_Heat DNeath of the Universe

41. Fills the foresho
with dead men,
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reddens reigns abode

with red gore;
black was sunshine
the summer after,
the weather unsafe.

Understand ye yet, or what?

There are Some things in the universe Which Seem o occur in only one direction.

(1)A Cannonball dive in a. pool Splashes waker everywhere. (2) Vapor escapes
o glass of hot Water o5 ik Cools down Lo room temperature. (2) An egq when left
ko fall splashes into pieces.

-Voluspa, Poetic Edda, Odin visits a seeress

who narrates the events of Ragnarok

\A\e almost Never See these processes occuring Naturally in V‘everee..(fl.)\k)e never

5‘?.“First, there is a wi.nter called the Fimbul- Ses Someone Still in a pool ond SUJ(‘M‘S water From t’B SWOWJ;V\gs concentrake
winter, when snow drives from all quarters, inkto l:he POO' w push Hl: ov\:.@.)We Never See wal n o CUp SUJM’

the frosts are so severe, the winds so keen

and piercing, that there is no joy in the sun. boi“ng ,6) \A)e Never <ee a SP‘&S}!J egﬂ nscongb':]-_ul-,ing 'ﬂ:sclf q.nd ijP'ﬂ\g UP ‘.

There are three such winters in succession,

without any intervening summer.”

v

-Glyfaginning, Prose Edda, Har replies to

v c c
Gangleri’s questions on preludes to Ragnarok N D / o 55? éJ) 333

(extract)
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The processes in both directions obey the low of Conservation of Energy.
But for Some reason , nature prefers one direction over the other.

Tt Surely Can't be that it has chosen ene over the ather! To know more,
let's Study one of the proceses in a little more detailed Fashion. We shall
See Lhak it is Not a physical buk more of o Statistical principle !

Egq falling to the ground.
Vi A" @ Asths eqq moves down Friction betuesn air and the eqq Canees the Surrsunding air
eg9 ko heatup. (2)As the &g Falle down, ike Kingtic energy is fedistributed inte 2 parts.

First, the impact of the eqq Canges the ground to heat vp Slightly and Secondly propel
the ghards invarious directions .

We need to look closer into heat cxehanes.Consider o little pon:d of air arownd the eqqg for an instonce.

As the eq Falls Ehrough, it encounters air pavticies. They collide with the egq and bounce
back wita more energy . The collisiens are random. Any 3 molecules has the Same

il
.
.

chance of hitking the 49.For this parcel, let only one molecule interact . (Simplify)

V/s

When the egq leaves, we look back at the parcel of air. We Know only one of the molecules

9ot the energy but we know not which one. The pareel of air is Now in o. State Where we have
less information and more uncertainty. T Covld be any of the 3 molecules which has captwned
the energy (Randomly). Same For tohen the egq hits the growd .

The eqq in its Scrambled State is preferved over its Full consétution. There is only one state
colled " Fully constituted” but thee are a. lot of woys For the eqq to be “scrambled’. Piece
A con go left, B right or C vp orany other other Conf-'ijuro.l:ions.

The Scrambled State hag more cenfiguratiens comparcd to the Ful state.

No.l:ural ﬂ‘accss:zs oceur in a direction of less conFigurqbions ko
mMore COnFigurabions.WH\f?
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Consider 0. game Where 2 dice are tossed and We are only TOLD the sum. D
SumM CONFIGURATIONS

When we get o 2,itis only one specific conFig.
2 ) G But l:be.fm many Other possible ways

3 e O r (.CMFigs.)l:hal:gieIJ?-,

This corresponds to the mean!

11 O OO
& The ng oP Con(:iguml;iom porn. g'weﬂ Skate is
12, Colled the ENTROPY of that Stare.

As we see,nature makes it Such thak the Stabe more |ikely to ocew occurs. Every process which ocur
Spontaneously in the universe tend to the Stabe in which there are more ways to veach that Shabe B Confige.)

The vhiverse started in one specific configuration. Since 12-33 billion geors, it is still I:endins towards its mos
probabb S tate Which is its state of Maximum cnl:ropﬂ.

This is the popular Second Laws of ﬂxemwdynamios : \iS univ M .The Universe is a. cloged Syctem

Which encampasses all the processes within it.

dSumiv = dSsys +dSswr D dSsgc + dSsvre 2 0

Local Entropy decrease (by doing Werk ) can tatte place but it must be accompanied by o greater entropy incoase

in khe Surmmdines.
Heat

wOY‘k is another way of Eransferving energy. Think of pressing a piston

wikh forze F. ALL 5\3 molecules ha.vng the?- energy iwetsed s?milzﬁy ,unlike SK}
heat which does So randomly. Tdeal ok isreversible and does ot conbribube

Eo Entropy.For the reverse, the gas recoils and pushes the piston badiout.

Buk like all veal cases friction releases energy as hveak which centribites

to entvopy 1

Let's toke the egq again as an exompe,
Sormeone could expend energy to bring the pieces back together. Work ic done as we

do Not energise the Shords randomly but in an order.

N Qovt

)
w(_ ~ The heat engines arg there o bum the ensrgy loct ko Priction into work ko push the e9q
Qin baek Lp.

é-( We now have the eqq in its original Low entropy State but this came ata Cost.
- 3)\ The persen Sweaks while doing S6 (respiration relecec heat) and Prickion in the engines
o releasc mowe heak .We have decreaged entropy locally but the process (das a. net global

HJ .
Qia o increase |

Further mov, the engioe Hiemgelves arenot 1007 efficient in ideal conditions and move Werk
(ond thvs hea.l;) is involved to retura ko initiol Stake. AISo,Wnba‘,l:}m is Friction back up-



AS the arrouws of Lime continves its March , Dhite dworves release their heat and tum into bloak dwerves.
Everywhere is dark.The Universe expanded and light Sourzes redshifted Lo invisible Spectrum.

The remaining black holeg slow|5 vanish by emitting heat (Huukinﬂ Radiation).

AL the end, 0] work has been converted into heat. Think of how o battery doing Work by pushing
€lectrons round o Civevit s)owl:, Wears out as heat is dissipated in registive Wireg .The enagg S Spread
evenly in the large universe. Everywhere is cold and at the same temperature. Heat engines do no work.

There remains Nothing except For random thermal Ploctuations. Everywherz is same forever. Past
Cannot be distinguished From present or Future For no obgerwable event happens.

Time loses its sense.



