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Quantitative Description of Radiation‐from Textbook
The energy transferred by electromagnetic radiation in a specific 
direction passing through a unit area (normal to the direction 
considered) per unit time at a specific
wavelength (or wave number) is called monochromatic intensity 
( or spectral intensity or monochromatic radiance) and is 
denoted by the symbol Iλ (or Iv).

Monochromatic intensity is expressed in units of watts per 
square meter per unit arc of solid angle, per unit wavelength in 
the electromagnetic spectrum.



The integral of the monochromatic intensity over some finite 

range of the electromagnetic spectrum is called the intensity 

(or radiance) I, which has units of W m‐2 sr – 1

In Table, it is given as L.



Fig. 4 .2 The curve represents a hypothetical spectrum of monochromatic 
intensity Iλ as a function of wavelength λ.  

The intensity is the area under some finite segment of the  spectrum of 
monochromatic intensity (i.e., the plot of Iλ. as a function of λ).



Given as handout



Given as handout



The monochroniatic flux density 
(or monochromatic irradiance) Fλ is a measure of 
the rate of energy transfer per unit area by 
radiation with a given wavelength through a plane 
surface with a specified orientation in three‐
dimensional space

(in Table it is  M or E)



The limit on the bottom of the integral operator indicates 
that the integration extends over the entire hemisphere 
of solid angles lying above the plane, dω represents an 
elemental arc of solid angle, and θ is the angle between 
the incident radiation and the direction normal to dA. The 
factor cos ϑ represents the spreading and resulting 
dilution of radiation with a slanted orientation relative to 
the surface. Monochromatic flux density Fλ. has units of 
W m‐ 2 μm ‐ 1. 



Properties of objects: Blackbody
• The blackbody concept serves as a useful standard for comparing 
the radiative properties of real surfaces with an ideal surface.

• A real surface will partly reflect and partly absorb incident 
radiation.  It can also partly transmit the incident radiation, 
namely:

• 1=  +  + 
•  is the monochromatic absorption, namely, the ratio of  energy 
absorbed to incident energy

•  is the monochromatic reflectance, namely, the ratio  of 
energy reflected to incident

•  is the monochromatic transmittance, namely, the ratio of 
energy transmitted to incident.
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Radiation Laws
The average or bulk properties of electromagnetic radiation 
interacting with matter can be summarized in a simple set of 
rules called radiation laws. 
These laws apply when the radiating body is what physicists 
call a blackbody radiator. Generally, blackbody conditions 
apply when the radiator has very weak interaction with the 
surrounding environment and can be considered to be in a 
state of equilibrium.  
All objects with a temperature above  absolute zero emit 
radiation
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Planck Radiation Law

The primary law governing blackbody radiation is the 
Planck Radiation Law, which governs the intensity of 
radiation emitted by unit surface area into a fixed 
direction (solid angle) from the blackbody as a function 
of wavelength for a fixed temperature. 
The law is named after Max Planck, who originally 
proposed it in 1900. Namely, Planck's law describes the 
amount of electromagnetic energy with a certain 
wavelength radiated by a black body in thermal 
equilibrium (i.e. the spectral radiance of a black body). 
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The Planck Law can be expressed through the 
following equation: 



14

Planck's law expressed in terms of different spectral variables



The Wien and Stefan‐Boltzmann Laws
The behavior of blackbody radiation is described by the Planck Law, but we 

can derive from the Planck Law two other radiation laws that are very 

useful. 

• The Wien Displacement Law, and the 

• Stefan‐Boltzmann Law

to be illustrated in the following equations. 
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The Wien displacement law
• Temperature of the emitting body affects the wavelength of 

the maximal radiant energy emitted. 

• German physicist Wilhelm Wien won the 1911 Nobel Prize in 

physics for this discovery. Wien’s Law can be summarized as, 

the hotter an object, the shorter the wavelength of maximum 

emission of radiation.

• Wavelength (µm) of max  energy= 2900/object temp (K)

λmax=2900/T 16



Wien’s Law

λmax=2900/T
17



 Stefan‐Boltzmann Law  states that the amount of energy per 
square meter per second that is emitted by an object is related 
to the fourth  power of its Kelvin temperature: E~T4

 Therefore, a warmer object emits significantly more radiation 
than a cooler object‐ the Sun emits  more energy than the 
Earth.  

Note: Sir William Herschel discovered the infrared portion of the 
spectrum when he placed thermometers above the red portion 
of a projected spectrum.

Stefan-Boltzman Law
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Implications of the Stefan-Boltzmann Law:
Since the temperature of the sun is much higher than the 

temperature of the Earth, the amount of energy emitted from the 
Earth is much less when compared to that from the sun.
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•

The earth  emits radiation called terrestrial or long wave radiation 
which is less energetic than solar radiation and therefore 
characterized by longer wavelengths (similar message as 

previous slide)
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The Wien Law gives the wavelength of the peak of the 
radiation distribution, while the
Stefan-Boltzmann Law gives the total energy being 
emitted at all wavelengths by the blackbody (which is the 
area under the Planck Law curve). Thus, the Wien Law
explains the shift of the peak to shorter wavelengths as 
the temperature increases, 
while the Stefan-Boltzmann Law explains the growth in 
the height of the curve as the
temperature increases. 



a) The Planck function, or blackbody radiation curve; (b) 
Wien’s law; (c) the Stefan–Boltzmann law
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SIMPLE GLOBAL RADIATIVE EQUILIBRIUM MODEL

Can evaluate the global 
radiative equilibrium 
temperature from the 
balance of the incoming 
solar flux and outgoing 
thermal infrared flux:

R = Global Albedo  
S =Solar Constant
a      = Radius of the Earth
T      = Temperature
σ= Stephan‐Boltzman

Constant

Over a long period of 
time  the energy 
absorbed and 
emitted  balance 
each other so that 
equilibrium 
temperature is 
maintained.  
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Stefan‐Boltzmann Law  states that  total 
energy per square meter per second that is 
emitted by an object is related to the fourth 
power of its Kelvin temperature: E=σT4

From earth emitted:
E=σT4 x area of earth= E=σT4 x 4πr2

We can derive the equilibrium temperature TE
of Earth by requiring a balance between 
incoming solar (SW) and outgoing longwave  
(LW) radiation.
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Relationship between incoming solar 
radiation and outgoing thermal infrared 

radiation for a spherical object.



The SW is given by the area of the shadow of 
the object (i.e., its cross‐sectional area) times 
the solar flux: 

πR2 S0
Part of the incoming SW is reflected back. If 
the albedo (capacity to reflect) is A:
Reflected part is: πR2 S0 xA
We subtract what comes down and what goes 
back:

πR2 S0‐πR2 S0xA=πR2 S0(1‐A)
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The second is given by the Stefan-
Boltzmann relationship times the surface 
area: 

σT4 x 4πr2

4πR2σT4 = πR2 S0(1-A)
Solve for T:

Average Temperature of Earth -180 C

Setting the two fluxes equal to each other:



Assumptions for formulating a simple radiation balance climate 
model: SW and LW fluxes balance each other
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Basic Climate Model

This model yields an average earth temperature 
of -180 C ;    Actual value is 150 C. 29



The reason that the actual average Earth temperature is 
about 150 C is due to the  role of  Atmospheric 

Greenhouse Gases
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Properties of the atmosphere
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Transformation of radiation that reaches the earth, the Red line 
indicates radiation that reaches the outer atmosphere, whereas 
the painted red area is the radiation as it reaches the surface, 

Aerosols can lower this even more.
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Absorption of 100% - no radiation penetrates the atmosphere. 
The large absorption beyond 13 μm is caused by CO2 and 

H2O. Both gases also absorb solar radiation in the near 
infrared (wavelengths between about 0.7 and 5 μm). The 

absorption at 9.6 μm is caused by ozone.
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Re-emission of Infrared Radiation
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“The Greenhouse Effect”

Te=[(1-r)S/4σ]1/4;   Actual value of Te is 150 C. 35



What drives climate to change? - “radiative 
forcing”: A small change in the energy 

balance of the earth can change surface 
temperatures, winds, precipitation patterns =>

its climate
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