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rParl-jcle ina Box Model

Small partices have wave J.ilﬂ_e_pvoperl-jcs and con thus be described b3 Wave Eqyations .
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\De Broglie Hypothesis.
From the Wowe eqyations, We Con Find the energy ——> E)’)evag of Standing \\oves.
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To/fro motion N-=2
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parbicle Within a. Certain Spam.
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Twe identical particles in a. box.
In the classical case, the particles can be lakelled butin Q-M, We con only predict the prob. that: the

particle is in region dx, obout o, andSome For oa. This affects both the allowed energies and the
Wave function.
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Tl')g wave Function will depend on the positions ¢, and ¢y ! (>, ,'x,,)
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(P 1 the partides are identical, how do we know which to assign E-level 1, ; could be either
roblems ‘\ partice L or 2. Tokal Energy Would Not ahanae.
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(Parl-ble ina 3D box. Tjﬁ;
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T is a vector with all 3 components along Lhe axes
? =Lx‘.’hx +L’g +L;§

) €xgle Ly €2 <D
0Ly ¢ly Ly<yco When p- Energy is infinite, Wove funckion = 0.
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TISE in4D
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Use Separation of Variable ko Sove p-d.€ (2D S€E)
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C onsider

14" . -omex - &X 2 —2MEx y o 4% o.mc,‘x =D
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C System i ideak o troncrormauion involved WoUd Usvally
arnot Cl—iclc iNcreage enbropy Stabe vari able.

Ttis o theortical ideal thermedymmic cycle.
\ Procesges Ehak involve trancfer of heat and

Work injout of the System while varying P, T, ...,Stake Vor.
Within the Syskem and thak eventally retums the System
Lo iMitiad State.

rovidez an vp /(nmit on the efficiency that any dascical %Vznrndw
engaEe Can achieve durmg corversion L?(hcat ints wovu Il-,lsljo.
Set There are 2 heat regerveirs ; hot and Cold ak bemgemum Th and Te rfpectively.
L Their thermal capacily is vo»yl ond is Unaffecked y
Since the 03cle is vevergible, entropy is conserved.
Dwing tyde Seme AS ig extracled from hot regemvoir and deposited ko cold.
ither .
Sinee no Volume (Llrulaﬁ if\ercscr"voir NO wWork is done -

The eney ThAS EXH%&J from hot and o SMaller asnount deposited
c

mto

Te <
The i Merore im 2 606‘3\8! (T - TC)AS isth woh :m lo, ergine.



Tsothemal Exporcion.

STEPS / @

® Tcothemal Zxpansion /%J }%/
Hear i released from the hot heat From hot
reserveir and absorbed by the gas Heo.bcd w\e Fegervoir.
Po.rl:lc\es in the Sygtem 5 particle

Thus, the temperatirs of the syctem ries.

Surrowdinge
This Caveez the g2 ko expand,, doing Work againct akmacphens psh piston up)
Althowsh bhe prascure of the gp8 drops duing expardion, this caveet
NO Chwnga in bempenlies 02 the go- 1e in Contact (01HY Hoe hot rsscrsic.
= Tsolemol

Heat Qy s aberbed \oy%bcawg From B Dot Yesevosr
DS linﬁﬂm) InCroogeRk i g2 bg Mot Q\/T «— 9 Is ok tenporaive

Th
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This time, 8 expndion Coimeg /
aml’ Sprcssuc ingidg i rg:‘l\goﬁ the

Loss of intermd,
::O oy eqpels waorn No Ml:orchvac

With respweies”
The go8 Storts bo Cool down. !
Tt (loe,g co yntil itmowd% certan termperatut )Tc >

O& 0 0]

\ cooled ideal
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E”b'q)ﬂ does NOE Chﬂ’&e dzzpit: coo\'wg effect. «— W\g”

@ Isoﬂwm COfY\pk:SS'lOD Sys. in contatk With cold res.

/7
Heat bansfered roversi bly o Verycold reservoir ak constank

tempertue Te .
The Srmmd'ig Aowomonkba

QQ_ l:o v e Sy

) pUs}\mg Hz plSHn down Causmg amownt 0(2 |neab
ko the low bempo bue reservoir.

The enb’op‘y of the System decreases by the same amont. A% = &

le
\"Somc omount of
Tsothermal €ntfop3 Ooscrbed . 0 Lo Gt

/7/&/’015%/"5.
Covrprcssu on. (2 (lasat
" ara
WM‘%.

@ Ag/}abaﬁc Leversible C'anprcgsbn.

Adiabalgio Once a.ﬂajn,l-,he gos 1S insulabed Eram the
C""‘PL“‘"“' hot and cold reserveirs.

', (Assome Engine i frictionless - n:mEb\e)

— The Surondingg do Werk on toe *
// \ @ the piston doumr\'.)a‘3 g

Trternal, Ereny incroazes and compession
) \ Canges Lemperabure bo rise badt to Th due solely
ﬂofmn-\ Tem to the Work added to the Syskem.
Nnor to
Canot cyoic. (Entropy Uchmacd)

Gos isin Same Stabe 04 Stort of Step 4.



DS, = AS!.
& = & kw rauo) Q'Z. Ol\d Tc are WI.OW l:}b‘ Q\ &Th .
T T,
P e Q2 < Q1 a2 Some heat og converted inko
P A A Worl.
5 Ta>Te
Am in Cqcle
= mmcggaz ind
Cycle
Te
=) WD = QH -Qo
>\
A - B : Tsothermal €xponsion ( dve to (from res.)
Hot v ides + _
: :Srcscr- oir provides heat to Sysbemd \+ TE Heoh) D _& PQI\/
B-C : Adiabatic Exponsion (Reversible)
Reservoir Shvt off \
Expansion continves ok cost of inbe-ml.emgg L— IEos Nork)
Gas cools.
: Q = Constant .

C-D : Tsothermal Compression
Surreundings do Work on gas
Gos cools down dve ko heat rgjection in cold reservoir (— Ifoos hea.l:.)

)

-3
D-A - Adiabatic Compression WGVCV'S"H&) g

Reservoirs Shik off.

Sourroundings compress ga.s,heabing it vp (+ IE ag llOOrk> from Suer.
Gas 2nds up in Same Stabe prior ko cyce

: S = Constent

Heat ve Work (C\assicalj

Wall is moving 5

Collision of ig@ TR

gas molecvle T | Jﬁa

with knew wall of contoiner Vibrations (random)
momentum 4 angle doe boheat.

is pmdfd:ab‘ﬂ-

Y,



i-e. 2 molecvles

With Same coordinate k Momentum
willend up with same parameters
of Ler collision .

G@& Overview
Reversible Heat TYZd\sPen B

\\ 2 molecules with
Same coord. & p May
NOt €nd up I1n Camc
State after collision.
(Although Veel- increased ).

e DO NOT fNow
ATOMS EXasT 1]

§ta)




H”‘)i g@l Yoo

4M - 3" - 5
V™

9(.7' + 2 -'%.DLL-}g \)7/(

\J

My




fi2)










Single Mocrostate
but Single microstate.

NO'I: 10"10 l’hghf Jamlr//;@ /
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Ineege disoden.

~_— Singlc Mocrostate : MUIbPe

Pr KT
UL" Po¢sible Microstakes

e TPV=3, U
eam_o
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U =~&T

]K':Qj oZsz/ > Intenad f}«e?/ Jra /m//,, a/

J e ofre 4 Vo/unc Y :gi ;‘s:%;"
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Mf‘ = x N
Z’k 0’1/ /Ill(};h \/
U cor resuft from
Ctfect of both T &V T

Somerinap 0/7¢ m 7
Cavier a ‘;’?ﬂ m UV Which /M Po avelve /(/

ﬁ/"m? Vet & 5‘7%’.
Suppose We howe a plot For =4 (T V) (Al 3 Varinbly)

We bnow () Wﬂn T4V
Bvt Is T &V indepocint 7

The 774 reprednttt pPlene
15 Aooh Corflly.

Teotbomed, expanci / Compeptsoe,
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Ierngerocor LY eLX
Reverse of CARNOT CYCLE

T
:FQ. Ho7.

WA{T
a.

T Celd

rhubigﬂz(#d&
CARNOT CYcCLE

n RoT
Ha
T \—-w

Qz

Ta Cold

Qn
_________________ Th
W
oo Te
Qe N
\)
st & ¢ UnorT)
Q')' Ey oy Temp. represents U
CtB Foridfalgt»sUisFmat'moF‘leg TemP is affected bj QLW.

1abati m ) V becomnes imporbat Wy conids
ﬂdnaba}nc Compression (i i

A =
2 /L = -PAN @= %“’L@) Temp. it a\temac Ex Mot tobal .

Temperokue of coolat rises
no heat exchoge. = Tenbopic

BioA
“Tsothermal Comprssio
OT =D & aAV=0
=5 M= AW
Tempeme: remaing Constoyt B
U qained by compression Work is equ
bogl) lost as @ uﬁfw heat)
crcagesg in Saswn.

Do d
Adiabatic £xpansion
Q@ =D ,Av=-PAV y = 2 pRT

Gas expands pald by decrens. inv
T coolant drops be?om refri l

N® heat: exchanged = Tsentropic

®
Dt C

Tsothermal €xpansion

AT=0 =) AU=0 =) AQ=-PAV
Gas expands w/o decreareinT/u .

Q is injected from refrigerator
S increages in System.

>\
o St oA (Highr T)

AR

Tsothermal Expansion

AT=0 240=0 = A8=-PaV

Heat Q from hot reservoir conee work via a8 expancion.

Temperatwre does ot Chonge (U = 0)
S increaget in Syskem

Btol

Adiabatic Expansion

AQ=0 = aUz-P

Expassion aﬂalnsl: M:mosphyc is po.id by V.
T deccos=s

No heat transfer = Isentropic

®

C teD

Tsothermol Compession
AT=D0 DAV=0 D AR= ~PaV

U gained by compessin werk cquals ko U lost as
Q rejected in cold TservoIr
S decroges In System.

D to A

Adiabatic Compression

AQ=D = AV = -pav (Expansion cavee | bo incease)
Tempcmlz:rc riecs

No heat exchnad =) Tsenbropic




nainNoce & Lsothermd, Trocesse

A - B *: Tsothermal €xponsion dve to (from res)
Hok reservoie provides heat to System (+TE @Heo}.)
- +3S

2-C : Adisbatic Exponsion (Rowrmb\e)
Reservoir shvt off
Expansion continves ok cost of inbernal €remy (-IEo0s mork)
Gas cools.
: = Constant .

C-D : TIsothermal Compression
Surroundl'\ss 4o Work on gas
Go:s cools down dve ko heak nejection in cold reservoir (— € as heo.t-,)
i -s

. Adiabatic Compmss-oo (Qevasnble)
Reservoirs Shut off.
Surroundings compress gas heabing it up (+TE as work)rtrom Surr.
Gog £nds up in Same Stabe prior bo cycle
: 8 = Constont

Let us Looi ok Some coses where we might ok First object " /HOT OUTSIDE

Heat moves From hotter 't /

Swromdings tocold glass coLb @ﬁ

of Water. INSIDE 9@ 22 —_tieAT Flows from cold
to hot -
Compressor ——— %
Surrewndings Al; Fnrst glance the refrigimtor (dould be defying the
We might think that the Awuse inS Lo»)' Tk moves heak from cold bo hot Which would
for Surroundings violakes the 2 M Low, Ieoul ko Lhink thot it is operating despibe decreadng Entropy.
but we rememnber that the law talks We however notice thak there is 0. compessor progent. Tt inpues
For the whole universe . dSuntv = 43y, +dSsumr werk b y compressing o. Ceolank (bebrafluorsethone [ crc). Afler
Since magnitude of entropy gain by glass of-FscLs a Series of Steps, heak Flows From refrigerator to coolant
magml-,udc of loss in Surromdingg 4 um? 0 which
A% = —A4H
-

A
For HOT—s COLD For Cold = HoT (Review)
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'r,, Te T T
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Q Random Mmicroscopic Enegy
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mg-tenow Ue Uy oe shae vosable. only fo- 1rir especic syrem
Moverrak of B 16 H voud resiit iny Sl inocur
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Thig little device is present in the membrones We Know the extent of this process Tt occurs in all
of all animal. cell. One Function iste maintsin cell veltage.  amimals . How can the univeree allow For the System
SN our s ko decrzose Entropy? Somehow the increase in AS sun

i, DK o must offsel the decrease by the syseem |

As we conSee, it is onganising the ions
| inko their respective comportments. Tt

- opposes the 's,yundiug‘ of the mdecules
ond Seemg to Violate the law of Entropy!

Tngide cell
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N
ATP ADP
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AS=A0C +°T

Tnberpretation of the ratio AQ/T .
Terms : 5Q (Heot transf.)~ Aform of
€nergy Witho. certain mndomness.
: T (lemperubure) - The averoge
\Tntermal )energy inon ideol gas.
Suppoes T transfer o porcel of energy
AB to a system gk bemp. T. The matio
58, tells me how many times the
prier internal Energy T added - A colder
System Will receive More times its intemal
Energy compared to a. hotter System (higher ratio).
Remember, this €nergy is associabed with randoronss.
So, the same heat 24 will cavse Mmany times more
randemness ina. colder body compared to o hotber
one | Or, the magnituls of decrease in randomness
wheh AG leaves hot body ig less than the qain
in coldone. ASuniv> D from HOT to COLD.
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® Heat vs Work (anm)

HEAT
/deQ &> ,{o»gc d iSpPersi 9

, . S (Mman ible
\a Disorder in énefgﬂ distr butiom / aci‘)e) ,&?Smi- to gt

13 =037,0:27,0:057,043, 0357

p————

To get 4T of work,
— 4m all the molkcules must
collidz With the Walls
Simdl:a»:ouslﬂ-
Else ) From random collisions
of the numerous gos Makecules,
Work il pever get done

Move Onz= Loith 0-0S I
M&rigar) 0003 J ...

T0 INEINITY

T/

1

Al Molecules we ak = T of

N
Energ (S molecukes For 43= 0-27
Per m?ﬂem).

& am* Even if colligions arns random ,
all pOsse8s the ame arput

of fnagy.'
Work 15 done in pi'Y)'ll:Q Eime |



Now a. Usuad System Consists of both 1ind of
€099’ High grose (Wok) & low grade( Heat)

Haat £ Worte axe Modes of Eranshr of €naey
Hea bransfers fow grade Whie Worke highe 9o

Add e

o bam Gyt e
to add high goace €

low geode

Now tem peratve Lelle b O\ervge Enegy of & e,

T AR = &_\& . IfF S cave Mo oll'Sprgim
3T T deceates
(Norral distibukin)
Mmerr - € disvibuia At
ltle £v-py




NOW )W}ak hwppe_ng N an 126 thermel Prcm&s?

AT=0 = V=0 = &Q =W (=-Pav)
> low 524

US\KJ 19 A System Cosicrs of beth qram Jitordsed
33-1?\’0 . Can~et
Covilred) do e,

NO’ce . This hoppme in & Concertcy FM}\ien Lv+ g]-,']):
Interal Enyy U deooases Eo do Worh (Exprsion) (paid fr)
To Ueep Cl\lemge £ny9y (T) Consret Svs{em draws Enegy
olbeit o low gmole one (Heat) ,

This brirge disords (Z)S)wiijﬂ W

The ordered portien of 2ergy Wk expaded to do Worh 4

it Wer rphed by o Low grock one !

NODOJ Clurmﬂ | Sothermal Compre ssion, Wort i< (]one

ON System & Ordped Portioy incrages.

To Keep tempenstve conget ( rolecdle- MUt et roreg
(Isa{%jv\q )_) : / Y W)( )
The sygem rejects b fow -grade Enemy (heat)

The disorde aszwcioted wWith te Syftem  decooge (ng)

L Now Die heotiry IS deom) Cooling is too.
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Interpretation of the ratio AQ/T .
Terms : &Q (Heat transf )~ Aform of 7' J

v
. . m w
€nergy Witha certain mndomness. Neot
. T (Tempervbue) - The average ¢ ‘h“r
M

\Tntermal )energy inon ideol gas. ’n l’r%! ,

a.5ys bm‘P‘ L 0 So, the same heat 24 Will cavss Many times more
5‘34, tells me how many Eimes the randomness ina. colder bedy compased to 0. hotber

prior internal Energy T odded-Acolder e Or, the magnitule of decreasein randomness
System Will receive mone times its intemal  when AG leoves hot body is less thon the qoin

Ener to a hotter System in coldone. ASuvniv>D from HOT to COLD.
\.h‘gl?e'v"mﬁo;. ¥



We notice the presence of o compressor! Tt dees work on
the coolant by comprescing it. This cause™T o rise incoolart. Laker,
Ehis energy is rejecked as heat cavsing T of codant. to drop below

refrigerator bemp , drawing heat From the lotter. The cycle keeps
repeaking to Keep the inside Cool !

The 2™law does not Forbid Work from occomplishing this. Tk just
Says heat by itself does not Flow From het to col . As for the
Feasibility of Lhis Set up, heat is given off to Surranding by

rejection in cycle, Friction,vibration and heot in cable.
=) AS univ >, O \/I/ (ASsuw offsets ASQ‘JS)

At Fiest glance the mfngnmhor weuld be de"g'mg Lhe

2™ Law! Tt moves heat from cold to hot which would

lead to Ehink thot it is operating despibe decreadng Entropy.

R = Reg ({L 4+ o7 —/“tf)>

R = (a»cf + D((T—TV"FB
R -Rup = ox (T - Tet)
AR 2 AT = 1T 2TR



