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Second Law

e Thereexistsa function (S) of the extensiveparameter®f any compositesystem,defined
for all equilibrium statesand having the following property: The valuesassumedy the
extensiveparametersn the absenceof an internal constraintare thosethat maximizethe
entropyoverthe manifold of constrained equilibrium states.

e Anotherway of looking at it:

U1 u2 U=U1+U2
St S2 S>51+S2
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Figurel: Second Law
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e S isanextensiveproperty:lt isahomogeneoudirst orderfunctionof extensiveparameters:

e Entropyis additive.And...

S (AU, AV, AN) = AS (U, V, N)

e Sis not conserved.
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Foran Isolated System, (i.&lniverse)
AS >0
Locally, theentropyof the systemcandecreaseHowever,this mustbe compensatetly a total
increasean the entropyof the universe(See 2)
AS =—2 AS,=+£

ASrua = Q (& = %) >0

Quasi-Static Processes

A Quasi-staticthermodynamigrocesdss definedasthe trajectory,in thermodynamicspace,
alonganinfinite numberof contiguousequilibriumstateghatconnecto equilibriumstates,A and
B.
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Figure 2:Local vs.Total Change in Energy

Irreversible Process

Considera closedsystemthat cango from state A to state B. The systemis inducedto go
from A to B throughtheremovalof someinternalconstrainte.g.removalof adiabatiovall). The
systemsnovesto state3 only if B hasamaximumentropywith respecto all the otheraccessible
states.Sg > S4. This kind of process is irreversible.

ReversibleProcess

In thelimit, whena quasi-statiqrocesss suchthatthe entropyincreasas vanishinglysmall,
this processcan be consideredeversible. The initial and final entropiesof the processare the
sameAS = 0.

Entropy and ReversibleProcesses

An exampleof a reversibleprocesss the heatexchangeamongtwo systemsjn diathermal
contactthatareat the sametemperature]". For thefirst systemthe changen entropywould be
givenby (first law), —6Q/T. While the secondsystemwould increasédts entropyby anamount

Q/T.
Fora reversiblerocess, thus,
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Entropy for irreversible Processes???
According to the second lavigr irreversibleprocesses,
0Q

as > 0%
=T

Whentwo thermodynamistatesareconnectedhroughanirreversiblepath,we still cancalculate
the entropychangein the system,since S is a statefunction andis pathindependentWhatwe
needto do is to find a sequence of reversipl@cesses that hatkke same end result.

Maximum Work Theorem



For all processegeadingfrom a specifiedinitial stateto a specifiedfinal state,the delivery of
work is maximumfor a reversiblesystem. Considera procesghat goesfrom statel to state2.
Considertwo possiblerajectories, a reversiblnd an irreversiblene.

Write the first lawfor the process.

AU = dU;
5Qn + Wi = 6Q; + 6W,;

The second lavstates that:
_6Q 5Q

Therefore,

TdS + (SWR <TdS + 5W[
If youwantto producework, Wy < 0, therefore|Wx| > |W;|. The Maximumwork theorem
hasbeen proved.

Limits of Q and W
In a cyclicprocess, at one temperatute,

ss= 129,

Sinceit is a cyclic processwith initial andfinal statesbeingthe same, AU — 0. Since@ = 0,
W = 0.This provesthe Kelvin-PlanckStatement of the Second Law.

How do we produce workhen?
We makethe process operate at twigstinct temperatures.

The factthat

as= 22—

Does not mean thd ; and(@;, haveto be zero.The only condition that has to hold is:

_Qu  Qp
AS—TH+TL—0

Combined First and Second Laws:

dU = 6Q + oW
dU = TdS — PdV
dU = TdS + 3 Y;dX;

dS = 3dU + 3 #dX;



Problem 1

An ideal monoatomicgasundergoes constantpressureyeversibleexpansion. During this
expansionjt absorb$236 .J of heatandits entropychangedy AS = 14.41 J/ K. Calculatethe
initial and final temperatures of the gas.

Problem 2

Whenanideal gasundergoes Joule-Thompsomxpansionts temperatureemainsconstant.
Showthatthis expansions irreversibleby showingthatentropyof the universe(system+ environ-
ment)increases.The Joule-Thompsorxpansions an adiabaticflow throughaninsulatedvalve,
I.e. thegascomesout alower pressurghanit goesin. For anidealgasthetemperaturef thegas
going out isidentical to the temperature of the incoming gas,T; =T,



