6. APPI’,‘@-}.’«,& of e yraud cauon'ald euscwble

To s sechow we  waed “ff’b +he Jmuc( cauous'ca ! eusewbfe.
te +\\< s{-ud‘i o£ Iw \vJ\a\:‘\ the nowber
ef__ ?w‘-“clos ‘e a 3:'«0-« s“ad‘& f ’oc%ni'cs .

T. Tdeuhical fw'h'cﬂes ) :buu..e*ﬂ_\ re;«.ﬂtmeuj' s aud stabishicad ffolvﬂeul\
Let us ausider a gas eﬁ withi'a q ceubajuer

°f

?Q(L\ fow’n'cﬁt : q.] ( ) = O“Q-Purh'tﬁg wave ;W\C‘}‘l‘bo\ ’or o
s;MSk ’)Qf h'cﬂe (\\fq.ﬂq Nb'dl.HQfQ ) v

shete orbital + 5?1'72..
whle qas
[y C Y =y, (@) - Y, (e)

v

Redricted $o Sfec-'ﬁ‘c
whew twe ideubranl

Pol ’\'\‘COQS Qve,

Sgww\e‘l‘fs (e%ua'feweu"'s : There are three ?ossi vle svtvatiens



Q) D(S\fqgal's\u‘-‘&e ?M'\t‘cﬁes Ekax\wep"&”%mcuuj : Ty s dhe

Qs..c.po3oc o£ e “eblossical case”

Any nowber o.? fm*:‘d’es cau be vu the sawe me-?wsﬂ'cﬂe stafe ¢S
c Neo 3'3u4u«c‘t'3 reetw'fccueu{‘ \lb\teu "%e fai“'l'c"es ave t*c‘-nujed
G.uquh:w\ qases de wet _?o('eew MB S‘\'c-“‘l'S'i‘l'CS

b) Iu&'s\fucbu\'s\nue ?m'\n‘cpes er \‘ufegef sPiu LQase'et&sfeiu:\? TWs s

L\ N

Ota QC*UQP %UQ(A-*UV“\ Le\dQ\ll.oufn

* Any newmber of Yu*h'c’es caw Ye ¢u the same ouc-paf‘h'cpe stabe. IeD>

. Exchu}'mS dwe fm"l‘cﬁes does wel choce a uew Sstate g£
*\ae m-\-.ope ‘3&3

Pl @ .. .)=+y (LA, L)

A\

Oue wau 3t 3rcc"£‘ how wauy Pac-l-rc"ts Ne = O,'(, %,... ‘Hmfe a’e u QQQI'\
owe -qu'\\'cpg s*o\g L eSS

c) Iu&;'t\l' U vsh Q'??Q Pg«‘\'n' cles 01_ had i-n.'u’(ejer S.fl.u LFem=-Divac\: TWs s

A\

(- 7N Q"*UQP C}tuozu'}'dw\ be\’“)n\"‘ow..-“n

Ou% oue or tero feu%\'c{e:s cau be (U o ou.c-pm*s'c'oe stabe, 1D

=D Poues.'s exclosiou .fffu < 'f'i



. E"c\““‘&.“} ‘e fm"n‘cles does wel fc.cloce a uew state cf.
e wlhofe s

Wl Q@) == (L Q0. @)

* Oue waust srcc(‘;.s how wauy Pu'l-c'ts Ne=0,4 {heve ae fu each

ou.('feu'\\'cpe state 17>

E*a“f’e i Gas of twe fg--\u'c-’es A aud B with =423

ouc—far bcfe states 1o

o> MB stabstices @ Tuths cose A#FR

145 125 13> |l R >
AR 1)

AR 2)

AR 3)

A B ) L=EDS W = (02 vy (ay)
B A s)
A B &) . €= 4,
® A 1) it s=1,2,3

A B )

Q} A 1

——

Q foss.' e states
gof fue whofe s



b) BE slabshres ¢ Tu f's case A =R = e

145 2> 1235 1RS>

oo 4)
o a 1)
e ») L=S T = (8- ws(ey)
e &) W)
[ ™ s) + LP( (Q&) ‘ kl-’s (&A)
® o c)
— with, bR
= 4,2,
€ fsssibk stabes
¥ol e u.\'.goe 3Q3
c) FD alabshres @ Tu th's case A =R = e
145 2> 1235 1R >
[ ] ® 4)
° . 2) L= W = P (0 ps(ay)
e e ))
’ RN ER RN
—)
3 fe-:si!;’e stabes with =4,
2= 1,2,

gbf Pe %\\Qpe %QS

It vy \'u’(tles'\‘t'uns Yo eeoK at the .fd{’ngu% q(sm\‘l'*\a:



?ro‘o.‘ol'e:“s ‘“\A"' o Pus*fc&& ave ?md v the sawe ’An."\

R =
PrataliOty tuat twe parivcfey are fand i differed states
3 ! 3 °
=2 st:'z":'f ’ 3&5=—3—'=i , 3% =3 =0

— y 4
~

“Classicad”

Lelawa facr

Stalvstircad ffa!:‘p?t.u. ¢ We cousrder the qas at 4 tewperators
The O# a shefe of. e

whele qas s
I_. add it Vl'h;
Gg’—‘ Ny €4 + Ny €L 4., = 2 n. <,
r

wi th
Z n( - '\r L *\‘\'no Nowk(f ,?\.XQJ 3

The (s thew gqiven by

2 = Z e:'%EQ - z e_P (M4 €+ € v ... )
R -]

ST

Svua ever af? the

of the oc:.o{q.*l'eq nowm bers



= (na,ne,.00) c\)qugs (W du'[fenu'} vmcvesiates | K> el

e whele qas  aud \-keceferg

2 e—p('u CaeN Qrt...)
— s

n . =} . i Z (_i ?_ ) e—chlej'\'n\eri...)
¢ = — —
s e*p(m €, + N €rt...) < R P o<
(-2
B A 3% ] Sz
o pl 36« B B éer

The Pmm(‘c\'ed vabfoes QL Cas,ng,...) dePewaI ou the f0f¥l'0u"Ql
yakisties

o) MR stedrstics

ne 29,4, 72,3, ... Witk 2 ne =N
r

@ Poss-\'lape fumusrm‘\('oqg o.f Pm""l‘(pqg

XY dn‘f{clent states 16D \:d.‘\’tu'uju'\ln%l

———

Ied> _ 1ed>
AR ~ BA
5) BE stedrsties e =0,4,2,%,... witw Z e =WV
This cqut"i'sq
caw be 2la xed
f fm\%'c"e} caw be
eunted ~abserbed.
=> P‘\Q\“Qu 3¥Q¥4\+I‘CS
<y D stedrstiey Ne = O or 4.



The S.q,e wt? thew be to mrufe

— A Aln T
e = - 7
P’ d€y
-p Cna €, 4 N € *--2)
Do he z=2e ' aud
Q
qP se  the A\'?Pefﬂ'm
2 2 -
\ * — L T A ane
(Bagd = me =0 =% Tor T TP e
- (Mg e S +...)
— A > 1 p '
"z Z v )bEig)e
— R P v $ der
A4 BR AR ANy 4oy
T % Pt oder | pt L3 YR der P AN
_ A S_') (blnt)* 1_2'}_1_)1&% +TL
I 3€r \ der P TPt el ‘
N balls in bexes 16D
It . Mawxwedd - Bollamann shalistrcs e Tes ®
——
Fo-r a 3\’*’«:\ 3<‘ueuet “'\cl& ave fesfue
ways  of disﬁn'!wh'q\ . Therefore
“plu€iani€s..) Wi “P(Ma€ian g r.)
2 =5 e =2 — e
R Ry ,Ny eee ﬂ\l.'l\,““.

\—-—v——\l
wolbphiaity



Y]

= 2.__. '—v_‘—‘ (Q-Fe|)

”-g.'\g,.-. ﬂ\l. 'l\‘."‘

(Q‘PQ)M

—P < - Pg N Pe N

— l % _ - ,

+ = [ e + e i ] = [ ; e ]

(Z ne=N ,

K\l‘"\'ﬂ&m]’q? “'\\ eolevA, C ‘e$* fl‘C*l‘blA o n.') & ,(_fq '*‘-a'qu Canrent CQ'Q

=> ln 2 = NV Ln[zefpe‘]

~pE,
— l oln ¥ c P A\
= ne, = ——  — = N —m = Hasxwedd —Baliiwaunw
P 2€,¢ z e‘PGS
s

distrboton »

2
*< Dl'sfuso‘gu . The “u\?o*q*l'lq og (Awe) %c'vcg

— - € ~-pE, -A&
Ay Xy AN[ P'+ gPS gt ]
¢ = = - - - -
e 8 p )3 e§€, p (_Z Q'PQS)"
s s
A — AN -rf"'—
-'N—' & NY 'y
— ) S . o -
=rL¢-'T,"ru1= c(‘(“%)" ",
N>>—'f;:c
\ll/
TWs s troe gmf‘} g'g T—=0O
(and” o A B
=> ';L'(’- ~ _n._( EfteQ\'f\lQ d. SFQ(ﬁ:oug Qr\);'l' 'Q"B SMQ!‘Q “i ne O & 'J



nr. Pheleuw stabisties

Tk‘s “l‘u«.

Ne

?m\-\‘eﬂlts are, auc{ the
. Ths ‘-\.4‘,0;.3 tha t

=0,4,2, ... wtheet any restachen o Zn,

) 9

omd  there eef{

& =

-plnag +n Qt...) -pn.€, PRy

Z. e * = Z e . e -
R NN, ...

o 0

-p14Q| “-P“&e\
('\f °'lft>,fﬁ'¢l'¢.d) = ( Z: . ) . ( Z e ) . e

nze n.z=e

A . A L . n 4 Eackl"> ‘s
A-éﬁgl A-Q-PQL - [ 4 A= Q-pﬁr aw ‘qqla.,,."'g

osc/llater n

a2 = — 2_ L (4-e PS)

— | Sy 4 A - pS-
¢ = — — - — - (~)
" P §€( P A—- éPe"' ( < ) ‘5
o P A

2 " PeQuQK d«‘\{"uogu'\‘n'gun

"

A - ~pE&r - QP€L A



Dl'!»fus“eu i The «uro*\‘\a‘sq °£ %-‘vcs

— pEr
(aned = - A2 o A 4 '_epe'g,:.- QG’ .
p 2er P () (ep -4)
&
ef B 4 A
= - T Ther w
(eP- )" P~ 4 S
= n¢ (4 + e )
L
4
=> (b—:tft) - — + A
N, Ne¢
(And, =W (Asme) > W (4= =) = andd g
W . Bose = Evustern  stalisties

Tu erder +o descerbe fhs Quq-.&un Qs we witd mawe uvse of

e

Tdea : For each. oue- Pq:{-.‘c& shafe. 16D we have a veal'sabrow c_E
’?
fhe ‘ymuc' canowcal eusewbl <o fhe whobe qas .

== -p E~ ~olN, = ~(LxPEe) Ny
le> Z 54 = - Z < ’
Ne=® '\(-e'._. each 16 hag s o

L Ne hot «(€,) iqucQu.jg mel-n'plf«



T“C gueQ Pcu"n"’rl'bw\ ’fwuc*l.QU\ 5 (s theu 3("!'* 5‘3

_P(n‘e‘ NGy teen) -l (A enqe...) -V
% = Z e N =3 N = < F=
Ny yNay... —
Cp\vsoq,i'c‘\e

~ Z é’(-u- BEDINA — (L¥pQdn,—... (&~ radepeadont)
'\-u“\_,-..

: % é(.u-penm ' "i S (e peIne
ny=° NW3O
<5eew-dfl°q Se e [ see yores ]

B A - e—Cdﬂ.C‘) A - o HEBED I L — e~ Wtpen

- (2xPE,)
:> Lv\%=—ZLm LX"Q..‘*p ]

NeTE 4! Sumwmiug over oll euemies E¢ = o, - N?_u’f€$ 2
T

Sowm eoVver 0fl  wowbers Q"r fmr}l‘cpe_s ne

oT€ v: Lay Yhe sawe w oS briwas us da bo the rioht
VoTE avae Yy B q cx 9

Sueryy oL twe s«;s’rqu«, oL bn’uq’s oy back te the ﬂ'skf
nuuaber o_‘ﬁ .I)qr'!n‘c‘PQS P~ “LASMQSQ mvCh’PPl'ﬁS“

veren: B z2€ VR =5 L2z LnR +aN

? —t  ——— )

€ (e, «leq) «le



Motcover oue has Hhab

— A 3wz A S ] ([ 3nZ S
e = — =~ p - = ( N ) —
P D€, >e, R > SCr
- eper)
_ e TP A “ .
- = = Rose - Ec‘u?"Qtu
{- g “®reen epe_

Cl('S"‘h‘.Lu"‘ lfow »

Sl'ucc ’f\\t Fo-)n.\'l'ev fuud'l'au °£ 1"0{ W-‘\Jé 3°ts lm.s
;’qc*ot"seo( oue has

Q-(J.\-@Qr\ 4
oln %
z Ne = N = — Sa — Z A—e-u*‘seﬂ = Zr_ é‘u-i;e, _ 4
—_ A
> Z (nr - ) =0 )
v e fp,ef_,{
De*tku'u Q '\'l‘eq °-£ otcef) :
()
. 4 Couscw""\'l’tn ® _g %’cpes
() 2. ne = N = Z ~ =S o
v c e lBQC_A

Pletou s VS fecavered c'_g =0 [ne foo’tn’ca& cousecvation
——'?



Dl';}pcfsfou : The CO\Mfu"‘Q You °-£ \("le$

N A >we ) S ( 4
(bney = B >e, P der \ g8y )
A g TPS- >
=- = |- - ¥
P [ (per_ )t ([3 d€, ) ]
-4 +4
I — = —_—
e Ne

D€

———)

carrech’an to P\“*‘su stedrshres

= n¢ (4dene) [4 4-'%* Ll ]

=> (an) 2( +-/(>l-_4-l--—-——-
e ", p >e.

Cortection te P‘"A.Q“ stabisties @ Loy os stort gfb\u\
‘Hae Cousef-"a"l'w Ceudt"‘l‘c:m (Lz.) Qud QO.KQ Q den'vo"\'vfe

vt f(:fxc'\' to



LepEr AEPE g

VL L e . e (3«
- — T a¢pe 2 - A+RE ?)
€, (e P '_4) s (e P 5_.4)1. Ce
ne (4+ne) s (4+ng)

B _ . _ R-)
= - p wr (dewe) — 23: ns (4+ ) <-3_:;)

V-\.s (A "\-71.33

>

=> CA_T?_ = <——‘_A_ +-/()l-_—l _ Ar (dane) ]
2-

Correciiawn with ‘QSPQQT
ts f\‘ﬁ‘“bh shadrshes

Ib‘-\fgf*og\h-{' N Tl\e Cc"?("'l.bu ¥&C§'§( ber‘sme) fe"P?vo\us"' Q'b

—

\ = O \x;‘-\cre Ko“.{,N' oaud m,x O (f‘#o)

So "r‘ﬂq{:
(An) % N (M—N)[/{ - J} =0

=S Flodvatiaa (uw Hte vomber o£ ?uc"u'c'pes Cw

the areund stote. qoes o Rers



V . Fermi' = Djrac stalishics

This case werks s.‘u«;eqrpcs as ‘fgr ‘e RE q_oq-\‘l'um qos

e«cp‘l‘ for e restachreoa that
e = © o 4 _Fu' each, 1>
The s theuw gqiven by
o nZ'-‘ e_pc.meﬁnteﬂ...) | Q_.c (natnan..) ) é.u/ -

~ (At PENONA — (L¥PQINL—...

2. e

n’\) "\’o. .

“(Ld+¥peEIN -
S pEaAYN, .Y e.couyseonz

n,=o N,2©

i

- (L p€,) -
{:H—e p‘][4+e(*“€‘)]..

=> Ln B = ) La {A+e_—(“"e'3]



has thet

HcfeeNQf

o
- A Stn 2 A Sta'Z A (DLn’% )Dd\
ne = — = - —_ &N ) —
R S Ev B e B et &,
Q— (¢ p&rd ~ A . . .
= - (vper) <+ pEv = Fermt = Diree
14 < pse e + 4 dstaibuen
Siuce ‘\"‘\{ PQ"“I.‘“(.OM f uv\e{‘l‘ou LAS .?QC{“Q".S"O{ sue Qsoa'ug
has
- (drpE,r
- W = Stn B _ e pe) 312: 4
=> (_ I ) =o ()
_..> 4N e"“p@f A — [
DQ*vau'uq'\‘l'Qq o£ *(€¢) :
(V)
- S 1
() Z: ne = N = =D Cous«*’%*f'bu of, ?q"\'l'c&s
v PR

Qe\uqf\( H



Dl';fefsn'au. : T'ne Comfuk"'ibu o_ﬁ %t’*les

2 A dws Ao > ( 4 )
B e, B 2er \ g4y
LrpE .

_ A [_ e T - > ]
- B (A PSep ) ( B D€, )

_ Ctsnc)" _ A )| Y
= = (-0 r e

Corvec'"ﬂ.o\. dve te £ # 0

Coﬂ':c\'fou due EQ oLF#AO Le'f vsS s’tqf“ ¥(M ‘\'\\Q
couservalio, couditow (LL) aud take o Jdertvative

ikl ve yrec(- Yo



AEDEe ALPDE
eP P&

=0 = - P - ()
o€ (e‘t'\‘Fef-‘. 4)1. s (e«-\-pes_" 4>L Y
ne (4=n¢) s (4—-7e)
= —p R - LW U-R (%)
P’ s <
» . e (4-ne)
=2 Der - Z- — —
S ns (A-ns)
=> (ane) ( A 4) [4 e (4—we) ]
- w0\ A .
%— ns (4-As)

Imf)or'\'o,u{-: For a stale 16> with wne=4 C0<Cupfed)

thew the d*’$f<f$"§u van'shes

v, Qes:’mes og %uon"om BE and D aoses
let us stark ‘Prow de 5 aud FD stabshices

4 A e '
Ne = <+ pEe - CErmpa) 4 y :
S AT Y X
|
,\-. depEfr
. X = e "z M K et
¥oTE ).\-——‘; and = € = e

e

=
fosacity A+ PEy €O =D> L0 (=D ??




r_'o_;_'c'. Chewucal fui’:u*"‘lp ,F°" o J=s

SvSSe& te the uservatioy bf. Pwh‘c-pe ceuditron

Vi A
2w = Z = Z p<, A = N
¢ r é(fPef_l_ ’( ¢ e —i- -+ 4
aud wath ass«rated ?ur\-f ’fmc’ﬂ'bus
- (e+peN
kn 2 = WV + Z LV\ [ '( * e ]
e N ,

lassical ceqime @ We discussed \oe}’ofe that e chass'cal

e(u.g'*' t's \f:fgdt'@d akt C P—‘ O) and
( N SMQ{"Q) —L: >> 3\— [uo wave ?oneh'ou s'oft'?osf{'l'ml
. 4+P€r
) N smadd =2 neczed =5e >4
) peO => « ?o.rse => ne 2¢4 fef net
fe exceed N =5 Q‘*P€'>> 4
TL v o A Pe(
< ef ‘e, T e
—
oL < —
Classi'cad Peanck 4=S € YPSe > A =S ez« 4
4 v
A _pes . 2 <c
vere: T ST ® A sews e rquire { p>> 4 L coutrdickion 31
L‘Sec ?wn\\'*\
Tu s &unt beth and FD redvce €o ‘ty'mc W
T = %.Cp)

— (oLt %C(}
ne = C C C?\SS.CQP Pu'tm""' |



oawd Yhe couseivs *l'm °£ ngV'C“pQg "Q%u. es

Z® =N =2 g (rped o o 5 SRS

r

Se *‘1«‘&'
—Pev
- N . )
e = = N -
T ehe - = &t

A‘t ‘H\c sze-/ °£ fm “-f‘}'fn\« fuu c‘(l‘bu S W ")QVQ ‘H'\Q‘E

Ln &

—(a('l'pec)
<N T 7 L, [4 * e ]
s

x¢ x*
Lo (4ex) & 2x -G & 5 -,
—=

L4

MB
dosfebavow

\X1e 4
"CO‘+ S, —
= LNV '\"(Z: RE N + N
- N _ _ [- ~pe-
o e = Serer => & = —Lla N + La §e 1
g

Il

“NLlN &+ N + NL.\[Z e"F’Q']
¥



= ln &

L -

—

missmatch \\

=Lnl;2'“b}

<
=> Ln & = Lv\[_ als ] L classcal Owmi+ ]

NI

A
The '} gqc“'of assxiaicd with the

indishinguishabilhy of pudvcles adises
naurally o the classcaf  frudt s_?_

qeantum qases . We had to intesdoce
vt wheu we treated the gos

to averd the Gbbhs Pmdex

CQuavtom feyme @ Frewn the discussiow abeve , the quantom

Ttsfuse wost CQIVestA u..'{-\\ (P — @)

i: Z4 3\— L wave foneh'ou Softrfosf{-l‘m “ 1

Llet us shreet ‘foolv\ Yhe ?ouu.*ow 43 cesult

4 A

— - =
P S PV IC SN




Se ‘l'l‘lkt

_ A )
N= L we = o)

v ¢ P Eempm) A

_9:,: How de we evqeue.*e '\'\v\'s Sum (c:) ?2

. Deus:'hs og_ stetes w(Ce€) We shack x'.m a {vee txn\-‘c.pg
ANV AN NANANANNNN-

. 3
Lt QUQn{'uM MQCL\Q\M’CS w\.\'\qy'u [N Lgx o}_ VQPUMQ V=L.

A
H IQP-'{> = E€x 1P2> 32D Sc\vwv'c’,oh'uscf Q?_uq rrew

Al

=0

with Q:;ﬁ- and  P= /49

Then $\ue bav-\dqrn cendiProus ave <°wre¥f5‘p§ vt th

(¥R L
Wa o & with g = T Cnx,m, , ne)
neZ (djscretised)
Se Ytaat
tb Kx,u,t = % Cdrscea brsed )

T\\C euerab o_ﬁ S\ SGPU‘\‘"QM q"i’\, s *‘\\CU\ SI'VQM \0&5

& o= = (_Z_L-T_l_ ) i’ n - = h n (do'sﬂ’t -\-u‘sed )
2m 2w 2w LY




Twpartouk : 2.om> ) = Sdl? =D Sdlf:‘l ':.bgde

Srlocu'cq‘e €= 6‘:1?—\)

c-:e-'olr'vq}ts

\—y\,\—v\’

rlbr‘ P\s fl\ rl P\s
di'scielr'sed discvetised

Law o'Jcr ’l\ QVQPOQ‘-Q o SOm aver m‘cmg}u}gs lf> we,

wi¢f tawe e - Therwme danw:'cs 'Ptku.\{' v

N
L= , N = o0 vy bW -;,—-Ed'g

Thew , ;of Qu QcS.«}rch ;oqdﬂ‘eu % Ced °£‘ a discrete

vantal Je € , oue has
discrete ¥
= 3

A< AX, A K ¥
AK,‘ AK&; AKI 2 > h %(u)

—d D )

Z %CG«) =

L 2 U
e L —

=

Ceu)u.uuous ©

Conlﬂ‘ﬂuuw\ V "o —
Rimi ¥ - — Sd'\z %c\?) = (4 &d\\‘«'\\u\ (k1)
3 Cuy® %
L ~c0 »° () - 4 e
%C\Z) = %(1?13

(-]

= S G) %(6)
e=€(vl) & o

“dcqsg °¥ S}Q"QS => Lt J(M& ou {e eC1¥1)



E;; : N‘on-"@:wc')‘\'l"z fvtg F«'\--‘cfg

451”4.[‘ - . \IZMQ - "5:
= |gl-= 7"" =

eEq) = W €
2 m '
%( - "t sze wA -
‘ = — e l = — |l = Zl = \‘——-
d e el dle - T diel => dle¢l ™ € de
—r‘\@-&

C2)°

P
Cee) =—!* (i) \dIgL IR q G
2 9 %
(-]

() 22?(-2—’—"->So|€ € e g (&)

)"

Ty 4"

.s?in S deseqe«ﬂ-ieq s %s = ZS‘!-*L

Lc"‘,s Se ‘DQ‘:K Le ouvY Ul's;‘ugo 1"‘,\.'.&: ‘nou. )fo e\fq‘pog{'g
e som )

N’-g'\rzz ’-‘-Zg(ér)
‘ e}‘(e“'"f‘)-\- A e



U)'O“'} che) x,.f non—ft€q+|'vt‘s+|'c PQ'*I'CJQS cue has

o0

0 3 4
e Ce) _ Vv im e‘.':
N = S Bla-p) 4 d€ = 7@ & (T) o _Ble~p) 4 ae
B e = A4 e = A4
%. - 4 t=’§€ q = -‘L
™" C? -z t -
= -%— = :_:1 z&;) BCe—r) de = C p - X . dt
N — , © P+ e +
RLMO-‘K= I(%\ Joes vwot coun{- Par‘)’cjfs I Ct) = i E‘(%) L:X(t %-)
N \'\tc Shund S“'G*Q CG..‘:-O) \ ! V!
<= (=) =7

stcrk'ku{': We See ’("AQ.t > w‘oeu ceo?:'q3 deV\ Q ({_uqn{-om SQS

te T—-0 CP D) \"\nl"PQ Kce_fo‘us ':_:' = CNS{'QA'}

Yuere s a scfatioy :

QFRC\’E\K equeuce ©
f" the Qem::: abeve '

3
N A
ftides wismivg? o7 — = € p * TR => | 2= ()
vV
NoTE : P.(’.'Poyn'kkm ?owﬁ{"&&k Liy, (R) s rcaf-valued 4 2 elo, 4]
—
- K Lisg Co) =0
E
3 .5
tan () D w=y kA e { Ley (4) = YCPA) 2261

Tﬁ\’po‘ Qround t30
le¥'s  bry te onderstaud the cove p(p)
. Hu‘s"\-\'o.ufeoq’(v¢< Cp-‘O): Classre regius =D }».40

* Low"{'e\ufcrq"'u"t CP"GO).' Quantom fes:'w.c (= rsZ €¢Z2O



Quautom fejfme &= € -p £ 0 & 2 €, ’_'O—i
v I |
4 |
|

\ Ceo.sﬂ' c fcso'me 4>
V& 4 \:
M — BE %QS
A
-X b ef‘ce"f‘) — FD qas
|

-4 Lk

\ —

\’:\-—-5 Neg £ O L vet f)QSS;LP{ 1
\
1

Classia  te  Quuantom {=> péo 7 P 2€, 20
(p=~0) (p-=)
(1.924) (T=w)

Bese - Erusteia coudeusate

(T-0)

¥ let os ¥°C°S ou  the S(OUV\J. state. 2> €, =20

C-aD oO)
y' )Ae. /

Thwen

ceusst' <

41 - 1uqn\'uw\

pro = &34 = wico (uf ?oss;LPe) D ze (041 = p=o

L) ’.& can, wnever 3!0\0 hexqmd )L':O e(‘kchm'se n—,éb (\noq&ng)

(i) When )A’-'O thew ) at Vesa bow, T, oue has

A * Bese - Ejustein
ne = e 1 \Fdﬁ’:o @) [1¢> Z# 1o0 ] condeusation ”



Q . A& UlIfCL\ *Q\'u rt\'\ {““(Q Tc. JOQS “'th 49;;:’(;;3&"(0;. LQW{\ ?

3 ¥
-4 = N \"4
T(z=4) = C P: ~ =V e = [C ’;‘ E(s/?-) ?(%-")]
L ‘\C L . ‘e
4 ZR%L N Y 3 g l‘o (40 5
qu=*1 =D [T = 'E; o ['\—f' ﬁ)] {'tmfef«‘-o&
L Nebel j,)n'lq 2001}
Fermi Sf\'ef’- L 43?‘8; Q—"f(‘l‘wm"\eﬂ‘sl CG’""“aW"‘m'\JKQH“pe)

¥ Ferwuiows cauwst afl o Yo the qreund state [ R0l

X Lc“‘ Vs ;-cvs o O ou-q-FNi'l‘C& S*‘Q{'Q le> ot ‘P°\>b T

ne =

R

eq,ce,-,.)_t. O for Ce>p

A A 29( e.fL}&
a

P-‘ﬁ

L»f:e\m{: : Stales with €t ave ﬁ.‘{pcd whede stoates
wi W €r>p ave Qupty

I%“* : G:\llu *‘GQ VQP‘-’Q }.ACT-: 0) = E.: “FQ""\. ws\s”
skates with €EL EEg ars f.'ﬂ’ed . LA wementom

3fuc< Pus de g:'ue.s the * Ferm afl.ef&“
) Jz""‘e? - F‘:(Ml.

[
Pr _Bke o, . B,
— -_— F- S —— -
am 2w 'l'q 3ur£e‘cq ”

€ =



O

3 4
N Qs (I,M)L €= e
N 1 Lo ~
J'”I - o QpCe e.‘:)*_A
C
€€ 4 . 3>qCF
2 cC e de = C ['3—' €
p=oo o °
= — ¢ }T">C - ic:“"']’>o

=> ’*CTso) = e€g 20

veTE \Xl\m'P: CQQPL'u3 down the Fermr g3, the chewncal
fo“‘cqm’q—o }.L S(OWS toll Vtaclﬂ(ug a MQ*:'Ma‘l’ felom.H"d

2

vo.poe 2 R
_ — _[en M1 4 o
prr=0) = €¢ = [z v ] — >

Mede 20 ° teds oy Pee Pt ases .
< \ls £MQ°- %:e«m%

vil, RBlacx l°°d‘3 radiati'sy (thermal e‘pec'l'fouQ%u.Q*l‘Q cadiatiou )

Let os _ﬁocgs su  the aud studw  the bhack
bedy eadiabow . Ths s a qus of pheteus cuside o cavity
at . Accerdiuqg to Plauce  distribodieg

— A

n, =

P _ 4



‘*'\ Rchn'uu‘cv Q‘.-\ou’t Cpec{'remqsu.e'\'\'sm M LQ+ (3 5.3 S{'o«‘\' ;NM 'l'lvtg

OQQC\"-MA%“QJH'Q WV et‘_u&‘ﬂku ‘W vacuouma

“ = 4 éz g
VE =5 Rt

which has sofolious o‘f the ¥°4‘w\

- - l.C;'?"‘-"—t)
E=A-e

cte

previdect (I = S el = 1Els =

T a ved tevrsdie fN&MQWQCK one has that
Pr=(f,3) = (€,) = h(w, ) wih Il=—
ool oue of the MQﬂooc-?-e e%\n*u'ms veads
- — C(R-F —wt) : -

V-E = (8)-A-¢€ =(g-€E =0

> ¥K-E =0

E s }rauswerse to the

—

J:‘ed‘fau Qg P'QPQSQ{'I.Q'A | 8
=> 2Z d. o.f L qut:'So*.'msl



Let ous dega'ua

‘?C;) dz'; = Heov\ nuwsber §£ f"“{'@\hs PQ\’ U'\.(’*' prome.

W;*k \’a‘lb’% WAV,
vecker Pies between auwd
Th h ot The > - =
ew oue has a s Comes frow 2 o T
4 | s
= d Kk

C-.B dS-o o
§éEy K B, Qe

\«e["."'\ ‘W mind  that there are

we avrive ot

2 peitd e = 2 0@ e 1815 d IR
L. R
= _fflk-l) ?_; w' dw
_ 4 gL .

eP"""-’— '{ ( 7.l'l.c.)ﬂs



R’udex we dc,?fu&

U (w3 T) dw

Ji

MQQR euer3~5 Per Uvu.“‘ VQ‘IOUMQ o,ﬁ f\:d‘ms
of betn dicectioas °£ fceqn'so‘h'w wi th

¥n?u<qcxs Le\\xyggu. aud

Thew oue has ftuat
Suerqy per F‘.g*bu
—t—

UWCe;T) dw = = (ha)
B A gL 3 J
— e%w“ . e so deu
_ % w
=T g 4 w
Tutredociug then
l.‘ 3
— _ ,h KT 'L
QLCQ)T) d'L - n‘zc_& (% ) ?‘—/{ d'L
e
The ‘s then qiven 5\3
_ X KT\ E v & (kT 4
= E— T
Ue (T nte? 4 ) °e'l -4 1S (be)? =

w S‘&c?gn.' &eﬂ"ﬁmcnm 'pow”

(1231, 1834)



Lastfy (% ¢s castroctive te  discoss Yhe ¥°N°\m'u% rpot

( ﬂ}c}%z) Iy

K1 ™
lL.é HT
2
ot <4
oy + -
123
o 1 N ¢ 1% pa
7 kT
=>
~ — %8;/4 - *'&”‘L —_— N
W=7 =2 kT,  wT C
a’o & W
_‘_4 = —% Wieus clc'wlopacew‘l'
4 = far ( 18943) 7
=>
EXQMr’QS ° .&PQCK bOJI.CS (&LSQr\D\'ucs o.pp fude’eud‘ Qkét‘meSueh.Q
— vradialew , o.*?’r\musk '\"42&3 cau ofse emit radiatiew )

Cos\.u.n.c “.'cre«lo\l& BQCRS"W'\ d ( W™ B)

S’(‘Q'S asmd quue{.S C{'e o, 3ocd aﬁfbx;mo."".m)
qucv. \‘loPes



