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E = nhv n=0,123,... il

The integer n is called the quantum number of the oscillator.

With this quantization condition, Planck calculated the average energy of
oscillator as follows. From statistical mechanics, it is known that, at thermal egy
librium, the probability that an oscillator (or any other system) be found in a st
of energy E is proportional to the exponential factor € Z*T_ This exponential fact
is called the Boltzmann factor (we will discuss the Boltzmann factor in mo
detail in Chapter 8). For an oscillator of energy E = nhv, the Boltzmann factor]
e"™*T and therefore the average energy of the oscillator is

E =Y nhv x (probability for nhv)

e-nhv/kT .
= 2""" X G whva 2 —n’hv/kT (1§

e
where the summation in the denominator is the constant of proportionality t
converts the Boltzmann factor into a probability, normalized to 1. For conveniend
we write x = €™, so

an
Zx

To evaluate this, we note that the infinite Zx is simply a geometric series. As|
well known, such a geometric series has the value

1

- X

for|x| < 1 "

S =
1
If we differentiate this equation with respect to x, we obtain

1

n-1 _
2t = Ty
and if we multiply by x, we obtain
.
L l
znx (1 _ x)2 (

Substituting (17) and (18), respectively, into the denominator and the numerator
Eq. (16), we find '

E XI//((II—X)) l—x l/xl—l = fv,
X X
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33. A photon of initial energy 24 X 10° eV is deflected
llision with a free electron, initially

I
E by 120°inaco
e stanona:y What energy does the electron acquire
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