
 

In normalstars thermaleffectsdominate

At themicroscopic
level thisamounts to fluctuations

in electronenergylevels inwhiche can
freelymove

up or down

As thematter is highly compressed
electronsgetcloser

Cooling

The resultingwhite
dwarf doesnot houseany

thermonuclearreaction

It is not hotenough
compared to thesun's core

Despitethis

inferior temperature
thewhitedwarfcan still

hold itself

againstgravity

The internalenergy
ofthewhitedwarfcomesnotfrom

thermalPressure

outelectracypessure



The insidesof the whitedwarfconsistsofmatterinthe

plasma state The
electronsdonotinteractwithnucleidueto

high ionised

In thequantummodel the insides canbeseen
as a gasoffree

electrons



ParticleinaBoxModel

Smallparticleshavewave.li properiesandcanthusbedescribedbyWave Equations

BroglieHypothesis

Fromthewaveequationswecanfindtheenergy i EnergyofstandingWaves

Models
NewtonianModel QuantumModel I t l Higher
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X X
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n 3
DifferentEnergy
levels

Morewavelength HigherEnergy

Whenconfinedinaboxtheelectronsareallowedonlycertainenergylevels
I 12correspondstotheprobabilityoffinding a

particlewithina certainspace
n 2

n 1



Particle in a box solvetimeindependantsCforaparticleina IDbox
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classicalMechanicsappliesonlytoMacroscopicparticles Originallywhen
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AcosotBsino A B arenewconstants

Y Acos ti'l2mE2x Bsinthl2mEIx

findARBbyapplyingboundaryconditions
Weassumefunctioniscontinuous
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ing Eigenvalues

flow
cap Obae

4Theparticlejumpsinthe

Operators
box

Twoidenticalparticlesin abox

In theclassicalcase theparticlescanbelabelledbutinQMwecanonlypredicttheprobthatthe
particle is inregiondoc about x andsameforouThisaffectsboththeallowedenergiesandthe
wavefunction

ClassicalEnergyinboxis Yim tYim E

y
whynotindependent

Energy is sumofindependentenergies E E t Ez Theparticlesaffecteachother

Thewavefunctionwilldependonthepositions x andsea 4134,22

fortheparticles Wavefunctionforoneparticleorthesystem
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yLoc Oy oµ
particlepresentatextremitiesnodes D

Y Linz O

H K L D

AllowedvaluesofE Ee En Imaini En timini
Allowedvaluesoftheteaenergy

finagehgeprartiogleengenteraffinignfffeennadrangyt

Enn ta levelsn Ina
Tmi nitti Theparticles112 areintheir

respectiveElevelM m
Likeforasingleparticleina 217boxWemightexpecttheWarefunctiontobeaproduct

Unnbei Iz YnGG4mHz PropertyofSys PIAatxDxpBatou
at x f T

consists AND
ofAIB

1N i Eµ x fi sinµn for 1potiche
levelforparticle1

Dc Poshofparticle1



problems1
IftheparticlesareidenticalhowdoweknowwhichtoassignElevelh couldbeeither
particle1 or 2TotalEnergyWouldnotchange

TheProductabovespecifiesassigningn toparticle1 andsoon

Thesecondproblemisthattheproductsays4mn12 x 10Particlescan
sit ontoeachother Eiger Hamil

Gas in a ID box1stProblem Boltzmann Distribution

Weincludethe2 possibleproductform Fermi DiracDist
Entropy

ie Yn.baYnzbcz YnzGcDYn.bcz Q
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Yn n zbei k 2 Ipg Unbei4m12s I 4m644mHz

T
Normalizing
factor

firstform Ynmbcpar yn.ba 4ndxDtYnzPcD4n.bc4

Secondform Ynnz tx plz Iq YnDc 4mHz YnzbaUniK2

The 2 for4n.nzbc.sc wehave 4n.be 4 4hdH4n.lxD
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2Particle in a 3Dbox

InExpansionofthe ID boxproblemto3D
I L

3lengths Lx Ly Iz soo
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Potentialfortheparticleinsidethebox Y
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Useseparationofvariabletosolvep d e 3DSE

Let Hix y z XcxYly 2121 Subthisin3DSE thxyz DI 1

zm
X17441472iz t

y
XiaYlyZizitf.dz cn7Yly1Zcz EXcxiYiy1Zcz1

zhIm YiysZcz7ddoXq t XcxZi d t XiaoYindj EXcxKyBiz

X isafunctionofoconly I
pderdisapp
asXisafunction
ofonevariable XYandZ dy k

da
Dividebothsidesby YIMXinYun2iz fdyfkda

y Kx Possible

4 t dIy t dI 2M x I y K sans
x 2 y 2K

for givenSoir Eisaconstant
ie ExtEy t Ez ETotal
T y of1SolaLocy z
valueof yvalue zvalve
Soln ofsome ofsom

EachpartcontributesEamountofEnergyto ETot

If f d ImEx
ti

d
y Inf

Ey

Iz dI 2fEz

dd t dIy dI tf ExtEy Ez
E



Consider

4 d z 21
d

2pm.Exx djxg.twf.eu 0

Like Particlein

dd tfmExX O abox

of
ios e sina.im.ie

I h hg tightExtEy Ez E
En p tf
8m42

Nht2
2m12

En n'h
8 1,7

StotiaoywacEgb

4 13Sin lamekl En nctEnytEnz ghmµ tµgYtµ
Also b

Yi sinless stationarywaveeye Thisthe
lengthof

X AocSinf2f me.ykL.c thebox
Linthatcase
isthetotalX sin lengthoccupied
bythewavelet

µ x y z XcxYly2cz

fn y Asin4 sinlnyn sinfnqgz

En.inynz hgmffnf.ItfnfyItfnf.f

G.o's i's Ein Ism t't t't



If box is a cube La L Lz L hgIm p Ina'tni
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Degeneracy 2

Forthenexthigherloud 3 stateshavethesame Energy

SwanyseL ghImthathythE Yizi 42it 4112

Differentstates asprobability
densitiesaredifferent

Same EnergyDifferentStates

IYu I lAl'sinKEI Sin ITI sintht f lAl'sinYaoisin12nFsin'fn
This is calleddegeneracy fthat
In thecaseofthecube thenextlowest E levelisthreefolddegenerate

Eat E z E i z 3tTN
me

G S is non degenerate Threefolddegeneracyofthefirstexcitedstate is
removedLafLy Lz

Degeneracy is intimatelyconnected to symmetry Thegreaterthesymmetry
the higherthedegeneracyofthequantumStates
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armof cycle systemisidealastransformationinvolvedwouldusually
increaseentropystatevariable

It is a theoreticalidealthermodynamiccycle
Processesthatinvolvetransferofheatand
wornin1outofthesystemwhilevarying P T Statevar
withinthesystemandthateventuallyreturnsthesystem
to initial state

It provides anupperlimit ontheefficiencythatanyclassicalthermodynamic
enginecanachieveduringconversionofheatintowork It is a theoreticalconstruct

Setup Thereare 2 beatreservoirs hotandcoldattemperaturesThandTc respectively
Theirthermalcapacityisverylargeandis unaffectedby1cycle
Sincethecycle isreversibleentropyisconserved

Duringcycle someDS isextractedfromhotreservoiranddepositedintocold
either

SincenoVolumechange innreservoirnoworkisdone

The energy Thos extractedfromhotand a smalleramountdeposited
intocold

Te CTh
The difference in 2energies Tn Tc 05 isthewarndosebyengine



Isopthermalexpasia

STEPS

IsothermalExpansion o
oF

o

O O 0

Heatisreleasedfromthehot heatfromhot
reservoirandabsorbedbythegas Heatedideal reservoir

particlesinthesystem gaspartick

Thusthetemperatureofthesystemrises
surroundings

Thiscausesthegastoexpand doingworkagainstatmospberelpushpistonup
Although thepressureofthegasdropsduringexpansionthiscauses
nochange in temperatureastbegasisincontactwiththehotreservoir
Isothermal

Heaton is absorbedbytbegasfrontbehotreservoir
Ostentropy increases ingas byamountQyth gaisattemperate

Th

Isentropic reversibleadiabaticexpansionoftbegas
Thebeatreservoirsfrom Adiabaticexpasia

step are disconnected

Weshpileansithggascontinuesits

gg
o o

This time asexpansioncontinues a o o o
andpressureinsideisreduceditbe Toodedidealges
lossofinternalEnergyequalsworn particle
done Nobeatexchage

The gas starts tocooldown
withreservoirs

It does sountil itreaches certaintemperature Tc



Entropydoesnotchangedespitecoolingeffect e Why

Isothermal Compression Sys incontaetwithcoldres

9
Heattransferred reversiblyto Verycoldreservoiratconstant
temperatureTo

ThesurroundingsdoworkonthegaspushingthepistondownCausingamountofheatQz toleavesystemtothelowtemperaturereservoir

Theentropyofthesystemdecreasesbythesameamount052 0

Sameamountof
CanagdeIsothermal Entropy Absorbed microscopic

Compression Classical

Entropy

no ooF
O O O

AdiabaticReversibleCompression
Adiabatic Onceagainthegasisinsulatedfromthe
compression hotandcoldreservoirsI IAssumeEngineisfrictionless reversible

00 oooo
thfps.sunadondwinn.gsdoworuontbegas pushing

00 00 00 InternalEnergyincreasesandcompression
causestemperaturetorisebacktoThduesolely

normalTemp totheworkaddedtothesystem
priorto
Carnotcycle Entropyunchanged

Gasisinsamestateasstartofstept



In thiscase

OS Dsa
0 sameratio Q2andTc arebothlowerthaQ4Th

Q2 SQ as someheatwasconvertedinto
P n IA work

QH TH To

Are
w enin

D Ia c WD Qu Qc
V

A B IsothermalExpansion to fromres
Hotreservoirprovidesbeattosystem HIE asHeat w.D p.d1 S

B C AdiabaticExpansion Reversible
Reservoirshutoff
ExpansioncontinuesatcostofinternalEnergyf IEasWork

nssi.am

C D IsothermalCompression
Surroundingsdoworkongas
Gascoolsdownduetoheatrejectionincoldreservoir f IE asheat
S

D A Adiabaticcompression Reversible 0
Reservoirsshutoff
Surroundingscompressgasheating itup 1 IE asWorkfromSurr
fgs.qgdnssfpazinsamestatepriortocyc.ie

Molecularcollisionisless
Heat vsWork Classical

f
predictableCrandon 71

Wallismoving 00
sionision 1088k if
gasmolecule T

Lattice
withknow Twallofcontainer vibrationsrandom

momentumdangle duetoheat
ispredictable

y
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supposewehavezbodiesai.tnTo1representtheaverageenergypermoleculerepresentshowmanytimesthe ineachsystem
representtheheatexchangedwitheachsystem

averageenergywehavegainedorloss
Let'sconsiderTo
considerQqThisrepresentsthenumberoftimes
wecanchangetheaverageenergyofthemoleculesintheIf wegainedmorethenweincreased system

thenumberofwayswecan eg If 5WecanincreaseTowithtsic
permutetheenergies Thisheattransferrepresentmorewayswecanpermutetheenergiesfromitsoriginalstatewhymore eMorevalue permutation TccTn Tchasmorepermutations TSrepresentmoredisordermoreways Doesitnotmenmorespreading

togetSamet lessclusteringabortasingumicrostate

SingleMacrostateQ NT Ima If Energiesismaedisposed butsingleMicrostatePV RT Therearemorewaystogetamicostate
Notfromhighdisorder Cassiar lessdispersed iAllmoleculescreatedisorderto lower Enix 4 21 2

MoredisposedButtheprocessmust
4 1 3 21 2Increase disorder

whoa PV kT Also pv nRT
SingleMacrostatemultiple

sPV3gU Tant lessn Highest
PossibleMicrostates

come sameQ Highert LessnFrom 312W let maespead If wehave3JofEnergybutmanymoleculeseachMoteakoutbox willgetasmallamatolenergy loweraverage loutU K'T lowerEmm
If lessmorale eachgetdageamat TT

S lessspreadoutbuthigherE

Supposewehave

T 3

firstLaw InternalEnergy a tinct
Isampic

Temperate Volume
y

expansion

ICI facto

U f T V cu

D Mase n f
Tr l TchagedbyW ow

nNa Nosotpotides Charged

byQ
OQ
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U ca resultfrom
effectofboth T V

www.aai.oaua.au
I
Alreadyhas a shape

Suppose wehaveaplot for U f T V All 3 Variables
weknow U dependson TRV

But I s T V independent

Thegraphrepresents a plane
Mustlookcarefully
Isothermalexpansion Companion

Quasi static Reusible
Always Near Equilibrium

R f l Cycle 11 re



RefrigeratorCycle Heatenginecyde

ReverseofCARNOTCYCLE CARNOTCYCLE

T T HOT

HQ HOT HQ

WH l wow
IQz fog

T2cold
TaCold

P n A p n IA
g
QH Qu

D Yi c D foQc
g v

startatchlowert startatA Highest
O aonly TemprepresentsUCtoB T AtoBforideaegauisfmaiasoei.my TempisaffectedbyQ W IsothermalExpansionAdiabaticCompression vbecomesimpoanwmca.am

oQ o
EEpisaeeutogetno.ae ot o ou o oQ Pov

OU POV nr HeatQfromhotreservoircauseworuviagas expansion

Temperatureofcoolatrises Temp isaverage nottotal temperaturedoesnotchangelou o
noheatexchange Isentropic 5increasesinsystem

Moeheatlosstha
Bton Whatiscollected Btoc
Isothermalcompression

okay
AdiabaticExpansion

a so ooo o so ou PovoQ ow ExpansionagainstatmosphereispaidbyuTemperatureremainsconstar

Ugainedbycompressionwornisequal 1decreases
toulosoasalrejectedheat Noheattransfer Isentropicsdecreasesinsystem

AtoD
AdiabaticExpansion ctoD00 0 ou Pouu nr Isothermalcompression
Gasexpandspaidbydecreaseinu ot o ouo oQ Pov1coolantdropsbelowrefrigerator ugainedbycompressinwornequalstoulostasnoheatexchanged Isentropic rejectedincoldreservoir

5decreasesinsystem

D toc D toA
IsothermalExpansion AdiabaticCompression
oT o ou o oQ pov oQ o ou povlexpansioncauseutoincreaseGasexpandswodecrease.intu TemperaturerisesQisinjectedfromrefrigerator noheatexchanged Isentropic5increasesinsystem
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Adiabatic IsothermalProcesses

A B Isothermalexpansion olfromres
HotreservoirprovidesbeattosystemitIEasHeat
its

B c AdiabaticExpansionReversible
Reservoirshutoff
ExpansioncontinuesaecostofinternalenergylIEaswork
Gascools
S constant

c D Isothermalcompression
surroundingsdowornongas
GascoolsdownduetoheatrejectionincoldreservoirtIEasheat
s

D A AdiabaticcompressionReversible
Reservoirsshutoff
SurroundingscompressgasheatingitupltIEasworiffromsurr
Gasendsupinsamestatepriortocycu
is constat

Letuslookatsomecaseswherewemightatfirstobject HOTOUTSIDE

Heatmovesfromhotter f J
surroundingstocoldglass COLD 66GoIff ofwater INSIDE HEATflowsfromcold

tohotftp EDDIEITE Compressor

y
Surroundings Atfirstglancetherefrigeratorwouldbedefyingthe

Wernightthinkthatthedecreaseins 2ndLaw Itmovesheatfromcoldtohotwhichwould
forsurroundingsviolatesthe2ndlaw leadtothinkthatitisoperatingdespitedecreasingEntropy
butwerememberthatthelawtalks wehowevernoticethatthereisacompressorpresent Itinputs
forthewholeuniversedsuniv dssystdssui.ir workbycompressingacoolantltetrafluoroethanelcfc After
sincemagnitudeofentropygainbyglassoffsets aseriesofstepsheatflowsfromrefrigeratortocoolant
magnitudeoflossinsurroundingsdSuniv 0 which

Temperaturelilistheaverageenergyperpartideand
measureshotnessorcoidness OS OH
IfwetransferheatatoacoldbodyattempictheratioToarepresentshowmanymultiplesoftheaverage
energytowegotfromtheheatadded

Fort tc.wegetlessmutiplesoftafromhear.ee
Highermultiplesmeansmorewaytopermuteenergy

Review

EI

Q RandommicroscopicEnergy
Transfer

T AveragelevelofinternalEnergyVinidealger

Qq factorofaverageincrease inrandomEnergy



2ndlawsuggeststhat ST
H to C

ChaslowerT CangetMorerandomEnergyincrements from IQ transferred

Transfer to inducesmore distrbace

Mustknow Uc UHonestateVaiable onlyfortheirrespectivesystem
MovementofHQto H wouldresultinsmallerincrement

Toobigdecreasein C

ActiveTransportNatlKtPump
thislittledeviceispresentinthemembranes Weknowtheextentofthisprocess Itoccursinall
ofallanimalcellOnefunctionistomaintaincellvoltage animalsHowcantheuniverseallowforthesystem
3Nat todecreaseEntropySomehowtheincreaseinOSsur

g

Aswecanseeitisorganisingtheions
the the m

intotheirrespectivecompartments It
opposesthespreadingofthemolecules
andseemstoviolatethelawofentropyM3

2kt ButthisprocessisactiveEnergyisbeingATPADP inputasATPThemechanismoccurs
inaverypreciseandorderedmanner
Thesecondlawdoesnotforbid
theoppositiontoEntropywith
helpfromworkItjustsaysthat
decreaseinEntropydoesnot
occurbyitself
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Interpretationoftheratio0 Disorderterm
Terms oQ Heattransf Aformof samedisorderindependentofsystem

Energywithacertainrandomness
1 Temperature Theaverage
LInternalenergyinanidealgas

SupposeI transferaparcelofenergy HEAT ITSELFMUST
0Q toasystemattemptTheratio
0 tellsmehowmanytimesthe ACTONA BODYTOCAUSE
priorinternalEnergyIaddedAcolder
systemwillreceivemoretimesitsinternal DISORDER
Energycomparedtoahottersystemhigherratio
Rememberthisenergyisassociatedwithrandomness

Egntropy
Wishedtodestroy

sothesameheatOQwillcausemanytimesmore singlestates
randomnessinacolderbodycomparedtoahotter
one Orthemagnitudeofdecreaseinrandomness TalkingIN a roomwhen0Qleaveshotbodyislessthanthegain
incoldone 05min30fromHOTtoCOLD Offoodpeoplecreatesless

disorderthantakingin a quietroom
Effectiveness Taningin aquietroomlibrarycreatesmoredisorderlinthutroom
ofshouting comparedto aroomfullofloudpeoplemarket
passing amessage

WhymostcanotgdeRejectHeat

why doesgeneration ofWorkproduceheat

IrreversibleWorkinMost
Cases
Refer to Entropyorheat

Whyanotgelchaisothm
NOEnergyrequired to raise U FCastat
AHheatcav.to won



If heat is so widelyavailable escapeseverytime why
not use it as a source to do work

Explain nature of heat

Carnotcycle Rejectingheat or include it with
refrigerator example

What happens at heat death 9EI
h

Processnot
reissible
05 0 for
Khesible port
but inefficiencies
c

E a

it
whyheatneeds
to go f on
hot to cold



Heat vs Work again
HEAT
IQ IID

lgage
dispersion

manypossibleDisorder inEnergy distribution combinations toget7 J

1J O 3 J O 2J O 05J O 1J O 35J
Toget 1J ofwork

1M allthemoleculesmust
collidewiththewalls

q
simultaneouslyTMhMBdtdIkt

else fromrajamcollisions
ofthenumerousgasmolecules1m2 workwillnevergetdone
MoveoncewithO05JWork after1year O003J
TOINFINITY

DW POV 1217 T
Im T
Allmolecules are at J of

i
g
BB Energy15molecules for A o 2T

permolecule

1ms Even if collisions are random
All possessthe same amount
of Energy
Work is done in finitetime



NOW a Usual system consists of bothkind of
Energy High grade worn lowgrade Heat

Heat Work are modes of transfer of Energy

Heat transfers low grade White work high grate

DQ ow OV

T T T to change the
Add doworn Energy of a systemheat to add
to add highgradeC
lowgrade

Tds Pdv dU t

Now temperature tells the average Energy of a Sys
T OS 0 If s causemoredisposin

T decreases

Normaldistribution

Mea Era distribution at
littleenergy



NOWWhat happens in an isothermalprocess
O T O 00 0 O Q OW POV

lowgrate
Usually a systemassistsof bothgradesftp.adf

disordered

Eddo I cannot
ordered do u ch

Note This happen in a concerted fashionbut still
Internal Energy U decreases to do work Expasia paidfor
To keepaverage Energy T castat Systemdrawsenergy
albeit a low grade Obe Heat
This brings disorder OS with it
The ordered portion of energy was expended to do work
it was al ne

NOW during isothermal compression work is done
on system ordered Portia increases
To keep temperature asstat averagemolecularEnergy mustnot increase

Isothermal

The system rejects the low grade Energy heat

The disorderassociated with thesystem decreases dos
Now like beating is random coding is too
Coding is just our systemheating up anotherbody
Since processes are random we can think for a



loge no of molecules statistics apply beating

cooling add or remove the disorder of each other
They caul due to statistics same randomness 4 large
numbers

Let's Jump to adiabaticprocesses
OQ O lagging DU POV
Internal Energy pays for worn done in adiabaticExpossia

DQ O NO heat Enters or leaves the system
Talogain T

Adiabatic Expossin ofundom No lossof
Energy random

is the expenditure or ansb
w gain

of the useful part No loss of U IE

of Energy1highgrade die to lowgrade E

only to do work Onlywork10outtaconsidered
Whataboutonlybeatconided

Adiabatic compression

issuesgain
of useful ward

µ
optesfiig.fi

tia

non reversible more
heathere disorder
enters OSA 40Scold

osH o



O
IsothermalExpasia OW QQ highgradegoingbeingreplacedby

W D Highgrade
lowgrade

lowgrade 4 Osp
simply heating agg

a

Adiabatic Expasia
171

Extract last amounthigh
9 ate prosest 05 Both Q few

involved

Norestriction
V

on eitherReview

More

Both heat Worn
cos charge temperature

Going down a gradient
generates Entropy
Gradientexists becase
differentCnc
Grad 0 whenequilibrium
at eq Max Entropy

WorkMust Gradint follow involves
somekind of spreadingbe done to dispersion90againstgradient

hisminimises dispersion



No process is ideal reversible

doing wok to go backgnosaites
heat too

Ends with death

life is work

different forms ofdeath
Know wks to flow wks
to oppose Humes

AS LONG AS I DRAW
BREATH I SHALL TRULY
LIVE

On this Earth stating as a humor
to
my great destiny which Iwill work for for the latte is livingitself



HOWwill thegeseratheatflowleadto
Equilibrium

Frictiongeneratesheat

1 thesed heat

Amt.EEahEEllife dossurr9

Gravitationalfielded In
boxingballsKakp explainviafinningchain

Electricwing
how OSunivwillinerege

Electricangry Concequaces

fmagexicoesy Icannotdowork
Computation cregyin allsystem
proposetime trnstolowgrade
crystals 0 put HighgateEnergy

back insystemat universalthermodynamic
Equilibriumoutsidesore needed

to trade Wah

Electricwires

Applyv flowdowngradrest GenerateEntopy
widow

fVd



G gud HigherEntropy

Mae W q hig6D
neededto Make electrosemar
indesieddiectra

MaxEntropy Nowakarorecomedisodeedpatiated

Butwheredoestkpotafrddffao.aeoriginate

How is it related thermodynamics

anddoesincreasingEntropyaffects

Interpretationoftheratio0
j terms oQlHeattransf Aformof A TdoegEnergywithacertainrandomness

1 temperature Theaverage H C Notchage
LInternallenergyinanidealgas Misogyny

suppose I transferaparcelofenergyrememberthisenergyisassociatedwithrandomness
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Wenoticethepresenceof a compressor It doeswork on
the coolantbycompressing it This causeT to rise incoolant Later
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