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Thermodynamics

Thermedynamic systems and
concepts—topic 10:4

What IS thermodynamics?

Thermedynamics ISithe Sty eiiprocesses in
whichithermallenergy isitransierredfas heat
andasimechanicalworks

Developed aroundithe timelthatthe firstisteam
enginesiwere beinglproduceditordeworki (100
GCEMUNY)

Dealsiwith the mMacroscopiC pPropenties!of
variables such as,; pressure; Volume,
temperaturerand change ininternal energy.
Tihereiare 4/ laws of thermodynamics—we re
going to fecus:primarily on thefirstitwo...

Thermodynamic Systems
=@ ENISYStEM I mass Cafenterrand carn
exitireely
= Closedisystemamassisnotiieetohe
addediorremovedifromithe system
=[solatedisysten s neleneray(eiany:
kid) can enterenleaverthie;system
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The:majcnerg: ri-nsfa

= Thermallenergy; inithe formioftheat; canibe
transierredibetweeniaisystem andits
envircnment (therareas surroundingla system)
in three ways:
Threugh a temperature difference—thermal energy.
IS transferredifromithe highertemperature toithe
lowertemperature until'equilibrium is reached.
Doing workion|the system (i.e. compressing a
pisteniefigas)
Allowing work toibe done on'the surrounding
environmentby the system (i:e: allowing & piston|of
gas toexpand andipushiout)

Heat vs. Work

= Heat: a precessimwhichithenmal eneray.
iSitransienediduentoeratemperatune
difference

=\Vorksthe processinwhich thenmal
energylis transtenediby meansithatarne
net dependent eRitemperature
differences

Internal Energy

SReviewinternegl enengy s definediasiy

Nhe sumiofthetotalipoientialleneragyianditnie
KInetic energy ot the particles in alsysten

Previeusly;we onlylockediathow thekinetic
energy;would'change the internalleneray.
(When'temperature changes:..)

= Changes tolinternalleneragyiwill occurifi:
Workis done onjthe;system
Waorkis done by the system
Thermal eneragy;is added to the system
Thermal energyiis iemoved fiomithe system




“S5:tc” ofa System - </

= Althermodynamici state *ofia systemiis defined
by leeKing|at MacroscopICIProperties efithat
systemi(pressure; volume; temperatire, mass,
internalleneray)
Internal energy. isidependent on the “state” of
thelsystem
Iifa systemr hasichanged state; werarersimply;
referring o the fact thatsomething has
changed enelor more of the macrescopic
Propernties

Thermodynamic Processes:

= ARyIRIRGRhatiSideneteralsystemthat
causes Itite change state
For'example:

= Heatialgas—temperature; pressures and/or
velume will'change

= Compressingaigasi(doing workioniit)

Pressure

= Pressure s the amountofiferce applied icra
substance erlanehjectipern unit area.

* For'example, the pressure thatia gasiexeris on
a pistonisipropertionallto the force exerted by
thelgas and inversely proporticnal tejthe
surface area of the piston:

= Unitsi= Pascal (= 1 N'm:2)
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Work done on a piston

" \Whentagas expands andipushes againstia
pisten; the forcewillfbe determined by eeking
at thelpressurerofithelgasiand the surfacerarea:
ofithe pisten: 2

F=PO\
= Theforce exerntedionitherpistoniwillfmove;ita
certain distance (' DIY)

= Therefore, theifarcerexerted by the gas has
done work on the piston...

Weork dom: o & picton..ciaro? -

Shewerkidone onttherpiston by the'gashs
egualiteitherproductostherappliediforcerand
the distance the pistoniwas moved:

W=F@ =F®

= [ et’'simakela fewiassumptions about this
situation:
Theldistance that'the pistonimovedwas verysmall
Therefore; the pressure can be assumed to have
remainediconstant:

Iffpressureis iconstant; thenitheappliedforceis also
constant

Weork dom: onl: pista
=N AverknowaheN el owWing:

W=F@ =F@
= Andweknoywtherfollowingrareitrue

based on definitions of pressure and
volume:

and:
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Weork domne: =) pistor:!

MhemwecanrdedicetheTollowing:

DW = PAV = P(V, - V)

Iifthenyerk deneNs positive; themthework
Wastdone BY thepisteni(Velumenvas
increased)

Iifthenwerk deRelsinegative; thenthe worik
Wasidene ONthe piston (Velumewas
decreased)

First Law of
Thermodynamics

4 i Maes Kat ad:1e o o-cieds 0
egualsttherchangenntthennteral
energy eiithesystemplusithEorK
d:on e bV hie Sy s { e mo
Thisawiisiessentiallyra statementiofithe
law el consenvationiefieneray; that takes
intelconsideration: beth work and flow!of
thenmal eneray;inia system

<5 laew, ma, tih-e nath

= Quantitativelys Wercanwiite thefirst [aw of
thermodynamicsfastiollows:

Q = thermal energy.
W= work
DU'= change in internalleneray.
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2 A, e g on: e nued

mhenmal eneray:

=apPositive @Neansienengy Istadded o
thesystem

—anegativer@imeansienengy,was
KEMOVEd Nhom ithe system

Wiorke

=a positive W-means thatworkwas done
B thie system

—a negative Wimeans that Woerkiwas done
@N'the system

For an isolated system:

=\ henraisystemisisoelateds theR e Wornk
dene byleren assystemis egual torthe
thenmal eneray thathiasheen addedior;
removed iiomithersystem

= Iherefone;

W= @=0land'DU=0

Example problem:

=F228deiworkiisideneroniasystem; and
3401J aitheatiis added tojthe system,
whatisithechange eiintennalleneray ol
the system?




