Chapter 5
Entropy & the Boltzmann Law

1. Calculating the entropy of dipoles in a field.
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(a) Since the field causes more positively charged heads to point north and fewer south, the
field is negative at the north pole and positive at the south pole.

(b) The entropy is
4
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(c) In the presence of the applied field,
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so S = 1.228k.

(d) The entropy is reduced by the applied field, so the system is more ordered.

2. Comparing the entropy of peaked and flat distributions.

(a) S/k=—=>p(i)lnp(i) = —1ln1 = 0.
(b) S/k=—p(i)Inp(i) = =5(0.2In0.2) = In5 = 1.609.
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6. The maximum entropy distribution is Gaussian when the second moment is
given.

Maximize the entropy subject to two constraints,
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Now Equation (5.15) of the text becomes
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Dividing both sides of Equation (1) by
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which is a Gaussian function of i.

7. Maximum entropy for a three-sided die.
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= B-—a)*+2—a)z+(1—a)=0.
Use the quadratic equation
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(c) a=1.5:%=0.62, %:0.27, %:0.11.
(d) a:2.5:%:0.117 %:0.27, %:0.62.

8. Maximum entropy in Las Vegas.

We have three possible payoffs: f; = —1 (we don’t win anything and so have lost $1), fo =0
(we win $1 for a net profit of zero), and f3 =4 (we win $5 for a net profit of $4). If each of
these possible outcomes has associated with it a probability p;, then the expected net profit



