
Fundamentals of radiation
Ranjan Ganguly



Why consider radiation?

• Radiation is present in all heat transfer cases, but we neglected 
them so far if
• The temperature differences were low

• The intervening medium is opaque to thermal radiation – e.g., heat exchange 
between two plates separated by water (low transmissivity)

• If the conduction and convection components were very high as compared to 
radiation (e.g., heat transfer in a high thermal conductivity medium)

• Radiation plays significant role for the following cases:
• Heat transfer in vacuum or near vacuum (e.g., in space)

• Heat transfer involving large temperature difference (e.g., from a flame)

• Free convection 

• Applications where radiation property is utilized (e.g., in an IR Camera)



• Thermal radiation is only a small part of the entire electromagnetic 
radiation spectrum 
• For 0.1 – 100 µm wavelength
• Solar radiation spans from 0.3 – 3 µm wavelength
• Travels at the speed of light, i.e., 299,792,458 m/s (in vacuum)

• The electrons, atoms, and molecules of all solids, liquids, and gases 
above 0 K are constantly in motion
• Radiation is constantly emitted, as well as being absorbed or transmitted 

throughout the entire volume of matter. Hence radiation is a Volumetric 
phenomenon.

• For opaque (nontransparent) solids such as metals, wood, and rocks, 
radiation is considered to be a surface phenomenon
• Radiation characteristics can be changed by even a thin layer of coating on surfaces

Electromagnetic radiation

Volumetric radiation Surface radiation



Planck’s law of emissive power from a blackbody 

Total Blackbody Emissive Power

Spectral Blackbody Emissive Power (Power emitted at a , per unit wavelength band)

(Stefan Boltzmann Constant)

Blackbody surface:  (a) Ain ideal emitting surface that emits the largest radiation energy for a given temperature
(b) Ain ideal absorbing surface that absorbs all radiation energy incident on it
(c) Radiation emitted by a blackbody is a function of ,T. It is independent of direction. 

(h= Plank’s constant, k=Boltzmann constant)

[Spectral density of electromagnetic 

radiation, December 1900]

h =6.62607004 × 10-34 m2 kg / s

k= 1.38065 × 10-23 J/K (=Ru /NAV)



Spectral blackbody emission

• Energy (W/m2) emitted varies with wavelength and 
temperature

• Max. point occurs where λT = 2897.8 μm·K (Wien’s 
displacement law) (see next slide for derivation)

• T increase shifts peak to lower λ

Wien’s displacement law



Assignment: Derive Wein’s displacement law from Planck’s formula
Differentiating Planck’s formula,



Salient observation:



Blackbody radiation function

Fraction of the radiation emitted from a blackbody at 
temperature T in the wavelength band from  = 0 to 

So f may be expressed as a function of T



Example 1

Visible range: 

From the Blackbody radiation function table : 

Therefore, the fraction of radiation in [0.4<<0.76]: 

For max power: 



Radiation properties: Absorptivity, reflectivity and transmissivity

For opaque bodies



Radiosity (J)

• Rate at which radiation energy leaves a unit area of a 
surface in all direction

J = G + Eb

• For diffuse emitter and diffuse reflectors, the reflectivity 
and emissivity do not depend on the orientation 

• But, actual surfaces may have directional and spectral 
properties also



Radiation properties: Emissivity

Spectral Directional Emissivity: 

Total Directional Emissivity: 

Spectral  Hemispherical Emissivity: 

[Emissivity in a particular (,) at a given ]

[Emissivity in a particular (,) integrated over all ]

[Emissivity in a particular  integrated over all direction]

Total Hemispherical Emissivity: 



Spectral variation of ()

Blackbody Radiation Function:
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Blackbody Radiation fraction between two wavelengths:



Spectral and Temperature  
variation of emissivity

Spectral normal emissivity  0, , ,T    

 =0



Blackbody vs gray surface

A surface is said to be diffuse if its properties are independent of direction, and gray if its 
properties are independent of wavelength.
The gray and diffuse approximations are often utilized in radiation calculations.



Example 3 in the Figure



Directional and Spectral dependence of reflectivity

• Directional reflectivity

Specular (mirror) Diffuse

Actual or irregular

• Spectral reflectivity



AISI 304 Stainless Steel*

For = 10.5 m

For T = 298 K

Spectral and temperature dependence of Absorptivity

AISI 304 Stainless Steel*

*Source: Boyden and Zhang, J. Thermophysics and Heat Transfer, 20 (2006) 1—15.



Transmissivity
Spectral transmissivity of different glasses for SPV Cells 

Source: Miller et al.,  Optical Engineering, 50(1), 013003 (2011). doi:10.1117/1.3530092

https://www.spiedigitallibrary.org/journals/optical-engineering/volume-50/issue-1




Optically opaque does not mean thermally opaque

The hand inside the nearly opaque (to visible wavelength) 
plastic bag is clearly visible in  an IR Camera

Liquid level in oil tanks can be measured from 
outside using IR imaging (metal temperature in 
contact with the oil being different) *Source: Flir website (https://www.flir.in/discover)

Glass window

The digital camera sees through the glass the trees outside, while the 
thermal camera sees the reflected heat of the photographer

Thermal Image Digital Image



Kirchoff’s Law of Radiation

• Radiation incident on the small body (from the 
blackbody enclosure):

• Radiation absorbed by the small body:

• Radiation emitted by the small body:

• Thermal equilibrium of the small body:

Total hemispherical emissivity = Total hemispherical absorptivity

The same also applies for a specific wavelength: 

• A small real object (having  and ) of area As in a large enclosure
• Both the object and enclosure are at the same temperature T 



A few practical examples of Kirchoff’s Law

• Good absorbers are good emitters also, and vice versa.
• Black object with rough surface absorbs more, they will emit also more

• Highly absorbing surfaces get heated more in day-time and at night they 
radiate more at night 

• When a shiny metal ball having some black spots on its surface is 
heated to a high temperature, and viewed in dark, these spots glow 
brighter (emitting more). The absorptivity of the black spots were 
more, and so is their emissivity.

• When a green glass is heated to a very high temperature, it emits light 
that is richer in red. 


