5.7 Radiation processes

Radiometry*
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“Radiometry is concerned with the treatment of light as energy.

bSometimes called “total energy.” Note that we assume opaque radiant surfaces, so that 0<0 <m/2.
“The instantaneous amount of radiant energy contained in a unit volume of propagation medium.

dpower per unit area leaving a surface. For a perfectly diffusing surface, M = L.

¢Power per unit area incident on a surface.




Photometry*
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“Photometry is concerned with the treatment of light as seen by the human eye.
bThe instantaneous amount of luminous energy contained in a unit volume of propagating medium.
‘Luminous emitted flux per unit area.

4Luminous incident flux per unit area. The derived SI unit is the lux (Ix). 1Ix=1Imm~2.
The SI unit of luminous intensity is the candela (cd). 1cd =1Imsr—!.




Radiative transfer?
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%The definitions of these quantities vary in the literature. Those presented here are common in meteorology and
astrophysics. Note particularly that the ambiguous term specific is taken to mean “per unit frequency interval” in the
case of specific intensity and “per unit mass per unit frequency interval” in the case of specific emission coefficient.
bIn radio astronomy, flux density is usually taken as S =4mnJ,.

¢Assuming a refractive index of 1.

40r “mass absorption coefficient.”

¢Or “Schwarzschild’s equation.”

/Under conditions of local thermal equilibrium (LTE), the source function, S,, equals the Planck function, B,(T)
[see Equation (5.182)].



Blackbody radiation

0 . . . . . . . { 105[)
10+
v . 01°1< = 10% »
7 109 R 9 | = 10
TN v(T)=c/2m(T) / 10°K T g
o1} <7\ 105K £
Tz 107K 1
=) 20
§ 10754 106K = 10
= 105K = 1010
_ x 10
B‘:’ 1070 10*K Py
g o5} 1K g !
< 100K 5
:g 10-20 B 10-10F
27K
{ . A ) | . 10-20
106 108 10 10" 10 10'¢ 10" 102 10?2 10714 10712 10710 10-% 107 107* 1072 1 102
frequency (v/Hz) wavelength (/1/m)
2m3 | hv - B, surface brightness per
By(T)= 2 eXp <kT> B 1] (5.182) unit frequency
Planck _dv (Wm*2 Hz ! srfl)
. B;,(T)=B,(T 5.183 B, surface brightness per
function® AT) (T) dA ( ) unit wavelength
2he? T he -1 (Wm2mtsr 1)
= 5 exXp (/UCT) - 1:| (5.184) | n  Planck constant
4 : i
u(T)="ZB(T) Tm—Hz! (5.185) | ¢ Speedoflight
Spectral energy c k  Boltzmann constant
density . 4n 3 T  temperature
uil(T)= 7BX(T) Jmm (5.186) uy,; spectral energy density
Rayleigh—Jeans _2kT , 2kT
Wien’s law 2hv? —hvy
Wien’s
displacement ar=12 Ax107mK  for B, 5.189) | 4m Wwavelength of
la M) 209% 103 mK for B; (5. ) maximum brightness
w . t
0
Stefan— M= n/ B,(T)dv (5.190) | M exitance
Boltzmann 0 o  Stefan-Boltzmann
law? 273k 4 4 ) constant (=~
aw ZWT =¢T* Wm (5.191) 5.67x 108 Wm—2K—4)
. 4
Energy density w(T)=-¢T* Jm™ (5.192) | u  energy density
C
M=coT*=(1—A)oT* 5.193 €  mean emissivity
Greybody €0 ( Jo ( ) A albedo

“With respect to the projected area of the surface. Surface brightness is also known simply as “brightness.” “Specific
intensity” is used for reception.
bSometimes “Stefan’s law.” Exitance is the total radiated energy from unit area of the body per unit time.



