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Introduction to Classical Thermodynamics

¢ Ordinary macroscopianaterialsystemscomposedf a hugenumberof microscopicsub-
componentgatoms).10% particlesmeanshatcompletecharacterizatiomequiresspecifica-
tion of O(10%*) atomiccoordinatesHowever,few aremacroscopicallyelevant. Theseare
thethermodynamic coordinates.

¢ Only few combinationof atomiccoordinateshataretime-independerdremacroscopically
observable.

¢ ClassicalThermodynamicslescribenly static statesof macroscopicsystems.Example:
\Volume, Pressure, Temperature

e C.TD studiesthe interactionbetweenmaterial systemsand environmentthrough energy
flows. It alsostudieshow the propertiesof the systemare affectedthroughthoseinterac-
tions.

Thermodynamic Systems
¢ A thermodynamic system is appysicalsystem, whose properties can be defined.

e A descriptionof a thermodynamicsystemrequiresspecificationsof walls that separatet
fromits surrounding.Thesewalls specifythewaythesystemnteractswith theenvironment.
Theyact as boundary conditions:

— Rigid/Deformable- "flowof volume™ MechanicaWork.
— Adiabatic/Diathermal "flonof entropy™— Heat.
— Non-permeable/Permeable “flavt matter— ChemicalWork.

Variables

Extensive:Scale w/size of system (U,S,N,V)

Intensive:Do not scale w/size of system (T,f,

StateVariable: Quantities Needed to Describguilibrium State of the System

Important:Only at equilibrium, or very nearto equilibrium,arethe thermodynami@roper-
tiesclearly defined.

First Law
¢ InternalEnergy:Any way of storing energyMechanical, Electrical, Chemical, Thermal

e EnergyFlows:



— Work: Energytransfemresultingfrom displacementinderaforce: Mechanical Electri-
cal, Magnetic, Surfac&;hemical

¢ Energyin anyisolatedsystemis conservedTheuniverseis a perfectlyisolatedsystemand
thereforeAUy,iverse = 0. Alternatively: In any process, energg conserved:

AU = oW +6Q
NotethatlV is anykind of work. For simplicity, we canconsidetthatoW = — PdV + udN.

e Uisastatefunction. Its valuedepend®nthecurrentvalueof someotherthermodynamipa-
rameters.The differencein valuefor a statefunction betweertwo definedthermodynamics
statess path-independent.

e Are both trajectories state functions?

\
ds=(dx?+dy?)!?

Figure 1:Are both trajectories state functions??

e Work and Heatare not statefunctions. They dependon the actualprocesshat takesthe
systemfrom state A to state B.

e A function A(z,y) hasa perfect differentia{d A) if:
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and

e Enthalpy:H =U + PV

Change in Internal Energy of an Ideal Gas
For anideal gas,the changen internalenergyis only a function of temperatureln class,we
useda constant volumprocesgo show that:



Let's do the same for a constant pressprecess:

dU = 6Q), — P dV),

By definition,
0Q)p = nCpdl
Fromthe ideal gagquation of staté’V’ = nRT we have:
T
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And dU is then giverby:

dU =n(Cp — R)dT

Foran ideal gasit can be provethatCp» — Cy = R. Therefore:

Thus,for anideal gas a changen internalenergyis only relatedto a changen temperatureAn
idealgascanundergoany processyou canthink of, butits changen internalenergywill always
be justa function of the initial and final temperatures of the gas.

This doesnot hold for othermathematicatlescriptionsf real gasessuchasVan der Waals,
etc...wherghe internal energyis not only a function of temperaturebut of otherintensivevari-
ablessuch as pressure.
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Cp > Cy
Enthalpy

H=U+ PV

Processeat constantP. The heatexchangedetweena systemandits surroundingsiuringa
processat constant pressure results in a change in the entlohliye system:

dH = 6Q), + VdP
dH = 5Q),

Notethatthis s true only whenthe only work termis PV work. If thereis any otherkind of
work, such as electricagtc., the relationships abode not hold.



Problem 1 A containerwith rigid walls andcoveredwith asbestoss dividedinto two partsby a

partition. Onepart containsa gasandthe otheris evacuatedIf the partitionis suddenlybroken,
show thathe initial and final internal energied the gasare equal.

Vv ﬁ> 2V

Figure 2:Free Expansion

Problem 2 One m?3of diatomicideal gasis expandedrom an initial stateat 298K and 15atm

pressurdo a final state at 2 atm and 298K.

a) What is the volumef the gasafter the expansiof

b) Whatis theamountof work doneby thegasif thetemperatureemainecconstantluringthe
expansion.

c) What is the amountof work doneif the gasis thermally insulatedfrom its environment
during the expansionto 2atm and then allowed to cool (or warm) back to 298K, keepingthe
pressureconstantat 2atm. ? It might be helpful if you draw the processe®n an appropriate
statediagram.



