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Entropy
Entropyisoftenintroducedas ameasureofdisorderLetusexplorealessclassicaldefinitionofentropyas a
measureofthenumberofmicrostatesconsistentwithagivenmacrostate S KBIn r

let'splayagamewhere2dicearetossedandwearetoldonlythesumofthe2facesafterathrowThepossible
sums23,4s 12WouldbethemacroStatesandthecombinationspossibletogetasumthemicrostates
e gWe cangetasumof3 for11,2 and 2,1

Themacrostatecorrespondtothe largescaleandobservablepartofthesystemandthemicrostatethesmallscale
configurationswhichwecanonlyinfer

j.ggjjSUM CONFIGURATIONS

2 Macrostate7hashighestentropyThemicrostates
NoteThemeancorrespond

aremorespreadout intheprobabilityspacefor7 with7
3 Thenotionofdisordercomesfromthisthereare Themicrostatesare

manywaystoget7 equiprobable

7

11 2and12haveminimumentropybythisdefinition
Onlyonepossibleconfigurationleadstoeither

12 2or 12

Interpretationforagas
Consideraboxcontaininganidealgas It hasaspecificpressurevolumetemperatureandnumberofmoleculesThisis
thepictureofthegasas awholeThemacrostateofthegasisdefinedbythevariables PVTN

Zoominginonthegasinthemicroscopicpicturewesee ahugenumberofmoleculesconstantlybumpingintothewalls
ofthecontainerandintothemselvesOneimportantattributeofthesemoleculesistheirvelocitiesThedistributionof
molecularvelocityreassembles anormaldistributionFewwithveryloworveryhighandmostatthemean

Thetemperatureofthe
ThemovingmoleculesmakeuptheinternalenergyUofthegasByelasticityof gasisameasureofthe
molecularcollisionsandconservationofEnergy 2moleculesknockingintoeachother averagevelocityofmolecules
simplyexchangetheirvelocities IEfor1moleculeandTIEforanotherdoesnot
changetheaverage

Whilefixingagivenstate PVNT wenowaskourselveshowmanysuchdifferentconfigurationsarepossible
whichleavethestatefixed

ThenumberofmicroscopicconfigurationsmicrostatesconsistentwithONEmacrostate
istheentropyofthesystem

If weslowlycauseasmalldisturbancetothegasbychanging PVNT eventually
thegaswillstabiliseat anewequilibriumWewillagainseethetypicalbehaviour
ofgasesTheequilibriumpositionscorrespondstoMaxentropyforthatstate

41. Fills the foreshore
with dead men,
reddens reigns abode
with red gore;
black was sunshine
the summer after,
the weather unsafe.
Understand ye yet, or what?
-Völuspá, Poetic Edda, Odin visits a seeress 
who narrates the events before Ragnarök

54. “First, there is a winter called the Fimbul-
winter, when snow drives from all quarters, the 
frosts are so severe, the winds so keen and 
piercing, that there is no joy in the sun. There are 
three such winters in succession, without any 
intervening summer.”
-Glyfaginning, Prose Edda, Hár replies to 
Gangleri’s questions on preludes to Ragnarök 
(extract)



MicroscopicView
ClassicalThermodynamicsoriginallystartedasaninvestigationonsteamEnginesThebirthofthisfieldled
totheindustrialera Analysisofmacroscopicbehaviourofsystemswasenoughforengineerstoimproveengines
WattrefinedthesteamengineOttoandDieselpioneeredthefirstmodelofautomobileengines

FortheengineerstheclassicalmodelwasenoughtoworkwithHoweverforscientistsmanyconceptsremained
unexplainedWhenconsideringatomsinthemicroscopicviewtheClassicalMechanicsstartedtobesomehow
lackingAnewmechanicswasneededforthesmallparticlesQuantumMechanics

Aparticlein a box
Patwantomnumber

n 3 higherenergylshortertcan
2 pacnmorecyclesinsamelength

yoga a En nI In _12,3 n NN8m22 Particlecanhaveonlythese

lengthofbox energies materiaobieasareposouated

Energyoftheparticle 1 thingy I
0 L

Weshallsimplifyourdiagramasfollows Es es es es
ee ee ee ee

1 Consideronly3particles e es es es
2 Abstracttheenergylevels e e e e

e e e e
vse

Nowthisstateof.SEcanhavedifferentconfigurations theconfigurationsrepresentdifferentpermutationsClassicallywesee
es es es es
ee ee ee ee thisasparticksofsamemasshittingintoeachotherelasticallyand
e o es es es simplyexchangingvelocitieskineticenergy 20miofwatercontains
e E EZ E

morethan1036particles.Ifwegotsomanyarrangementswith3particle
e e e e

thinkaboutonebillionbillionbillionbillionparticlesImagineforuse use use use
andsoon aglassofwater

AddingEnergytothesystem
Thereare alotofwaystodoso 1 Pumpingmoreparticlesintothesystem 2 Crushingthesystem

3 Placingthesystemoveracandle 4 Passingaforcefieldthrough

Let'slookat 2and3 Theyrepresentenergytransferasworn 2 andHeat3
II SI
HEAT HeatingupthewallscausethemoleculestheretovibrateVIOLENTLYinaRANDOMfashion

ThegasmoleculesmovingrandomlytooknockintothewallmoleculesTheybounceback
withadditionalenergybutrandomlyattributedVibrationsinwallaretoowildtogive
allcollidingmoleculessameenergySomethatcollidemaygetalotwhiteotherslittle

Let'stransfer2EofEnergyasheatandseetheresult Weseethatafter
s es es es

q
Theabsorptionofenergybygas heatingwehaveaccess

e e e moleculesisrandomEachhas tomorepermutationso e ee e o e
z 12E e f e f e achanceofcatching2EEach
e e O e o e separatestatehasitsownset Thisiswhyheat
use use use use ofpermutations isassociatedwith

Entropy
This issameasthedicegame.whenwegota5 it Coolingisheating

themovementofheatgoesonforawhiteatapointboth
couldhavebeen1231,1327,114 or 411 bodieshaveauesstothesamenumberofmicrostates.ithe anotherobject
5hasahigherentropythan3whichcouldonly energylevelsareuniversal Thismusemeanstenhaattherbodies Thesystemparticlesbecomeindistinguishableinathermodynamiatheabodies

be1112 or 21 1 aresaidtobeinthermodynamicequilibrium'anathisoccurs dropdownrestricting
aacertaintemperature.Heatflowstops noofmicrostates

accessible



WI RK Let'snowlookatworkConsiderasimplegaspistonsetupWeexpendenergyaswemake amacroscopicforceFactonthegastocompressit Byconservationofenergythegasmust
storethisaddedenergywhichdisruptsitsinitialequilibrium1

I HE weseethatexpendedenergy i'En rid finesIIIIIE Egg
tocompressthegas 8m i trlevels

L IIs Ennilrid oen

I
Workisalittledifferent It BROADENSthegapsbetweentheenergylevels populationdistribitia

Es weseethatworkcausenochangeintheenergydistribution
Er IOEn2 0Eh2 whentheparticlescollidewitheachotherandexchangevelocities
s
ez on Ioan'soEnt Thenumberofpermutationissameatinitialandfinal
e

on equilibriumWorncausesnochangeinentropy
u 4E v'sse

noowornbysqeezingbox

Inour3DworldwearenotlimitedtoonlylengthThewavefunctionfortheparticleinaboxbecomes
YnanyDz Asinnaff sinftp.nyYjsinfnznZ It istheproductof3 IDconsiderations It isa3D
standingwave
The3terms1foridealparticlerepresentthe3degreesoffreedomforkineticenergyinx y z

Whenwedoworkon asystemweexertamacroscopicforceinaparticulardirectionLWFdS egtheocdirection
TransferringthisenergytothegascorrespondstoenergizingtheXdo f inallparticlesTorejectbackthework
allparticlesgetridoftheenergyaddedintheirx do f ThereverseoccursThepistonwhichpushedthegasin
the directionispushedbackbythegasparticlesTheenergyreleasedfromthex do fcorrespondstoamacroscopic
forcewhichpushbackthepiston

OwingtoitsintrinsicmechanismheattransfersenergyrandomlyAparticlegettingenergyinthex d o fcould
aslikelyget it inyorZdegreesoffreedomRealgasesarenotrestrictedtothesetheycanrotateorvibrate
tooWhenwewantworkdone1in aparticulardirection wemostlikelydesireallparticlestogiveupEnergy
intheconcerneddo f togetamacroscopicforceoutputButheatdoesnotenergizeonlyonekindof
degreeoffreedomunlikework

Theis acertainnumberofenergized x d o f certainnumberofyandsamefor2 If ourpistonneedstomove
intheocdirectionwecanonlyuseenergyfromtheLfew x degreeoffreedomTherestlyandZd o f
representunavailableworkThereis stillenergywhichwegotfromheatbutbyitsnatureaportionof it
cannotpushthepistonThisiswhythermalenergyisseenas aLOWGRADEenergyformWhenitisinjected
into asystemnotallof itcanbeusedtodousefulworkWorkwheninjectedinto asystemcanbe
usedbythesystemtodootherworkWorkfromelectricalkineticandchemicalisseenasHIGHGRADE

LEAD to some GOLD
TryingtoturnlowgradestufftohighgradeseemsliketheworkofengineersTheFrencharmyengineerSadiCarnot
proposedan idealmechanismnowadaysknownastheCarnotCycle It isacyclebuilttogetworkfromheat

EvenoperatinginidealconditionstheenginedoesnotreachfullefficiencySomeofthe
QH energyunavailabletodoworkmustberejectedinthecoldreservoirdecreasingefficiency
v W

LQHQal Mcamo 1Qc
v QH
TTT



TheArrowOfTime Therearemanyprocessesinnaturewhichseemstooccurinonlyonedirection
despitethereversebeinginaccordwiththelawsofphysics

Takeforexample Droppinganeggonthefloor
axweneverobservetheeggmagicallyreconstitutingandjumpingupfromthefloorThisisbecause

egg thatprocessisassociatedwithadecreaseinentropy

B o whentheegghitsthefloor Nowwhentheegghitsthefloor
Go 0 wecanseethatthereisanincrease someofitskineticEnergyisconverted

indistributionofmassthroughspace tothermalenergyinthefloor1heatreleased
Themassoftheobjectbeforefalling Likewepreviouslysawheatisassociated
wasconcentratedin asmallareatheegg withEntropychargeConversionofworktoHeat
Thisspreadingofmassisanincreaseinentropy meansentropyincreasedFrictionbetweenshards

andairalsoreleasesheat
Supposethereverseistooccurtherewasnophysicallawsforbiddingtheairandgroundmoleculesconcentratingto
theirpriorsingledegreeoffreedomClassicallythemolecularcollisionsreversetransferringkineticenergytomolecules
inairwhichpushbacktheshardstotheoriginallocationAsphysicalreconstitutionreachescompletionthegrand
moleculesalignandpushtheeggbackup

ThisisveryunlikelyStatisticsshowsthisAnewlawwasneededinphysicstoaccountforthis It isthevery
famousSecondLawofThermodynamics dsuniv30 Entropyofuniversealwaysincreases Anotherwayof
sayingthisistimeprogressesindirectionofincreasingEntropy

NowonemightsitdownandbringallthepiecestogetherHemightevengivethereconstitutedeggakickupBut
indoingsothepersonexpendshisenergyandsweatsreleasingheatandincreasesSunirevenmoreHecould
getamachinewhichdoesnotsweatbutitreleasesheatbyfriction195univevenmore Hecouldalsobuilda
heatenginetoconverttheheatfromtheeggimpacttoworntopushitupButinefficiencyoftheseengines
releasesomeheatbyitsoperatingprincipleandbyinternalfrictionrealcaseRealizingthedesiredreconstitutedegg
propulsionincreasesSunirevenmoreThereisnowinningfromthis

WorkcanbedonetodecreaseentropyinoneareabutontheuniversalscaleentropyincreasedThisisthe
principleoftherefrigerator itmovesheatfromcolderregiontohottertokeepfoodcoldNaturallyheatflows
fromhottocoldas itincreasesentropyThefrictionincompressorandcoolantincreasesentropymorethanthat
movementofheat DSuniv DSsys DS surr WhenTOSsurr IDSsys OSuniv30Allprocesses
arelimitedbythelawsofThermodynamics

TheHeatDeath
Aswesaw allprocessesresultintheentropyoftheuniverseincreasing Eventuallythisreachesamaximumvalue
andwethensaythattheuniverseitselfis in thermodynamicequilibriumEverywhereisthermodynamically
indistinguishableThewholeuniverseis atthesametemperatureSinceitisverylargetheevendistributionofthermal
energyresultsinacoldeternalwinter

ThereisnogradientHeatexchangeisnotpossibleandneitherareheatenginestoextractworkEverywhereinthe
universeisuniform



Gravity Entropy

Bringingobjects together
NON Elastic

Cage Entropyto 9

TheuniversereachesthermodynamicequilibriumatmaximumentropyEverywhereisevenEverywhereiscold
AlltheenergyintheuniversehasbeendistributedinthelargeregionAllformsofenergybecameheat

worncannotbedoneasitrequires
adisturbanceButeverywhereisthesametherecanbenoexternalwornasitisthewholeuniversewhich
isinequilibriumthereisnoheatflowaseverywhereisatthesametemperatureHeatenginesdonotworn

Longbeforetheheatdeaththefollowingeventsconcerninguswouldoccur
If climatechangecontinuesas itdoesso ecologicalcatastrophecouldensueMassmigrationsandmass
extinctionsbecomemorelikely

AstheEarth'scorecoolsdown itlosesitsmagneticshieldandsuncoronalMassejectionsquicklyripapart
ouratmosphere

Thenitistheturnofthesuntocooldownandintheprocessofbecomingawhitedwarfincinerateus



Thepistonsimultaneously nergisosaHtbegasmoleculesbythesameamount.The disturbancecreated

inthegasrepresentstheenergyadded Ifwegivethesystemenoughtimeeventuallythesystemwill
reachanewequilibrium molecularinteractionsvenoutdisturbance Elsethesystemcanreturnback
to itsoriginalstatebyrejectingtheworkinput

Nowthisstateofsecanhavedifferentconfigurations
es es
e e ItisalsoworthrememberingthateachmoleculecantaketheplaceofanotherpermutationsThis
e o es givesrisetoalargenumberofwaystoarrange20miofwaterhasabout1036particlesofwater
e e

e e
Ifwegotsomanyarrangementsfrom3particlesimaginewithonebillionbillionbillionbillionparticles

se use Nowthinnforaglassofwater
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disturbtheequilibrium

Canheatonlyactivaterotation

Vibrating
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Linnnemicrostatestorandomenergization ofdo finparticles

ShysicalmeaningofEntropy
Entropyfirstappearedas aconceptinthefieldofthermodynamics InthisthemodesoftransferofEnergyinformof
heatandworkarestudiedindetailsTheytransferenergybydistinctmechanisms.Heatflowalwaysaccompaniesentropy
hanger

Forsimplicityconsiderthis boxfilledwith Wewanttotransfer1additionalunit



Torsimpliaryconsiderthis boxfiledwith Wewanilolansfertaddhonalunn
sidealgaspartidesthepartidesmoverandomly ofenergytothegas W 1J

I JJ andtheinternalenergyUdependssdelyonthe n 1
temperatureultimatelyontheaveragevelocityof

HEAT themolecules.lPvNkTuzpvAssumeeach 7 WE3RKQ 1J particlehas ofenergyso so so so no ElasticcollisionsVi Vf
2particlesclosetogether En w app.gernaeforaF feet.IEbaffferI.YfpfmYmIPmttf
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Heatinguptheboxcausethewall
EnergyisspendforanexternalmacroscopicforcetoactorsthesystemBy

moleculestovibrateRANDOMLY
ConservationofEnergythisexternalenergyisconvertedtointernalenergy

Gasparticlescollidewiththe WeseethataftercollisiontheLxcomponentvelocityincreasestwpfor
ALLmoleculesThehighervelocityresultsinincreasedinternalEnergywaitandreceivesomeenergy

AllmoleculesgetmufadditionalEnergy
as a a as so aweseetheenergy so so so so so sogainedfromheatis

stoo.Iso.tsoo.zso.ES 1J more readout 02 02 02to19021 1 Incontrasttoheatthereisno
s s SJ sweseemoredisorder as as as na w

inenergydistribution dispersioninmolecularenergyweseemoreorderinenergy
collisionscauserandomdistributionofmolecular distributionfromreversiblework
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If analiensendsyoutravellingthroughspaceandtimeintodarnemptyspacebeforedyinglookatyourentropymeter
HowSuniv210103kgBylookingatthevalueyouwillknowifyouareinthepastorfutureAlwayskeepyour
ntropymeteronyouBeinglostinspacedoesnotalwaysneedforyoutobelostintime

TransferringEnergy Thermodynamicsstudies2commonmethodofEnergyTransfer Heat Work
HeatisgenerallyreferredasmicroscopicEnergytransferwhileworkismacroscopic

I 11 HeatexchangeisusuallyassociatedwithchangeinsystemEntropy
HEAT

whenwecrankuptheheatononewallofthecontainerthewallmoleculesstar

y
tovibratewildlyThisjigglingishighlyunpredictableRANDOMinn

is

Itmustbegreaterorthatprocesswouldnotbestatisticallyfeasablebyuniverse



AtthermodynamicequilibriumtheEquipartitionTheoremStatesthatallthedo fquadraticinenergyareequallyfilledNoworkcanbedoneImagingpushingaballupthendown leftthenrightNonetworkisdoneTogetwornwemustdisturbtheequilibriumWeinputsomeenergyToresolvethedisturbancewemakeitgothroughamechanismtotakeinenergyfromonlyonedegreeoffreedomThemachinewilltakethatenergyfromthatparticulardotandthesystemwillgobacktoequilibrium
Itmightbeanewoneaswhenwecharged
distrbed1theSyswecouldhavechargedstates

also fOf
AlsotheinputEnergycouldbebyheatorwok

couldbe electrical 91.9139 one
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All the energy canbe tam by
manymachinery

e g Pista in a y 2

Rotating Pane for rotatingparticles
or something like that

vibration for something else

But who we wantonly x

the others appear useless

Is there a restriction on this
Cass d Case of ideal gas only
Prove this

Thedegreesoffreedomallgetfilled in thermodynamicEquilibrium

Mechanismofthedistribution

oremptyspa
HOWdo degreesoffreedomgetfilled

If closedinboxmean like howdoesMotionalEnergygetintothe
entropybefore aftertime
are Electricdegreeoffreedom
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egghitfloor
Workdoneon floor Ufloorincreasebutisdisturbed

To reachThermodynamicequilibrium since ishasno
mechanism toexpeltheadditionalEnergyaswon

Studythemeh it releases itbyheart

again
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