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Abstract

Abstract

In the thesis we firstly introduce one-dimensional spin 1/2 Jordan-Wigner

transformation.Then the application that one-dimensional spin 1/2 Jordan-Wigner
transformation is used for one spin chain model is displayed and one-dimensional

spin 3/2 Jordan-Wigner transformation is discussed.From one-dimensional to
two-dimensional, we discuss two-dimensional spin1/2 Jordan-Wigner transformation.

At last,two models in which two-dimensional spin1/2 Jordan-Wigner transformation
have been applied are presented.
Chapterl: Firstly, one-dimensional spin 1/2 Jordan-Wigner transformation that

maps the spin operators into fermions is introduced, which maps spin medel into
spinsless fermions model Next,we discuss the statistica! relations of spin operators by

means of this mapping.Then the application that one-dimensional
spinl/2 Jordan-Wigner transformation is used for one-dimensional anisotropic XY
model is displayed.
Chapter2: New Jordan-Wigner-type transformation between spin3/2 and fermions
of two type is shown. By using the double-fermion representation,we discuss the
statistical relations of the s = 3/2 spin operator.

Chapter3: Based upon one-dimensional transformation, We discuss the estensions

for two dimensions suggested by M.Azzouz and Y.R. Wang,

Chapter4: The application that two-dimensional spin 1/2 Jordan-Wigner
transformation are used for two spin chain models are displayed.Firstlythe
mean-field-like treatment of the Jordan-Wigner fermions for the isotropic XY model
is discussed in detail. Then the consideration of Heisenberg model with Ising term in

fermionic language is given separately.
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A=c,s B=ci, RN (1216), B3Fc, Mc; HBKTFHM, B[4, B]H0TIRR
“+7, FRIEMBEIT LI E:
ho <<cicl >> (@) =h < ct] >+ <<, H Je) >> (@) (1217

FIRRAK THARRIS B R E:



% —HERE1/2 Jordan-Wigner 2 B VA

lesocr ] =6, (1.218)

PAA:
[ck,H,,]=coskc,‘ +iysinkc?, (1.2.19)

AR (1.2.17), B3

(hw—cosk) << c,ich >> (@) = hS - +iysink <<clsep >> (@) (1.2.20)
ERFUI T B RHARE <<l >> (@)
BER, BARRTABHREL <<clsel >> (@) iR R MNESTRE. FLR
M A=c, B=ch, A (12.16) XA
hw <<cliel >> @)= h<let.er]| >+ <<l H fep > @ (122D

MABRKTHEAHR 5K E:

leoer ] =0 (12.22)
AR _
[cf,(,H*]:—coskcfk —iysinke, (1.2.23)
KAR (122D, B3
(ha + cosk) <<cly;e) >> (w) = —iysink << ¢,;¢,. >> (v) (1.2.24>

B (1.2.200 # (1.2.24) A FATE kG Bk TREARER L

G, (@)= <<gpic, >> (@)

_ 55 hiw +cosk
Wop20? _cos?k—ypsin’ k
cosk cosk
I+ 2 2gint k _\/ 2y Tsinlk
+ +
=lh§kk'( \/cos ¥“ sin N cos ¥ sin ) (1225
2 hw-\/coszk-f-yzsinzk hm+\/coszk+}'zsin2k

M B, BATERBEREE KRG (o) FER MR, B0 A% NEH &
R P ST HERLT RE T -

E(k) = tcos® k +ysin* k (1.2.26>



BRE S K AL BORTR

FEIZH Jordan-Wigner ZE#uff—4E % R Rt Xy BRI FHETRBAL B
BERK T RBRIERE, S HMKARR T W LURE _LE AR Bz s 718 R 2 AT
Al LLF| A Bogoliubov-Valatin F#eik, KBRS R SRBMKEIOE3IAIEE KB
HHRR—HH, s,



BoE —4AKE3/2 Jordan-Wigner

3 —4f 5 3/2 Jordan-Wigner 2 #t

EE—EBRNEMINE T —4 AN /2 §9 “Jordan-Wigner” 2#k, B I
B)% i Febk XY AR T RS R AR TR . EX—ERRIBE R —
T B85 3/2 8 “Jordan-Wigner” Z#. Xk [22)P¥E], T EREs> 0 EME
HRBBAA (REFLRGED FRENRRT RS HE DI T AT RN,
2" <25 +1<2" 2.0
MERA, BEESTEREs > 1H ERERRKUTFRRTHEIOHERELD
F 3wk [22] e Batista A1 Ortiz FRREIAG 25 4 X8, 3T B s > 1 A KR,

BB A L T SCRR P D B BOR T RIS TE S T B 1) B - O M. TR, XX
SR BT, IXEARIERTARN Jordan-Wigner KE AR,
M) REEREH, HEREs=32%, n=2BHEASANEKX. H

W, EWMAEEN2NERERLERITERRAKTRET, LAEBRANS

BBAKTZ AR,
BRBRINEZEAANAENEL, RAERELRENRET ML BRNER. &

fimE, RLEREAZLY, ARADEIBERY, WS EHEMNERR
(n=1):
s, 57 |=ist, |o7.s7]=is [s,s7]=is? (2.2)

T EEABER s =" 2is”, BEFIZEMELU TR E:

ls*,s7 =257 Js7,st =257, (2.3

st s l=25 s+ -2 (%) 2.4
REBRMER Q4) REF—FH4MTEEs =128 (1.1.45) FE—ABXARH,
Hiz (24) 2 THA BRERERR, 3s=128TNER.



B KA RGBT 5T

1

zy2 + -

57) =—|s",s

6 =gl
1¢—+- - -+ [ -+ =+
=Z(ssss—ssss—ssss+ss.$s)
] - N o=t
=Z[(1-s S5 T +(1-5"5")s"s ]

| S
=—(s"s"+57s
4( )

I
=3 (2.5)
# 2.5 XA Q) B (sH32):
sy 31
{s*.s }..2 > =1 (2.6

BRI (2.6 MER (1145 PHE—RX . YREZX—FBERMNIRBEs=3/210
Wik, FRRIBIEBETER, e, MENT RSN,
fearcaf=0, kric3}=0, kocil=6, (@B=12) 2.7)
BE R RKF R TR A n, = cic, .
HEAERNERS-32), |-12), [V A[Y2) IAREAR, SR

RAFKNAMERE, MARXTHMHELTEAORNER, HEXRA.
|00 = ¢ |0).]2) = ¢310) » |1.2) = cic|0) « TN BT ANEH T SHRERKTE

BIE T BB R,
HEF T, XEERFERRTRY.
0 V3 0 0 10 0 0
. |00 2 0 .ot 0 0
"Tlooo 043 " Tloo -0 (2.8)
00 0 0 00 0 -2
H:
0 0 0 0
3o o2 0
- = ++= +T=
§T=(s")" =(s") 0 2 0 0 2.9
0 0 V30

-20-



FoE —HAkK 3/2 Jordan-Wigner 3£ #t

0 0 0 0000
0 00 1 000
6= ¢, = (2.10)
100 0 0000
0 1 0 ¢ 001 0
Bep, =(e,) =(c,)» RHAE:
s* =3¢ +2c'c,
5™ =3¢, +2¢c5¢,
.3
s ==—+2n+n, (2.11)
2

B Q1) ATHERS
[s=,s+]=(~%+ 2, +m 3 +2¢) ¢, ) (V3ch +2¢l e, )(—%+2n, +n,)

=23¢¢,c; +4crecic, + V3ele,el +2¢le,6 ¢,

- 2\f§c;c,*c} —Betese, —delc,ete, =260 eycicy
=41 -¢c Yecy + 3 (I—cye7)e; =2c1(t-c5ey)e,
=de¢re, +3¢; = 2c)c,
=+l3¢; +2¢c,

=s* (2.12)
[s’,s'J-—-—s‘ (213

ls*,s'J: (\f3¢; +2¢¢,) (W3, +2¢3¢,) =(¥f3c, +2¢5¢,) (\@c; +2¢/¢c, )
=3cjc, +4¢/cycic, =3¢, 65 ~4desecc,
=3n, +4n,(1-n,)-3(1-n,)-4n,(1—-n))
=-3+4n +2n,

=2s° (2.14)

-21-



B B AR

5,57 = (Bt +2¢ie,) (3e, +2¢i6,) + (V3c, +2¢i¢)) (43c] +2¢lc,)
=3c;c, +4¢c,c5¢, +3¢,0; +4c5¢c.c)c,
=3+4n,(1~n,)+4n,(1-n,)
=3+4n, +4n, -8nn, (2.15)

EXs=32, FiLlF:

25 (s+1) =2 (5°) =12§—2(—%+2n, +ny) (—%+2nl +n,)
15 9
=7—2(Z~2n1 —2n, +4nmn,)

=3+4n, +4n, -8nn, (2.16)
M3k (2.15) 1 (2.16) HI75.
s t=2s (s+1) -2 (5°) (217)
BER, HIE 21D R#ESHXALE EREA TEFRERPRIT LR (2.12),
(2.13). (214), (2.16) ELMET (2.3) F1 (2.4 KA.
MTEABREMEE, EWRIMEREARE S EWAE BRERFZENS
KR, LB EE R, ST —d&AER, LEF:
U =exp{i;r2(nU +n2J.)}
= cxp[i;r(n” + n2,)] exp[i;r(ni2 +n22)] -~-exp[i7r(n,,,._l +n2,j_,)]

= exp(iam, ) exp(iilf’lﬂ) exp(im,, ) exp(ian,,) "'exp(iml,:-l) exp(imli—l)

=(1=2n,) (1= 2my)) (1= 2m,) (1= 21 )+~ (1= 2m,, ) (1= 21, ) (2.18)
[
ut = exp{— mz (m,, +ny, )}
=(1-2m,) (1= 2my,) (1= 2m,,) (1= 21y} (1=2n,,,} (1= 2n,, ) (219)
H EEARX LR
[t,,m,]=00 [u,0,]=0, |u7oes]=0 (220

-22-



W% —4EH B 3/2 Jordan-Wigner % 5

BIHZENER (2.11) FIFEREH:

s; =3¢,u, + 250,
s =«./§u,f'c2+, +2¢c;¢,, (221)
¥ (221 RN (2.14) 18:

sf=%[s, »S;

[(V3ue;, +2eie, ) (NBeyu, +2e56,)

M| —

—( ﬁcZiui + zc;iclr ) ( '\/gu:c;r + zc;CZI )]
—-3ion +n, (2.22)
2
FERNERES — T EIITERBRNS T K E:

ls7.s7 = ¢ ——;—+2n,, +ny, ) (Vu'eh +2¢te,)
—( \lgufc?; +2c5¢,,) ( _‘;'+2"|i +1y,)
=243 mi U €, + V3 mulc ~243 ul c5 My +26, ¢y

=5 (223
[S.-",s,']=—S.‘ (224)

{sl‘ ,s{.‘} =( «Eu,"c;, +2¢¢, ) ( -\Ecz,u, +2c5¢,)
+(Beyu, +2¢ie, ) (Vufcl +2¢5¢,,)
=3+4n, +4n,, —8n,n,,
=3+4n,; +4n, —8n,n,
=2s(s +1)~2(s7)* (2.25)

B, HEFTEMAR, KEZARER THEXK (220 FTREKEREHX
REREME TR (23) PHHKIT KR,
AFAM, HERIKMBREFHEENE, TERIRE -THEXR Q2D

-23-



HEE KA RITIR

e i AR T AR S B SR 2 B S T R R R T RN EE—M
®?
[!’sj, —("/gu C?.i+2c1+ic2:)('\/562}”1-'-20;1'61_[)

—(JECHH,+2CLGJ)(J§RFCL+ZCGCL)
=3uc; ¢ u, + 243 ' ¢y €30+ 213 CCy €y, U,
~3c) u, ul ¢y~ -243 Cy Uy € Cy -243 C3,6, U] €3,
(1) WEi>j, W {u,*,c2,}=0, furse =0l ep]=0, [ur.cr]=0
[sf,s;]bj =-3¢c, ¢ u' U, + 243 c, cgjc” u+ 243 € Cy €y U,
=3¢, 05 u;u -243 €y, Cry Coy U, -23 3,0, Ca U,
=0
() mRi<j, M. [u,",czj]=0 [u,.",c,j]=0, {uj,c;,}=0, {uj,clf}=0
[S:,S;]‘_q =3¢y ¢, u u, + 243 ¢ 3,0, U + 2_\/5 €y Cay €y U,

.
+3¢c,,¢5u,u 243 ey, € Cy U, —2«/§c2jcu el ouf

=0
B E):

ls.57 ], =0 (2.26)
I E 1S -

57551, =0

ls.s7],, =0 (227)
LA K

[sf ,57 LJ =0
[s2.52],, =0 (2.28)

X, XK (220 FrRN$ BREL TARE LK BRESZ K
Gt RFRRYET “HMEM B RERAEEN S X AMELR.
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BT —EYE 3/2 Jordan-Wigner ¥ i

B, AT BtH:
(57 =(N3uycf +2ci0,) (V3ucj +2¢)cn)
=3urchur el + 23 u ¢ el ey + 243 ¢ ¢y 07 €5
=243 u! ¢} (1-2n,,)
#0
Bl(s7) 20, RE(s7)? # 0. X ELT BHEN1/2 B)—4 Jordan-Wigner B#eH (s*)* =0
EX—mERR.
1 EETR, T HES B8 5EX 3/2 #9— 4 Jordan-Wigner &, BAVBET AKH
HZRIEIXT 5 R Fr:
[s.57]=2si6,, [sist|=1s%6,, {sr,s7}=2s(s + )= 2(s7)?
[st.s]=0. [s7.s5)=0. [sus;]=0 (229)

- TE, RIIESHEZ QIEHERTH Jordan-Wigner T XA (2.21) £
T, WBEBARXTERET, HNERABHIINERMN “SZHEMF", TUAR
5 (2.21) KFEEE#.

| S + 4+ D
Cy =~ 5, 585w, ¢, =— W, s, 5.5
B E
1 1 ., 1 1 ..
C. =—(—+5Ysw, ¢ =—wuws(—+s5° 230
2i ,'_3(2 r) [ M \/5 i r(2 r)

ST HB R, R (230) BEX 24) FRFENSHEER, NTERETR
BE LB TEG TS, “BEA" w BE T SN2 MAEEA BT, —H
SER T w, =[x, ROTTUUBERER (230) :& KT HARFR 5%

J<i

RX—EAORHE x, I, ity L FEA:

x, =t+asi+ F(s;) +y(s;) (23D

l¥,vc, |=0 (2.32)

Z25-



BRERLBIBR

B35} =2+ 2n, 4y BATHEN 5, TR

x; =E+Fny;+Gn, +Hnn,, (2.33)
¥simA (233) B (231 ARMNAER:
3 9 27 7
E=1-Za+=f-""y, F=2a-28+~
APty a-2frsy
G=a—2ﬂ+—j-y, H=4p (2.34)

B (233) WA (232) ATHEE:
(E+ Fny, +Gny, + Hayny )e, + €, (E+ Fny, +Gny, + Hnyny ) =0 (2.35)

(D) Wa=1, M (2.35) XAT4kA:
QE+F)e,, +(2G + H)ey ny, =0
W: 2E+F=02G+H =0, BR3L (2.34) [ AR
=-21.8=50-) (236)

4
(2) Bla=2, Mz (2.35) @40

(RE+G)ey; +(2F + H)eyymy; =0
M: 2E+G=02F+H =0, BRIL (234> ATLL#HSG:
a=~%y,ﬁ=%(y—l) (237
ERIAG-BRITER y =0H-
a=y=0,,8=—% (2.38)
FTLLBE x AGRER.
x, =1—%(sj.)2 (239)

FMEHITHIE, BRx HREHA:
X, =% x[l——:—(sj)z]

~(s3)? (2.40)

=26 -



B —HE B RE3/2 Jordan-Wigner 484

Ha (2.38) LA (2.34) K78,

E=-3p8s.8 .10 (2.41)
5 5 5 5
RN (2330 FE#T MR EE
x; ==1+2n, +2n, —4dn n,, (2.42)
BrLAE.
x; =[%-—(sj)z] =(=142n; +2n,, - 4n;n, )" = x, (2.43)
5 ., 5 o:
(3‘7,)2 ={Z_(sj)2] [Z-(S,-)z]
={(=142n, +2n, —4n, n, ) (-1+2n, +2n,, —4nm n, )

MEBAVEIR— HHER 3/2 (9 B s R, £/ Jordan-Wigner 25 # 48 H 25 #: 5|
FARTMIKTRE T, &AM SIS 32 6 Xy BTN ERE Y.
H=U(s'sk, +ss5) | (2.45)
RE—# (125 AB:
8785 + 5750, = % (S50 +5750) (2.46)
¥ o221 KA ERAESE.
s'sl, +s)sh, = % («/iu,"c;. +2¢5¢,,) (ﬁcz',‘]um + 2051161 m)
+% (x/§c2,.u, +2c5¢,) (ﬁu,ﬁ,c;,ﬂ +2¢!,.6500)
= % (3c§,e""""+"”)c2.,+, + Zﬁufc;,czmcw
+ 2‘\/511,6;02,02.,“ e ™M) 4ot e ey,
+% Geye™ ™™ et 4243, €2,C)71Ca
+ Zﬁu,*c;,c,, g} €yt T4C50,C00C0 )
= % [3c2‘",. (1-2n,)+ 2\/§u‘ (€] i€y pnCr — €1C2,Ca 1)
+40] 1€ 1aCriCy, + h.c.] (247
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¥ (247 KA (245) 18

1 + +
H= 5 JZ[?’CL‘ (-2n,)c,,, + Zﬁui(cl,ldclmlcﬂ =€€3,C,m1)

+4c5,1C1,0ChiCy, + h.c.] (2.48)

B EFNIRM, 1 BHE Jordan-Wigner TH LML BIE RS T M & MR XY
ERMTFHITARMBARTFHURET, HEE-HARKTRETHERRNY
XY BRI, WRATFRETHE AR XY BEEDPABEEELTRATH
MEERD, TESIAMZEREBSRLEMEERATBEMEL, RERRE—%
B Rt XY SRR R IR R T A RS T KA, HiETHEMN S5 h Rkt
EEBREITHAEER.

BIMERRAP, BEFTARSIEFR (EUNLEER S =152 8 8 EHFE),
RA BREEMRE LT &AM B RE.
2s+1=2" neN (2.49)
AEATKTRRE (TMBD. HREMHHERBIHEEFFFL (249, Eik
BN EREFARARKTRER (TFRED. RIEX (249, T—1TEEHRXK
WREBRERT/2, HER 3 KT RER, REENEERENS/2, FE

F 4 FR KRR . SRMFTH R - ERENCEMEN T Qe EN /2 BB RE
R (249), ERn=1, XFRLBATE S Hrchhtt—4E B IE1/2 Jordan-Wigner
.
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W= ZHEEE1/2 Jerdan-Wigner Tt

B=F “HEHEL/2 Jordan-Wigner & #t

RIERATS AT R T — 4 B HEA 1/2 B9 Jordan-Wigner "ZE #H i SES 3/2 #

“Jordan-Wigner” ¥, 7E—4EHEL T2 “Jordan-Wigner” Z2 AL BHE R /2 1)
BRGRERIITBIERKTRET, BRIIEANFRIKBHERT TR,

TEt R BEEA 32 M EHTRAR, ST AREHESNRATZEME, BRRBATL

EEEERTRIATLAERKTRRT, EAERNERBRNERESEHEEN
BRREERSE, FEXNEPRSRBRRE, FibERRENHHATE—DIN
WR. RERIGA—HEER TS, S EBRT AN 2B RERDM
iZH “Jordan-Wigner” ZHE B ARARTHIBVKTERERT . TXERNKE
Wi EM “Jordan-Wigner” i

(1) 4k Jordan-Wigner &4t (M.AZZ0QUZ,1993) b1

Em— R T B iEA 1/2 85 “Jordan-Wigner” 3 ¥k

sr=cle s,=e* ¢,
¢”=7rnz_lnj, n,=cje, 3.1
70
AR
cl=e¢™ s, c,=5]e™ 3.2
Hete, fle, ABORTHR.

ERBRTWE Q) FIRAEAH: Ex,y8E, FAEL7HERT

BEMALE, MET G R, MAZZOUZ EX T ER “Jordan-Wigner” 38
e

i‘[,j =ei‘1,/c+

+ +
S,’I::C,-Je 1)

- *‘d,_j - _“1.1
§,;=¢€,¢ =€ Cij
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BRI R

-l = 4-1
&, =z(Zan,J '*'Z"r.f] v My =CyCyy (3.3

d=0 f=0 J=b

.2, —# Jordan-Wigner ZFH

FIG.2. Towards the Jordan-Wigner transformation in two dimension
BINBBKTEA S, o, TR B ST FAL B #0150 Bk% 5 K8, (3.3)
AP B RS — T RN EE, %53 T S 5 LS B41H
AT 4 - EROTRE R, FERIOE— FERIEH ARE 07 B
R, ARG EL:

e‘éq--re"-‘iv-; =
2
gt =1 (3.4)
Bkl
* L SR _ iy p Mg
%qm’smp}“'cqpe cmp Cepe ¢ c%ﬂ

At + C+

=0 Cop T Cap

=1 (3.5)
fR] 2.
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P=F 4 EREL/2 Jordan-Wigner Ffk

{057,}=0

{502 1=0 (3.6)
B BATE A R B AL B IEE R0 BB 5 LN (R A, ARG E IR
BT, tin%Ee, pHg,ptmm>0)XHIMIE, #:

pmel
ity iy LIy
g wrpfern —, I=s

i ) pamnl
e"q»re"’n.l"- - emzl-p .

el
¢ ter g e_mZ;" s (3.7
LA
. +m-l pem-|
- + _ ”’z;. L _ At "”Z;. N
[sq'..v’sq.ﬂwj =Chp € ’ Copem ~Coprm € ! Cor
R vl S0
= Cqp Copim et C;_,,J,,,, ar € o
- + + ”’ZP:N" S
= (€, pChpm =CopCopimd € 777
=0 (3.8
R
+ +
[Sq.p’sq.pm]' 0
57057 m]=0 (3.9)
A BREER B ERE,

TEMIRT 4 AN Y2 1 “Jordan-Wigner” G, RATETRE—TWMA
EF “Jordan-Wigner” ZHKE GIEN /2 GEEBETHIBKTRET. EEIRK

L L, (L ool -« BN 2HEREHMEREMEDTEA:

H=YJs, s+ hs (3.10)
(0.4} !

(i, ) EXBRIRIES#E LA ARMGIERE, JRREE AT HRIER, &
Rrshg. &R RV FE A % R B XY 380 A0 SR A AR

= Yo¥ e
85, = (8787 +5757) + 57 5]
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B REZARILRITT R

| S R N
=5(s,s1 +575;)+ (s]s, ~§)(sjsj ——2—) (3.1

BRI (3.10) 4B R

1 e s
Hy =EJZ(S,SJ +5,5.)

<>

1 o 11
HZ ='2—JZ(S,-S,- "—2') (Sij '--2-')

<>
em 1
H, =Y h(ss] -5 (3.12)

B—EEREERTFRRNES, ETREANLEHEX G0 TAHEEN
AR SRR E/ER, MRERME (3) Fin, RIMERETETR AR H LEE
EAAR. ATRRER-ERATHOBEERNER, ROFEXE

IS, << E—HE (RE ZREEEEEN, M=) MRJ, <</, 0./,
ROTRE—MEEAZMBENEY, €U, =0 (CHAEERNTHRRERED &
REBAEAT, XAERITT U b 8 — R ELE T AR SR S EME R — SR 2R

i+l

i-lg i ij J i+l

ig-1

B.3. 5 EAAR SR AR
FI1G.3.Nearest neighbour interactions on a square lattice

TR 3.10) BA:
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=& B HBE/2 Jordan-Wigner T

H= ZZJ (sh} 'SH-l.j +Sl.j 'SJ,_,H) + Zzh S,':_j (313)

1=0 j=0 =0 f=0

LT GaD X, BATUSGKEH,, .« H,o H:

1 o R
XV:EZZ(JA'JH-J/(SJI r+)j+s Sf+]_/)

i=0 j=0
+ ‘]F,j;l_jﬂ ( sr-,j S:j+l + S:} SJ__j+l ) ) (3.14)
o ™ _ 1 . ) 1
HZ ZZ( JiJHlJ US” ) (sl+|,j S:+l,j_'2_)
=0 ;=0
1 S, ! 3
+Jp_;|,-+l(srj IN) E)(Sl,j+|sﬁ,j+|_—2_) 15)
o0 o0 1
Hf Z h(sfj ] _2' (3.16)
1=0 =0
H=H,+H,+H, (3.17)

IEA “Jordan-Wigner” R ERZESHEIT MK, HFHEAERESHEIGH
HE A R R R 18] B

o0

+ 1
HZ = ZZ( J'J””J ( C'J iy~ ) ( Cii,j Cisty —5 )
=0 j=0
+ 1 + 1 ¢ )
+ J"-’;"-“" ( ci-f €y -'-5 ) ( Cl.j+] cr,_’-'-l _'2_ ) 3.18
Hy=2 2 e e,m (3.19)
=0 4=0 )

SFBBEME XY #5r, WE (4) Fow, #BTIRLAE.

1@ e . _
HXI':-Z-ZZ(JIJHU(Srj r+|j+slj |+IJ)+Jr1f;+I(SnJ‘ p_;+l+si,jsi,j+l))

i=0 j=0
égg( oot € ""(Zf ;"‘f+2 wo"ens) ¢, L+ C e"f@}’.,"r‘ﬁﬂlﬂ-u.ﬂ Cns)
+J e e el e e Cim))
- _;_ZIZ;( J,J;H,U (- ., e_m'(Z;-pln’J"‘Z:‘:‘;"r‘LI) C',-:!’! + C::j eFﬁr(z;.,‘l",J-*Zj:.:oﬂ,q./) €, )
+J (e, v_,+| +€,0) (3.20)
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B EER R

B4, 3 &WRM XY SRR

FiG.4. Towards the fermionization of A
ETRBOSIATEMAF S RE LK.

) -1

¢i,u—1 (y= ”(Z”;,f + Z"u},f)
f=4 J=0

— ot -1

¢r‘.j+i (]) =7 Z i r +tnm|f)
S=j4l [=0

@ () =m,,

TR, WEME (3.18) XXM TBEL:

| i . .
- =iganlf) 'é (s}
H ZZZ( ‘!LJ:HIJ( €€ Cay T < g€ Ciag )
i=0 j=Q
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BB, 7 (3.43) RPEE—SBE(s)=0, Wh=0. ZERWERILTX—
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(r) —-I'OIA(F) = <f’.’r-> -S— a E = <f?r‘> 'S—I?: ’ .
0 -r, r. 0 ’
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