UL Coherevd ~Stafe represantadion
A St ad OpormHsS

U1 Gonaral emarks

09 e seon That chuasical £iclds desasbine The condeysat
gdIwmse v a Face ~Ewskeiy (ondEns o e el
fidd o a lases ace Gl appwacm afd by (Mali-nok)
Cohepan - Shater . S can e WM M(FC’%[?LL{CVUI ‘o &
tohe mfo accourt (grantaun \Flrcharons onfop of

fuc condenSare ar poncleslical %MV\@W} Sfal g
Z(th# Such as \C%(Lf’fé’fdt /%?M q

[ef ot deScass mI) € & mate maode/ asclafa The
%emc»/tahé@%\dw s S @\@(/‘j FaCweyd

A (42 =
_KJ&OQ (o)<l = A
L fov &@T}f@/ao ffﬁj{o
%
A-3) 2D = \% Jo\oa (> Lo\ D
Frae 18 R One-To “-One  COVSAXIcnce

(11 (2% &5 Lol %D

— UO—



——fc>L(2/2. kg ~FEN
2wy = & VT T Sinl 22D
n=9 VAT

(1153 -
L ()
’F’qz (04%> = L) ?3?> N @mgh\c ﬂmc*h\ov

[ o(% r KO w € con Wahe Ule fﬁ\e PUurev
- C(Omp/cx @M@AQ/\&
—sz /04%3 /S /@mp/e/@g dfommed b& s
M&w&w man E— V)ag}\b@/(ﬂ&ﬂ OFCWC—“'
Vg O(Z)a& oL A M£[073> A= \ryed )

0(3‘

~
/0(\

Sm\\&\//ég GJe can @—\f@?V\c‘f@\/ RN @AO@Q@(O’\/

) L it ol A KD G
412 (il_‘_fa — o(ﬁ”‘o(
G 74(o<>"‘€ ez BRATYIR
\\(2 bt fnipn

L2
16_% T A2 (A

£R (3 g)) = <)) ANAD 1S @:\Ad\ﬁ'[flq 'w bof,
AF aond ok,



(® nScaunce &) & ajd e 7[6(

An operate/ /ZQ /S (@mp/c/zz/a chavackn 2
bg 1h didg Onal Epresentah’ e,

A e Lo (8 o) = BUA 10

prsef geseme oA kD = Xt Bl
GIA B 1 =454 PV =0 ¥

Sywee -F[p(qid\ /S anelyhe T [f"@-> & Cond
Gw%wym-ﬁ I slio bold £ f/ﬂg

48 (7ot ) = 0
A=K 3

7l(§$ M L Cof\/a CY)C\/CDLO*/ (écvr 740\/31\/)&/6 @S’a/&(f@/)
Cawn be Ieprscoted &RE Supcypaerhlin o @y -
< fate pr@(r\em(d(/j’

~
CorsS ZRNCH NI YT

— 4D



_.//__T\ 2 Glouwber -Sund acehan e sen) -

Fabon O Ac dens it

r c%@ad&\/

MSQW? C?[TN-B omd, {q)f/mj}w(cr» PC@’ O leuber (1363) enof
@c@rﬁf Scdachan (ﬁ’é}) bre cCauy rcp/’CScVHL Thes
Azing i/a o(pofcd\of (CD(F Ciggfhé(é VWQ&C\ W faug Of
Dhcrond ~Sdate prayectane

@)

2= Jd%z P (o) [ > |

Glanbes ~ &ua(de}ﬂdh P Itpl/men%a)v‘@ Z

SLowme abendas pmp@/ﬁd

1

@ [

e (9| P = P )

o Tricl=1
Trs<d=1= Tf}i@i P /o<>zp<s}

= )[4 P@O ol o6 LK In)

=T/a499< P%>V\2\<¢iml>l<mljo<> :ﬂﬁp@

120"

=7

Jo(?o( k) =+

— S -




(1€) — (120)  wahe fheimpiecooy Thaf oo grinkiy
Sfate con Qe Gruten, al yﬂ@b@b(ﬁ A IS I duder,
076 (heren $ Sfares Houwere PR s v ﬁeW@@/
hot pocshoe!

Def: a sfsbe g IS cdlled clastsical ek
Hh Ew 20 ¥

JE P ) <0 {or Soue A, & &5 called non—clacdial
o Howo Yo abfain P from < ¢ 130 cohernt Lhale

<\@)§ (@) = JOQQOL P LB D L (3
(20 (3 Py 7B o e

S | —16L(C
@m0<ﬂyg@ﬁﬂﬁsﬁﬁﬁﬂewe£&¢$

‘ 2dim :L—C?(AD\CV —“f\/m{\(j
S of=U4+IV ﬂ:x—rfé

Jd?a( Zﬂu\JJ\& 0(’\{(}—0((}3( s 2)&(8r ~ivX

ST X * \
o\? 60073"0(/3 _ 2““% y; ~Ziux
Jo fue S

Flrafy g U F-Iinfy VEX
— 4y -




The moevse 2-dim . Fonnaafy of (122) d%:fdf

G| Py e ﬁizﬁ;g@/@@_@g/@ed@{%

CKemOIT &
(1) cohemnt Stk é: S/S>(($l
(4 D) = dP6-p) 20| dstaldek

(ic) thevmal Sheke

_ huatq a9
(o5 g"‘:é_ e ket 2=Trje i

Cas9, X = B

LT
A —Xa"a e ' \
K =& (4 e ) ) d;‘agmf)a/f m v

(2%) Qopn =P EIWD = € mxf/f"fp)()

\ — ~— —1X X
. q . N :Zgymy) :2 N & (/(—C“‘ )
N=0o n=-u
N Z ioe—mx T 12 1
= T = X
(< =) X h=g 07 4-e
X
— (4-6“)






(l‘ff )y Frol &7(@]?

(431} € =luxnl N

I8 e )

Z-RI2IRD= L-Aluden 3> = € C

(,)'I
So o) & 2 5

= e (gn (-1BF) " o 4ETH3AF

P, ()= [d% m/f_ e
- =p= —

1,,,274,& A)‘r@u/al/ ,/
The poovers c%/ [3 G ke tepretented @s dan vab e
OF the expananital

st(c en 1 X
A _—ZL(&Z(B @0((3 >

nl '@D@w\(]}(h‘m
V’W —

SO J(Z)/OO
FUSa
4328 p ( ): = CT‘(.Z\O<
( n AT O T () %O
Non —~
classind

h?ﬁ%(ta @imgula\/ /
(iv) Sgneeed Stake

elen LWiLe |

P (.Ff;_\



exr pccf"&f‘)\cﬂ N Ua((xf -

o aaluafe hicrvable from fhe P-dichmlahdu offe
dcu&% M/l@/l}c boe heve fe7 CUCQ_(OL{%

CAS =Tr{eh RN LA N VAN

= [JUPR) T Lul A (v Cal oL

(133) (A = ﬂ?pa Pl LAt A 4D

e i o OR 6S 13 pabeah gl
A s hameg! gvdaced

Alatdl= 2w, d"'a™ - ok [ald]
N
Ltk W= T thyma oM - ks [o¥ 04]
Ve

(134) B LAS = ﬂéﬁ Pe<) Ay, [A% 0]

Dln) &> normal order of opevados

Cuey Oprato” can be cnfkn on roowmalovder The

noohal ordeing o @~ Iperatos fanehou magy howeveu
be rathev Tnuoloed.

C.g_ (owerdes 7%;_- S/Qgc/'qf CGCe
—4&—



(48Y> —F(a"j:@\ - {/@4@3 b 2 aa

<+ - %
Ll M0y = D et e ™

2.
2 ~ ||
s T e

—

g 4
= < 2
(3¢ = |z (lo()ae’l'y\ il
A A

= 67@{ ld\a(é/l -1\%

Zq. (13 alloess fov the {vuwtv,a infevprefalios - J£ Peo2o
( classical) Thay g;b\cwsk»\vv\ avevage) CoNn be intcvpreted
&S Cl6Ssical aarctf@ﬁm/;.

Normal -ordered Conelahon fouchond cun be cobfecned
from the ( hoemal~ordered ) @U@ fam chavacfenshc

Lonch¥u

N #.1
(315 v l3¢") = Cefle ™ >
14 #*
Es T}{é @Cga e\§ a}
(’(333') NN avvh/v\
{a @m>: " 2 ,%N[g[cgﬂ =J
0% 0 (-g* ) eLeh




J‘F‘ IS Nedy a‘}_ha\vw/, 7L'}/)01‘{ /r}?/u fﬁflgﬁ QV\O/( P(O(S WWI()/
bC f\C(a“FOK L7|n 7/41(')(1\7’“)\& CCL_}(T ‘7[(:7 Sep vﬁ(ﬁm/\ C’%_(’{EQ}

A [g’r%ﬂ:ﬁﬁ P(DQCSD(#e»g’KO(
= 44 Pu) e BelF- g

s s Q2= diy,  FYenas Prandewmaht,.

(s37)

gg- (133 allows fo an 4u kmh\mg_ Wi o

(/((@ P(OQCH%JJ% %A/[?lgjj € RalE i

Tc—y d.&Sde;G-h” Opcfﬁ*o\/ e>c()c*06‘9f)\ﬁm {/q/(/\m %U C(CL(L(/((C?/
(q;ucui\ )2%p€cﬁa(n\cﬂm VaJu.cs [ "guag[ & ﬁeg*szP Cfm/‘(z;/
ASmdePove Such as Pl maé nof be pdirﬁoeo] //t_arzq\mj
fhe Axing cof- v Ipevato” chden\mif. Aboge (e haoe
WSed A al ucden ”’{} bud-t' < 1S Inly e of My
poscible ardevivgs.

Cawn INa ¢ ﬂ\mﬁ G\ 62\/\4/6%{(0 fo fﬁc - f&MCﬂ[)‘ﬂw 7[01/
Ofhe v OMCW\“&S?

= vok at O{tk)%r‘cyﬂl chavackon<ht Fonchong !



E.S 7%6 &*FfpitScmlaA\@M

( Husimy -representahsn

Stmilade o (13%) we cav defne o ovh - al
Odaved” gnontom  Chavachardhc Lo chdy

i

0N ts he gencraba of ol - uOMAl drdaved
Cowela hdu §

T
(1) <8V‘a+m> = e )GA_[C%,%Q

Bm(-‘é ﬂ o N% g=g%,

Y cnd X, CGA c@sif(a O relabed b
BsMﬁV_HMSCQ‘O\’\("(‘

hes
(43)

~ 4 A} x 1y 0
6\%*a€_§a = C%GQ—&Q P 4

. 2
v, leet] = leg* e &

bk haye ccon Thot The P- (uU\CRdV AJo) the

— &7~




Tooney Nonifen OL X, Jn o gmilar wa
b L boduce the  Hosimy or @ -fuudion

(| e et) = [3h Qi) e 38

24 ~Fower Hody
Now —
an N+ n —— 7910\
@) BV\("%*\Q % ¢ <0 |
A+ ¥_ g YL
:Jo\?oa(l(oc\ V\@* — Sl
(/{keﬁ 9("% Sa i’% %:(g Q‘CO
= (N Q) «NeF"
\{\<". @PC(/QM/ Qx{)l/*c&%d M/\ /‘C‘(‘Mf 0-( GJM‘\"‘V\OMO(

kW
OVC}\ZN\"C% paduch A a avd ot
(1) ATare] = L g 60" 2k, (337)

hwW

&Q;J <A\ [o%g]) = Jo‘i( Q) 0(74 (Aol *

GZ(OC(OL’{' » — cwvh —M(/vvmt( ovkevd 0ch/@+(9</ S
G G20 D quantn aevata 4 auh - nowal

Ordeved. Opevale expresiious
— classicd ONe VR Ge)

R



Hoeo 1o cOain fue & Lunchiar from ¢$uw&cw @(t@g <

& Shon o ferdude

AT o
Tf{é\j L ZQ‘( 8 W = ZJé_‘f 0(_(_3 | o) A\ O \(3)<(3fu\>

Jd?&J%ﬁ 2 <pln>ant k> Gl 03D
> 1

= J@f‘:@ <@Jo<><o<sc7/(3>
TC L Lv> 1

C—

o) | T3 = [48 <eiolpd

0 TDovoerse Foun v fromsfom af (1)

*_ ¥
A= L fdﬁ %Jz%mé’”(% i

22 adty Lg%
. T{ {gf 2 i’é 56 &
& o

\7J& (JO%\_@((HQ gé%a[@>

TCL \/ \F ﬁ%x(}

_ 28 pielpe

__53_



Fhecefoce ;7725(2&(0(‘(3>

(169) | Q)= 4 Lot g 1o

Je. fhe - £Fonchdu Js J 4t Fhe efpccfa“ém
Velee L 0 T (Oherew! Shake |

propevhes of HuSimi - o @ dichibahi,
(@ Q=R | | ocaysd
frew: Tf{é? = {ollgw <

(ts) W{é‘?rd% NS :Jol?x L =

Eq& (159) 4 (60 Seamn @dcﬁ?& Foat QUL is a T
pmbobiw'a S buhd T P{/\Caﬂ SPaw Spav\m@a‘/ﬂg

o (s oL\~ X )
Jm (e =N~ P :

One finds howevevw that The mevgial dichrbubisygs
(s2s  F (x) :fdp R (x,p) v, [dt" R )

= S —



4s2) Hp) = (fow R, p) o ([oc! CL1k)
do el Ll £1 propevhes Gy[ a probab; % hchibds,
exaw ples

(1) coharent < habe é\: 2> @

_ 4 x> = 1 <
@b(oq == L) 1D = K<D<k(3>;€
(n

& NCSREET: exp(~l=B1%) | Rarids

T

= J-dmensiova) Gawtsian nfored ot (3
(i1) heoma et

- — XD TX _ m

g= " (=eT")  x= 2
SN g

Qo (o) = L (A7) Gl 07 1y

ho\\r), y~|('( X% @( @% (4365 (V\OW\/)(JL o{ch\ma Oé 6)L0‘1Q>
N

(8 Quu=Lf<") e

— S5 —



M?W% {(MLMcwwch\e Hot for a Hhomal Lelbe

E pou -—i = € er ¢ -1= ::(:
& - A-e 2
~X 1 —X A
7<:: i E T 1-€¢ = —
< ;-('4 ’(“‘a; by +4
(R y S
(A= - e L
({S‘é} @+\,\ [0~ T ()
(OW) P&xt '{‘Q) Pd\g%bu\lﬁ\dv) (5%(4305)
I Y ,
rPﬂ W= —=¢ T Q s broadev .
BIe%
CJH) Fock ‘S“@(/ﬁ
g:\\/\bév\\
e

d
Q. ()= _\% LSO = %\(&\\D\

(L i1
@599 Cdn (AN —ljl n)l—e

ring (N phase Spay

ﬁv } EQMCZM( VoUW

] g=lo¢><6% g

10

N

C

— L5 —



LSS .

Qg ()= Llog) Lagld

2l

= %(mi@\m\
(12 \ -
(53 | Qg (B = £ “‘Tj_&%pg s

/ (A)
Fhesmad afeke /?’Hq (D() X /PG cohdrent lobdke

| / 62(3(04)
Gy, L) a
ZB = i
4
Qi (i\\ , | nombey <k
o(”
quy (o)
>

U gcuuawy & S g,wsc zed Vacuuwun

~5;\



The Husime ( 0\ dishbahdur 1S el Suihed 1or orsualjechyu

of gu.omndums <fakey (n phate <paw . Gk recoguAe Ficy
NS A “QMO@{—MeV\@a(’\ &is(/vlbuvkw

— g2 Fr

Fi
PO € XG> X=X, C e Q|

Jtis casy by see frod

g 4
Q= L {Ag [6) = f (& PR 4&\@%(&\:@
— R

hs3) @y = £ 5 < P

Tu
7

SM@COH'CMM% S

Fov pmaﬁfa( calaslahons (see slsv (O‘)EVX The (& Gunchy,

'S nof vevy tsefu! | botther IS o fhivd epreentoliy,
Lomch s Jovftad inbbveen ! Pavd @

4 (Jighev - Wey representab o

(e Nave Seén

P(dx} & %,\/ = ‘< - gO:Lé’ §‘7~<@>

BITE AN
how abaut Scdo AN S AL @a&cm\m\cr (i



(w9 |7, L%, g™ | =

U?g nev chavacten < he oy,
The we@m/ CL\@:\/CO_CFCU{EKC {mv\(“ﬁ@w (< the ﬁ?f\mé’vah‘mg

clh
e \%mmc%\(ﬁ”g,t ovdesed qmmm

(/(%) A + amwv» ’
‘< (O\erﬂ B\QG\N\M/I> %N

aéma (~L§¥> l %:?%
6-3. 2 _ 1 /Ur?’l 4 14 /\q+?)
(a—l—@)saw\m =3 AT x4 K OA +AA

that FHhe (\%gﬂxeﬁ/ Chavacheiehc Frweda I8 ()

hefvseen hopn /- and anh -vamial ardere duec:

é{é.?/\ ?ﬂw :;&/\/I%c%ﬂ @*2%(%\6: %A_[gg( %*J 6%)f§\a

The 2-dimencional Fooner rrausomn & D fg) tgi
dafwes, the  (igner=Iky] Sichibabcig

@&3) %W [cg(ch\]: (\/;7(20( {/\/@4\ Q%OL"'{—%’HK

= S5 =



Sfew e Opevatos can b ex ) avdodd wote  Souamehal
C)I/Wd\}tf;am&mcb ' ¢

AR S, — S g% e dd
o Alaad | = h%; A (O\ * B\c@ww,

~ Uéts [ﬁﬂ 5]

One +mnis {o\/ precfa%‘dw Llueh

lash [CALGET = (% W ofs (5t

W\ &2 Sammzﬂn\r&\( - ovdeved
@pcmhw R PreSsics

Trom The rdahon befurean The chavached s e Fu nehduc
(162) {ollows avclahoy befwesn L) Q| aud W)

O s TR
w?a\/\cw S & Styeddhened P-dish b,

(W) Q=2 WP 2Py
e N (()

@ ~TQLV\ Ao 1S A SwadFhewed (,QJ\&\V)C(/ AEshb ubesy
— oy




Norma\ ovder Séwxwxch\c grdev anh-namal giaf

P W (<) Q ()
Ueug Stoqula/ boeately Sglay regulas
Vacuum = five) Vatum = | & pMum)‘ o ="Mphd )
D= 8% W=zt g
example o (Fgacy
(0§ colherend shake = B P
(46t} Wa( = £ “2‘*‘(5 =
ﬂ

G owislan bt nanwdarer Fcrf @2[3( ﬂ()

(1) Fode slate 8= (il
o= < N
wm: —%fok?(i 2l B1% €l(ﬁs 9" (zé)

ok wrcrclth nl )

W) | Wald= = (4) Lo [4¥]e” i

Lo () La%cu:vvt pdlgunam e
61—




We see fhat Wi (&) 15 in geneval ot posihue

(1) |- 2 cly) ¢ =

12 n ¢
)| Wey (0= 2 {— Ay o
11 ) sf(z.v( . XP Z(e-_?% ~ zﬁ)




