































































HeatDeathoftheUniverse
Therearesomethingsintheuniversewhichseemtooccurinonlyonedirection

111ACannonballdivein apoolsplasheswatereverywhere 2Vaporescapes
aglassofhotwateras itcoolsdowntoroomtemperature 3Aneggwhenleft
tofallsplashesintopieces

Wealmostneverseetheseprocessesoccurringnaturallyinreverse 1Wenever
seesomeonestillinapoolandsuddenlywaterfromthesurroundingsconcentrate
intothepoolandpushthepersonout 2WeneverseewaterinaCupsuddenly
boiling Weneversee asplashedeggreconstitutingitselfandjumpingup
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Theprocesses inbothdirectionsobeythelawofconservationofEnergy
Butforsomereasonnatureprefersonedirectionovertheother

It surelycan'tbethatithaschosenoneovertheotherToknowmore
let'sstudyoneoftheprocessesin alittlemoredetailedfashionWeshall
seethatit isnot aphysicalbutmoreofastatisticalprinciple

Eggfallingtotheground

O
V ax Astheeggmovesdownfrictionbetweenairandtheeggcausesthesurroundingair

egg toheatup 2Astheeggfallsdownitskineticenergyisredistributedinto2parts
FirsttheimpactoftheeggcausesthegroundtoheatupslightlyandsecondlypropelB o v theshardsinvariousdirections
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WeneedtolookcloserintoheatexchangeConsideralittleparcelofairaroundtheeggforaninstance

It Katie ma i tennis t.thneaeg.neandame.vn

ChanceofhittingtheeggForthisparcelletonlyonemoleculeinteract Simplify

WhentheeggleaveswelookbackattheparcelofairWeknowonlyoneofthemolecules
gottheenergybutweknownotwhichoneTheparcelofair isnowin astatewherewehave
lessinformationandmoreuncertainty Itcouldbeanyofthe3moleculeswhichhascaptured
theenergyRandomly Sameforwhentheegghitstheground
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o TheegginitsscrambledstateispreferredoveritsfullConstitutionThereisonlyonestate
calledfullyconstitutedbuttherearealotofwaysfortheeggtobe scrambledPiece
AcangoleftBrightonCuporanyotherotherconfigurations
ThescrambledStatehasmoreconfigurationscomparedtothefullstate

NaturalProcessesoccurin adirectionoflessconfigurationsto
moreconfigurationsWHY

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 of 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)



Consideragamewhere2dicearetossedandweareonlyTOLDthesum
SUM CONFIGURATIONS
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Whenwegeta 7 itisonlyonespecificconfig
Buttherearemanyotherpossibleways

3 Configs thatyield7
r

7
Thiscorrespondstothemean

11 Thengofconfigurationsforagivenstateis
12 calledtheENTROPYofthatstate

Aswesee naturemakes itsuchthatthestatemorelikelytooccuroccursEveryprocesswhichoccuron
spontaneously intheuniversetendtothenstateinwhichtherearemorewaystoreachthatstate Configs

TheuniversestartedinonespecificconfigurationSince1377billionyears itisstilltendingtowardsitsmost
probablestatewhichisits stateofmaximumentropy

ThisisthepopularSecondLawofThermodynamics IdSuniv 3OfTheuniverseis aclosedsystem
whichencompassesalltheprocesseswithinit

dSuniv dSsystdSsum dssystdssurr.JO

LocalEntropydecreasebydoingWork cantakeplacebutitmustbeaccompaniedbyagreaterentropyincrease
inthesurroundings

WorkisanotherwayoftransferringenergyThinkofpressingapiston f
e

withforceFALLthemoleculeshavetheirenergyincreasedsimilarlyunlike
heatwhichdoessorandomlyIdealworkisreversibleanddoesnotcontribute F
toEntropyForthereversethegasrecoilsandpushesthepistonbackout
Butlikeallrealcasesfrictionreleasesenergyasheatwhichcontributes
toentropy

Let's
fake

theeggagainoamseoanneexcoatufpee.pendenergytobringthepiecesbacktogetherWorkisdoneaswe
gown

donotenergisetheshardsrandomlybutinanorder
I
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Theheatenginesaretheretoturntheenergylosttofrictionintoworktopushtheegg

o.in backup
4 Wenowhavetheegginitsoriginallowentropystatebutthiscameat acostB o O
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Thepersonsweatswhiledoingso respirationreleaseheatandfrictionintheengines

gw
releasemoreheatWehavedecreasedentropylocallybuttheprocesswasanetglobal
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Furthermoretheenginethemselvesarenot100 efficientinidealconditionsandmorework
andthusheatisinvolvedtoreturntoinitialstateAlsorememberthereisfrictionbackup



AsthearrowoftimecontinuesitsMarchwhitedwarvesreleasetheirheatandturnintoblackdwarves
EverywhereisdarkTheuniverseexpandedandlightsourcesredshiftedtoinvisiblespectrum
Theremainingblackholesslowlyvanishbyemittingheat HawkingRadiation

AttheendallworkhasbeenconvertedintoheatThinkofhowabatterydoingworkbypushing
electronsroundaCircuitslowlywearsoutas heatisdissipated inresistivewiresTheenergyisspread
evenlyin the largeuniverseEverywhere iscoldand atthesametemperature Heatenginesdonowork

ThereremainsnothingexceptforrandomthermalfluctuationsEverywhereissameforeverPast
cannotbedistinguishedfrompresentorfuturefornoobservableeventhappens

Timelosesitssense


