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A mass m of ice at temper‘ature T, is added to an equal mass of
water at T, and the mixture is allowed to reach equilibrium. Prove that
the change in entropy of the universe is

T, L T3
I i w 3
mlc,In—+—=+c¢ ln( )]
[ P Ty TP T.T,
where ¢}, and c:V are the heat capacities of ice and water respectively

(assumed constant), L is the latent heat of fusion of ice at 273 K, T; is the
melting point of ice and T3 is defined by

2¢, Ts=Ti(cy —ch)+Tacy +Tich—L.

What is the significance of T3 in this result?

Two streams of incompressible fluids have initial temperatures T;,
mass flow rates m; and constant specific heat capacities c;. Show that the
maximum power that could be obtained by operating a heat engine
between the streams is

an Tl + a2T2 - (a1 + az) T?l/(al+az)T;2/(al+az)

where
a; =m;;.
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In a four-stroke internal combustion engine, the fuel and air mixture
is drawn into the cylinder at a temperature T; and compressed adiabati-
cally to its burning temperature T,. It then burns and expands at such
a rate that the temperature is steady during the working stroke. At the
end of the working stroke, the exhaust valve opens and the burnt gas
is swept out. Assuming that throughout the cycle the mixture behaves
like a constant mass of perfect gas, show that the efficiency cannot be
greater than that of the corresponding three-sided reversible cycle, and
prove that the latter is given by

_ 1-TJT
T T (To/ Ty

Show that the efficiencies of the three Carnot engines,
operating between the three reservoirs as illustrated in Fig. D.2 are
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Figure D.2

related as

N3=™ny+Hy—1N112
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5.

A gas cools from a temperature T to the temperature T, of the
surroundings. There is no change between the initial and final
volumes, AV =0, but the volume may vary during the process and
so the gas may perform work. This is indicated in Fig. D.7. Show
that the maximum amount of work obtainable from the gas is

Wmax = CV(T_ To) + CV TO ln To/T
P N
N
N
\\ N Area denotes work
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Figure D.7
6.

Thermal radiation is enclosed in a cavity of volume V. Show
that the entropy associated with this radiation is

S 166 T3V
3c

+ a constant

Hence, or otherwise, show that if the radiation field is expanded
isentropically,

PV#3 = a constant

where P is the radiation pressure and the other symbols have their
usual meanings. This result is important in astrophysics. (Hint: Use
dS=(dU+ PdV)/T)



