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Thermodynamics

Section A
Answer ALL the questions from this Section

Give an expression for the differential of the internal energy, dU, for a simple
fluid incorporating the First and Second Laws of Thermodynamics. Using this
result, show that the internal energy of a simple fluid satisfies

oU OP
(W)T—T(a—T)V‘P'

Give all the steps in your derivation, indicating clearly where you may have
quoted results without proof.

Define the heat capacities at constant pressure and constant volume, Cp and
Cy. Give expressions for these quantities in terms of relevant derivatives of the
entropy. Explain qualitatively why you expect C'p > CY .

‘One mole of an ideal gas expands adiabatically and doubles its volume. The
entropy change of the gasis RIn2.” A student claims that this statement cannot
be true, reasoning that since no heat entered the system the entropy change had
to be zero. Explain carefully what is wrong with this student’s reasoning.

The Clausius-Clapeyron equation states that

dP AS

dT AV’
With the aid of a suitable sketch, explain carefully the context in which this
equation appears, and what it means.
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Thermodynamics

Section B
Answer TWO of the questions from this Section

5. A rubber band of unstretched length L, is put under tension f. It satisfies
Hooke’s law, i.e., its length L at constant temperature is related to the tension
by

L - LO - )\f s

where )\ is the spring constant. As the rubber band is stretched, its volume
remains constant.

(a) Show that the First Law of Thermodynamics for the rubber band now takes
the form
dU =TdS + fdL .

(b) Define the Helmholtz function for any thermodynamic system. Give an
expression for the differential of the Helmholtz function for the rubber
band. Hence prove the following Maxwell relation:

(or), = (@),

(c) Hence, by appealing to the appropriate rule for the manipulation of partial

derivatives, show that
<8L> \ (85 )
aT ; oL ).,

(d) Experimentally it is observed that a rubber band under constant tension
shrinks when it is heated. Explain briefly why this should lead us to con-
clude that the constituent molecules of the rubber band order when the
rubber band is being stretched.
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(a)

Thermodynamics

The Clausius statement of the Second Law of Thermodynamics states that
no cyclic process is possible whose sole effect is the transfer of heat from a
cold to a hot source. State the Kelvin statement of the Second Law.

By considering a suitable ‘composite heat engine’, show that the falsity of
the Clausius statement implies the falsity of the Kelvin statement.

A cyclic device C' operates between a high temperature reservoir at 7} and
a low temperature reservoir at Tp. The device operates in turn as (i) an
engine, (ii) a refrigerator and (iii) a heat pump. In each case, define the
efficiency, and give an expression for the mazimum possible efficiency.

A body of mass m and isobaric specific heat capacity ¢, cools from tem-
perature 7T; to Ty. Show that its entropy changes by

T
AS =mcyIn (%) ,

explaining carefully your reasoning in deriving this result.

Explain what is meant by the ‘equation of state’ of a simple substance.

Define the Gibbs function, GG, and give an expression for dG for a simple
substance.

The Gibbs function for one mole of a certain gas (molar volume v) is given
by

1 1
ngTmP+A+BP+§OW+§Dﬁ,

where A, B, C' and D are constants. Find the equation of state for this
gas. Comment on the behaviour of this equation of state in the low pressure
regime.

Sketch the Gibbs function of the vapour and liquid states of a simple sub-
stance as functions of temperature in the vicinity of the boiling point, and
relate features on your sketch to the change in entropy of the substance at
boiling, and hence to the latent heat of vaporization.
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