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BBR defined
• Blackbody radiation is the EM radiation released 

by a ‘black’ object. It is assumed to be a perfect 
absorber of any incoming radiation.

• Blackbody radiation is found to be characteristic 
of a certain temperature - ie. if the body is at a 
certain temperature it releases a certain type of 
radiation.

• This idea is illustrated by heating steel to 
different temperatures - where it has 
characteristic colours.

http://en.wikipedia.org/wiki/File:Blackbody-colours-vertical.svg
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Colours of lava
http://upload.wikimedia.org/wikipedia/commons/8/82/Pahoehoe_toe.jpg
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It is generally found that BBR releases all parts of the 
EM spectrum, but that its peak changes depending on 
temperature. 

http://en.wikipedia.org/wiki/File:Black_body.svg
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A problem
• The existing theories of Physics predicted that 

the intensity would rise infinitely for lower 
wavelengths of light (higher frequencies).

• This disagreed with experimental results (and 
with the conservation of energy) but could not 
be explained theoretically. The problem was 
called the ‘ultraviolet catastrophe’.
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A solution
Max Planck proposed a new idea in 1900. He 
suggested the energy levels within a blackbody are 
quantised, and therefore the radiation it releases 
is also quantised. The energy levels are given by:

E = hf
Where (E) is the energy of each packet of EM 
radiation (later called a photon), (f) is the 
frequency of the radiation in Hz and (h) is Planck’s 
constant (6.63x10-34 Js).
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• This solved the problem because 
BBR could not have any energy 
level, but only certain quantities.

• Planck saw this as a ‘little fix’ to 
the current theories, but it began 
a new and significant branch of 
science - quantum physics.

• Planck also (later) said that atomic 
energy levels were quantised and 
that photons were only emitted as 
particles changed levels

http://en.wikipedia.org/wiki/File:Max_Planck_(1858-1947).jpg
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Questions
1. Calculate the photon energy of the following types 

of EM radiation:

• UV (f = 1018 Hz)

• Radio wave (λ = 1m)

• Red light (λ = 650nm)

2. Convert the above energies into electron volts 
(another unit of energy) where 1eV = 1.602x10-19 J 

3. Calculate the wavelength of cosmic rays if their 
photon energy is 1020 eV.

8



Planck and Einstein
• Planck said that the BBR released quantised EM 

radiation because of its structure and properties. He 
did not say that EM radiation had to be quantised 
nor introduce the concept of a photon.

• Einstein said that EM radiation was quantised and 
used this concept to successfully explain the 
photoelectric effect. 

• You can argue that both developed quantum physics 
(you just need to give evidence for your position)
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