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* Introduction

* Basics

* Absorption

* Scattering

* Radiative transfer

* Radiative equilibrium temperature
* Radiative heating and cooling



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




Radiation: An Effective Way of Energy Transfer
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Thermal Radiation

HbEKRIC IR SRS AE B SR TP 7E 1< 10 um B




Electromagnetic Radiation Spectrum B8 f£3it

0.7 0.6 0.5 0.4 B (um)

I' . : 1
4090[( SOIOOK 60?0K 70(1)0K  BE (K)
I ]

aJ WLt

AMBE A M 41 51 251 y 5k
R | xsek |
F.M. B¢

I A I A N AN N A O A N (O A O N I N I N N
102 10'° 10® 10¢ 104 102 10° 102 10* 10° 10 107"
A (um)
I I A N N O I O R A I I I I I I e
I I I I I I I I I | I
10°'° 10 10° 10* 102 10° 102 10* 10° 105 101
Y TEER (e V)
[ N Y N [N I A (Y O N (Y S O N A (N AR N N
10 10° 10* 102 10° 10> 10* 10° 108 101 102
T (K)

L. WUB%P: ~1GHz, 0.3m 1leV=16x10%°) &

Jdu




Radiation and Sources

THE ELECT

Wavelength
(In meters)

Size of a
wavelength

Common
name of wave
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Name of Wavelength Spectral equivalence
spectral region, Lm
region
Solar 0.1 - 4 Ultraviolet + Visible + Near infrared = Shortwave
Terrestrial 4 -100 Far infrared = Longwave
Infrared 0.7 -100 Near infrared + Far infrared
Ultraviolet 0.1-04 Near ultraviolet + Far ultraviolet =

UV-A + UV-B + UV-C + Far ultraviolet
Shortwave 0.1 - 4 Solar = Near infrared + Visible + Ultraviolet
Longwave 4 -100 Terrestrial = Far infrared
Visible 0.4-0.7 Shortwave - Near infrared - Ultraviolet
Near infrared 0.7-4 Solar - Visible - Ultraviolet =

Infrared - Far infrared
Far infrared 4 -100 Terrestrial = Longwave = Infrared - Near infrared
Thermal 4 -100 Terrestrial = Longwave = Far infrared

(up to 1000)

Microwave 10° - 10° Microwave
Radio > 10° Radio
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* A schematic view of an electromagnetic wave propagating
along the z axis.

* Electromagnetic radiation has the dual nature:
— its exhibits wave properties and particulate properties.



Poynting Vector BER R EEE

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,

or just n, = 377Q) for a plane wave in free space
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Basic Concepts of Radiation

B R24 0K AT LA A 59 (angular frequency, w). SMEE
(frequency, ). JE1<(wavelength, 1), K 3K
(wavenumber, v)FI3K IR (speed, V)& fmik

w = 27nf
v=1/A=f/V dv =?dA

BT cm BT, NBUEKT:
v/ £1000 cm™ (10 pm) &b: 10 nm
v/ 1£10000 cm™ (1 um) &: 0.1 nm



Radiance or Intensity: (43¢) E=E

el « I

A e

Nl

projecled surface (dscos O) ———

12



Radiance or Intensity: (43%¢t) E=E

> Radiance is a 7-dimensional variable

I(t;x,y, 2,4, Q) =1(t;x,v,2; A, 0, p)

> Radiance can be measured by photometer S5 1t

» Monochromatic energy per unit time per unit area per
solid angle

[ =dQ/dt/dA/dA/dQ = dQ/dt/dA/dA/(sin O dOdp)

Unit: w/m2/um/sr, where sr = steradian 3 {3\ &
Q = Solid angle XML&, d2 = sin 6 dOdg
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Calculation of Solid Angle

RdO £~~~ RsinB

de

Bk E E R T
dS = R?df2 = R?sin 6 dfdgp

iﬁfﬂ‘ 7€ dszjn fan'Sin9d<P°Rd9=4nR2

C 6=0 @=0

| T 2T
%Eg f dQ:f f sinfde-df = 4n
A 0, 6=0 @=0

=]

14



Radiance v.s. Flux Density

> Flux Density or Irradiance (933¢) (EEIEERE:

F,1=j 1,1°C059°d.(2:fJ‘IA°COSQ°Sin9d(p'd9
n 6
» Within a range of wavelength:

A SE4TI?

> F decreases with R?

15



Solar Radiance and Irradiance
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Lambertian Surface (BR{AT)
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Radiance
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Planck:
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Blackbody Radiation
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Radiation Transmltted by the Atmosphere
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Spectral Intensity

Downgoing Solar Radiation
70-75% Transmitted

Upgoing Thermal Radiation

15-30% Transmitted

Visible

Infrared
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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

29




HhES-BR S ERMERMNBER

> NEHRERSH:
BrES-HRESERE IREEERS)
Fr =0T* 18934F
0=5.67x10° W m—2K™* HiER-W REESEHN

WERBERE  (CURKRRRIANBAE SIS E R R R )
Amax = a/T 18794F

a=2897.8 umK

30



