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Ref: [1] Cengel et al. Chapter 12

…. … (4.1)

࢈ ૝ …. … (4.2)

ࣅ࢈ ૚
૞ ૛ …. … (4.3)

Wien’s Displacement Law: …. … (4.5)

Planck’s Law:

Stefan-Boltzmann Law:

Photon Energy:

Kirchhoff’s Law to be added today

4.4 Radiation: Fundamentals
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 SEP of Blackbody, Ebλ

Fig. 4.4.6b ࣅ࢈
ࣅ૙ି,࢈ ࣅ࢈

ࣅ
૙

…. … (4.6)

 We are often interested in the amount of
radiation emitted over some wavelength
band.

 The radiation energy emitted by a blackbody 
per unit area over a wavelength band from 

is determined from

 Blackbody radiation function ఒ is used for convenience, which is
defined by:

ࣅ ࣅ૙ି,࢈
࢈

ࣅࣅ࢈
૙ ૝
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Ref: [1] Cengel et al. Chapter 12

 Blackbody radiation function ࣅ

Fig. 4.6c ࣅ࢈
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EP#4.1 (Cengel et. al. Example 12-7)
Charged-coupled device (CCD) image sensors, that are common in modern digital
cameras, respond differently to light sources with different spectral distributions. Daylight
and incandescent light are emitted, respectively, from the sun and lightbulb having effective
surface temperatures of 5800 K and 2800 K. If these light sources are approximated as
blackbodies, determine the fraction of radiation emitted within visible spectrum. Also find
calculate the wavelength of maximum radiation emitted from the bulb.
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 Radiation Components

Ref: [1] Cengel et al. Chapter 12

T

GtrTransmitted Radiation

GabsAbsorbed Radiation

E: Emitted Radiation

Irradiation Incident radiation, G
Radiosity Radiation leaving any surface, J = E + Gref

࢙࢈ࢇ ࢌࢋ࢘ ࢚࢘ …. … (6.7)

Fig. 4.4.7 Components of Radiation  
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ࣅ ࣅ
ࣅ࢈

Spectral hemispherical emissivity

ࣅ࢈

Total hemispherical emissivity
…. … (4.8a)

…. … (4.8c)ࣅஶ
૙ ૝

ࣅ ஶࣅ࢈
૙ ૝

…. … (4.8b)
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 Grey Surface and Real Surface

Fig. 4.4.8b  Spectral emissive powerFig. 4.4.8a  Spectral Emissivity

4.4 Radiation: Fundamentals
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 Radiative Properties

Surface Energy Balance: 

Absorbed radiation
Incident radiation

absG
G  

Reflected radiation
Incident radiation

refG
G  

Transmitted radiation
Incident radiation

trG
G  

Absorptivity:

Reflectivity:

Transmissivity:

…. … (6.9)

For opaque solids and liquids:
For blackbody:

Fig. 6.9 Radiation properties

4.4 Radiation: Fundamentals
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 Radiative Properties: Kirchhoff’s Law

࢈ ૝

It is very tempting to use Kirchhoff’s law in radiation analysis since the relation 
together with enables us to determine all three properties of an 

opaque surface from a knowledge of only one property.

This is called Kirchhoff’s Law Fig. 4.4.10 Small body contained 
in a large isothermal enclosure

Radiation incident on 
any part of the small 
body at temperature T

= Radiation emitted by 
the large surface of the 
isothermal enclosure

࢙࢈ࢇ ࢚࢏࢓ࢋ
૝

From surface energy balance of small body, 

…. … (4.10)
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Energy Balance of a surface exposed to 
solar and atmospheric radiation:

Fig. 4.4.11 Radiation interaction of 
a surface exposed to solar and 
atmospheric radiation

Albedo

௡௘௧,௥௔ௗ ௔௕௦௢௥௕௘ௗ ௘௠௜௧௧௘ௗ

…. … (4.11)

௡௘௧,௥௔ௗ ௦௢௟௔௥,௔௕௦ ௦௞௬,௔௕௦ ௘௠௜௧௧௘ௗ
௦ ௦௢௟௔௥ ௦௞௬ ௦ସ
௦ ௦௢௟௔௥ ௦௞௬ସ ௦ସ)
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Fig. 4.4.11 Radiation interaction of 
a surface exposed to solar and 
atmospheric radiation

Albedo

௡௘௧,௥௔ௗ ௦ ௦௢௟௔௥ ௦௞௬ସ ௦ସ)
…. … (4.11)
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 Temperature of the surfaces
 Surface radiative property, ε (emissivity)
 How well the surfaces can see each other

Radiation heat transfer between surfaces depends 
on the following:

View Factor / Configuration Factor / Shape Factor

4.4 Radiation: Fundamentals


