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Lecture21 Thepostulates andLawsofThermodynamics

A What is Thermodynamics

Thermodynamicsis thestudyofenergy its transformations and the

principlesgoverningequilibrium andspontaneouschange It started as a

field that dealtwithextractionof mechanicalworkfromheat It
evolvedto provide a generalframeworkforanalyzingandorganizing
a largebodyofexperimentalobservations information and data that
involvemechanical thermal andchemicalprocesses andsystems

Classicalthermodynamics
Experimentalobservations

Postulates MolecularInformation

LawsofThermodynamics Statistical
thermodynamics

Applications Problems Property
Data

T.IEstfesmnce of Energy Postulatesgivenbetweenstars

ii ExistenieofEquilibriumStates

iii Existence ofEntropy

whatarepostulates
Theteatetherfoundational

assumptions or logicalstartingpointuponwhich

our theoryis built Thebasis of postulates are often based on

repeatedobservation empirical or reason i e weholdthesetruths
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to be self evident Usually engineers learnthermodynamicsfrom a
historical approach It isusetalthesecondtimethrough totake the

postulateapproach see eg Callen Physicists lovepostulate based

theories Wehave seen severalalready classicalmechanics quantum

mechanics andstatisticalthermodynamics

B Existence of EnergyPostulate

Energy E is a conservedquantity of a system Thismeans that E

is a statefunctionn a propertyofthestateof thesystemandnot

theprocessthatreachedthatstate This postulate is a restatementof

whatwe knowfrommechanics There is nothing new herebeyond

mechanics

Thechange in energyfor a closedsystem nomattermovesacross

theboundaryof thesystem isgivenby the Lew atthermodynamics I
dE IQ dw w work onsystem Q heat
dE IQ JW W work bysystem

the quantities IQ andAW are inexactdifferentials QandW are

not statefunctions They are path dependentquantifies
seeAppendixformoredetails

Energyniscomposed of mechanical andinternalenergy
E Ek Ep U mechanial

Ex kineticenergy TEp potentialenergy
motionofwholesystem energy in anexternalfield eggravity

U internalenergy a
molecularmotion chemicalstateetc

otherenergy associated with internal degreesoffreedom
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OftenEkandEp arenotimportantTheyareusuallymuchsmallerthan
U formanythermodynamicproblems Ortheycan beconsideredseparately

Works isdefinedinmechanics as theenergyresultingfromtheapplication

of a forcealong a displacement
AW E.dk E force gradientof apotential

X displacement extensive

Therearemanytypesofwork

Type E.dk
Pressure volume Pdv

Stress strain VE dE E Cauchystress E truestrain

surfaceDeformation 8dA 1 surfaceenergy
chemical Midni Mi i sv chemicalpotential

Electricpolarization VE dD E EleitricField DDielectricDisplacement

Magneticpolarization V dB H MagneticField B MagneticInduction

Quantities thatrelatetheseconjugatevariables are called constitutive

Is These are things likeHooke'slawfor a solid or a CurieMagnet
Thesearematerialspecific staticForce Displacementrelationships

Example Dynamicones intransportphenomena

Hooke's law 2GE Xtr E I listotropic E E

Curie's law
x
E X susceptibility

Mo magneticpermeabilityoftyg
Heataccountsfortheremainingmodesofenergytransferthatcannotbe
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expressedas E.dk Theseturnout tobemicroscopicworkinteractions

betweenthe systemandthesurroundings

C Existence of EquilibriumStates

Isolatedsystems spontaneouslyevolvetowards static steadystates
characterizedby a smallset of macroscopicvariables statefunctions
Thesestates are reproducibleand independent ofprocesshistory
The energyanddisplacements X completelyspecifythe equilibrium

state We will see that S S E I only Forexample inthe
case where EpEp areneglible and we are lookingat a singlecomponent
fluid S S U V S

Equilibriumstates liveon this manifold

UVcompletelyspecify ourstate

v
V

Embrimmetrian Howdo weknow we are at equilibrium 1 We

don'tfor sure 2 Thesystem is independent of timeand history 3 No

flowsgradientsof energy ormatter

Let'sbe abitmorepreciseaboutthe latterpoint We willempiricallysay
we are at equilibriumwhentheintensivevariables are spatiallyuniform

T const thermal equilibrium U T

P const Mechanical equilibrium P v

Mi const chemicalequilibrium Miani
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PIEYetsthm.ie
process isone thatproceedsquasistatically withthesystem

passingthrough a continuous sequenceofequilibriumstates At every instant

thesystem is uniform nogradientsof intensivevariables T Pm and

theintensivevariablesdifferfromthe surroundingonly infinitesimally
Because eachintermediatestate is at equilibrium theprocessgenerates

no entropy there is nodissipation

Notethat even in reversibleprocesses Q W are still pathdependent

depends on process notjustendpoint Onlystatefunctions S U V

dependsolely on thestate Pathdependencedoescontinglyirreversibility
Irreversibilityadds an additionalfeatureofdissipation PathDependence
All irreversibleprocesses arepathdependent butnot irreversibility

all pathdependentprocesses areirreversible

Example Expansionof a monoatomicidealgas
U NRT PV ART DU DQ DWby Away bygas

state

4 uz Enric49,4 Tin Dun 0

IsothermalPath

ΔWaf tw Pdv fMRIdv ART In
1if swa netennui

ΔUa0 DWat AQa

ΔQa NRT en
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Adiabaticexpansionfollowedby reversible thermalequilibrium
b o sub ow

Dub EnR T2 T Dwb n Ritz T

c DW 0 no DV Due DQ

DU NRLTT2 DQ NR T 12
DWbc Dwp ΔWc NR T 72

DQbe ΔQb DQ NR T T2

Geometric Interpretation
5 Reversiblepath on manifoldfrom 1 2

Irreversiblepathoffmanifoldfrom192
Excursion offsurface tononequilibrium

U
states followedbyrelaxationbackto
equilibriummanifoldV

D ExistanceofEntropy

There is aquantity wewillcallentropy S that is a statefunction

Entropy is conserved for a reversible process I

Clausiusdiscoveredthat during a reversibleprocess the quantity
IQ T wasconserved In otherwords tarev T is a statefunction
Wecall it theentropy

as darev T
Thechange in entropy for a reversiblecycle is zero

f Frev as 0
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Exampten ReversiblecycleofanIdealGas

IIi.net i EitfiiiitiI
DU DQ DW U NRT Remember T Tz V V2

as tarev t Cr MR du Cudt
1 2 IsothermalExpansion

DU2 0 DQ DW fromabove
DWz NRT en V2v ΔQE NRTen

5,2 ΔQn t nRln V2v
293 Heattransfer state2 T state3 T2

V23 MRH2T DQ DW du darev

DW2 0 DQ23 3nR T T2
Δ523 f darev Cvdt even 4T culn tilt

3 1 AdiabaticCompression

us ZURITT2 DQ DW

DQ3 0 DWs 3nR T T
Δ53 tafrev 0

NotethatV V2and T.IT are notindependent

I cannotpickanycombination I want
du dafer twrer 0 du twrev 0 Cudt Pdv

0 3nRdT nIdv 0 dv
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1 dent J env ZenE en enE en E
Cycle

DU Dunt Duzz Duz 0 3hr T 72 nRT2 t 0

DW DWiz DW2 DW3 nRT en to nRT1T2
nR t To T en V4

a anti iii i.intaliii.i.iiiiii.h
jaco

R T T2 TenV4

heatout MR T T2 T en Tt
DQ DW 0 1ˢᵗlawobeyed
DS Δ5,2 Δ523 AS nRln V2v culn 7 2

nR enV4 Zen Ti Ta
nR In t enTta
0

5 is a statefunctionlike u
whathappened
Movedheatfrom reservoir at T to reservoiratT2 DQ O

surroundingsdidworkon thegasinthepiston system DWsys o

QrevandWhenwereboth pathdependent

S is pathindependent fdQreu t Soas 0

Ours is justan example but thisalwaysworks Amazing

Geometricinterpretation It is thesame as when wetalked about

state functions above Scu V is a welldefinedsurface
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E The2ⁿ Ldaw
Weneedtoknowtwomorethingsaboutentropytocomplete our postulates
First an isolatedsystem i.e noheatormasstransferwithsurroundings

will maximizeits entropy as it proceedstoequilibrium I

S
equilibrium

time
This postulate can bestated as the Elwatthemdynamics

Δ5 0 isolatedsystem

AS 0 whenreversible

AS 0 when irreversible dissipative

NoteThiscanbe alittleconfusing S is astatefunctionand isonly
definedatequilibriumYoucannotdirectlycalculatesfor an irreversible

pathunlessyouaredoing a detailedtransportcalculation local
equilibriumwithspatialgradients Butwhen the systemrelaxes
backto the equilibriummanifold you can construct a reversible

pathandgetit

The2ⁿ ldawsetsthespontaneousdirection of energytransfer It also
shows us that entropycharacterizesenergydispersal

Eccl Direction ofHeatTransfer

Δs 1 DS
2

Heatis flowing

I man DS DS DS 2 Df
from 1 2
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Reversible T T2 AS 0

Irreversible AS 0 iff T T2 Heatflowsfromhot cold

Second entropy iscontinuous diffentiableand a monotonicallyincreasing
function of U I

E
Thisproperty of entropyletsusdefinethethermodynamictemperatureas

monotonically increasingE x or T f x ensures to

Howdo weknow this is the temperature Weknow that if

webring twosystemstogether at thermalequilibrium T 12

The entropy will be a maximum in this case

5 5 52 U U Uz S SCU 52 5,1421

L S α U U 42 Lagrangian

If O entropy is maximized for constant u

1g Fu a o Fa a

Fu fu a o Fura
so at equilibrium

Temperatureequilibrates

Fu Fu theinternalenergy

Analogous derivations forSCV and SIN find that pressure
and chemical potential are theequilibriumcriteria respectively
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Appendix themathof statefunctions

suppose I have a function F XY It is unique For a given X

andY there is onlyonevalueof F This is a statefunction Functions
have total derivatives

dF Edx Eyay M XY dx N XY dy

IF dB D X Y IF M N

thesecondderivativesof F aresymmetric

Ey ax of
Thismeans that a closedpath integral of dFmust be zero

F XYdf tomixY dx NANA

pm Hydy N 2 ax

Tyaxay 1Exaxay
Intuitive but lazywrong Needtodo areacarefully Doingsogives

dF 1 2 2 dxdy 0 Green'stheorem

24IT
Alternatively

IF.dk 0 Gradienttheorem curl freevectorfield

In physics we callstatefunctions a potential Justlikegravitational

potentialenergy I F are conservativeforces
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By contrast inexactdentinaldonothave this property

AG M XY dx N XY dy
d 1

Now if we want thequantityG wemustintegrate italongsomepath

G AG Mdx Ndy

G is not astatefunction I cannot write it as G X Y The

closedpathintegral isnotzero

DAG 0

Differentpathsgivedifferentvalues

joy5th
C

Think of F XY as some potential surface

F
dF dF F E 2 FCI FCI F 2

y IF.ae o

Y Gissomeotherquantity Theintegral of Galongbothpaths
aredifferent AG 1,84


