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Curricula
2 x 4h Lectures

Conduction
Convection 
Radiation
Coupled heat transfer

2 x 4h Tutorials and project
Model your own SmartHome
Simulate and discuss

1 x 2h Defend your project

1 x 2h Written exam

Prerequisites
Calculus
Linear algebra
Thermodynamics
Heat and mass transfer

Lecture 3: RadiationLecture 3: Radiation

Radiation
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• Solid angle

• Viewed surface
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Function of wavelength
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“hemispheric”

Function of direction
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• Emission

– total

– spectral

Emissive 
power

Intensity Luminance
of the viewed surface 
in a direction 
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• Relation emissive power - illuminance
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• Relation between physical quantities: 
de Bouguer
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• Plank law
1. emissive power as a function of temperature and 

wavelength

• Wien laws
2.   maximum of spectral emissive power
3.   maximum as a function of temperature

• Stefan – Boltzmann law
4. emissive power as a function of temperature

• Kirchhoff law
5.   relation absorption - emission

Emissive power of black body

total

spectral

Gray body

Radiation

Radiation laws
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Radiation lawsRadiation laws
Black body : 
• absorbs all incident radiation (regardless of wavelength or 

direction)
• emits the maximum energy for a given temperature and 

wavelength
• is a diffuse emitter (but in function of temperature and 

wavelength) according to Lambert law

Black body is:
• reference for real bodies : “yardstick” for radiation
• perfect “source” and “absorber”
• characterized by hemispheric physical quantities (no ted °)

π
λ

λ

0
0 M

L =
π

0
0 M

L =

Radiation
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• Plank law
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Lieu des maxima 

Spectre visible 0.4 - 0.8µm 

• Plank law

1. Emissive power 
varies with wavelength.

2. Emissive power 
increases with the 
temperature of the 
source for every 
wavelength.

3. Visible spectrum 
contains a large 
majority of solar 
radiation.

4. Effective emission band depends on source temper ature : 
higher the temperature, higher the frequency radiation (Wien laws, 
separation SW / LW). 

Radiation

Radiation laws
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• Wien laws 

1. λ for maximum spectral power emission

2. maximum spectral power emission

• Stefan – Boltzmann law
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T=20°C 

T=5800°C 

Effective emission band
• Fraction of total emission in a band

• Effective spectral band

• solar emission: 50% visible, 40% IR, 8% UV*

• SW and LW 
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Emissive power of black body

Temperature Emissive power Max. 
wavelength 

Spectral band 

Absolue, T  Celsius, θ  0M  Mλ  MM λλ 55.0 −  
[K]  C][°  ]W/cm[ 2  ]m[µ  ]m[µ  

300 27 0.05 9.6 4.8 - 41 
500 227 0.36 5.7 3.0 - 25 
750 477 1.80 3.8 2.0 - 16 

1000 727 5.70 2.9 1.5 - 12 
1200 927 11.82 2.4 1.2 - 11 
1500 1227 28.90 1.9 1.0 – 8 
2000 1727 91.00 1.4 0.7 - 6 
3000 2727 462.00 0.96 0.5 - 4 
5790 5517 6383.6 0.50 0.25 – 2.5 
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Emission from real surfaces: comparison with a 

black body for the same temperature and 
wavelength = emissivity
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• Emissivity
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• Emissivity: particular cases

– Gray body
– Diffuse (isotropic) emission
– Gray and diffuse

  ; , εεεε λλ →→ OxOx

    ;, εεεε λλ →→ OxOx

Example of emissivity

 , εε λ →Ox

Radiation

Radiation laws
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• Radiation reception

absorbed ; Ea αϕ =

ed transmitt; Et τϕ =

reflected ; Er ρϕ =

nirradiatio E

1=++ ρτα
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• Kirchhoff law: relation emissivity and absorptivity
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• Kirchhoff law

– diffuse emission
– in general

– exceptions
• gray bodies
• black body
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• Practical consequences: radiative heating
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Radiation in different spectral bands 956.055.0 =− λλF
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• Practical consequences: radiative heating

for every surface, ε corresponding to a spectral band
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• Practical consequences: radiative heating

2440
1000  W/m107.6)1273(43.0 ⋅=== ° σε MP Ca

2240
20  W/m1076.3)293(9.0 ⋅=== ° σε MP Ce

Temperature 

• source of radiation

• own

1000 C

20 C

heating isbody     ⇒> ea PP

aP
eP

Radiation

Radiation laws
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• Practical consequences: greenhouse effect
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• Practical consequences: greenhouse effect

Balance on black absorber 4
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• Practical consequences: greenhouse effect

C 187 K 460
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Radiative properties of glass 
 Spectral band 

 
Temperature α  ρ  τ  

1 µm 5.225.0 ≤≤ λ  5780 K ( µm 5.0=λ ) 0 0.05 0.95 
2 µm 303 ≤≤ λ  450 K ( µm 1.6=λ ) 0.65 0.30 0.05 
3 µm 505 ≤≤ λ  300 K ( µm 8.9=λ ) 1.00 0 0 
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• Practical consequences: greenhouse effect
Propriétés radiatives du verre 
 Bande 

spectrale 
Température de 
rayonnement 

α  ρ  τ  

1 µm 5.225.0 ≤≤ λ  5780 K ( µm 5.0=λ ) 0 0.05 0.95 
2 µm 505 ≤≤ λ  300 K ( µm 8.9=λ ) 1.00 0 0 
 

Radiation

Radiation laws
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