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http://tesla.phys.unm.edu/phy537/8/node2.html



21 cm line is 
• a magnetic dipole transition
• a forbidden transition 

Population ratio determined by 
• collisions
• cosmic background radiation
• Ly alpha pumping

Field (1959) ApJ, 129, 
551: Ly alpha 
radiation could excite 
21 cm line via 
transitions involving 
the n=2 level as an 
intermediate state





(Mihalas & Binney)



21 cm emission has been used extensively to map out the 
distribution of Galactic H I.

Spiral arms are prominent.  Two or more arms toward the 
same direction can be separated by different velocities.

With strong distant radio sources (e.g., QSOs), one can 
observe H I in absorption thus study of the warm IS 
component.





☉



Emission Measure
A measure of the "amount of material" of a plasma available to produce 
the observed flux, the product of the square of the electron number density 
and the volume of emission, with units [cm-3]. Often, because 
observations are carried out along a line of sight, the cross-section area is 
taken out of the expression and the units become [cm-5]. 

From Astro Jargon for Statisticians
http://hea-www.harvard.edu/AstroStat/astrojargon.html



Galactic Rotation





1st Quadrant
Along a certain line of sight, 
variation of the radial velocity

- Near the Sun
d↑ R↓ ω↑ vr↑

- At D, Rmin = R0 sin ℓ

- Further away, R↑ vr↓

- When R = R0 v* = v☉ vr = 0

- Even further away, R > R0 
ω(R) < ω (R0) vr < 0

2nd Quadrant
R > R0  ω(R) < ω (R0) vr < 0

☉
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Oort’s Formulae

For small distances (< 2 kpc)
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This can be further simplified.



Similarly, 

Oort’s constant B




