
Spiral structure of the Milky Way
Clear in HI, GMC, HII regions, OB stars, and young clusters.  The exact 
shape is hard to infer from within the Galaxy. 

Large scale

Open circles: giant HI clouds

Squares: GMCs

Triangles: optical HII regions

Small boxes: radio HII 
regions
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HI layer is 'warped' at radii beyond R ~ 15 kpc.
The origin of this warp is unclear: interactions? But isolated galaxies also 
exhibits warps. Bending modes? Halo changing shape as new material 
accreted?

Plan view showing z-
heights of HI.

Kwee et al.
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Coronal gas
Observed in highly ionized lines, e.g. far-UV OIV (absorption).
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Key concepts:

 Gaia mission
 Stellar orbits

 

 
 



Journal Class reminder:
 
• Everybody reads paper (skip the appendices)
• Leader (for Paper 1 Pavel) 

– Gives a summary of the important points in the paper (~ 10 min) referring to 
interesting figures

– Defines any unusual terminology

• Group discussion
– Is the paper well motivated?
– Points out any major assumptions or flaws
– Are the results plausible?  Important?

 



Journal Class
Monday, Feb 2
The debris of the ‘last major merger’ 
is dynamically young
Donlon et al. 2024
Discussion leader: Pavel



















Motions of stars

Radial velocities can be obtained from Doppler shifts

Transverse velocities require measuring the proper motion in the sky

If we know how Vr and Vt are related then Vr and Vt give distance



Distribution of Stars 



Galactic Rotation

R0 = distance to galactic center = 8 kpc
V0 = Sun’s orbital motion around GC = 200 km/s
1 “galactic year” = 250 Million years 



Radial Velocities of Stars/Gas

You are here -->



Observed velocity of HI gas



• Worksheet: For a simple model of the Galaxy with R0 = 8 kpc and 
gas in orbit with V(R)=220 km/s everywhere, find the radial velocity 
we would observe Vr(l) for gas in a circular orbit at   R=4 kpc and f = 
+/- 90 degrees in galactic azimuth. Make a sketch of Vr vs l (galactic 
longitude). 



MW Rotation Curve from HI gas



MW Rotation Curve from Gaia



Dark Matter

• Flat rotation curve implies unseen mass in the outer parts of 
the galaxy.

M(<R) = RV2/G

Take for the Sun M/L = 1 in the visible
Brown Dwarf  ~ 100 in the visible
Galaxy ~ 10 in the visible

Outer parts of the Milky Way ~ 10  (see problem 2.19)


