
Emission Spectrum: energy distribution
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Blackbody Radiation: Wien’s Law 

max ~ 2900 m K
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Area under curve is the total 

emission flux→ proportional to T4

Blackbody Radiation: Stefan-Boltzmann’s Law
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The global average temperature is  about 15 
oC. At what wavelength is the radiation flux 

emitted from earth at a maximum?

A. 1 m

B. 10 m

C. 100 m
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The sun’s emission spectrum maximizes at a  of ~ 

0.5 m. The sun’s temperature is

1. 2. 3.

5% 2%

93%1. ~ 1500 K

2. ~ 6000 K

3. ~ 15,000 K
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The sun emits about 6.3 X 107 W/m2 of radiant energy

Earth and Solar Emission Spectra



The sun emits about 6.3 X 107 W/m2 of radiant energy

Earth and Solar Emission Spectra



Putting Blackbody Radiation Laws to Work

A first attempt at a global 

climate model

→Relate Earth’s T to 

incoming and outgoing 

radiation



An Energy Balance Model of Earth’s T

Temperature

Energy Absorbed 

by Earth (from Sun)

Energy Emitted to 

Space (by Earth)



Energy Balance Model: Halfway Done

Energy Flux In = Energy Flux Out

Fin = Fout

Fin = Fout = T4
Earth

Assume Earth radiates 

like a blackbody
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Radiant Energy Flux Far From Source
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Radiation flux decreases as inverse 

square of distance from source
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Inverse Square Law: Painting Spheres
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Earth’s Energy Balance: Towards FIN

Need to account for 
a) Earth-Sun distance (DSE), 
b) Earth intercepts fraction of total solar flux at DSE

c) Earth “reflects” some of the intercepted radiation

DSERS
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Our own little test



Earth’s Energy Balance: Towards FIN

Need to account for 

a) Earth-Sun distance (DSE),  inverse square law

b) Earth intercepts fraction of total solar flux at DSE

c) Earth “reflects” some solar radiation, Albedo (“A”)

DSERS



Solar Constant (not really a constant)

Energy emitted by sun

at different wavelengths

Energy flux from sun at Earth’s 

location (inverse square law)
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Earth’s Energy Balance: Earth-Sun Geometry

Sun’s energy collected by Earth

Sun’s energy collected by Earth, 

spread over entire Earth area

Sun’s energy collected and 

absorbed by Earth, spread over 

entire Earth area
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Solar Radiation Flux at Earth
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(measured at Earth)

Outside of atmosphere

Reaching Earth’s surface

If sun perfect blackbody
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Earth’s Energy Balance—No Atmosphere

Fin = Fout
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Earth’s Energy Balance—No Atmosphere

Fin = Fout
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Earth’s Energy Balance—No Atmosphere

( ) 4

1

4

1







 −
=



AS
T o

E

Fin = Fout
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