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feﬁ Atthaush T heye not dp<n
it, He choot stte wwetumchien
for Be sum of hese 5 exsily
Vismf.a.sezf - ot s & Sum  of c,urftnil's
Or-.‘;-nlwy ‘1@'»(/ Q VCdm 'E; anel Z?zz
alony " Yhe " oguators * fur Yose O
vectars , Aned pseth  indecterence
between dhe Ao ApPpEring n/l'tu’f -ﬂey
OIf-U'(ﬁFo

We shell see Gt the choed
stde N’JPMO‘VLQ‘*M (s P’*‘Hﬂn/oé\/
_ o y;cjﬁd chn-pw C“:’l&:{'ﬁ] C’.& semiclssien!

ipn$ o SpIn- |5 Comfess

!‘} Ls L{scwqq} 4‘0 loa/r., «t ‘éd"e' /JM)J“ ﬂ# /41}& 6, m«ﬂ /C’M df éﬂSoafc I‘qu‘a&'fdmv’
1%- S'p‘m} L,,‘uo‘v /e nNow/ 0’0.

7,

S(e¢)

A.3 _BOSONIC REPRESENTATIONS +for SPIN x ANGULAR MIMENTA

Tt 15 vy demphn, do try «d costruct  eithe- bosonic o Sermianic reps- For
Sfm a‘grge/s n( t?;:aa!am.v Iq-‘f l-?:, Jzn” See |, Cﬂ"llf.'h\ P(‘"W afisc lm[ne/a Wf’/‘f‘ﬁ/ "4
do #‘;5, bt neverthbess ynder o Pishd  CleCumstonces these codbuchors <t vey
useful , ad  uher &"'F/%Vf"( o pert o & ‘y'“’?’z e o p‘VO"ﬁJ methods of An<lysis.
N/ Lgfq with 2 Fedy el knawn Mpr&mldnm, which we discuss For A

smjfe, Spin - ar fﬁjhfq MOmentum

A.3.1 HOLSTEIN - PRIMAKOFF REPRESENTATION ¢

8-'4(. ok L/C £5in <shme dhet onr
vacuun stete s He "mmmdfy up * stede IS,S>. 7{&- W seems mutfiely n<hu<!
model 5M‘b” ‘ﬁuvf'nﬁfadna <hand s 5‘1"1;‘6 P ﬂl"‘vl\ ‘HC)' Lere f.f/ce, saa<l ﬁhdut'krﬁﬂ
g-,( an osci/{fc{'or, ﬂi;; '1Ladic L/ & 'ﬁdf‘ hh'.a! in {Jw J/€/}/ 6‘4‘/}1 a"&)'f of M‘V!‘um
mechanies add | < pwmh/m/), usctul oemuldion s g/ by Lolstein w Frimelott
in }?[,.0- L/C write A 4

&t g -6%

CENIEF YY" )
§ = (as)4 bt [1-2 ¢'6] 5%
whoe Yhe bosonc aperstan schely the ususl commuphon rel<honships :
[667] =1 L6 =0 (7€)
These expression  shonld only be wsed of e occupchon pusbo M o= <HBD

s sml e, M << QS (alhoyl m mey spplcstione d_is actudly Yomd
th<t 4cr,w~doj calenlcbions cen  be done {E\rvqur{e [<r5e n). In #u{ coe 1t

%)
+
1
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'mda.o Senst -}a cvaul- az, s?hfv-c, rnz‘s In é\\j‘ > ‘fa ;d
S+ (a8)  [1- bt - s ttste o]0 }
SBE CERTN SIS /L AU T VT TR (79)
S. (as)* b* [ 75 b} —328,,51,64”..].

; 711-!5 5 %S = EX o Mmbion 1 "ﬁ)(m.i ‘[4;0— éf-ofl m( in 5 anstony  gnel '449,
a{w/y m{ h\w&jfmvnm‘. S'ﬂ L/ 4ve @jf’ L]

Tn pepsmy, e pote thd Yo baosonic  gsclldor stder <we <lso obtmned

J"\'«d’y ‘me '#LL Cﬁ%ﬁq‘ spin steen of e /cml' S‘hL-SA.'.cfm.q 4 ghﬁmsc. e write

z, = (28)2 2 ( 0)

IrJ’I{rC z H 'ae' C“"‘{J[& V‘J‘”’J/C« '-J”J "thn in ‘-U'Cr Cﬁw S/Iq l“/‘-‘&’,

n (€3). Nav, £ e -/*kg, He [overt ordler tem 1n Ye s exp snsien

(?f)) iharl&sﬁ (re., Yhat 5 = (25)%6% ) we o6t fu Yo coboent stde in
3

(2D ] » 1 lzp

3 ! 0%

whee e heve nov  renemed  dhe  yacuum stede : IS,S> = (00, Zn He
larse S limet

|o) &D)

(1+12l5)° —— g4Il (%2)
S>>
1 2 +*
50 thet |25 -;’—m% e"'z" ezb [o> ($3)

so thd e reave~ Yo SHo Coberet stete tn (59) (-:pcra" fom <
?‘Jormelrz.dmn ‘ch}t\r)

A.3.2  SCHWINGER BoSaNS

. We heve 4‘4«9 scen bou 4 s
ijn!/c, "1Lo ma ‘&Jﬁ/&n plis K DSCJ'// or  stdes in e sy - anel In ')a‘d "
s ?wéz fun +a p/xy aromd Ltk c’a#-'a'&u* f)afﬂ"ﬁ Weys of Jw'a; s,
Fn, aemp(& o Can Vo-.é/ wite 5«:// .él,d ‘)’ l-whl‘"p Some COMPM*
of anguler  mamentum L = €, WP anel | Hhen Wrthey his 1 tegme of
oscillafor stedes , 1je  ead up  with an  expression  [ihe Llc oC i{g f}, - {,*LJ) ,
i terms of L J;M baosons L—;‘ snal bJ . J ;

The Areatment of S!O‘I‘Wf')cr' s & rc,{.mmaf of Hhis olea. ‘l/b coardyr
ho seds ob  bosens , crexkd by opuders  OF end b, ad represeat the spin

o<t as A -

J S, = ath i+ bl S, = -ilath-bl) §
A h 1o (34)
Sp = a(a%-b%) = (mg-n)/y

So ‘y'td' O ‘- ?;6 _ j (qs)
= G

fnd  we hue b costrent S = §(aa+b1) = £(n,s7,) (3¢)
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7[@ Vacuam st<ke hee 5 < fnﬂc oté‘m , a1 we see o we  construd  the
Spin stater Hhat e ae  used ‘(’a- 771:& (_70(-\1" "5 -{}.J we e net Jlaed -#a -
hwe no bosos 1 %A& s,V:Jm - seae of the s-f«:(m muwg b afuys be occayuuf.

Tn fect we mut hove , fom (50), a4 seb DS bosms < Qay e i Qe system,
e de Vecuum stsde heo nae. from  (34) we have

S«m

/ Stm +
o= . )7 (b
Sl [(S+m)! (S-m)1] "% (44 ) o7 (2]

e |07 s e vecuum stebe . The r<dfer fi<r struchon of Yo
Hlﬂao‘f ﬁ;;iu&/ (s U:Lm-vn I~ -U'L

CJMMOA(V —uwl J.’apr(m f[’lah/n 44’
left.  Any [sddes oper<tor  aubum<terly
mnaeer wme seb of bosom L +1I‘M;>
ayy Fom e other,

TE we elminde Hhe A’ basons
usiny the C.MS‘&'(M’ (f‘)/ Ve 1mt
St back the H’IS‘/?M— /ONM-\Z:#

LRSMS ’ Vi'ya bsdwu;a’H pr J ad

wr L bt 1%
(%5) [/ gsbé] }(M

a

f

a

n

A.3.3 _SPIN RoTATIoNS l& e GUSONIC REPRESENTATIONS :

7‘[?&:5&4/07

M,\wef 4&:.‘"4 usnadu( wru' (‘D‘i‘o’m«;i in Spm Sp'\ca Ly bt 'Ulf 3| e 49* c?'ﬁ‘t‘-&

so b whey clufhj with  hosoarc rcpmoaf'q‘:w- From  wht Y4 kaow cbeat | 590

“{j‘ﬂﬂ Yo -;‘;ffnvu) results mey  Seem -Fn,..& Obvious , bt 1 s useful 4o dorwe Hiem,
CoanJv ag411 he ﬂ‘{'&*}m MMC‘E l‘y ‘-ﬂz opc.—c-}'q.—- n (5%). lf|/€, wish

+o <tply Yus  ethg o a stde [ilke IS,S7 (or per‘wrs even IS,M97J; or

f‘ef‘;&fs' 4 hed . cicectly 4y one of the "excided * states. Que wy de this s

4 sted fom Yo Slvmer bosan  otpresefdion  velf | sl sk how Hheoe operdors

draatorm:  This mack be = . am{wy —f:rw-ﬁgmd,hn, ad e steded result 15 thed

o ,¥% £ o
a): le s % e sin 7 : a : ©(99)
R(1 ( ) &la) - t '
' ) b -3 Q\b/" .("”.6/9. e b
so thit & Lgur of Schvigr oo drasfecmi s q» (ul)a + V@), <
b (-vtaia + ueb)  wrbh 4
ut) = wede } (90
@ = sway e Ph
lqc#u.ﬂ)a dhis  result 15 not 7urte, e mast o Ve ce wrie dava/ 4 Cn

é.:, Seen Eic we ,5‘1"444 —f(um '-%P/ "F.;rm ')[cr R Jl n “{'Uﬂti‘ c‘l( Eu/o- aq,t'oo 91;}&.
m  (59). Suppcw, for exwple , pe oty From _2.:’ +o M, 5o B we bk
Ao knev WAY kw 4o optr dur  file S:. Thus Aresstams n Yhe unsu<d ey
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s S, » RWS, £

4 ) } (9)
n = [SX /a0 cos + S), sind :m¢ # S{ Cos 6]

If Ve  Nev campue this il whad we g ‘)f a’md <p,/:cqlmn of ("’),
we see  thes e  Cta Adv—fa’/ have *élb more | geserel resaff

o b ¥
ul@) = wrge e (92)
V(R) = ,-m?;’;,e"% e

7"-’“ ‘5‘{"‘ ‘Jg'u ‘"{ Mddﬂ,‘y‘& ""9"‘}0' I/VI'JL, 2.: !5 Ml‘u‘.//r/ u{ ne Jf\&)@*_

o5 < “j««pe, verrchle ” , correspondiey 4o rafedione oo €, ad usadly we wil
fix X =0

U"v e resnlts e et nov <lse re-derve  on  previens resuld for
the form of dhe cohoed stde yector 117 (see et (€7) <ud ((Y)).
To doe Hus, we note Hhat ix 8bh iy basen /‘Vjt\gc, usiy  (87), we hwe

: 2428 (wat 5+)15 ~
st _ (uat+y /
e (25!)% 7 (ast)% g ik

(
% ( :.ZS’_ ... %us-ﬂnvs—m ISM> j )
:m:-.s (S-m)! (S+m)! Vs

whoe 8 = RaR™ ;s the Frauformed oporcdor, sl Yo u wd V <we <0 m (99).
Note thet Yo cesuld (93) s ,w-e,nxdy whed wver dewved .0 (€9).

A3.4  MATORANA SPINS o BLoCH SPHERE  :

Endly I discoss guite Lnefl,
a r<tle cate ncpr&:m‘d!m ofl = erer<l s/m} stde for « Spin - D) -9’-"'"”"', olue
+o /Wa arcad 1932 s »'4 stemy -z. la. Vtr/ /HW& /men (Mﬂ‘ -"'Ad"/ﬂ{ ot be
CM( with  dhe Mf}ﬂ/‘q< spin osﬂuhan/)f wiel 1n Yo ‘é‘l&'q}/ of %6’
correl<ted sy ’4"‘“') -
. 9&0_‘[ w[& cn ke ‘/rrw‘\u ‘/ -!'qu @q;}, < .:Jag/& Pla, cnd rifrag
the see-al stche - ey

j¥> = Z ISm> (9
Lhere .M‘_ {o(mg e <l Camp/dg, <nd g/ofm/z,.r/. Mv o(t.l(u..a »a.e,

anﬂﬂl‘{
polyromt 1

Py = g:-s Co X577 | G *C X ¥ Q'-zxz*'" C:‘-sxgs” (9)
G = (CT)4q, (9¢)

whd L e cxm;/o.r roets f’i.'Jg !

Piex) # | (xdz) ez {4 [Ck-Zdeul) (97)
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254l

I Cf"‘-l'ﬂﬁs (95) wd (90) , He nambo ﬁm s ot < bunemicl
coeficient | 1e., n n! ;
| Cot 1= =TT (9%)

—}1;&@ Y pol nomml Per)y 5 < ./ M ﬁhqua ‘Qr dhe

stete [ YD Mpalyvh cocticients . o=

/l/ah/ /e CAa Foke "gut. 2_3‘*/ CMW/CR f'ée'l‘: c‘{ /P(x) ed e
‘g'm beck m#a 'a.e, 3/0(}. réoe, us o e Rl%mn mﬁhdm n | (&)
%13 "ﬂ'-b'l G’OIC’A!/J ar M)ms/a .\44& a5 <« et of | LS ¢/ qu.& o %
gfacﬁv a‘,‘acr-c Cf"y"' ey < Jm._sltr pwq", <1 /et dase for e
cohted stede A ).

7?:1.!, naer /;vrw(uu‘ éd'l-/‘&n 2 5‘1“9&4 /75;> el /'4’{.’? 15 %

9!\)0\ ty

(%/%7 = fﬁ,,[cfu)*(c;) } (99)
A | m GO e )

e my ¢ sene step asc Hes rqorcu\.'.‘dtm A<ker 0n |, ia which
ecoe Lol a‘bvda, réc p{o/erh‘ea further

REFERENCES +o (B)
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R.@n&z : " Shados of Yo Mad °
TM. Redclife, = O7 Phys B4, 313 (19M1)

The  bodo by Ladenn Lo by Feyama we vell-koon, exfremely sead
ad need ne cammed . The Lok of Rucrbdt s rd spocn./ud, % < htfle” oo
1(;:6"“-64 an c,o-fq.. '(;MJ -hdmrum, .‘WI ./u-b'- f“‘f'y <. %Lnk of (p&ﬂ”‘- s
4 l”,f.{}, S,wlq‘w JncusﬂM ,\( #-o pn”ﬂlt ﬂncn&i l-.lu- @-ﬂh} bl "'""AQ o(
?ui{e, <ovany  jasighbs <y WA Sire redd nenserse. Loy he gen owtide “his s
Fiedd, IF contuns the oly esnly cccerble I kaowt of $he Mspras spin nc,m:‘q#m-
Tie pyun oF Redelde it mbroduad ot spin stden, b 1 well ayarh .

studying -
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