
2 Chapter2:ConservationofEnergy

2.1 FunctionsoftheState

Thermodynamicstatecompletelydēnedbycertainindependentvariables,eg.E;V,molenumber
n1:::nc,eg.T;V;n1:::nc

Functionsexpressedintermsofthesevariablescalledfunctionsofthestate.
Eg.IdealGas
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;N=numberofparticles;m=mass

Givetwoexamplesoffunctionsofthestatefordi®erentsystems.Eg.Einsteinsolid,gasof
photons,etc.

2.2 ConservationofEnergy-ClosedSystems

Thē rstprincipleofthermodynamics.
Energy{functionofthestate.
Changeofenergyonlydueto°owfrom,orinto,exterior;

dE=deE; diE=0 (1)

Energysuppliedbyexteriorissumofheat°owdQandmechanicalworkdW =¡pdV(ifpressureis
normaltosurface).

dE=dQ¡pdV (2)

Considersystemundergoinginternalchangecharacterizedby».
EisafunctionofthestatesocanbeexpressedintermsofvariablesV,T,molenumbern1:::nc.
Molenumberscanbeexpressedintermsof».ThereforeE=E(V;T;»)
Totaldi®erentialofE;
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Usingeqn.(2)
dQ=CV»dT+lT»dV¡rTVd» (4)

where
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CV»-heatcapacity,lT»-heate®ectofcompression,rTV -heatofreaction(positiveforanexothermic
reaction).
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2.3 Enthalpy

H´E+pV (6)

dH=dE+pdV+Vdp

Principleofconservationofenergy
dH=dQ+Vdp (7)

Intermsoftheenthalpy
dQ=Cp»dT+hT»dp¡rTpd» (8)

where
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Usingthevariablesn1:::ncinsteadof»

dQ=Cp;n1:::ncdT+hT;n1:::ncdp+
X

°

h°dn° (10)

h°isthespecīcenthalpy(permole)ofcomponent°
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(11)

n0
°denotesallmolenumbern1:::ncwiththeexceptionofn°.

Thespecīcenthalpyofcomponent°perunitmass
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2.4 OpenSystems

Inconservationofenergy,musttakeintoaccountexchangeofmatterwithexterior(incomingor
outgoingmattercancarryinternalenergy).Insteadofeqn.(2)

dE=dÁ¡pdV (13)

Áisresultant°owofenergyduetoheattransferandexchangeofmatterdÁ=dQ+dEm.
Enthalpy

dH=dÁ+Vdp (14)

Notethattheenthalpy,likeenergyorentropy,isdēnedapartfromanarbitraryadditiveconstant

H0=H+® (15)

Notethatforahomogeneoussystem,H,andthereforealsoH0isproportionaltothemassofthe
system.Thus®isproportionaltomandnolongeraconstantforopensystems.

H0=H+ m̄ (16)

Followsthatthechangeofenthalpyorenergyinanopensystemisdēnedapartfromtheterm d̄m.
AlsoappliestodÁ.
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2.5 Example

Considersystemformedoftwosubsystems(IandII).Eachsubsystemisopenbutthewholesystem
isclosed.Foreachsubsystem,

dHI=dIÁ+VIdpI; dHII=dIIÁ+VIIdpII (17)

AssumingpI=pII=p,changeoftotalenthalpy

dH=dIÁ+dIIÁ+Vdp (18)

whereV=VI+VII.Sincesystemisclosed,mustobeyusualformulationofthē rstlaw;

dH=dQ+Vdp (19)

hence
dQ=dIÁ+dIIÁ (20)

Now,
dIÁ=dIeQ+dIiÁ dIIÁ=dIIeQ+dIIiÁ (21)

but
dQ=dIeQ+dIIeQ (22)

therefore
dIiÁ+dIIiÁ=0 (23)

Energy°owreceivedbysubsystemIfromsubsystemIIisequalandofoppositesigntothatreceived
byphaseIIfromphaseI.
Forclosedsubsystemsthisgives

dIiQ+dIIiQ=0 (24)

Expressesconservationofenergyforthesystem.
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