the mass of the galaxy within ro

See JL Q. 1.7 (and answer)

You may assume the galaxy is spherically symmetric; 
ro = radius of the Solar circle = 8.5 kpc 

1. 5x109 Mo

2. 5x1010 Mo

3. 5x1011 Mo
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Problem class questions 

• Estimate the mass of the galaxy within ro 
– You may assume the galaxy is spherically symmetric
– ro = radius of the Sun = 8.5 kpc

• Estimate M(r)
– M(r) = the total mass enclosed in a spherical radius r.
– You may assume M(r) ∝ rα.
– You may assume spherical symmetry.

• What does this imply for the density ?
– If spherical M(r) ∝ rα implies ρ ∝ rβ where β = ?

• How could you modify gravity to remove the 
requirement for dark matter at large radii?

– If F=GMm/rγ what would γ need to be?



Estimate α if M(r) ∝ rα

M(r) = the total mass enclosed in a 
spherical radius r.
You may assume spherical symmetry.

1. -2
2. -1
3. 0
4. 1
5. 2

JL Question 1.8, and answer, and page 25
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Does the density increase or 
decrease with radius?

1. Increase
2. Decrease
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What does M(r)∝r imply about the 
density? Suppose ρ ∝ rβ what is β? 

1. -2
2. -1
3. 0
4. 1
5. 2
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The winding problem
• Estimate the time for one orbit of the 

Galactic disk at (i) 5 kpc and (ii) 10 kpc from 
the galactic center

Read JL p 37 - 40
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Which is greater?

1. Time for 1 orbit at 
5 kpc radius

2. Time for 1 orbit at 
10 kpc radius
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Sketch the spiral arms after ~1010 years
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