Lecture 12
Review for Exam 1: IR radiative processes

Topicsto review:

Basic radiometric quantities: intensity and flux.
Relation between flux and intensity: | = (J1 €0s@)dW [2.6]
w

For isotropic atmosphere: F = p |
The Beer-Bouguer-Lambert law.
For extinction: dlI =" be| II ds

For emission: dII = be,l ‘JI dS
Integra form of the extinction law:

I, =1,exp(-t) [2.7]
Concepts of extinction (scattering + absor ption) and emission. Optical depth.

s, s, s,
t (88) =P ds=0Qy b, ds= O\s ¢ ds [2.]
s s s

\Volume extinction coefficient (LENGTH™?)
Mass extinction coefficient (LENGTH? MASS?)
Extinction cross section (LENGTH?)

Concepts of a blackbody, ther modynamical equilibrium, and local
thermodynamical equilibrium.



Main radiation laws:
» Panck function

> Stefan-Botzmanlav: F =p B(T) = sy T

>  Wien'sdisplacement law
» Kirchhoff'slaw

The general equation of radiative transfer:

dl, =-b,, I,ds+b,, Jds

d 4y
b,, ds
_di:-h + JI
dt,
di:h _JI
dt,

In the gpproximation of the plane-paralel amosphere:
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Absor ption by atmospheric gases. Absor ption coefficient and transmission
function.

Spectral line shapes:

» Lorentz profile (pressure broadening)

a

W) S T ra

[5.1]

> Doppler profile
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> Voigt profile

Absor ption coefficient:
kKo =Sf(n —ny) [5.4]

Transmisson:

T, =exp(-t ) =exp(- g, du)

Spectral transmission and absor ption: (see Lecture7)

T. (U =§ Spxpe k u)dn :é SpXPE SE - no)u)dn

AT(U) =1- Tn—(U)



Approximation of weak line absor ption

_
A (U) = —
Dn
Approximation of strong line absor ption

Ar(u) = 2 Y8
Dn
IR absor ption spectra of main atmospheric gases (H20, CO», O3, CH4, N2O,
CFCs).
(seeFigureb.5and Table5.3in Lectureb)
Figure 5.5 Low-resolution infrared absorption spectra of the mgjor atmospheric gases.
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- IR radiativetransfer in the plane-parallel atmosphere:

dL(tr‘)—l “tm- B(T) o1
di,¢t;-m_,-,.

-m d —ln(t"n)' Bw(T) [6.1b]
Sm) =1 myexp( - 1l

[6.24]
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Solution expressed viatransmisson (assuming that surface is a blackbody and there is no

source of the IR radiation at the top of the atmosphere):

L, t;m) =B, )T, (¢ -t)/m)

' dT ((t ¢t )/ m)
- 0B (9 dt ¢ [6.4]
t dt ¢
- t dr(t-tg/m
L t-mM=0B t9 dt ¢
9 dt ¢ [6.40]
Fluxes:
F, =2p Qln (Mmdm . F/ :2p2‘)|;(- m)mdm
0 0
Solution for fluxes
_ - t -t
F,o(t)=2pB,(t ) exp( - ymdm
0
ot t¢ [8.24]
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M onochromatic diffuse transmission function (or transmittance):

1
T, ) =2, ¢/ mndm [8.5]
0

Solutionsfor total fluxes using diffuse (dab) transmission:

¥

F™(u) = §PB,(T)T, (u)dn

o dT." (u- u9
+ B,(T(u§g—=-
9 Sp du¢

d u @ n [8.104]

¥ u f
- — A A dTn (u(]:_ U)
F (u)—oo * pB, (T (u9) 1uC du®in (8.106]
Infrared radiative heating/cooling rates.
#re _ 1 dr(2)
&1t Gr  C,I 0z (8]

wherethe net flux diver gence for the layer Dz is

DF =F(z+Dz)- F(2)
and net flux is

F(2=F (2- F (2

(seediscusson of IR fluxes and cooling ratesin Lecture 11)



