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Vertical motion in the Milky Way 

the Oort limit


The Bar Instability 

Ostriker & Peebles; Sellwood


Dark Matter
ASTR 333/433



Milky Way 
(artisist’s rendition)
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Oort limit  -  imagine the disk as a plane parallel slab

Are we happy
with these sums?

fro
m

 S
pa

rk
e 

& 
G

al
la

gh
er



exponential fit (line)

⌃(R) = ⌃�e
� (R�R�)

Rd

⌃� = 38 M� pc�2

Rd = 2.15 kpc Bovy & Rix (2013)

(stars only)
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Original Oort exercise limited 
to the solar neighborhood. 
Can now expand to other radii.
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Galaxy Morphology
The Hubble Tuning-fork sequence

Ellipticals
(and bulges)
3D ellipsoids

pressure support
V/σ small

Spirals
2D disks

rotational support
V/σ large

increasing disk
increasing bulge

regular
spirals

barred
spirals



NGC 628: a spiral galaxy



NGC 1300: a barred spiral galaxy



http://burro.astr.cwru.edu/Academics/Astr222/Galaxies/Spiral/nohalo.mpg

http://burro.astr.cwru.edu/Academics/Astr222/Galaxies/Spiral/halo.mpg

The Bar Instability

Ostriker & Peebles (1973)

Sellwood (2016)

Spiral disks unstable to the 
development of m=2 bar modes. 


Left to themselves, spiral disks 
fall apart in just a few dynamical 
times (< 1 Gyr for the Milky Way).

http://burro.astr.cwru.edu/Academics/Astr222/Galaxies/Spiral/nohalo.mpg
http://burro.astr.cwru.edu/Academics/Astr222/Galaxies/Spiral/halo.mpg


NGC 2403: high surface brightness
UGC 128: low surface brightness



High surface
density

Low surface
density
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http://www.youtube.com/watch?v=byI9yhITDsM
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A bar is an m=2 mode 

A two-armed spiral is 
an m=2 mode with a 
pitch angle p > 0.


A four armed-spiral has 
m=4, etc.

https://www.youtube.com/watch?v=gSwiXwP56js

http://www.youtube.com/watch?v=byI9yhITDsM


Time evolution of the bar amplitude in models with differing
Mhalo

Mdisk
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Sellwood (2016)

Bar growth depends on halo-to-disk ratio.

It is stronger in live halos than in fixed 
potentials like that used by Peebles & Ostriker.


