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We want to find the  multiplicity of a two - state paramagnet of  1023  dipoles when half of the
dipoles are pointing up and half pointing down.  If we call the total number of dipoles N, then we
know that:

W =  N
N  2

 = N!

N  2! N  2!

We write the factorials using Stirling' s approximation :

W =
NN e-N 2 pN

N  2N2 e-N2 2 p N  2 2
=

NN e-N 2 pN

N  2N e-N pN = 2N
2

pN

For such a large value of N, we can ignore the square root term since it is merely a large number,
and regard the maximum multiplicity of this system as 2N .  We could have also reached this result
by using Stirling’s approximation in the form:

ln N! = N ln N - N

Using this version, our multiplicity becomes :

W =  N
N  2

 = N!

N  2! N  2! fl lnW = ln N! - 2 ln N  2! =
N ln N - N - 2 N  2 ln N  2 - N  2 = N ln N - N ln N  2 = N ln 2

Thus, if ln W = N ln 2, then  W = 2N

If the system changes 109 per second, there will be a total of  109/s * 1010yr * p 107s/yr º p 1026

changes during the lifetime of the universe; this is approximately 288 changes in the lifetime of the

universe, clearly not remotely close to the total number of microstates of 21023
.


