Cononieal Epsemble

, September 28, 2020 10:54 AM

—  Ensemble J= deFined as (arge collectory oF Tdenteal unite or replicals
oF the syster: The averoge t/édkui of propedy of ensemble covrespond to
Y me owarajael volue “of covresponding macroscopic poperty of the
6xf§\’em~

Constaot 17 bat) ( These COpfes are . heatcl o,ﬂ\“x@d n 6Pace Sucl
E E o al- {'h@f ore drs%\oﬂwshﬁwe
E L'@j — F\Y{gm@r‘ﬁ\tﬁj‘e ‘T)j Constant

\L S~ Torkicles CND

Canontcal Ensemble.

F Nolume V) apd enerqy s Ffxed | then corresponding ensemble is

klhoron as micre condnical ensemble
In canonicot ensemble  each member ts embedded 1 o teroperature bath
Such thek engemble energy 1s constont
Walls that deffoe volume OF wnits can conduck heat, allow703 For energy

&XC‘OO\D e P)
ﬁ Torod energy oF ensemble IS ﬂ?veb er

Ec = ?"QCC)?‘ Es _@

Xiye  — Occupation Numboer Cosrr‘espor)d'mcj to the nwmber oF
. Ehsemble mMmemkess ho\vmﬂ energy £t -

The wu‘ghl' We Gssoctated with a 6Pec7‘F|°c, coo{—‘fgumH’on of energx,(

amondg e Nc members oF the ensemble e 37\/ ob%
— N !l
We = —= -®
T
] th),.!

The Probabilr‘l—g_f of Fff)c”l')ﬁ an ensembe unik at enesgYy E;

pLEr) = _v%e_;f’f’ .

Ws — Mumber of stales present ot €nevgy Bl

—pe
A - $Q%D



N

( Canenical

“

n
PO\THHOD Fw)CH\or) )
-t
e /&
i

PCE)




Pelak( ng

Monday, Septemb: zo(onthFor an idé’ﬂf ()'\qg'

11:36 AM

In relating the canonicod partition Funckien @
to dhe Parh' ton function describing members of
the ensemble 4 - discussion I's Yestrteted o

SL’S te ras ocons'?sﬁng oF “TIndependont ¥ Tdea qu A B
vHcles in wobich Interaction betueen fDO\YHc\es {s
heg\‘ng;btc-

The velatonshlp between @ and T is devived b Considexing 00
ensemble made up of fwo distinguishable  wnits X oand B as” 8hotdn
_se
> Q@ = S e Peo

atb L
K “5Qaﬂn+a§'0) =
—> 0= 3

= e e

g/A,), &g, vefer fo energy lexels associated with wpils AL B resp

-8( t28 — Laﬂo"—i‘so - Ciﬂlfi.g() - QEBL'('E’Q?_
e 0265 ). o P LoF ) ,
[p}
-BE _8g _ —BZg, —Ppe _B<
~@ = (e i e ?A'-re, P, . - (e Fee + € PB‘—(— eﬁ S, .. D

R = (Ta) (%eD

fFoand B oxe Tdentfcad sqste OLA:CLB
@ - 9%

Clohen ensem te fs CO0675H°03 of 2 units)

Extendin this result to o systero with N distinguishabe unifs, the .
Canonjcal “partiton Funchion is simply the produt of unit poxdition functions
@ =q"

ModiFiceh oo -




For any Queries
% 8 9,0 " Warning : These are Running Whiteboard Points not to be treated as only Reference for Exams Suyash Agnihotri (M.Sc. Physics, CSIR
e DefwiHon of F ’ NET Physics)
Monday, September 28, 2020 11:58 AM

Contact: 9167111308
Email: agnihotrisuyash@gmail.com

For Deﬂn?nj ]8 retaton bketween Nefjh’rClx\)) &8s FuncHon of ﬁoergq((‘o’ra()

W = N {
18, l.-- Gl
We N
oy | O
J
The correlaton befwees F and W s oiven b
9 L{ zn(a(‘o\z): Qma('\'i{?q?_
Inw = In (‘ﬁ"_;
ALSR
J
= — e '1 0 .
}DW o In j«\ O\J“ CsH*«-)‘fmj‘S APPT‘OX!M&'\()O)
L dlow = d UboNL- o oyl) Uoxt = o tnoc— 7.
— J
dlow = — 5 [nap! dpy an | = anfoon -l
- CUOV\/ = = %Lﬂo\n&u@ —-’@
_R&
Pmb@b‘(r?ﬂf of Occ@L(ﬁ03 o) ﬂ?ve_o engrw level = [ = %: éf !
Ne PP
R = q
T\\eag&b e
An _ TP
Ay M e P /6_@60
1T
Py 20 =D _BE
An . o T oy = 0pe
8
Lna, = oo+ ho(e FE™)
NOp = ANOp n(e
loap = oo,- Ben — O ;
N Ts constant-
dlnw :’iiCln&oﬂB%)dam AN =0

= — lno, =dan +BZendan
D) n
%‘Sndao: dE
o dlowy = {BAE <

%5 mush bave (nits of  nverse of enerﬁa_F



,L

K - Boltzmann (oostont
T- Tempercture (Abso \ure )



Warning : These are Running Whiteboard Points not to be treated as only Reference for Exams
For any Queries

MO \e,ux(—h'r Ene L&\l 6\5 - Suyash Agnihotri (M.Sc. Physics, CSIR NET Physics)
Monday, October 5, 2020 11:40 AM Contact: 9167111308
Email: agnihotrisuyash@gmail.com

The molecwdar pavhikon Funchon tan be evaluated py considentng molecular
energy levels - For po(L{a’romTc moleciles | there are four enevge,h"o dearees ot
Freedorm

1. Tandation

2 Rotatfon
3 Vibration
4. Blectronic

Assuming thot enerﬂeH”c 0)8?])"8&5 oF Freedom oave not coupled-

So all these cob be decomposed fote a product oF poxhition funttions
Corrfsponcl‘mj to each degree of freedom -

Lé’i @«COM mpreem‘ts the G,Oerﬁc/l assou°qte& whh 0N (3'(\/&0 molecudar energy
lesel

%Toml = ET+ Cp T %Vf%,e —@
Molecwdar partiton Fanction fs given by
%Tow = Z & P —®
= (Srffag\;g&) &—FQ%TT%,U%VJ&E)
= @T{;?%T) %Rg?%) @v@_“?@v )@EQ*F%E>
ot = Frleh de —®
This relafionship demoostrates Hhet the botal molecidar portition Funcfen is

Staply the product of pavtition Function For eaclh molecntar enerqetic  degrees
6% Freedom -

Y

z

S GZTMa[ C dfstfogukb&ble) — &
N

©Tom[ = ;?K[T Tota) Cﬂnd?st?ogu?shable) —&

%To%af




Warning : These are Running Whiteboard Points not to be treated as only Reference for Exams
For any Queries

Suyash Agnihotri (M.Sc. Physics, CSIR NET

) o, P © A
Translationa PavitHon  Funchon :
Monday, October 5,2020  12:04 PM zhyi'cst) o167111308
ontact:
Email: agnihotrisuyash@gmail.com

A podide with mass ‘'n’ le Free to move
fo domaln 6 £% £a , where a is length
6% the box IR ¥ PN

The. pw(}?\h”or) funton For tronslelencad =
Eoerﬂgf o one dimengion becomes

O — L A n=2
_ grmal-
qﬂT/ b~ ‘ﬂ%ﬂ_ < B @
S e ettt n =1
Rs numerous anergy levels e accessible
ol voorn e mpew:&wre 0 z !
q
Therefore  summahion n equahion © Con be Paxhicle in Box

“eplaced by Integrodfon. (varelationol Energy levels)

~ > e
o =
ao 2
— AT
58 qd% = (_LW/O[
o)

T R R N
0

- SubaHh/@rW\j vadue oF K dhe hanslatonal Functon v one dimension
becormes

This expression can be s mplitled (o% de?ﬁ’n?nﬂ The theyrmal de 6mﬂ\‘(‘e

Wowvetengih -
Thermar I/OO\\feTEDjérh

A: (_@ \/L

21T m
[
l’ & -
Y = 2\_: (2%“’ L‘% - (k) "% as B> 7
(o)™
OLTq,fLD = \ATmKT %

&Hvemire momentam oF gas porticle P fs eobmod to Cmi@)\@j



&Hvemire momentum oF gas porticle P fs eobmod to Cmi@)\@j

L TransioXoncd povtition Puockion (0 2dimemstions

Yoo = qpnt T

-

- () e
-
qfr 3D = Vo= Q’ZWWK@B/L'L
/ A& l/}s

Where V s Wlame and & ts Thermed VOONQ[%?&H)

Tron &lationod portidion Funch oo depends op boty Volume L —lm@@m}we



) o) © . Warning : These are Running Whiteboard Points not to be treated as only Reference for Exams For any Queries
E (AJ‘E &‘(h H on _n)eo rem - Suyash Agnihotri (M.Sc. Physics, CSIR NET Physics)
Mondgy, October 5, 2020 12:35 PM

Contact: 9167111308
Email: agnihotrisuyash@gmail.com
The a cp!'fcab‘i}? oF cloassical stabistical mechonies o molecutar system
) 0 & » © Q . .
&r bigh temperatures voill be indicoted in EO\/W(«DO\‘\(X’lth Theoren -

The @cpressfoo For the Three- dimengional portifen Function For molecule
Cor)slsh‘nj oF N atoms.

o -PH ey e
OLQMSSTOO\D ),\_gT\f jJQ dp dx

ferme P ond % reprecent the momentum oand pbs?fffon coordtnotes for
each Po“(h‘”de respecti’ve(xf'

b represents classical Homitonion (ke pantm Homiltontony which s sum
oF kinete and potentiol energy therefore e P s eowiva\ent to e FooF
quan Foun expreggi’oﬂ-

Consider $he Hamiltonian For classicod one dimepHomal Vovmeoic
osciliodor: Ciwolth  reduced mass H) and fovee constont K.

"t = ;gérg—_kvcl

Z 7
- [+ £
%C[st:ﬁ&t ) _\RJ&PJA(LQ % - :[5_}

Tois vesull-Is o oqreement with high remperedure approximation o G using
dhe  quantuum Pwﬁhof) Function -

Starerment -

The o uf,oowh'l—iom theorem states that any terro In Class“\’god
Hamiltonian *tnat is q uadratfe with respect to momentum or pesition
will cootribute k_g o the ave rage energy:

Ohe. dimensioned favmome Osclllodor —x P & ‘o .
Rverage Qﬂemﬁé [o% e%u?@&ﬁﬁHoo Showld be kT
S

© Tor N Garmonic Osdiloters = NkT

i






.._ﬂﬁJ\"
Monday, Octobdr 1p, 2020 11:30AM

For any Queries
Warning : These are Running Whiteboard Points not to be treated as only Reference for Exams Suyash Agnihotri (M.5c. Physics, CSIR NET Physics)

Contact: 9167111308
Email: agnihotrisuyash@gmail.com

Consider canonitel engerble and consrdcrmj aseroge e,rse.ﬂr‘cqj oF

ensemble umT vy whicdh 18 6m kul fo ted e.nfm:}\j ot @msemb]e
number oF ks 1o Enserble - ek o ()

s —

T dots @CLL&N“\OD, ¢y 1o the leyel ebergy  Gnd Ay, s the occu_pa\hon nuamber of

trot enerfjnf learel -

© The boltzmann distribubion for series of nov - deﬁj&r)emi?/ eneray levels -
i
On _
N 9 o @

wml @ n o -t = = '_P(C’n
Where 4" 1s molecutar Pafhh’oo fuaction  and E=CKJ) C 18 e )

i a | ==
e B s e — @

Comsider derivatve of moleculor pm’fﬂ‘ Ko Funcdon (o-rt- B

_ i =P —®
B Y
- -1 (4% - d4n ddng = | d
<< - 1) ‘**] ~® (- L&)
. ~ =N d _ AM =

Todc.énﬂ devivakive of F Wk Hme

;ﬁ B &T (k)™ E«r -@

dB = _ﬁl T J_ —__L\I_

P KT dp dT

{E> = KTLC%QJL> - &
E—= e [A0n O

Toked Enfﬁrﬁ\f E wi\| Chovo:f]e w 1t Jrempefr&%we L3 il



For any Queries
Suyash Agnihotri (M.Sc. Physics, CSIR NET Physics)

Eotopd -
Monday, October 12,2020 12:20 PM Contact: 9167111308

0,0 R ° Email: agnihotrisuyash@gmail.com
e approaches equlibvium l)\‘r achieving  fhe A

N

Sus
CODF?(JM%D\OV) o' epner W'\ m o tm w) el ght: .
In ofher words the conFouradion ofF @nejmﬁo hich vVl he obseryed ot

e,%ﬂ\l?bvfw\’) corresponds o W iy -

of sustem to maximize w and entropy S 5@33@55)@ thakt

The. wLendouoc;r Y z .
the relotionebip exists between these chanﬁHQS~ This  relokionsbip 15 3(\/@'0 by

Warning : These are Running Whiteboard Points not to be treated as only Reference for Exams

S= X bw

This relodfonship stakes that entvopy fo ditectly  proporbional to Intw) with
bolfizmann constent eeruing os pmpoﬁom&nw Congtont-

Cons?dey the enen of an ensembple of \DO&(HC\&S- This @merw {s eohwd} W
The suwm oF the gmd uct of the ene‘r%[es onad  the occo@&ﬁon nuMbers of

these levels
£ = %%Qo - ©

“- The total differentiod of E to gfvm \oﬁo

dE = S eodan+ ZSAnde, —®

2" temn oF the equalion becomes Zexo 0nd Chanae n Em@rzjc_{ s related Eo

Chour)cjes n leve occupa’v?on nuwmbers only -
dE = = tndap — &

The copstradnt OF constont volume also dictates thod there fo no P-V type work.
U(the 19t Jaw of xﬁmemodcemomofcs The C\nO\n(‘je ' @,Oe“aﬂae must be due
to heat Fow-

d& - d9.., - %%ﬁd&n —®
where dg,,, - o vreversible bheo exchonge  between 6ystem and sunoudings

the ﬂLhermoo‘Lemm?o defeni&on of Q/DJLVD'PL{‘ Ts .

do = dlev - ®
Compoﬁmﬁ the last tuwoo ecLoLaHoo give the Fouow?nﬁ deffothon of entropy
ds- LXtday — ©
Now
B - Elf % - Bk
2ods = kS endoy, — (D
%

ds = k%?in dogy —

Trn Boltzmonn distrib wdion Formulal




Cafa) om0
:.F@nz W)”\-D( ‘@

Where X Odmdﬁ Qre constonts Qtaﬂmngfcm rdethods of Ondetexrmined
Mwlhpliencs)

A4S :kﬁ%&;d%) - k% (Mﬂ)da@ + k% X das,

de

ds = K%(%)d% %k%?&&o %Km)

ds = k= [ dow
= [ ) e
s - k Cdtmw) - ()
S = kinw
This s the expression for Boltrmonn Formnula for Entropy -



Warning : These are Running Whiteboard Points not to be treated as only Reference for Exams For any Queries
Suyash Agnihotri (M.Sc. Physics, CSIR NET Physics)
Contact: 9167111308

Friday, July 16,2021 11:48 AM
Email: agnihotrisuyash@gmail.com




