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• Stars 
– DISK  THIN and older, less massive THICK disk
– BULGE and/or BAR

• Gas 
– atomic gas (HI)  

• in diffuse clouds, more extended than stars
– molecular gas (H2)  

• in dense clouds.  Follows stars, spiral arms
– hot, ionized gas (HII)

• low mass, low density, large volume

• Dust  
• mostly in spiral arms & molecular clouds

Galactic Structure
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Galactic Coordinates

Cartesian coordinates centered on solar system

sun G.C.X

Y

X, Y, Z:
  X points towards the Galactic Center
  Y points in direction of the sun’s orbital motion
  Z is perpendicular to the Galactic Plane

U, V, W are velocities in these directions

~8 kpc

Could also center on G.C. - beware sign conventions
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Milky Way Gas and Dust
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Emission lines from interstellar gas

• Gas emits photons corresponding to specific 
atomic or molecular transitions

• Excitation methods:

• photoionization

• collisional excitation

• shocks

• Note that ISM densities are very low

• typically 

• we breathe 

1 to 1000 cm−3

kBT ≈ hν

∼ 1022 cm−3



Nomenclature

• Neutral

• Singly ionized

• Doubly ionized

• etc

• e.g., 

• is the line emitted by doubly ionized 
oxygen at 5007 Å  (“Nebulium”)
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HII region in UGC 1230



Nomenclature

• Permitted lines  e.g.,

• occur rapidly

• Forbidden lines  e.g., 

• occur slowly (by atomic standards)

• can only happen when collision time is 
very long.  

• Only happens in near vacuum of space.

[OIII] 5007

Hα

atomic lines seen from ionized gas (e.g., HII regions)
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line strengths contain information about physical conditions



Nomenclature

• rotational and vibrational states  

• e.g.,   CO  

• hyperfine spin-flip transition  

• e.g.,   HI

molecular lines seen from molecular gas (e.g., H2 clouds)

J = 1→ 0 2.6 mm
J = 2→ 1 1.3 mm

Atomic lines seen from atomic gas (e.g., HI clouds)

21 cm



M51

stars CO



Nomenclature

• rotational and vibrational states  
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• hyperfine spin-flip transition  
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NGC 2403

HIstars
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spin-flip line of atomic H

Oosterloo et al.



Dust emission in IR

thermal reprocessing

PAH  bands

Polycyclic Aromatic Hydrocarbons
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Milky Way Gas and Dust
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MW as seen by COBE

disk
bulge



Binney et al
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The Exponential Disk

• Stars in the disk of the Milky Way and other 
spiral galaxies have an azimuthally averaged 
radial surface density profile that is reasonably 
well approximated as an

• EXPONENTIAL DISK

•        = Central Surface Density
•        = Radial Scale Length

Σ(r) = Σ0e
−r/Rd

Σ0
Rd



radial gas distribution

HI

HI more extended than stars,
not really exponential
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MW bulge-disk relation
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Flynn et al. (2006)




