Rag:

Quoun buom Stakctcel Mechamnice @

Ctokisheel Physies S poarticly - Kowrdowr
8 Stodiskerd Methoniel - Pedtwin & Reada .
© Tni-odmckion do Stediskial Physics — Solines — Pary: o , Spin, ke
? E ?C%J quJ---J CLN) . pko’r&'\ Mo.ahe\ﬂ_\q.l“ﬂ_,
= ’ re
Q

+ Symmeb'c (2w .
TTU q_J = x g T B sp D

—
—

—_— %L‘ J‘r:?mrv-\-ll""\.Q ( ._LL—;\-\\—Q%' -
\ $p-)
€35 €, P, 2He, ek

—‘
L=
Exomple |1 = A+ ;) Gleee, M5 = Py _(.VC“?‘J)
— 2™
.E.\y—- \')-:_18(2_.

E":a,m—\f_‘md-'c-—\s "'\- 'j—\_ fe——- - a,:vu—\ okl -E/r\e/‘h E "\Ov-a_
b& writen eos kl:‘C?J \f’,‘,_Ci:;)
|
st I W (T = en W, (T
e Ty Yo, (h) = e, Y lFD)

Symmetry regmviment-:
\PS L;‘l o) = JL'—’_C_W“\CT\) U‘I“‘_(T,_) + \Vn,_(r\) wn\ LT"")).

VT = L (R H R~ ) $n (R)

EKG-M'\plQ Z:-@r‘u@ \'h&ns\,—-hg/vw:-ﬂ-\-.&l{ Pwk’L\M A LR

oy orbitely, M, emd M, Hek ctbawme ikt
vty .

) Cymmelric dhe-ce:

T 1

] - \rJ';-_C b o e U(“':_CFL) + kP.'_L;\ ) \\1\(-";;3 )

A R & (W, GR) Yo ¢ WL (R D) Y, (F)

~ B PN GER AGYEE SR PR R NN )

- |- W, O W RL) Statistical Physics
a8 - \\)LCF", Y, r.) Ajay D. Thakur

- - INDIAN INSTITUTE OF TECHNOLOGY PATNA
AR Yo ) Y (D)



7(

P |

Statistical Physics @

. ' Ajay D. Thakur
(i) AmbB sy mmelic e INDIAN INSTITUTE OF TECHNOLOGY PATNA
2 3 L L | i
N SS AR AN S R KSR S S
A B W IR — ) e iny)
- C3 ﬁ(‘\"Qf\) WYL — Yl W, D))
@ 'DUH\-\aM;dsn-’u\Q perhuys  coar

(- 3

g -

A —

A B

& A

- g

- A

AR —

— AYE

Tdeol gos 8 N-indisHngaashakle powrticles

& Occaw]o%'eh N wnberc

{ﬂl-'ﬂl-)"'.l'h\j.; _} = {ﬂd}
{*OJ I Fermiontg

T\J":
OJ‘_,---JN'V'J Bocone

S & E{T\JB = ZG’JhJ
J

cnd N = NfY = 11
J

whaR | €] ir Lnwrgy @ \'J‘““ QLancel .



Statistical Physics @
Ajay D. Thakur

INDIAN INSTITUTE OF TECHNOLOGY PATNA
> Z(TvoNy =) e[RRI
Rk
(Zm=n )
«Restrickd swvm
- Doet nok fackovizk

Degine  F(T.V, 1) =) _ &xp(BPM 2TV
N=9°

C(Gromd Ceomenital porhhen funthon)

ep(B1ot) T emp (- em —peam -.-)

° o
Ty =N

)
21

R I va[ B(EmMIN, —BC&pIMe
N=O {'\"\ } T ]

Fry=n S
J

L Restricded S
Al QowiLle vech-ichongs

T expl- B o on ~BCEamrms =]

Mn,N,,.-.
B e NO rtischens

- Fochorizt)
—[L expd-RCE, —Mn}] [Zexe{ PCEL"P“)"’}]
[Eexf& glsj- V‘)“J}]

E}(TJVJP*) = Td_—r[gexp{—ﬁcé‘jf—r*)h}] k

Also, (N> = — L 9 F(TviM)
9 E)




Statistical Physics
Ajay D. Thakur
INDIAN INSTITUTE OF TECHNOLOGY PATNA

Coune T: TBose-Einsdeaun Stershcee

N Twng L9 Q &0 oo,

=] %CT}V ©) = ﬁ[zexp {—-']3 gy —‘\"‘)“}]
lv\:f.-ntk a&omg-hnq Pma«us—'oa-\

= TJ_\—[ | — QX\O{—PCGJ "I"‘)}]—

S BTV ==Y [l - enpd-pCS; ] ]
J

N> = — F‘;DLné’CT) VM) [
o< exp{ BCE M) —

nNode ! <‘fb.> > O -V-‘J
CG«;{ AT Termi-Dirac Sted~chye

M=0 & \.

) %CTJV.,P‘) = Td_r{‘ ~+ QW&“PCGJ_P‘)}]

S UnBy =Y W[+ expi-BCEj —M}] |
J

<nyy=—-L SnFCvit — l :
B ¢ axp{R (& )} +|
Note: O LMD M.

In o COMPc.d- noted o
ingCovim) = F 3 W[l xzexpCRE].
\ (=) for Bosv-Eingtun
<“tj‘> T =] e. — l &(
E QXP(B J) v *) f.g«-‘Fexms—D\n&Q_
T = exp(BM) Ccels f‘Q!PQC.l'\vdg




Statistical Physics
Ajay D. Thakur @
INDIAN INSTITUTE OF TECHNOLOGY PATNA
Remorks

e Degine  Groud H\(erocﬂ:am\m:'t 'Po-\-%-\-\'c.l

@CTJVJM) = — pV :—F‘u\§(’r,v, )
St PY 2 UaZ (T, )
T
o, (E_\_/_ = WnZ@, V) Llore ;2 = exp(R i)
Wl

o IV\ A St C_ll) bea-g , %Uaaa_ Lontly oW, 5,:\,,_,‘

by S .

M

—Bei
\OV_L,,\}@TV):izL”‘C‘_ )
k.n\

(=) Bosk—Einften stodghcl
(+) Feemi—Divac S""R,"S’L s

— G—-f
. R 2D UZE,VT) = i = |
o2 kl+ie ~ W aeFeR g
o
Now, <_T\*\,:,> = | 2 Z“Q Exp ‘Bzé_"{h-':)
%(.i'-/T/ V) N=9 iY\T\, .
=N
N \
=l 2 3TV = %
R 2€a } -?_—l epek il
I T 1 = l —_ _Q_Lh Q’LJT/V)
D N = %Oﬂk) Zc-.t_,ege—.; = | T 22 o



Statistical Physics @
Ajay D. Thakur

INDIAN INSTITUTE OF TECHNOLOGY PATNA

= W =(LT 5 R
=
T hes compenardy M. Ny, Ny
Haebk  todosr \hsria‘}— vetonda O T, -
s 3 )
W J 2<)3
N 2 Stelsdics
e, _rRC-
V 1] — — >
P b3, T,v) = 5 WL\ + e b
J 7 2 \g Y,
IN L
O __p,,:‘“l-kl__
axVv - 2m
— (A kK n (I +2¢€ )
2w’
(@)
Lt BE- . = x| =) kM= 2Zm .
\ Lrnm 7 B_i:“l_.
Gon <§_k- = il JK .
A oY e =
B
LY k’ ( 7 [a'aY \3[1_'[\ s Ll ) a D""K-L
—/ L - - A A~ [ (Wt C )
ke T T 2—"-—k\ZhL \ N
8 J
2, - -?o KL
. 2w VT 4 [do Wi+t )
\ T Q1 I 't\h,) ~ﬁ: » \
/ o
L Pl
= (ke ) fo, Gl= L £, O
oy 2 E An
\. 2—\‘\,;‘7\ / 0 —t’—l)L-l '8
” (}.):fr_r " ,L\.n(\—t-%é’_ ):‘__ =
l - (= N = 2wkt h
_— b d. C 4
™ \‘3 S/‘— N ™ T J2am 1
Crrawrmak de Broghia wovtlongity




Statistical Physics @
Ajay D. Thakur

INDIAN INSTITUTE OF TECHNOLOGY PATNA

= T T e =+
ANV | dwk kE
@m)* 2 e P 4
N I (zm Y (T
= YV o rmt \[R%T ) 2= e+
= (’W‘kﬂTfh‘ 4 [ dw %:1_
it NEwy 2er +1
a
o) —-XL 20
. (x) 4 (dw m € ~ 4 [P R
Note: 2235 =T = (A
o 3% I u Y e L+ N e'—)& ﬁ- %—lek_(_l
L+ Q
3£, &) _ —1 2
Ales 2 2 s L2) E} i:].,_ — :FJI)E%)
A N, — | \ 3
N o N 1-3:3!—1_( % 5‘3,\_(.%).
For Rosk —Einglesn stelghcg
—RECr
PY oy iz PSR
ke T w
owm d N = I
):‘:_:f' e PER |

Rot. Hurr c'/w.,v\akm &,:vbvaw\ car 22| for ER =

Tham e gplid Huamn indo K=90 hderem ond h

'Q_‘++.w 'w-\-l-‘i-af“-?.
A Y T — . (1=2),

- L
wgT Q)T x ‘eg—m —



pal\t)\,«;\—\a. o v lov g tbhiddn e e e d b ons Jo- H2

Cant & Fermi-Dirat chedebts, (li-e, j}z__ﬁ k=
n~

Vo s T ) e

- 'p = ——l—g's-l CE)'—' LU\C‘—%).
KBT >‘ v oo W= | o0
4 dxxLUﬂl—ie -y :
whaR, g‘SIL(})_ FTT£+ <- ) ZK 1=
Algs N - l Cx) [ (2
J Y, 0 '-'——")‘3 %3[1_ —+ V Ll_%') :
o4 2
= 2 9. ) — =
Ltbse 3-”'_@5) = 2 2 g, B =) T
) oz PR Ul
Note N - 1 - 4TmV e k- I 4.1 Z
S = = T T —(——
v N G—ﬂ)l am e?*;_w‘: L Vi l~‘2:)'
FZGRY\"
Susv, Ty e Y et T e Zeuhnj
}C%IVJT) N=o $ng} Y
(ZT\-R".:N)
W
VT A n i
= —+ %3 [: %(%) )j g 4 kg T
D (PV
= — ﬁ(lg'T)t,v (3[})
oT
= Bose-Einskan
_ i (L
= RgT vélect){;_TC/\")} Srelishes
= 3T Vv Is) (=)
)\1
J(z,Vv T T
:9 ﬁc\} - ) -3: .l';!‘_,;. g' s ]‘ch) Statistical Physics

Ajay D. Thakur
INDIAN INSTITUTE OF TECHNOLOGY PATNA



S\m;llMJb}} 5, > (FJEfM\'-—D\‘fAt g-l-a.l-lgl-;cc,}
Uc z/ V,T L) T . hY
ey S ~g = p
= T A I
PN |
o wnified  otel o
h 3 (Tov, ) = 7 Ln| 1 +7 2xp R(p— €x Dy
/'f]b = -‘k L
_pet
=NYT W [L+M2EL
V2
O+ F'U"r"‘n'@i“‘\s
’nL = l
| -1 Bosens
MNy@ D = | — DN J, | f
4 — _vBex
A(RER) AN
_ . 5
\‘ ,‘I’ = <~nk,> = N RETL -‘-.1‘.
= 27 e L
Sl Us = Ex wD, = .“ﬂ .
= VO e ePER
Ova—powvrt o (tedes cae oc_ow\‘g\'v.o\ \'h(ﬂ@@n&ﬂ»&sbg_,
i o 'Ja.\'..Jl-- probadestid =
o ($ne}) = < | exp|—R(EL —t~) M
0’_" k- h--r’} 3 L_ ™~ R P [2% ‘J
Statistical Physics

Ajay D. Thakur
INDIAN INSTITUTE OF TECHNOLOGY PATNA



COh&J&nxa'v\é_ & fpin  duganeracy  facke  go0gy
for oo non-vAhelvitkc Gar in baee dimemeiong,

rd

| Non-velekvehe Gea

J L:\N\‘tl

@) =
r_,/_\
Ty = Np 2 4% f , 2
AV G )3 —\ L, - _B\
2 axp @*’u‘: +N 2
1
2.
U, = UY\, = 3 R ( 5|.§
NV (m)? | e et exp(_l-“\ W +TL _LG-A
|
£
“S
Lok ke = llmku"—ﬁ <,
: - b
I
5 dae = T e P
Thors 8 7 >
I_ 00 Y, —_—n 3
Bp = M2 4 v{-dxx m(i+mre ) L2y
h, P AR =S T T
o%
_ g 4 A k?h— 3 [,\ ().
™G Jatertam, L a T
o —1
= & 2 d i 9 n n { dx o
™M = = b = 9 \~ ). &)= 1 ’
o >|3 J ) %—lek +.YL NI I L\ Cm_l)l —Qx'*"”[,
_ % I 0 g
B A = N : \’LFT aig\);:k "y %‘_P"L Statistical Physics
9

Ajay D. Thakur
INDIAN INSTITUTE OF TECHNOLOGY PATNA



In B mom-daganercle
omd  danpity s Low,

- |
gl LI A

h*L Cx)

™

e %

Lint , = 1S st (high e pav ah )

An—D 5 a-te™

_x_m——\ Zc&e——x) LC_TL)J

=s5 >

—0

A l(% Q—k) (1+ TL-'Z:Q—k) —

+1{

Qn—-D! J=
o YEem) %fo\x i SR
= =1
Q=D J
=) k) ;3 Lr(""‘)
= —-TL)J ——?:m J7
J=| J
2. %_3 - L
Ny X n A
=) N VA AR T €5 [ %__,VL%'L 4 >3 —YL?:' o
% o .L?.h_ -3311__ 4_'3!'1._
—®&
3 2 4.
oA Bb'\)‘ :L\Y\’G-) = 2 mt 4+ 4 —-"Lt— +|—r-
—_— - S/ Ll BN
& P i"l'x_ 3 4 __@
—+ | Ferms e
U $hd TL-{—l Botens
(4
> 3
g ')_?{L 33[)_

]

Lm ) A+, M(“m/\

=g+ g (P - P

Statistical Physics
Ajay D. Thakur
INDIAN INSTITUTE OF TECHNOLOGY PATNA

(Ra amrriva ion L)



N ) - - | .
T A L L (e 2T\ (g a3
g |5 / V|l T3 ) 4 35 )

- / / 4
LA (AN [
N3/ &\, 3
by = My KTl o b (M A7)y 2 N2
Sy \Tg / \e 3\ Ty )
N Formi v
\< “,//—7
\\‘\_->N +{ 1;@_4“ v‘;:'\'%“'\s
T =<
// L ) — | T2 en ~ C
//ﬁ_ C \ S
RIS
Jolte ! Quonie frech  bRteme mM&R prevainen
[ 'Y\,,L'/\J?,g
& W+ d,.n.ta‘xnuc.l.g .L.'m.l-)

Statistical Physics

Ajay D. Thakur
INDIAN INSTITUTE OF TECHNOLOGY PATNA



n

‘.’-

=

3

=1

rl

<)
\VZ
(1
)
]
N/
3
U
i
P
\/

(\

3}

=}

.
)
PRV
[
(N
A
<
O\
Vel
2,
£
1
NG

il

®
Z:'
<

R<b

Y

i
S
f

b

ey

—
i3
7

A\ V4

F

228l JLA-\'\:)_ P EVM'V‘{LW\ bu-J-j

b

s—
[

7

VWY

h— D

T

-s
SRURSES

g

4
-tag?g—

oy

-
lz—
0

4
Z
3
§
z

i

A\

I TPl - LT

/
s
Z

[Tngl P
k" Statistical Physics

7

Ajay D. Thakur
INDIAN INSTITUTE OF TECHNOLOGY PATNA



Statistical Physics
Ajay D. Thakur

T gonered INDIAN INSTITUTE OF TECHNOLOGY PATNA
1) >

= | wi>
LR j N'L

4+ £y Frelomg
o M=

—1 9 Rolorwn

Set 9 olvepsh e mummbet TNl e
S~ Hﬁuc-;'nu =N,

0 -F:, Portonei [T RED = O omlens

Mmp=90 ¢ |,
£ N, =TTl =wl
« Py Rogang: \2‘\1})_;50 rcem i

- Lakely  repeak .
CERTLERDD =Ly <P PR D

~ N e pt
= NI TR} PERD
N— 'P'
NITRED _]
N_
No = N T

T o 9--dhaale ‘Y"L?M—QJ_‘O._\,

<l }I©tiv}> ZZC"VL)C—“L)<1 F PRI
(%] PP ornperiRiED L

o
—c — —\*
\,.A—JJ"LJ @C_?M:}): QNGD[ SE, L _7
Z
K e Z/ (S vogbichked S -D»vyw-:l-\-k.dr Qat~ | Ao
Wi port U thade ot Lnathly o~te




Statistical Physics
Ajay D. Thakur
INDIAN INSTITUTE OF TECHNOLOGY PATNA

Roumovk  Tha veah-1d- o by a,:v;.,\.;v\,} 12,3_ @
ol veaAR g Sover- covnegt paukr L Rotes

N\ |
%:'31 F iz“sﬂ_“-‘ u
e L T_"ngl |
SRR N3 KN (o Zf NI_I\T(XQ
W-n)
e, Qs EQ 'LZC ! xr(BE——)<ar9h>€is><?rs{ﬂ>

Iw la-vg,q Vo S

Jc,““u.(
3 OJ{FID= ¢ ev(- 3=
SHtlLLRIS S R iy ﬁé )
ge*{,[- Ep"hr _“'.¢r-<)'3
= | Z& "L) (“'L) T— BL 3 —“‘“ ?—‘ '=<>
CN) P Em) "?1
Kﬁ
(
}FQ"’?[ >‘1_ o );)
= ‘ )? LArp = ;)
T ZL N [ )
Lak 0<='P7(,,12,% ’P'—l -
Thnns, ——~rL> =) B ("VL)'P‘ Po e’ Fom®

Q= PP



Statistical Physics
Ajay D. Thakur
INDIAN INSTITUTE OF TECHNOLOGY PATNA
'TLJA’QQ_O ¥,

| 1S
4:‘("})@‘{“0“}? = ey %("L) exP[ >\1—%<Tx TQXJ'

Zy A

\)S—Cng_ Normols rab o, o o

Tr ()=t 2 (7T &*%, <{FHelTFi>= 1.
<=1

Toamn, 2 = =i )\Bﬂﬁ—“cﬁ _(Z ) /ez«p}:'“ >?T_<‘”x“ Q;c)j

Note

o Zu involves g Over W Permd-eliomg

* Fov 7o 'Poerx QX(JI\%S,QJ Q=

cmd y Z = G S dasnead Limid)
¢ Quahar | COvveedh o ivwc;\v&s o prodmik g
Sohovs QxPE— %—?_C?} _?L)LJ

e — O in damical Kimit
G T8 (e, A= 0)

o Firsh evdor Covea o
Exdhorge 9 two porbdaa ) & 2
daads b a4 etk o) op[- T E-R J’j_
For fnh poaruite Lrdhemgta Hag st
N~ dres,

L. = b T_r 2F N (N~1) 2T (7 -
ZI\l N >\'3N ST { TYLQ’CV )‘.,_o—t Y-..)j-&-__}



3/7.
_ Vv W NN D A —
T "\‘_!—(-7\3) [l 1Y% <>_ L

+1 £y Freley
LN TL:{

—1 4 Rolons
S F = kT ez, Using G[helr] = nint; — )
~Nb-\(_\_lj_)+N.—Nh~.N
Nl T (M 2 kgTN, »
il (> N>+7_V F NS (HED),
4+ .- 2 \P\C\+X-J ~ R,

oD P= .._('DF Nk T N "_‘GT__ +.
P av)’f v s 7_5/:1'

+1 g Pl

ke[ + 20 o+ o -
FE : [l st_ ] i {-—\ - Rolo

* The f-'fi/f—o'v—tkuv- W\-\-\,m LA P | 1 S &ﬁu‘/vv\'vvlm—v\' 3
+to ol griad \siviald m&ﬂ-’-t,iu-\}r
(RacsM ; P=nkgT (_l+ B, +.3)
B, = TLZs’h_ :
ok et Y‘?kavUr;k\a_ e o 4a | Pt 14
ma,g)wL £ Rocems K- Pk e o Frms ong o

Statistical Physics
Ajay D. Thakur
INDIAN INSTITUTE OF TECHNOLOGY PATNA



LI[) Micro~cememicel  angemble c.f{:voab‘-\
Distibwd= My perbdder w0 g; S+ ahey
(A) Fermi-Direc stebchcse

!
RURN&: Vel
Numbor < nievo(heakey | S).({TU}) = T7 N,
J
95 |
= 'T“T

N5 (%- \)Jl
Fov %‘J‘Y\d >>l)

Number g wovs Ny =

Coos St 1 ARES (et kel X o)

LUy =3 G%g — &~y =y G WG
i +§ -

E Zg‘éj‘h&s -y - CHy S (g0

5L

Algs, N = :“ - (=) =—1~mjri+-(F-y)
5V Comsimeinds O
¢« U= J:eJ ;o

2. AR Y| method 4 legeomgs  mlipliad, (o oo ot
probehle  Hrh-bes SR

S [lk\ QCEI’\J}) — ochf\J —-QJZGJT\J] i o .
i3
=) [——LM?U + W (F~-ny) —x "PGJ]8*3)=°-
P S-'Z‘J cw g W\-:Hr-wa. L. odo o ;P\Aﬂ-f-l—-\MJ

L 9;

= .hJ = Fe Ferna=Div-ac &4‘&‘—:51\'“
o+ y
e e

Statistical Physics
Ajay D. Thakur
INDIAN INSTITUTE OF TECHNOLOGY PATNA



B Bowe ~Ei-rfem debchte

To obter nwnbo § CAPANRY o Loy o Ao Pe'pt-&ﬂ-‘-t a)u”o
J_—,a Y powrhcles , o need B fwd Hul nember ¥ Ny 0
PUrmnuke (=) porbrem & My poecln,

=) Uy = Yy +33-—‘.>)_ .

J
1 (1)1
- 57_(_%7\\]3) = "(\J—l‘ud )
= T‘TC"J T8 —D!
J -]

o My T4 D] oad | HD
2 =L CESI) = THCN + 30 WO 5D~y ey — 35 %5,
J

U sy Tefod g Legremge mdplion (ov = e <rat i Foeni=Divac
Statshee )

— ELHC'FS.;_%) — iy —o(—-p%’] §nj =9,

Ny = o | Roesr- Bttty sheliello,y
eo<+§3¢j —

X & R cam be Sbtcined  vey trn~ghol ok ejaak o .

Note: Tha MexwtM- Rl m e wag 0 Awvebieg | egpe vy

atapte oM vl e TRY ordless oy Syt Propi-ty
wdiu~ oo ;\—\-&de-\n-nak - RO Fdr~ake, |, Tt s A v D\-‘Uf'l"n\kl_k

uwtjm\)n'v-—\.c is vy

+=a ngxﬂ—\“qd\ Stmasg @) Bafha 2 Fremigeg,

Statistical Physics
Ajay D. Thakur

INDIAN INSTITUTE OF TECHNOLOGY PATNA



