PHYS 3014: Statistical Mechanics

Lecture Notes
Part 8

Canonical Ensemble: Classical and
Quantum Oscillators

Programme: B. Sc. Physics
Semester: VI

Dr. Ajai Kumar Gupta
Professor

Department of Physics
Mahatma Gandhi Central

University
Motihari-845401, Bihar
E-mail: akgupta@mgcub.ac.in



Spalinn of N diohnguishable dlassical Szullafer
Covim Obif\/ C A t:a/-L/L’\ oé, N d\o‘}\ " g_bwj ol e aud

HAC‘LbiJ{’/}NCQMN d_ov\’\\\(o\JL Q\JAU;\](-A_Q%]/J o Aol i}( uN
AW O\M/chm/ {F‘%W\sz/w? NI (mu dhrruws o )

J s )/\ouml lev on o} JH/\L Oﬁa lswr\ 1"/5

H = Z—(%Y\—F%’:W\N%) L‘:]’L/f" N

Wt v 1y M an o dal Laorg .
e A\u\fl/e (MU\UO\/QW bm&,@m ‘gﬁmo‘Fm 14

ZLT/\// l) = &, :Y\-S S ex\ ( ﬁﬁw‘w%’*’)z)ok%cq)

N\
- —n

== —L _9\;&.— )\/L S AN l/l-
() 5

|
T PRw




‘))O\YJD')M;@\ &L(A‘f\cv;r) 0%» Phe ﬁ%tﬁﬁf\ d?}, N ohallalzs
LEQVN) = L f WI {}@HL‘LP)} ci(p

. Z ~ P E(W\v\. L{ZZ A,CLL ‘ex}g{—[bgza;i.

\
7Z\= 7
i\
=8
\/‘\
b
X
5,

(!
g‘ ’
=2

5

(&m/\ )‘% )
(m-\\/\, = {zGu)
)

el free energy <} the aplons
PrvN) = - KT Wz (v
= - NKT In KT)

—t;\ A

e -Gl




Ar) . o 0
= 5= = NK bn (BT) + NKkT AW
) (5T)\/N " (Jﬁw )

(]

KTt Hw
N1<E’\’ DAA KT J

Vo= = 27 g hnphw
’ 3P a’ri’N e E

W
e

- NKT

v - @)

—A W

M- %’E) : KTQ’V‘LL@T
NTV
/

(v v N) = NL<£\+ Lmé‘%\ %]

[( J T



S e \ ‘

Coomdliv e /)Ualﬁ/n\ c;j, N Q\\‘o%\rxﬂaum ool ¢
g dk\/\\ywﬁcwf& ot,u\e\v\m‘m siAlaleva . A gy,

T 5{/\/\ thw; ad_ NN AN ol wavn'm\c\,Q oh A e(zv
A %{‘vey\ €%

Qp\: Q\+ J;)-b\\/\] e, 12, - =5
Stogle oscilloler parhien funchon o
Z(@Mv1) = 5 eqp(-pe)
=

-0

@ —phn(hrg
= £, €

h=o ~L P
_ c
- | - gFh

= LQ Sivhy (‘éﬂﬁ@]—‘
* puckibas i of e dyplem i

N
z(rvN) = (2]



-N
Z(T, W\‘) = Ei Sinh __-——BELQ]

- N
— PRW
e !

He\mho,? {Lsﬂ Ny of Fhu 4Uol€{n
PN = - Tl fz v
= N KT&—_&%@_ _ Lm%t—éﬁmﬁ

- N[étw KT Q"‘il—e—ﬁhw}}

—

EV\TY_J’\} g@v/:\l) - _@}P) —t\KQV\E‘ . bkw§+
— Pt
RIS ("),

| - g PRW KT

- [b'kw = '}\b'\)
= Nk [ epﬁw “ l P’ ﬂ




- NI R — Phw — bR )
[em\w | +ln e T e 1__,2%@,4;9*“2(

) i _ s BPkw
- \\\K[ 2 ? Q%hw—f -flz o O\Mé’ = .éj

— P
e ——
_ NK{—P’—%«-&’P“ @) - j{wg 8 il eiraﬂhw)éj
Rreasvire
0 - _[2F) _
= av)NT_ ¥
nbemaal Ty
J = _&}'_QM'Z.
Tap

o i N R Cakh (i BW)

[ I
-t
4
N
_‘

[
&
—
A)—
St
&
,+,
>t
o
st g



= <ap) o
ON/oy T ZRW 4 KT |- % - e—wm}

—~ i

"W
. [V
Cy - (’5?)\/ = N pR) Caneeh (} )
s MK K 'L. e PRW
Qb R ) @lojkw_’ )?_

= N| RW 1
y £T+ . J

PR

N

= N<&D
So o U Can b Gwidsred oy equal & N-dimg
e wean emfe/r%z ob{ ol open)aler -
;J{ e Coyn J)(/yye Hry megqn  emerTy o\él one odullal
Wi PNy egem adue ¢ - Q\+§)lﬁw o} M



CY;&C/L\\U\(EV Hon we  Coawn  oblendin

= ]
Wy = - N [ . i

> Com be ey eded ap uen qprantum vunber
Ce Mean lovel of excilabin of an ehillaby of
4’&*\\3} oraltive T

ke k& damcad md\lo«b‘q; quanlinm  a allalzrg
do el 04%2( eﬁ/upwiam Yhwrern . Fov damed

eAenlf = NIET

bul= Y F NKT %w vawm ) less

=7 quan@m ko ek oBallalGr

Uz NL&yp
. "’P-)C/-M \ = .KVJLV\.(—J—) e‘/a (—’—V\
<& = J—Z%; £, e % ’i%\; 3







SV‘\ MUL l"{ VN TL)V’\,& Cosre ham T—>0 My /bi’\w —> o

= S AW + Nekeo |

L+ Pt + Jps -
= NKw +
= PO+ 5 phu + - )
= N AW N _
2. +F(' 7 B
xR NWKT

So ok )uz‘ffw Fomporalilng  quavkim  yaidaomical
allaldr nveh & domicd s Delzy

Whoe T —> o P{um /a‘kl/\) —
U = kw

muw@é,?/, ,Yw = ,,{W o 2o }o&\‘%}' G/MM?VA_
whereow /w T Do | e cbjoin . clowmi taf reown(g,



Jn {-174%, Mean  enevy

v cacillalr iy ﬂ&ﬁt%‘t' o
a OE\,MC/}?% oj ﬁxmbg,fmbq,g_

Carve @ Yefpreoent Mo e
q/v\a%\f) Mmoo yradAeni el yeoull

[ e ygt/Lfn'ﬂok)‘t/\g,VV opcilldz

Rw 7

Cuvvie @) %U)W—%.@wb M covre %L A Ptﬂ)’lclg ss i Il
Wherd e pw Mgy 1 o enlc I Yean
thovy 13 U\f\/\fﬁ?o Tedied by 5 S M'wftli%w}
loe 5 KT- 350 net KT . wumve @)
“/)Vf//ﬁwd A Cope vgﬂ a  clowmicd sallaber
e /’SM/‘d/L HMalr ok %})fl Fendperotures OWL?

WLesn «%ﬂe/)@\a bf@/‘ CMU'“&GY %’W ‘1M9/mtﬁm Moﬂj)mbr

Ctend o A Qq/m/om%h% vellee



References:
Statistical Mechanics by R. K. Pathria
Statistical Mechanics by B. K. Agarwal and M. Eisner
An Introductory Course of Statistical Mechanics by P. B. Pal
Elementary Statistical Physics by C. Kittel
Fundamentals of Statistical and Thermal Physics by F. Reif

Statistical and Thermal Physics by R. S. Gambhir and S. Lokanathan



Thank You

For any questions/doubts/suggestions and submission of assighments

Write at E-mail: akgupta@mgcub.ac.in



