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Blackbody radiation 

CONTENTS:

• Stefan-Boltzmann law

• Wien’s energy distribution

• Raleigh-Jeans energy distribution

• Planck’s radiation law

• Wien’s displacement law



Blackbody Radiation

• An example of a blackbody is a cavity with a small hole on the surface.

• Any radiation incident upon the hole enters the cavity and undergoes several 
reflections off the walls of the cavity. 

Trapped 

• The hole -------->>>>       a perfect absorber of radiation

• When the hole is heated uniformly,     ------->>>>>    radiation escape outside.

The hole now acts as an emitter of thermal radiation

• Blackbody radiation is characterized by energy density u(ν,T ),
u(ν,T ) depends only on temperature (T) of the object

Independent of shape and chemical composition of the objects.



Blackbody Radiation

• The thermal radiation emitted by glowing solid objects consists of a continuous distribution of frequencies

• The peak of the radiation spectrum occurs at a frequency that is proportional to the temperature.

• This is the underlying reason behind the change in color of a heated object as its temperature increases,
notably from red to yellow to white.



• The total intensity ( the total power per unit surface area) radiated by a glowing object of temperature T is given by

Intensity = 
𝑃𝑜𝑤𝑒𝑟

𝐴𝑟𝑒𝑎
= 𝑎σT4

Stefan–Boltzmann law(1879)
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Wien extended Stefan–Boltzmann law to obtain the energy density per unit frequency

𝑢 𝜈, 𝑇 = 𝐴𝜐3𝑒−𝛽𝜐/𝑇

where A and β are empirically defined parameters 

Wien’s formula fits the high-frequency,   but it fails badly at low frequencies

Wien’s energy density distribution (1894):



• The radiation inside the cavity  to consist of standing waves, with nodes at the metallic surfaces.

• These standing waves, are equivalent to harmonic oscillators

• The number of modes (standing waves) of the radiation in the frequency interval υ to υ + dυ

𝑁 𝜐 =
8𝜋𝜐2

𝑐3

According to the equipartition theorem of classical thermodynamics,

• This law is valid for low frequencies, but failed at frequencies

Rayleigh’s energy density distribution (1900)



• Planck considered that the energy exchange between radiation and matter must be discrete

• He postulated that the energy of the radiation emitted by the oscillating charges must come

only in integer multiples of hυ

Planck’s energy density distribution (1900)





Note 1: At low frequencies (ℎυ ≪ 𝑘𝑇)                                        Note 2: At high frequencies (ℎυ ≫ 𝑘𝑇)

If we integrate Planck’s distribution 

over the whole spectrum  







The maximum of the Planck energy density u(υ,T) occurs for a wavelength of the form

𝜆𝑚𝑎𝑥 =
𝑏

𝑇
=
2898.9 × 10

− 6 m.K

𝑇

where T is the temperature 

Q1: a) Estimate the surface temperature of a star if

the radiation it emits has a maximum intensity 

at a wavelength of 446 nm. 

b) What is the intensity radiated by the star?

Wien’s displacement law
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