PHYS 461: Review problems

1 According to the Maxwell relation

(2:),= (ar).

for a van der Waals gas, we have
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During a quasistatic isothermal expansion, the
transfers of heat AQ) and work AW are given by
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From the above results, it follows that the total

energy transfer is

AU=AQ+AW =2 - 2
U; Uf
Since v; < v¢, AU > 0, which means that the

system receives energy.




2 One box, say box A, will be found empty when
the other one, say B, will contain exactly r cookies
if, and only if, n — r selections of box B precede the
(n 4 1)th selection of box A.? The probability of
that event is
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Since either box A or B could be found empty first,
the expression of the probability p(n,r) is obtained
by multiplying by 2 the above expression. Hence,
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@ n 4+ 1 because we have first to select n times that box

to empty it, and one more time to discover that it is empty.




When, for the first time, we discover that the
selected box is empty, the other box contains

0,1,2,...,n cookies, therefore,
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r=0

which implies that
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3 If a system consists of N noninteracting
three-dimensional identical electric dipoles p;

(1 =1,2,...,N) in an external electric field E,
assuming that the electric field points in the Oz
direction, using spherical coordinates, its partition
function can be written

N
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where p = \/pi +p; +pz, £ =|[El, and
B=1/kT.
Using the change of variables © = cos 6

(du = —sin 6 df), to calculate the above integral,
we find
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and the expression of the Gibbs potential GG is,
therefore,

N inh BF
G(B,F) = 5 log (47‘(‘8 ng p) :

We verify that GG is proportional to N as it should
be.

The average value (P,) of the projection on the
direction of the electric field of the total electric
dipole moment is given by
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and the isothermal dielectric susceptibility by

- (40),
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Since, for all real non ero alues of , sinh? 2

the isothermal susceptibility is positi e in a reement
ith the ma imum entropy principle  oreo er,
hen the temperature oesto ero [ , the
isothermal susceptibility tends to ero in a reement
ith lanc s formulation of the third principle




