
Thermal Emission

http://www.astro.utu.fi/~cflynn/

Hot, low-density plasma (e.g., HII regions, PNe, SNRs) 
 thermal radio emission

c.f. 
Synchrotron 
Radiation



Emission lines  Te ~ 104 K, so in radio wavelengths

and

f-f emission
Emission Spectrum

Where      : velocity averaged Gaunt factor ~ 1
Total Emission Power (Volume Emissivity) 

Where      : frequency average of the velocity averaged 
Gaunt factor ~ 1.1-1.5



Considering the Gaunt factor, G ~ ln (T/ν)

∴

That is, low ν  (long λ)  τ↑
Plasma is transparent at high frequencies

Blackbody ne



Plasma Frequency

Plasma dielectric constant σ; 
~J = σ ~E

The dipole moment ~P = −n e ~ξ
points from (–) to (+); n: electron density  

Net charge=0, so ~D = 0
~D = ~E +4π ~P → ~E = 4π n e ~ξ

In 1-D, Ex = 4π n e ξ,

and the force is Fx = −eEx

m
d2ξ

dt2
= −eEx = −4πne2ξ



This is called the plasma frequency

Index of refraction

…for which the wave number

Electrons cannot follow 

Electrons follow the motion
 absorption  no propagation



• Metal --- νp ~ 1015 Hz, i.e., in UV region; so metal 
absorbs EM waves until UV, i.e., transparent to UV 
radiation

• Earth’s ionosphere --- ne depends on height; 
at H=300 km, ne~105-106, νp ~ 107 Hz, λ~30 m

cf. shortwave radio signals get reflected by 
ionosphere

• ISM --- ne~ a few, νp ~ 104 Hz (very low), so usually 
ν >> νp transmission ok

Now back to radio thermal emission…



τ << 1, nearly flat, ~ν-0.1 Te-0.35

τ>> 1, ~ν2 Te

Optically thin

Optically thick

Obs at τ>> 1  get T          
 Get ne

Obs at τ<< 1

Adv. of radio observations: less extinction; measures T 
directly at low freq. 



In general, Iνor Sν ~ να, where α is the spectral 
index.  

For H II regions, if optically thin α≒ 0 
if optically think α= +2

For synchrotron radiation, Iν~ ν－0.8 or TB ~ ν－2.8

http://www.nrao.edu/whatisra/mechanisms.shtml



Lang



Spectrum of Crab Nebula from radio to X-ray wavelengths 
(Middlehurst & Aller)



Spectrum of the Crab over 
a very wide range of 
energies. The emission is 
dominated by synchrotron 
radiation, and at at very 
high energies (1010-12 eV) 
there may be an inverse-
Compton component. 
Source 

Hillas (1998), ApJ, 503, 744
http://www.astro.utu.fi/~cflynn/astroII/l4.html



W3= IC 1795In [S II], H-alpha and [O III]

Beetz et al. (1974) 
A&A, 34, 335






