Radiation

Jintai Lin

ﬁlﬂa‘ RGP ARKBERA Z
(FFA=XTRERINRT) .

»

7).
.’) 1~ i
PEKING UNIVERSITY




Outline

* Introduction

* Concepts

* Absorption

* Scattering

* Radiative transfer

e Radiative equilibrium temperature
* Radiative heating and cooling



B

Consider thermal emission from an isothermal, nonblack cloud. Suppose there is
a stratus cloud with stratified atmosphere. The top of the cloud is at T = 0, and
the bottom is at T = co. Assume that we are in the thermal region (Fz = 0), that

the cloud is isothermal (Ccll—l: = 0), that the scattering is isotropic (g = 0), and that

the single scattering albedo (wg) is a constant. Thus, the radiative transfer of
diffuse flux becomes:

d°F ,

an F, a =3(1—w0)

(i) Show that the boundary condition at t =0 is:

dF (0)
(E)T:O = 47'[(1 — a)o) <_T[ — B)

F(0) _ 4(1-wo)

B 2(1-wg)+/3(1-wy)
(ii) The above formulae are approximate. What should be flux be for a black body
(wg = 0)? Correct the above formula with a constant factor to allow for this error

22 for wy = 1.0,0.8,0.6,0.4,0.2, 0.0,

Show that:

and calculate
Richard Goody



Planets in the Solar System
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Atmospheric Compositions

Composition of the Atmosphere

Molecular Fraction by
Chemical weight volume in Total mass
Constituent formula (12C=12) dry air (g)
Total atmosphere 28.97 5.136 x 102!
Dry air 28.964 100.0 % 5.119 x 1021
Nitrogen N, 28.013 78.08 % 3.87 x 102!
Oxygen 0, 31.999 20.95 % 1.185x 102!
Argon Ar 39.948 0.934 % 6.59 x 101°
Water vapor H,0 18.015 Variable 1.7x 1017
Carbon dioxide CO, 44.01 353 ppmv? ~2.76 x 1018
Neon Ne 20.183 18.18 ppmv 6.48 x 1016
Krypton Kr 83.80 1.14 ppmy 1.69 x 1016
Helium He 4.003 5.24 ppmv 3,71 x 1013
Methane CH, 16.043 1.72 ppmv? ~4.9 x 1013
Xenon Xe 131.30 87 ppbv 2.02x 1013
Ozone 0, 47.998 Variable ~33x 10"
Nitrous oxide N,0 44.013 310 ppbv*? ~23 %1013
Carbon monoxide CO 28.01 120 ppbv ~59 % 1014
Hydrogen H, 2.016 500 ppbv ~1.8 x 1014
Ammonia NH; 17.03 100 ppbv ~3.0 x 1013
Nitrogen dioxide NO, 46.00 1 ppbv ~8.1 x 1012
Sulfur dioxide SO, 64.06 200 pptv ~23 %1012
Hydrogen sulfide H,S 34.08 200 pptv ~1.2x 1012
CFC-12 CCl,F, 120.91 480 pptv4 ~1.0x 1013
CFC-11 CCI5F 137.37 280 pptv4 ~6.8x 1012
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Longwave and Shortwave Radiation Imbalance
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Multi-layer Atmosphere in Radiative Equilibrium

If the atmosphere is divided into multiple layers

Each layer is opaque (black body) for long wave radiation

Each layer is transparent for solar radiation (ignore O,)
We can get surface and air temperatures as follows, assuming the
Earth is in radiative equilibrium.

_- _ 4
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.......................................................... Laycr 2
4
0T2
Surface

Dennis Hartmann book
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Multi-layer Atmosphere in Radiative Equilibrium

S
TOA: Z°(1 — R) = T4 = oT}

Layer 1: 0Ty} = 20T}

layer2: 0T +oTd=20TF VUL Lager2
. SO Surface
Surface. Z (1 - R) + O-T24 = O-TS4 Dennis Hartmann book
; 4135,(1 — R
We get: T, = o ) _ 3T,
\ 4o

For a n-layer model: T, = mTe
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Multi-layer Atmosphere in Radiative Equilibrium
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Radiative Heating Rate
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A. A small, perfectly black, spherical satellite is in orbit
around the Earth at an altitude of 2000 km. What angle
does the Earth subtend when viewed from the satellite?

B. If the Earth radiates as a blackbody at an equivalent
blackbody temperature Te = 255 K, calculate the

radiative equilibrium temperature of the satellite when
it is in the Earth’s shadow.

Michael Wallace book
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A. Consider two opaque walls facing each other. One of the walls
is a blackbody and the other wall is “gray” (i.e.,a; independent
of A). The walls are initially at the same temperature T and,
apart from the exchange of radiation between them, they are
thermally insulated from their surroundings. If @« and ¢ are the
absorptivity and emissivity of the gray wall, prove that € = a.

B. Consider the situation where two gray walls are facing each
other. One wall has absorptivity a; and the other a,. Prove
that

Fi F

a, - ar
where F; and F, are the flux densities of the radiation emitted
from the two plates. Make sure of the fact that the two plates
are in radiative equilibrium at the same temperature.

Michael Wallace book
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Figure 7.3 Low-resolution IR absorption spectra of the major atmospheric gases.
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