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Answer ALL of the questions in Se
tion Iand TWO questions from Se
tion IIThe bra
keted numbers give an indi
ation of the value assignedto ea
h portion of a question.Only the supplied Ele
troni
 Cal
ulators may be used during this examination.
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Thermodynami
s (U01359)Se
tion IAnswer ALL the questions from this Se
tion
1. Explain why the di�erential of a state fun
tion must be an exa
t di�erential.Give a thermodynami
 example of an inexa
t di�erential, and illustrate why thestated di�erential is inexa
t by des
ribing a suitable pro
ess. [5℄2. As a 
rystal of ammonium bromide is 
ooled from room temperature, it undergoesa 
ontinuous phase transition at T
 = 234:5K at whi
h the ammonium groupsorder. Its 
onstant pressure molar heat 
apa
ity as a fun
tion of temperature,
p(T ) is known. Explain how this information 
an be used to obtain a measureof the entropy 
hange as we 
ool one mole of ammonium bromide from T
 tovery low temperatures (T ! 0). This molar entropy 
hange is found to be �s =�5:76JK�1mol�1. Re
alling the statisti
al meaning of entropy (per mole), viz.,s = R lnW , where W is the number of mi
rostates, suggest a brief interpretationof the �s value for ammonium bromide. [5℄3. A rubber band of unstret
hed length L0 is put under tension f . As the rubberband is stret
hed, its volume remains 
onstant. Show that the First Law ofThermodynami
s for the rubber band now takes the formdU = TdS + fdL ;explaining 
arefully why the pressure does not feature in this result. [5℄4. The equation of state for a non-ideal gas 
an be written in the form of a virialexpansion: P = RT �1v + B2v2 + B3v3 + : : :� ;where fBig are the (temperature dependent) virial 
oeÆ
ients and v is the molarvolume. For the van der Waals equation of state�P + av2� (v � b) = RT ;it 
an be shown that the se
ond virial 
oeÆ
ient is given byB2(T ) = �b� aRT � :Using this result, explain in terms of mole
ular properties (i) why B2 shouldbe positive at high temperatures and negative at low temperatures, and (ii) thee�e
t of the sign of B2 on the pressure of the gas. [5℄Printed: Mar
h 15, 2006 Page 1 Continued overleaf. . .



Thermodynami
s (U01359)Se
tion IIAnswer TWO of the questions from this Se
tion
5. A quantity of interest in meteorology and o
eanography is the rate at whi
h thetemperature of a volume V of air or water 
hanges with pressure at 
onstant en-tropy, (�T=�P )S . This question is about relating this quantity to other materialproperties.(a) Confusingly, the quantity (�T=�P )S is usually known as the `adiabati
lapse rate', even though it is an `isentropi
', or 
onstant entropy, ther-modynami
 derivative. Explain brie
y why a pro
ess involving zero heatex
hange (adiabati
) is, in general, not ne
essarily a 
onstant-entropy (isen-tropi
) pro
ess. [3℄(b) De�ne the heat 
apa
ity at 
onstant pressure. By appealing to the di�er-ential of the enthalpy, H = U + PV , or otherwise, show thatCP = T  �S�T !P : [5℄(
) By 
onsidering the di�erential of the appropriate thermodynami
 potential,prove the following Maxwell's relation: �P�S !T = � �T�V !P : [5℄(d) Show that the `adiabati
 lapse rate' is given by �T�P !S = TCP V �P :where �P is the 
onstant-pressure thermal expansivity. [4℄(e) Explain why the adiabati
 lapse rate for (liquid) water 
an be both positiveand negative. [3℄
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Thermodynami
s (U01359)6. This question is 
on
erned with various aspe
ts of the Se
ond Law.(a) The Kelvin-Plan
k statement of the Se
ond Law of Thermodynami
s is: Itis impossible to 
onstru
t a devi
e that, operating in a 
y
le, will produ
eno e�e
t other than the extra
tion of heat from a single body at a uniformtemperature and the performan
e of an equivalent amount of work. Writedown the alternative statement of the Se
ond Law, due to Clausius. [3℄(b) By 
onsidering a 
omposite devi
e 
omprising one appropriate engine andone refrigerator, show that if the Kelvin-Plan
k statement is false so is thatdue to Clausius. [5℄(
) A 
y
li
 devi
e C operates between a high temperature reservoir at T1 anda low temperature reservoir at T2. The devi
e operates in turn as (i) anengine, (ii) a refrigerator and (iii) a heat pump. In ea
h 
ase, de�ne theeÆ
ien
y, and give an expression for the maximum possible eÆ
ien
y. [6℄(d) A metal blo
k at temperature T is pla
ed in thermal 
onta
t with a reservoirat temperature T0 < T . The heat 
apa
ity at 
onstant pressure of theblo
k is CP . After suÆ
ient time has elapsed, the metal blo
k rea
hes thetemperature of the reservoir.(i) Given an expression for the entropy 
hange of the reservoir, �S0.(ii) Why is the entropy 
hange of the blo
k not given by ��S0?(iii) Give an expression for the entropy 
hange of the blo
k. [6℄
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Thermodynami
s (U01359)7. This is a question about phase diagrams and phase transitions.(a) Sket
h the PT phase diagram of a typi
al simple substan
e. Label allrelevant regions and features. Sket
h into this diagram the pro
ess of 
on-densation. [7℄(b) Show that the molar Gibbs' fun
tion, g, satis�es the following di�erentialrelationship: dg = vdP � sdT ;where v and s are the molar volume and entropy respe
tively. [4℄(
) By 
onsidering the molar Gibbs' fun
tion at two neighbouring points on a
oexisten
e boundary on a PT phase diagram, show that the volume andentropy 
hange at a �rst order phase transition is related to the slope ofthe phase boundary by the Clausius-Clapeyron relation:dPdT = �S�V : [5℄(d) Consider the PT phase diagram you sket
hed under (a) above. Explainwhat feature of this diagram will 
hange qualitatively if it now refers towater. Use the Clausius-Clapeyron relation to explain the physi
al signi�-
an
e of this 
hange. [4℄
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