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* Introduction

* Basics

* Absorption

* Scattering

* Radiative transfer

* Radiative equilibrium temperature
* Radiative heating and cooling



Earth Energy Budget (in Early 215t Century)
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« Energy balance: Atmosphere 80+(398-40)+21+82-342-(239-40),
Surface 160+342-398-21-82, Earth TOA 340-100-239
 Planetary albedo: ~29% (surface 7%, atmosphere 22%) 3




Radiation: An Effective Way of Energy Transfer
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Thermal Radiation

Thermal radiation is electromagnetic radiation emitted by the
thermal motion of particles in matter

Solar radiative energy peaks at Terrestrial radiative energy peaks at ~10
visible wavelength (~0.5 pm) um, invisible by sole human eyes



Electromagnetic Radiation Spectrum B8 f£3it
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Electromagnetic Radiation and Sources

THE ELECT

Wavelength
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Electromagnetic Radiation Spectra in Atmospheric Sciences

Name of Wavelength, um Spectral equivalence
spectral region

Solar

Terrestrial
Ultraviolet
Visible
Infrared

Near infrared
Far infrared
Microwave
Radio

0.1-4

4-100
0.1-04
0.4-0.7
0.7-100
0.7-4
4-100
103 —106°
> 10°

= Shortwave = Ultraviolet + Visible +
Near infrared

= Longwave = Thermal = Far infrared
UV-A + UV-B + UV-C

= Near infrared + Far infrared



Electromagnetic Radiation (EMR)
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 EMR exhibits both wave properties and particulate properties.

» Self-propagating wave of the electromagnetic field that carries
momentum and radiative energy through space.



Poynting Vector BE B EIEE

S=EXH

S is energy per unit time per unit area (e.g., W m2)
E is electric field (unit: Volt/meter or Newton/Coulomb)
H is magnetic field (unit: ampere/meter)

In a propagating sinusoidal linearly polarized electromagnetic
plane wave of a fixed frequency:

($) = IEmI2

E. . is the complex amplitude of the electric field
n is the characteristic impedance of the transmission medium,

and n, = 377Q for a plane wave in free space
10
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Basic Concepts of Electromagnetic Radiation

3 Rz R AT LA,

] AU (angular frequency, w). N

(frequency, ). JE1<(wavelength, 1), JE#K
(wavenumber, v)FR IR (speed, V)& Haid

w = 2nf

V=f2

df =?dA

v=1/A=f/V dv =?dA

T cm 1B, XSTNBPEKT L :
v/ #£1000 cm™ (10 pm) &b: 10 nm
v/ 1£10000 cm™ (1 um) &: 0.1 nm
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Radiance or Intensity: (43¢) E=E

Zenith A I
A /

North

Projected surface (ds cos 0) L
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Radiance or Intensity: (43%¢t) E=E

» Radiance is monochromatic energy per unit time per
unit area per solid angle

I =dQ/dt/dA/dA/dQ =dQ/dt/dA/dA/(sin O dOdp)
Unit: w/m2/um/sr, where sr = steradian M {3\ &
Q = Solid angle 3. &, d2 = sin 6 dd o

> Radiance is a 7-dimensional variable

I(t; X,V,Z; A .Q) = I(t; x,Y,2;A; 0, QU)

> Radiance can be measured by photometer St it
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Calculation of Solid Angle
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Radiance versus Flux Density

> Flux Density or Irradiance (933¢) iREHEERE:

F,1=j 1,1°C059°d.(2:fJ‘IA°COSH°Sin9d(p'd9
9 0

» Within a range of wavelength:

A 4T ?
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Solar Radiance and Irradiance
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Integrating all wavelengths, then |, =2.00 x 10’ W m2 sr!
v' Given R, r, and F;, use two methods to calculate I, ?
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Lambertian Surface (BR{AT)
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B ER (X RAEST)
19005, EBRmIIAEFHS, 52:

2C2h ch C1 £2
BOLT) == (1) = ﬁ(eﬂ —1

¢, =2c?h =119 x 108 W um* m=2 sr—1

ch
Cy, = - 14388 um K

B(A, T) BUB{ALI W m2pum—Lsrt
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h=6.6262x1034)s, BEHREH

S B ply s

k=1.3806x1023J K1, BR/RzESEH

23



Radiance
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Planck:
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Blackbody Radiation

Blackbody radiation

=

3.

RN ERE (18795F) HrEE S -IR/RGESE®E (1893%F)

PRSP R b
)lmax = a/T F . T[B (T) . 0'T4 Bose—Einstein integral
a=2897.8 um K o= 5 67x10-8 W m-2 k-4 fo =Tz
2k*m>
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Blackbody Radiation: Cumulative Energy Distribution

_1 _
2c2h( ch ) G (2 1
BA4,T) = ekAT — 1 = —\eAT — 1

A° A°
tercen o 25.0 41.8 64.6
i 0.1% 1%  10% 20% 30%  40% 50%  60% 70% 80% (90% 99% 99.9% 99.99%
ile % % % %
(M- K)}em 1110 1448 2195 2676 28983119 3582 3670’4107 4745 50995590 6864 9376 22884 51613 113374
pum-

Percentile 0.01%(0.1%| 1% |[10% |20% 25.0% 30% | 40% 41.8% 50% 60% 64.6% 70% 80% 90%  99% 99.9% |99.99%
Sun A (nm) 157 | 192 251 380|463 502 540 620| 635 711 821 | 882 967 1188 1623|3961 | 8933 | 19620
288 K planet A (um)| 3.16 | 3.85 5.03/7.62 9.29 10.1 |10.8 12.4 12.7 |14.3|16.5 17.7 194 238|326 79.5| 179 394

At which wavelength the blackbody radiation per unit of wavelength peaks?
At which wavelength the blackbody radiation per unit of frequency peaks?
At which wavelength the blackbody radiation per unit of wave number peaks?
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BHRERTUEK 4 3E [ RERY v BRRFE:

2c?h( ch -
B4, T) = B (ele — 1)

B(f,T) = chrzh (e% — 1)

-1

vch -1
B(v,T) = 2v3c®h (eﬁ — 1)
A WEKEHESHMBARE

B. LEZEAREMANI, ME, BHMEBIAR, HLER—PIK
BHE., HIORESITMAGERK. SR, HEERE AT MY
HAC, XINMEKEEHE?
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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
itis in the Earth’s shadow.

Michael Wallace book
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