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TODAY
- Galactic Structure

- Bars
- Lindblad Resonances
- Thick Disk

- Phase space
- Vaslov eqn
- Jeans eqns

Homework 2 
posted



guiding center

Orbits of individual stars: the epicycle approximation
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in general

and

which is to say, 

the orbital period around the Galaxy

is longer than the epicyclic period in

radial excursions is longer than the 

period of vertical oscillations.



Orbits for 4 individual stars

from Eggen, Lynden-Bell, & Sandage (1962)



Bars
• Non-axis-symmetric potential

• provides perturbing torque to orbits

• Transfer angular momentum

• stars get outward kick

• gas sinks toward center

• Interact with dark matter halo

• live halos may encourage bar growth, but

• dynamical friction slows bars



gas is compressed & shocks along leading edge of bar



Closed orbits in the frame of a bar
rotating with pattern speed ⌦B

x1 x2



Binney et al

asymmetry in star counts indicates bulge is a bar



Gerhard (2017)  arXiv:1710.01544



Pattern speed of MW bar is estimated to be

if corotation is at ~ 3 (4) kpc

⌦B ⇡ 70 (55) km s�1 kpc�1
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Lindblad resonances occur when
m(⌦� ⌦B) = 
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Measured bar pattern speeds

Fast Bars 
imply little dynamical friction,

so little dark matter density


