3.20Exam 1
Fall 2003
SOLUTIONS

Question 1
You needto decidewhetherto work at constanwolumeor constanpressureSinceF’ is given,
a naturakhoice is constant volume.

Option 1:

At constantl” andV:
dF = =SdT — PdV + HdM

H is a derivedquantityin the Helmholtz free energyrepresentatiomf this magneticsystem

and wetherefore have:
H = a—F
oM TV

Giventhat the Helmholtz free energf this system is expressed:
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We finally have:

Option 2:
If you choseto work atconstanpressurensteadyou needto startwith the Gibbsfreeenergy:
At constantl” and P:

G=U-TS+PV
dG = —=SdT' + VdP + HdM

Again, H in this a derivedquantityin the Gibbsfree energyrepresentatioffor this magnetic
systemand we have:
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Using the definition of the Gibbs free energye have:
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and finallywe have:
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Note that H (M) obtainedfrom F* agreeswith H (M) obtainedfrom G whenV’ is constant,
\%4

sincethe term(2};) disappears.



Question 2

a)

Under constantP and 7' conditions,the relevantpotentialfor this systemis the Gibbsfree
energy:

dG = =SdT' + VdP

Since(g—g)T = V andV, < Vj, thefreeenergyof the 3 phasecanbe loweredrelativeto that
of a by applying pressure.

b)
The change in the Gibbs free of transformatior- [ is givenby:

AGP(T) ~ AH (1 - Z)
Ty

At constantemperaturethe changein the Gibbsfree energyof transformatiornwith pressuras
givenby:
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To find thework absorbedrom the environmentit is necessarfirst to find thetransitionpres-
sure, P, at300 K:

) = AVeP

AG (P,300K) = AG (1,300K) + PAV*~?
Since, at the transition pressuie;, and temperature3(0 K), AG*~? = 0,
~ AG(1,300K)

AN
The amount of worlabsorbed by the environmestgivenby:

P =

Work = — / P*dV = —P*AV*~? =AG (1, 300K)
At 300K,

T 300
_ AN J _
AG (1,300K) = AH (1 = ) (1000 /mol) (1 350)

0
Work = 143J/mol



c)
In this case,the systemundergoes phasetransitionat constantpressureand entropy. The
relevantpotential isH, enthalpy.

It is necessarygsbefore to find the pressuratwhichthetransitionoccurs,underthis adiabatic
condition. The equilibrium condition in this case is givey:

H* (S, P*) = H? (S, P¥)
Need to findPx for which AH(P*) =0

CAH(P=1)

OAH
AV

oP
The workabsorbed by the environmeistthen giverby:

) =AV - P =
s

Work = — / P*dV = —P*AV*~? =AH (1) = 1kJ/mol



Question 3
a)

In this problem,givenafundamentakquationof the internalenergyof a systemasa function

of extensivepropertiesyou wereaskedo find thethreerelevantequationf state,in thiscase,T,
—P andy.

From the expressiofor the first law:

dU =TdS — PdV + udN
and using
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The three equations of state are:
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b)

In orderto provethattheequation®f stateobtainedn parta) areintensivepropertiesi.e. their
valuedoes not depend on the size of the system, we need to ireiellowing:

Y (AS,A\V,AN) = Y (S,V, N)

whereY is anintensivepropertyof a thermodynamisystemor an equationof statefrom thein-
ternalenergyrepresentatioof the first law.

Forthis particular problem,
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Question 4
Notethatthe heatcapacityfor this systemis neitherC'r nor C'y, sincethevolumeandpressure
insidethe bubblearenot constant upon heating.

Heatcapacitiesin generalaredefinedby Cxy = T (g—:ﬁ)x. In this problem,it is necessaryo

find thecondition X thatremains constant and which is riotor P.
Fora simple system, it is possible to expréss change in entropgs a function of 7', P):

s = (%)P dT + (%)T ap
It is possible to takéhe partial derivativef the aboveexpressionwith constantX:

(ar), = (ar), (), (7).

Notethat this looks likethe ‘ZemanskyRule’.

0S OP
Cx=CptT (a—P>T (a—T)X

To find C'y asa function of known propertiesof the systemiit is necessaryo manipulatethe
expressiorabove.

We start by using a Maxwell Relation to find (considering an ideal gas):
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Tofind d X, we usethe conditionfor mechanicaéquilibriumbetweerthegasinsidethebubble
and theenvironment:
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Foran ideal gas,

The specific heat is givelny:

CX:OP_Vli

Wethen have:

PV
CX - CP ~ 3rP
S — 1
If we useP = P, + 22, we finally have:
Cx = Cp—

Note that, whewr = 0, Cx = Cp.
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Question 5
a) Theonlywayto transferheatfrom hightemperaturdgo low temperaturas by anirreversible

process:
INCORRECT
It is possibleto to transferheatreversiblyfrom a high temperatureéhermalreservoirto a low

temperaturehermalreservoir.An example:The CarnotCycle. Thefirst threestageof this cycle
are:

1. IsothermalExpansion:Heatis withdrawnfrom hot regionto intermediatesystemor work-
ing fluid, at the same temperature.

2. AdiabaticExpansionThe system decreases its temperature at constant entropy.

3. IsothermalCompression: Theystemis isothermallycompressedvhile in contactwith the
cold reservoir. The heattakenfrom the hot regionis transferredo the cold regionin this

step.

b) If thethermalexpansions negative the constantpressureneatcapacityis smallerthanthe

constantvolume heat capacity
INCORRECT
Using mathematical manipulations and Maxwell Relations, we have:
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The differencébetweenC'r andCy, is alwayspositive.

Cp—Cy =

c) Enthalpy is a conserved quantity

INCORRECT
An exampleof this is whenwork is convertedo heat. Think of the stirring of aliquid. When

aliquid is stirred,its temperatureaisesjncreasingts enthalpy.In this case thereareno obvious
sourcesf enthalpy.

d) In an adiabatic expansioof a material the temperatui@ways goes down

INCORRECT
Think of the adiabaticfree expansionof anideal gas. In this case,sincethe energyof the

systenremains constant, there cannot be a change in its temperature.

In a general case, it is possible to shihat:
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Note that the changein temperaturedT dependson the sign of «, for any given changein
volume,dV'.

dr av

e) The entropyf a system can decrease

CORRECT

An exampleof thisis solidification. In this case the systemreducests entropywhenit trans-
formsto the solid phase.The environmenthowever,increasests entropydueto the removalof
heatfrom the solidifying system.



