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2.1) ENTROPY AND TEMPERATURE

(a) o =1log g =1log C + (3N/2)log U.
(80/3U)y = 1/t = (3N/2)(1/U), hence U = 3Nt/2.

(b) (9%0/9U%)N = (3N/2)(-1/U%) < 0.

£2.2) FARAMAGNETISM

States with spin excegg 22 have the energy U = =-2smB,
hence s = =U/2mB. Insertion into (40) yields (41). From
(41) obtain {BGKBU}N B = 1/t = - UfszzN. Solve for U:
U= <u> = = m?BEHfI = ME. Hence M/Nm = mB/t.

2.3) QUANTUM HARMONIC OSCILLATOR

(a) From (1.55):

a log g = log(N+n=1})! - log n! - log(N-1)}!

lH

log(H+n})! - log n! - log N!

Replacing N-1 by N is eguivalent to neglecting a term
-log[ (N+n)/N], which for large N is small compared to the
factorial terms. With the Stirling approximation:

=]
i

{N+n) log{N+n) - n logn - N loeg N
(N+n) log[(N+n)/N] - n log(n/N)
N[ (1+n/N) log(l+n/N) - (n/N) log(n/N)].

(b} Set n = U/fw and Nhw = UG{HI:

o(U,N} = N[(1+U/U,) log(1+U/U,) - (U/U,) log(U/U,)].



With the abbreviation x = U{Uﬂ:

1/t (30/3U)y = (1/Uy)(30/8%)y = (N/Uy)[log(l+x)-log x]

{(1,/Hw) lag{1+UﬂfU}+

Solving for U/N yields U/N = MHw/[exp(Hw/t) - 1].

Alternate method: For large n:

d{log n!)/dn = log n! - log(n-1)! = log n.
With this,

1/t

[lme}tﬂﬂan}N = (1/Hw)[log(N+n) - log n]
(1/Fw) log(l+N/n),

which is the equivalent to the result above.

2.4) THE MEANING OF NEVER

(a) The probability a correct key will be struck is 1/44.

5

The probability a seguence of 10~ keys will be correct is

100,000 -164,345

(1/44) = 10

(b) On a single typewriter the number of keys that can be
struck in lﬂlas at 10 keys/s is 1019.

may start with any of these except the last 105-1. Thus
19 5 19

The Hamlet sequence

there are 10 - 107 + 1 = 10 possible starts. The
probability of a correct Hamlet sequence on one typewriter
is

lalﬁxlo-154.345 - 10~164,326
For lﬂlﬂ monkeys:

10 -164,326

10 %10 = 107164.316



