Average energy in each mode for light quanta Hzez00s

In statistical mechanics one learns that at temperature T, H
the probability P for a state to have energy E is: Ple kK, k=1.381 1072 %
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The energy of light quanta and Plank’s constant e

Number of modes in a frequency interval: dZ(v) =8m(+)’v*dv
eW)

Average energy density in that interval: u(v)dv = SC% V*° T dv

Wien's displacement law: U(V) /T only dependson 1 /T
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There is no longer an ultra-violet catastrophe

I%) hv 3 I%)

P ()

42 k4 h 42 k4 427Tk4
[Re(v)dv =T ;Thsj (_)1de|/ =T C’;hsjexp(x)ldx =T 2L
0

c
0

VYdv =T*c O h:i/ o
JR) 275K

Plank’s constant:  |h = 6.626[10°% Js
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Interpretation
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A electromagnetic wave with frequency v contains light quanta (photons) with the energy hv.
The energy of the wave determines the number of such photons that make up the wave.

For small v, the wave can have nearly all energies nhv and one obtains the classical limit
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