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Blackbody radiation

According to thermodynamics, a black body is an object that absorbs light (electromag-
netic radiation) of all frequencies and also radiates light of all frequencies when it is kept at
a given temperature. The distribution of density of radiated energy for various frequency
of light was still an unsolved problem at the end of nineteenth century. The distribution of
energy density (£) over frequency v, as measured in experiments is given by the plot below.
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Figure 1: Plot of energy density £ against frequency v

This was obtained by measuring the energy density of the radiation emerging from spherical
cavity of the type shown below. The energy density of the radiation emerging out of the
small opening in the cavity is measured for various frequencies to obtain the plot shown
above.

Figure 2: A spherical cavity with a tiny opening can act as a black body (source : web.mit.cdu)

At the time when this result of experiment was available, it was thought that light of a given
frequency was an electromagnetic wave. If that were the case, the electromagnetic waves
inside the cavity would have formed standing wave patterns inside the spherical cavity.
Using this idea, Rayleigh and Jeans tried to give an explanation for the d€ vs. v plot of the
experiment data shown in fig (1) above. They got the expression for the number of standing
waves per unit volume (ie., the density of standing wave) in a frequency range between v
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Each standing wave in the above cavity can be thought of as a simple harmonic oscillator.
From kinetic theory, we know that the average thermodynamic internal energy of an oscil-
lating particle at absolute temperature 7' (in Kelvins) is kgT'. Half of this quantity is its
average kinetic energy and the other half is the average potential energy. By multiplying the
density of standing waves with the energy of each standing wave we get the energy density
out to be
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If we plot this d€ as a function of frequency v we get the monotonically increasing curve in
fig (1). By comparing the plots in fig(1), it is clear that the Rayleigh-Jeans expression fails
to explain the experimentally obtained plot of energy density. However it is worthy to note
that at low values of frequency the plots coincide.

€ = dv (2)
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Standing wave withm=8 Volume of the spherical shell gives the number of wavevectors

with magnitude between (n,n+dn)

Figure 3:




Using the statistical distribution due to Boltzmann, known at the time, and making an
assumption that the energy of an electromagnetic wave of frequency v is

E = nhv (4)
(where h is a constant and n = 0,1,2,... any non-negative integer) Max Planck arrived at
an expression for the energy density
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The value of the Planck’s constant h that correctly reproduced the experimental curve was
h = 6.626 x 1073* Joules sec. The plot of the distribution in eqn(4). above matched with
the experimental plot in fig(1). For low values of frequency Planck’s distribution reduces
the the Rayleigh-Jeans distribution which agrees with the observation made earlier that
Rayleigh-Jeans distribution coincides with experimental curve for low frequencies.

At that time, there was no experimental justification known for the assumption £ = nhv
made in the derivation. It seemed to indicate that the energy of an electromagnetic wave of
frequency v has to be in quanta (multiples) of a basic unit hv.



