e’ N e !If,
:.é,j-:r:;;;c,,‘_i ~_:: '.L ‘.@ j;h- '&-

Shanxi University

2012 J@& Wl X 2 A7 3¢

SRR b BEC B¥ & MR oY

1EEHA N

IRSHm SR IR

FREW IR

MR BEC fx 77 Bl it

=2 L1 P8 2 B A BRI T
F I ER 2009 49 H—20124F 6 H

“O——%hH



Thesis for Master’ s degree, Shanxi University, 2012

Analysis on Property of BEC Tunneling in Double-Well

Potential

Name:  Xiaoou Zhang
Supervisor:  Prof. Yunbo Zhang
Major:  Theoretical physics
Field of Research:  BEC Tunneling Theory
Department:  Institute of Theoretical Physics

Research Duration:  2009.9—2012.6

June, 2012



S |
ABSTRACT . .ttt et I
= 1
B BEC /0 o oottt 3
11 T m I BEC. oo 3
1.2 Gross-Pitaevskii 7 RE UG . . oo 4
1.3 Bose-Hubbard FEEIMER ... ... o 6
W AR BEC . . 9
2.0 P 9
2.2 AR PEBE eI T FEBEME . . 13
P =% KT Bose-Hubbard %[ BEC FRARAIST. ..o 19
3.1 HEFAHE AR Spekkens-Sipe #5781 L. 19
3.2 Bose-Hubbard BR KB JJ 2B/ ... 21
3.3 Bose-Hubbard A R AR ... 30
S 37
B IR 38
B 42
A R e 43






Contents

CHINESE ABSTRACT ...ttt |
ABSTRAC T e I
INTRODUCTION ..ottt ettt ne e 1
Chapter 1 Brief introduction 0F BEC..........cccvviiiiiiice e e 3
1.1 BEC iN@OM CIOUS ......oveiiiiiiiiieeee s 3
1.2 Origin of Gross-PitaeVsKii @QUATION.........ccecveieeiiiie e 4
1.3 Summary of Bose-Hubbard model ... 6
Chapter 2 BEC indouble-well potential model ..., 9
2.1 Solution in Semi-classical approXimation ...........ccccocvvveeviieresie s 9
2.2 numercial solution of nonpolynomial Schrodinger equation..........c.cccccocvvvneen 13
Chapter 3 BEC theory analysis on the basis of Bose-Hubbard model..................... 19
3.1 Spekkens-Sipe model in repulsive INteraction...........c.coovveviieieienencseseeens 19
3.2 Dynamics exact solution in Bose-Hubbard model............ccccoovveviiieiinireee 21
3.3 Quantum phase transition in Bose-Hubbard model...........cccccoovevviieieinene 30
ENAING. ..t 37
RETEIENCES ...t 38
ACKNOWIEUGEMENT ...ttt ra e ne e e e enes 42

Personal PrOTIIES .....cove et 43






IR

WAk, XEABF R B R 7 130 1325 | T B AT A e ). AR
o 2o PRI S B2 0 AL T AR S MR R T R, (ER B Tk I E ST A I
Wi AR TARE S, WA RTRARIIIC AL 2 RN EE e 28 L DU E
KEFRRAERE T AP BEC BE 24 VT 1 5 i ke 23 2 — TR A B X TR . A
FET T AERAPRL h BEC 2y J) 2 FE A MR A#E, Smerzi 55 AR 128
VLM B L5 AR 7 PRSI AR T80 1%, [RIFEKE 3D-GP #: 4 31 1D, HUfe K
1D AR MR 15 T ARSI AR, 0 3 5k BN F S S0 45 ) EIX
ol FET B - IS FT USRI 5T BEC KL T RGEHESMB) # et IR e 4
PSS RENOE A 45 AT B . ARSI T

S BN TR T = R B TSR (BEC), Gross-Pitagvskii J7 F (1)
TR, BT 0T A A A rpE T 1 3% (- A1 ( Bose-Hubbard) #5EAYfr1 AT
0 EIRATNIE TS EAEH B RS GP Ji e, 4y XA BEC MZYEE
RARIR G e A h oW1 BRI S 4, Il I - 29S8 R sy RS B e 7
Rem A EAER IR, DL SERRMIE = 4 XA, K LA g —4E GP e, XLt
B SR AR 45 R AN 25 0 22 0] o d5e J B 4 FRATIBE1-#% 45 1¥) Bose-Hubbard £
AR T GIAHEAERTT BEC I3 127 R fifid, R e KRS ot f A 43 3 1
BEC MJAEA&AHAR, JIf HA-2 i L 45 kAT T X L.

REEE: BEC; GP Jife; WA Bose-Hubbard %



ABSTRACT

The dynamics of cold bosonic atoms in double-well potentials has deserved a great
deal of attention in the last decade. A simplified many-body hamiltonian with
semiclassical predictions similar to those of article before but with the important
advantage of allowing the study the quantumm fluctuations on the top of the semiclassical
quantum averages, also contrasting the semiclassical epproximation and numercial results’
impact in the study of tunneling property of BEC in double-well potential will be a very
interesting work. The article mostly discuss the solution of tunneling and stationary states
property of BEC in double well potential, include coherent dynamics based on a
semi-classical approximation of the GP equation in Smerzi’s article and quantum phase
diagram of GPE from 3D to 1D by numerically solving the 1D nonpolynomial
Schralinger equation, and then made a contrast of two different solving method.
Otherwise discussed the stationary states and tunneling dynamics on the basis of
Bose-Hubbard model Hamidonlian, and made it comparaed with Semi-classical solution.
The article included:

We first give a brief introduction to the BEC, including Bose- Einstein condensation
in atomic clouds, Origin of Gross-Pitaevskii equation, and understanding of
Bose-Hubbard model in optical lattices. And then we discuss the 1D Gross-Pitaevskii
equation for dilute bose gases, give new criterion on the Josephson-type oscillation and
macroscopic quantum self-trapping and find relation in the state energy and interaction
througth BJJ equation, followly we also construct 3D double-well potential and to be
translated in to 1D Gross-Pitaevskii equation, numercial result are compared with those
for Semi-classical approximation. In the last past we give the exact solution of dynamics
and ground state energy on attractive BEC on the base of Bose-Hubbard model
Hamitonian, enduce ground state phase transition in the help of exact diagonalization, the

analytical results are compared with those for Semi-classical approximation.



Key word: BEC; GP equation; double-well potential; Bose-Hubbard model.
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BT QAP R BEC

E, = 2| Ay T |20,
20 A

2.2 EMEEBRTISHIERER

IR A FWIN AL SNV, (r) FFREIOAR FAEH) BEC. IXAMAMAE—MBE
[ U P 1T 5 T ) 2 VR 1 30 AR L RRUIA IRV, (%) 0 22 o E28.29)

2
m;)T PL (2.2.1)

Vtrap (r) = VDW (X) +

XH p EBAAR T ARSR, mAZBR TR, o 2400 P BRI #R XA N

KT RGN0 5 (r, )34 3D GP L

2
iha\P{—hv2 +v”a(g)+u0\yz}y (2.2.2)
ot 2m

a, & s B - B UK, W(r,t)d—4LE No 3D GPE @ik — ka4 ik
T T BRGSO E B T, SRR A — AR AR Al 1T S D) e B S A
FRATTE % e R K WP (r, 1) VS A R ST A5 D BR B F (%, t) FAR i) 8130 o (1 e S0 A i 3 o
g, X o Ik TAKRM RS f(x,t) . MhRLLa, = Jhime, J¥ifs, IFLL

o, B e, WAL, TRASE] £ (xt) Al o(x, WAL 7L

of | 16 1( 1 it
ot =1+T]f|" (2.2.4)

HET =2a,N/a, fil f(xt)H—F 1. KR (224 /AN (2.2.3) FATM g (1D

nonpolynomial Shréainger equation) 1D NPSE, &% 1 F-fhil i A ) 5 e T A 4 441 K
[¥) 3D GPE Fyftiids & I R 1 ) o

FAad g i H IR Crank-Nicolson J772:f# 1D NPSE 43 20 AR BEC (1)
A, TEBUE TP XEBEV,y, (X) 2 PIAS Poschl-Teller #H1 &5 U, = 0.8ho, 342

13



XCHABEHARL h BEC B 2 R HEATF AT

44y, B MR T - x, =—2a, Flx, = 2a, P,

Vou (%) =V, (x)+ V¢ (x) = -U o{se‘:hz(ﬂﬂ v {SeChz(X a ﬂ

a a

0.0

-1.0
8 6 4 -2 0 2 4 6 8

B 2.2 AHRREHV,, (X) (X, =2, U, =08, a=1)

[= .0 O
o8

X
B 2.3 xR BV, (X) R3] BEC a9 drL g | f(x)

T=2a,N/a, RA8EHAHEL.
L <Off, ESBE—TRES TR KNS, ZXHFRMN T KRBT
BRAE R Aa S . AT R IX AN WAEASTE Ty < T < 0 I & X FR A (Josephson phase),
[, <T < Ty IRFRVERG B (SSBphase), T < INASRE—MEgaiiad . I d Ay 4

FAIH S D RARFRIRIIAZS, RSSO — M REREG . T =02

14



T ORI PHR A A (Y] BEC

FENFRI, M =-03M A, HBIT=-081 BEC ¥ H &l A3, %4k

=120 T 348 .
2 T T T T T T T I

1N

0.4 0.6

Uo

B 2.4 sHARREHV,, (X) R3] BEC ¥ F4E ([[|U,). &2
1D NPSE #9 %1t R; [E B A7 2 3D GPE ¢4 %.

2.4 25 TR RRXHHE R 5] BEC A1 % &2 = B2 U 1) R AR 1A . RSN
AR R (AT, SSB AHAR (K] |Cse| AH ELAE FIBREE SR T Rk, 1715 BSR4 AR (10155 7
T, | IR R R, S T 30AE NPSE MRS HtE, 18 H IREEXSFR (¥ B2 I Crank-Nicolson 77

1%:##% 3D GPE, &5 RW] & H—8k AR 4, 4RI 3D GPE 11D NPSE 24 T%
FEAHEAE R # e SEORSAA AR LR HT B0 4638 nT DUAREILLE SSBARAISR A AH (1 3/ 1) AN )
AR .

IAEFRATTH 1S 1D NPSE [ P RUT AL o LA BIF rr #4522 S0 w0 I 2 A A 5 114 555 R

I
=

f(x,t)=f (th (X)+ o (t)de(x) (2.25)
BAE B () g (X) TR — 109, I FLAY BRI AL A0 AT BBk ep o % R R 4k
6,(x) Ca=LR) WM, ZWARBYE g, ()L, RITEF

in e _| 1 i+o-§ +i|fa|2+g f, —Kf, (2.2.6)
ot 2\ o2 o’

a o

15



XCHABEHARL h BEC B 2 R HEATF AT

ol =1+glf,| (2.2.7)

XHNZH e, K, g #1452

e =[drg,( { }a(x)

g= rjdr é.(x (2.2.8)
K = g, { j +vDW<x>}¢a<x>

BAIEH £, Q) EEER T, )= N, [ A IRB € 1 15 4 4
o 0, (XA . z(t)= N, (t)-Ng(t) GXE N, (t)+ N (t)=1), 6(t)=06,t)-6,(t):
2=-2KV1-2*sim

j=2K cogs N1tz (4+3g(1+2))

./1 22 221+ 2(2+g(1+2))
_ V1-z(4+3g(1-2))
22+ 1-2(2+g(1-2))
XA 7 FEFR A nonpolynomial Josephson equations (NPJES), 4REA&FLREE g 1R /N,
NPJEs 7% 9.

(2.2.9

7=-2K+1-2%sin@

. (2.2.10)
é=2K

- coséd + gz
1-z

e AT LLRT B ) Josephson equations (JES)
JEA Josephson [XIH0F N z =0 M1 6 = 0 [ L8 FE0E /e JEs FI NPJEs Wi

Josephson A1 H HBILLE Ty < T < 0. H1 JEs 15 FI) Tygp (AR #2305 T )7 72 NPJEs 153
MEELE R Ty NIRRT, SSB #H. #R 5 JEs, XAMHAAAET Tsg <T <0 11K

—UBff, TS NPJEs, SSB AHH 2| B4t HAE G FHE T, 4 =4 2%. 1 H NPJEs
2 T 84640, JES WIARE

16



BT QAP R BEC

I'=-1.05

N2k ]
0 50 100 150 200 250
t

B 2.5 kT4 £z MATE a9l . B4 2 IDNPSE 6494 %, T4
2 NPJEs #94 R; & X &2 JEs w94 R, M4 54 £

T
2(0)=0.2,0(0)=0
M (2.5) %, NPJE L JEs 44T T NPSE 45 3. Aidh ) 15 A 20l
HAER, NPIEs BAHEM. 24T =0.25 %44k T Josephson oscillation (z=0),

[ =-0.25F1T =-1.05 K £ 7E SSB oscillation ( z =z #0 )
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5= KT Bose-Hubbard 1% BEC BiEHIFT

=% X F Bose-Hubbard #&%! #4 BEC B3

3.1 HERHBEIEA /Y Spekkens-Sipe &Y

TEXUIABE BEC B X4y F BESR AR FT Y, G AR 2 (A 23 i i — R 8 LI
WAL e FATTS I NTEARGAN Frb G585 B €05 71K 22 PR Iy B e (1) — i 1AL B
X (1.3.1), JfKH Spekken 1 Sipe /28 ()4 HiAR A, IX AR b (R JE L MR TR SR 25
BRI AL . SRR BLJE RSN B HXU G i i i v, R IF R 2

H =N +(z,, + 9T, (N —1))&/4, + 4}4,)

. T (3.1.1)
+%(Nf PN N)+g—22[éféfé2é2 +alalad, + 4NN, ]

Horr, TOARAABE PRt SR EAERIRE, T, T, R s A8 SR BAR T BE.

2v72

N h°v
E=¢g =&, :—J-d?’rzyl (r){— -

&, = —fdsrwf(r){— hzz
Ty = [d®ry(r)
T, = [d®ry (), (r)
T, = [d°ryl(ry(r)
TATTRE BRL 1 BE AR 7 Re 2 B R S H0E A
g=1, ¢,=T,=1, T,=—%, T,=—€* (3.1.2)
EANZHAATAFE AL P BE 28 S 28 o i T TS iIE 9. AEBAT T IR S 22

W T, 500, FCBEAE e 380, 2 ARNE B AG  T Ab ik

+vm<r>}p2<r>

b a At a T
H =eN +(512 + ng(N _1))(a1Ta2 +a2‘a1)+g—2°(Nf + sz - N) (3.1.3)

&, 8, PR KL LGS RE R, 6, ROVRL P AEMS RUTBI IRIERE ST, Ty Ko i1 1a) F AH

19



XCHABEHARL h BEC B 2 R HEATF AT

TARRIRE, T, T, R T RUOORL T bS5 AR TG, TR IR T WY, e BT
LR,
A 1925 52 T T L LURE T o ng ) H 3 5 J TF

N
¥ =Y c |k N-k) (3.1.4)
k=0

SRJE R IR (3.1.3) MO AR BIAE A RE R AA AL 1 ¢, 501 -

1.0+

1.0

05 05
Ck 0.0 W Ck 0.0 j\A/V\/\
4 -0.5

B 3.1 N=50 #9 Fock &% (a) iK&; (b)
B AE: (c) HA4040E; (d) % AANE.

FAINE 3.1 KBRS R BRI RS MBS MBI, () M (b)
Won a =5 50 AR TP EARRERS M AR EAT,  EATIR R AR A b 2 W] (38 iR
TRRREG (o) M (D) o TRR e I R A A, 17K LSRR 70U 4 A ek
HARPOR RS XL R AN A A, REMTNSRAS
i 2 S R PR B

X XCBBRAL ) 22 ML, AR N BHARKR, JATmr UK &, S04 ¢ Hdk,
1 Jn e feE%,

) 2n\’
H=En"-E, L(Wj cosd (3.1.5)

HPE, = gT, M E, =—N[ey, + gT,(N —1)]. X5 nf160 LILHAs &, 5507 Bl 5

20



%= 5T Bose-Hubbard #% [{) BEC B HT5T

[32]

. 2n)’
Nn=-E, [1-| —| si® (3.1.6)
N
9:2Ecn+ancos¢9 (3.1.7)
1_(2nj
N

20

WS
AR NN\

-10 M

o

(a)

B 3.2 N=40 ¢4 2 48 A

3.2 Bose-Hubbard &% g 5 1 45 ra kR

H NS5 EARAG B (- PUTHHBER 5, AR & MoOT ik e IR 2 A
BREPE, 0T 59REAAH BAE AW BEC, FATlC & st Gross-Pitaevskii (GP) J7
RERARLE, FEGIN—AMR]ESE I XA B . Smerzi 55 NI TR 349 5
KRG PO LVZRARES, LA HAE IR 3] — @ fH I IR 7 R 1 2 I LA
PG (MQST) 45 H o MEHERUAB B R R, FRAT TR A r 0 40 a5 B 1] 11
JEFBE AR T B AR A, R A I TR 1 8)) ) 2 R B A R,
XITHEFRAMEAEH, ORI KA IRY (Josephson oscillation) 1 MQST
ARV ARAR , 48R0 T DAH B FH sl 1 e AR ELAE F R E, B9F9% BEC 3l J) 24l 2
AR

UFE N AN i 5~ 28 G AL AT 1 15 I e P9 T R -

21



XCHABEHARL h BEC B 2 R HEATF AT

i 0 ~
Nt ¥)=H|¥)
Forb AR PR RR I AR A B (- I AA A AR G B i (1. 3.3) , PHIAMIBRLANT,

15 21 LRI 5

- Sla, raa ) o (@ aas +aiaas,) (3.2.1)
A=" A> ORIA <OPRIXNEHER AU AR, & (FBHF iR K 51

T, FHIRR L, 2 SRR ATRYE. RS Pock A3E0T5 H |nn,) . HARAA4E
AR NA1 s {0, N1, N —1),..|N,0)} o 45 t I 221 Py 36 B 407 Bk Fock 259628 EJRIT,

e (2.2.4) B,

B (32,1 SR LTI BEE R, 2k N —K[, o, () & e 47
LIV
iiCk = _(bk—lck—l + bkck+1)+ ak Ck
N dt (3.2.2)
N |:':I:
1 A [z ;
b = JIDN KL, = 5+ (v k]

BILAE A A1 N — A BT 048 i x=K/N 9 FLAEL B 76 7 MR A 1 3 S5 e
(M=1/NfR/R), 32614 W(x)=c, /N FIb(x)=b, . Xk (2.3.2) KAIE fEWF K
HE LA TR

19 (%)= e Pb(x) + b(x)e? |+ a(x)¥(x) (3.2.3)
KB po—imix , KB IATEE T o BT, WM TR K
Sign(C, 1) = sign(c, )« BCRTRATIHEHI—FRs AL, HUR AR L34 T R 2 HE T
HUEAE T s, RPFRARE R T A s o AR A <0, HisHems|

22



=% T Bose-Hubbard %) BEC FitH 5T

MHAER . 7R (3.2.3) Hffje™® fib(x), FAIMEEETF, (-2 m K _K:
e ~1+mo, +1m26§
2

b, () ~ by () + M, b, (X),_, + % ma2b,(x)
JiRE (3.2.3) fkfiih:

——1// (pqlxil xip+a 2,/xi1—xi)//
X VO A2 [0,1], A T 7 A FRATT 91 N BT AL 5 2 =1— 2x 3R 7 U3 BiE v ik 1 2 2%
ze[-11]. XFERRATA T R & Ak B

i0.y = (———\/1— —+ ANz —N\/l—zzjt// (3.2.4)

JiRE (3.2.4) WIEMIEENEE S TR, JUEAIRESE A A, £ MATLAB

R BRATT AT 7 R e e T R I E’Ji’éﬁj\lﬁlﬁ%*/ﬂi@ﬁﬂﬁﬁ%
a—l//=—i|:|l,// , H= ———\/1 y —ANz —Nv1-2°
ot N dz

P17 X I B s =X

k+1 k

72 . -] IHB(V/JMW/?)}

HIB RS AT W 2 & 0F, AT ARAIE B R BB — DI 2R TR . 58 X
x= 2(1+i§AtI:| le//jf
AR
[1+%Atl:|];(=21//;< (3.2.5)

K+ LINF 221 )8 o 2505 KN Z21 A e B8R SR 3R
k+1

vt =y -y (3.2.6)

AT TR R e S R AR PR Ay AR TS BRI 3, B SR B S
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XCHABEHARL h BEC B 2 R HEATF AT

A 2 > d? 2 z d
H=—=1-22— - — —AN 2_N+1-
N 2 z2 N 172 dz ’ 2
d2
==V (z
@) 2 <)

Hh3fileg e X 7288, wnil&rn:

vl()zlANz “NVI-Z2, v, (2)= 1\/ﬁ, V,(2)=

z

1
N J1-2z°
SRJGH R ZE AN o B 5 H e B 1 AR R ARy b P ks =X

i d
—AtH;c—E { +2Vy(2) +V1(Z)}c
At At i
__IV( )F(Zj#—l_'—Z] 2)(] )+IV( ) h (Z:(+1_ZT)+EAtV1(Z)Z;(

AR BN (3.2.5) 3K, FRATIHE k IR Z1 (1072 TRl A QR ok 50 mT 5 Jak:

At . At VAt
2y = {IV()hz IV3(Z)h}Z,+1 [—'Vz(z)p}ljk—l

. (3.2.7)
+{mw()$ ()AL éAN()+qu
R IAERE - %A B O b
= 4yt (3.2.8)

M (3.2.8) B HBLE L7 IR 0 0 b6 K, T AL (o I 20 3 B
B R ORI AR SR B — AN 1O 7 VAR B B 28 (3. 2.7, e e 1
%ww%ﬂﬁm%ﬁ@oﬁxza:%,@am>ﬁmwﬁme§ﬁﬁﬁ%ﬁﬁﬁ

Fe:
al;yi,+a2; yf +a3; y}., =2y (3.2.9)
o
al; :—iavz(z.)
a2, = 2iaV, (z, )-V,(z, A0 4 ;AtV( J+1

a3, :—iavz(zj)+V3(zj)%

PAIH EAE 7 = KL AL pR O T L T 40, B

24



5= KT Bose-Hubbard 1% BEC BiEHIFT

k+1

Wna=0s pin=0, 7u,=0

CATRARME L Wit = 28a — W NRIBZ =TT, AR B

ra=atri 4B, j=12,.N (3.2.10)
WK j=N I,
Ina =0=a\ x\ + By (3.2.11)
aly y ., +a2, yn +a3y xr. = 2w (3.2.12)
JIRERT AL A
PN =—%alw'ﬁ,l—%[a3,mhﬂ—2w§] (3.2.13)

¥(3.2.11) AT (3.2.13) X, B EE3.

K 1 Kk 1 k k
= a1 -— (a3 -2 (2.3.14)
A a2, +a3,af NAN-L a2, +a3, ak ( v P WN)
EbAg (3.2.13) 1 (3.2.14), w[153.
ay =0
) ) (3.2.15)
Bu = Xna

R j=N,N-1..28, # (3.2.10) fLN (3.2.9) f5H:

al, 7}, +a2, 7§ +a3, (a1} + )= 20/}

SRR
2E=rkan, 1%, + (a3, B - 2v ) (3.2.16)
e

FLi (3.2.10) A1 (3.2.16), A[#55).
a:( = }/;(+la1j+l
ﬂ]k = 7;'<+1(a3j+1181!(+1 - 2‘//;(4-1)
M2, AN Y, k. LA RGO o By, 1

25
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XCHABEHARL h BEC B 2 R HEATF AT

M (3.2.10) AP GRTAN 71, RRFITTA ARy R 7 0TI (3.2.8)
AR F— ARy, SRR LIRS, AR T By
BRI A T MV SEROBIE M0, LT MATLAB St o] 508 1%
2(t)= [ 2y AT o(t) = | [ 2oz — ([ 2y | AR FHITLARIT 19315
Sh T BRI IRIASHY BEC U 0%, BAT5E XPTRIIAS (1) 91484 Fock
¢, =k —ky), W(0)=|ky,N—k,), BLATE Fock &%E% I JEITREHN
vol2)=8(2-2,) + (2 BIASHHIR OB 4022 N KL T R IR T2

N
_i 1+z, o iy 1-2y
lP(O)—\/W!(W/—2 a +e 1/—2 aZJ 0)

TEEACHRBR T, BEATE Fock 568 B RETT R E0E T i i e 5L

N N(z-zy)
—4 , 41-22

N RIAT 7 M RIS K BEC [KI3h 1157
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%= 5T Bose-Hubbard #% [{) BEC B HT5T

0.6 (a) 0.8+ (b)
0.6
O
-
N0.0- o4
-
O
0.2
055 05 10 15 6 o ' : ' '
. . . . : 0.0 0.5 1 15 2.0
T Al
0.7- 0.10-
(c) | (d)
0.081
c
gow-
N 06 ©
£ 0.041
O
s |
& 0.021
05 . : : .
0.0 0.5 1.0 15 2.0 M%D 05 1.0 15 20
t/T /T

B 3.3 BFHE () FkEe= <22>—<z>2 YT sk ieB (T =7 ).

Kl 3.3 FRARWIA N Fock AR 1402 2(t) Rk e(t) b s 1a) (0 35 44 (RS i it
ZER, BB H N =50, z,=0.6, A=0.5(a, b), A=20 (c, d). M (3. 3-a,

b) AT HAE LR R AR IR DX AN 50 ) 22 S A OROB ] (2., 35K 328 20 1 T AR K AR A1
ME (3.3, d) WA HIAEMQST X, BhJ72 AR/ NRNER Y, B4 A K,
Xt ik Vi DR EFAEAR /IS BRI AHL -
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XCHABEHARL h BEC B 2 R HEATF AT

0.4

0 10 20 30 40 50

t

B 3.4 4 FH £ 7(t) i t 858 B (ts) (N=50) .

0.4 T T T T ' T
|[— Bose-Hubbard model|

0.2 H -

<
(=]

0.4

010 200 T 0300 300
B 3.5 45 2(t) Mt 45K (ts) = (N=1000) .

(3. 4) LRV N T-AI A=1 R 7= AEIT TH] t=50s N3] ) 2 540 RS
W4 R (N =50, z,=0.4) , & (3.5) WHEWENHTENA =18 82w
I 1] t = 500s PN {15 ) 24 Ak RS i 45 S (N =1000, z,=0.4) . MEHIRATA]
B HARE ) A AMAA B AELS, E IR RIS, X A -2 gl el
BABIGE BN 7R e, SR A5 5 ) B SO 5 0RO o

Sy BRATTAB AL I S R 1 3 (- A U Y (1Y Fock A TTACRE T — 255Kl BEC
b % 8 J1 2 I BUE Tk, R 25 18 1 WS TR ELAE T R XS RRXGABF R I S 00, I8
TR PR R 2 2a e . INEIHRBRATAT LA Y BEC 8 J)A/E 208 R ARk

28



%= 5T Bose-Hubbard #% [{) BEC B HT5T

DXAAT MQST DX X, AEA TR D0 N A BSR4 0I5, IR Tl ALE R
THATR,

AR HTHT IR N AR5 R GE 1 B - AR AL Fock 2% ERETT, 5 -8R 5 A H.
YEFITEOLIY Fock 25 JEJT R K0 AL I —ESEREE 19 TR (3.2.4):

i%@tl//:( 2 d \/ - —+v( )j (3.2.18)
V(z)=%Azz—\/1—z2 (3.2.19)

KT A <=1, V(2) AP AME, WERE A KRN AP

IR 2N1-1/ A, S22 A =0+ A /(2A]).

-‘1_0_
—
N
> — A=1 |
— A=-1.5
1.2 e
40 05 00 05 10
d

B 3.6 M V()RR 494 EAE R A TIHE z T Akedg B

IRV (2) IR R, FRATT AT LR ek FH 4 2 0 DL T 6 /M KA 31 SR e 1

Rt
V(z);V(zm)+%V”(zm)(zizm)2 (3.2.20)
=V1-1/A%, V(zm)=%A+2i\, V'(z,)= A=A o WRBATH AN — AL,

BHE B 1y AT I 35— 0 2 FH 2, AR, DR A 3o B (2) A /M 2, WS
ANRBLICIBNE o IXAENIE, 28 A BEE 1 5 RE i) AR 1

_%;—2+%(A4—A2Xz—zm)z v =|-AE+ {1+ A2)1 2}y (3.2.21)
& R TR LG T 1 R T
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XCHABEHARL h BEC B 2 R HEATF AT

L -, me® > A (A2-1), hol2 BN W
2m N N
M T 23T T AR 25 5 1 45 3 i A g 1 B34
Egs _>i+é+i N -1 (3.2.22)
2A 2 N
-1.0
-1.2-
> -1.4- — Semi-classical|
3 —N=20
g -1.6- — N=100 |
o — N=1000
-1.8-
'2.0 T T T T T T T
-3.0 -25 -2.0 1.5 -1.0
A

B 3.7 2 REMFE RS (BK) fok b g
it R RS T HT A5 R A E
B 3.7 ol i, R HOECR,  FRATIG I A0 HE & B RO P T 2 Sl BIAG
BRSSPI RUE —FORRL R S0 A —FMRAF 9L

3.3 Bose-Hubbard 122! fy £FHTE

R TPIE, Hen BECS A fift v 2 RUBE IR 1) 27 PR BE AR T AL T A7 2L
fRIBEAE . 959A0 G I B0 AR AT ARG P B3 KA, 4 Gross-Pitaevskii
(GP) Jrf. WUl —MEIEMFERE -, Bk RO — RIS EAH
XU e AN o

SR T ARIAE P B I R BN /IR v 7K 7 R ke 30k o 3 26k v H
Bogoliubov-de Gennes 7 FEKAA , I HAR LS H/E S AN FR S E gt o o371, ik iy
Kb, A SR SCHR AR T ARG AOG A T BV IR 1 B AR A R R A
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5= KT Bose-Hubbard 1% BEC BiEHIFT

&) . Josephson ML E] MQST ML IFAHAS v T8 1 O0E, N T fgveax AN, &
f117% & Bose-Hubbard I& 25§ & (PR AT Mk, IF H 5 M plgs RAE AR, ]
B BN AEAAR X IR - A AR A R, o2 RBP4 k14
(MSPSs),

BUEAMEH ) BECs B3] 7 27 KR B UKL~ 21 Josephson #iz37 Fil MQST & %
IR 5 TAR KBRS . LEW 5 AH BAE H AT HE R AH BAE G O N #RA7 EAH AR
TEW S A H AR BEC 150, s @AM T & 1@ 41ah 4515 1) Schrédinger A, ik
JEAHBEAERE LT, A RJE e BRI T, X TSR . E3RATTH
Oy BT TR SRR R BB AR I 3R, B R AR AR R AL B R ORI R R

FATTIN BH 525000 B (1R TG, BBt B 0GR, B BE R B B AR 2
IR B A AR RO FRVE T FH AN ] S KRB N1 IR XU BH 15
Wi (1.3.3):

H=-J(a/a, +a/4 )+ (54, - agaz)+%u la/afa,a, +aja)a,a, ]

K a|n,n,) = +1n +1n,), aln,n,)=n|n ~1n,), 1,2 KRB
BN IIE LR Z, O0<e<<d, FEMNT EBAT1ZRE 1) =100,

Iy URAE N+ 4ERQ Fook JE2021] {NLO) [N =11),...[1 N = 1),[0, N)} F-f #1 1k,
8 [ng,n,) =1/ nn ey )" (ag )7 [0) . WA ms A LT A N 7435

H'= —%(afaz +aja ) a/a, - a;az)+$[afa;alal +ajaja,d,] (33D
%%%%ﬁ%ﬁﬁ%mwﬁA:%%%%,Eﬂﬁ%?@%ﬁﬁ%%ﬁ%%%%ﬁ
. SR THCRGE R G S Fock AT IN|®) = Y kN -K) , IHHRLT
N, = (Wlaya W), 30 T2 7 = (8)8, - 4/4, )/ N . B SOSBHEL Y N

R RGMRGSTE, RN AR, BT IR S it s %
ARG AR A LAT BRI RS o
AT R R GAEAE M N ZI W BERRE L, BAT 52 AR - o, X R

G, p, = (P|p W), B =ara, i j=12. p BRI TN,

31



XCHABEHARL h BEC B 2 R HEATF AT

R X PR ) IR A ) (ny 2, 200, SARTRATA
AN AN, =1, n R RS RSy, R 2 H
JYB R Fook & LIPS tm s = -3 Jo,| logle,2]. s s ikmor

WU, ARAERET kA o2 =1/ N TR, 7ER KA ¢, = 5, I otk
MEE.
TA T A R HY, = B, 1 HTEAR A N B AAE S e, (k)

ML,

0 20 30 40 50

k K

@38 [c, (k) BEE, 1201, .50 REAAES, blded =0 RFKEE;

A:O, 'l; '2’ '4> N:50

32



%= 5T Bose-Hubbard #% [{) BEC B HT5T

(AN

k

k

50 REAARAES, Hldwd =0 RTAA;

A=07 17 27 47 N =50

MIE(3.10) ] Y, JATT AT PERAF 20 5 1 AR FLAE R RS HAR M e =0

I, FEASTERCA AN AR IS 0T X PR 30507 A
Yo :1/\/m[(1/\/§Xaf +a2*)]N|0> .

LA TAE IR, BRI RO, RGN — MR AT IF, B
HILP A AR 0, IIMERAA . Me>0, HARDNB, FATIAHEAER S,
T ] 500 B e rh — AN R R — AN TR ORE TP EOIRAS, A A
ILAE Fock 28R HE— DX 3o 3 I o H R0 BRI BRI R AR T — AN S A FAE
(B, FEAWEE A RG] B R P ARG . RTLART (18 2 AT AN [R] 1R 2 R AT et
PRPER AT B T /N2 ri e 22 (0 By o S8k S ooy vk P A 1] H AR IR 2800 I AP A
AR TARGF I 7y, BT EIsRi T E RGNS B 2 W 5 B RS
XIRRBE RIS o AR AR FHIESTE OUE A B BAE IS O T AR SRR
() T A, AHELAE Gy, s sz 3 — 2 s, AR SRERFF i A0 1 — 30
PER () = ORI BRI, VAT RO o AR A RS AT Al DAL 7 AT 3k

33



XCHABEHARL h BEC B 2 R HEATF AT

i1p 8

0.2

0.1

0.0

0.1 -

0.0

lcJ

0.0

02},

0.0

0.0

/| 3.0 A&, (k) £ A=0, -05, -15, -2, -35 %#A=0, 0.5,15,2,35.N =50

AT BER 2 R AIRIE S [)

EAAGE A PAE |A| = LI Z A3 Q2T AR BN IN, 75 |A| = 21 Z (R AAIT T 1. |A| =1
TR e TR

SRR G E R IR ZE S, XA 25 e B SR 1 550N PRG54 3 9k
s, ARIXAN ZE 57 (1 R SRR DR A A S TR HH AT (R4 Je DT 5 | A2 ok 7 TR SR K

2 .."
k'o.1 |

02

A=0"

A=-0.5

0

1
10

1
20

K

1
30

1
40

50

34

01}

0.0

0

1
10

-
20

K

1
30

1
40

50

AN 7 EET OIS M HABREGS TR 5. JATIA s %
L RDR OGS A1 A SR LA IR 5 AR SR FR I R R 1) — LM R (1 A2 AL
Ol IFRE DA R . 26— Sokn s, B (310 R EATTH]
FNAEAE AN BAE IS B0 R, RS 4 RAN R4 On LS RIEAR 1, HEEARFF 2 =0
o XM EI U IHE AR LA S O IS — AR KR 2 = O RAR K RL 1 Heas 1] L%
oA, FURBEHE M ARG R, A a2 8] €5 . i aMEN S A AT
FITG BT Rl 45 RN 20 S DL R AR S LS X AT T WL X, A iR z
M EH A= 207 — HARFRAE R, 16 AHERSNN Z (SR T 1o 14

Al =227 JFRERT Mott-ZZAH, 1< |A| < 2 H12Z X 35 A K5l



%= 5T Bose-Hubbard #% [{) BEC B HT5T

1.0

\

0.0 —— .L. ———r—r——T———
5 4 -3 -2 -1/\9 1. 2 3 4 5

A 3.11 AAEAE AR G| T HEF TP A A M THE 2 ¢
T, AR (B ), F2EEmMER (44).

FAEE Fock &8 B S, A4 LT s A Fock WA K ER, ANBERIIE
Hy REE AT, PrelE (3.12) W4 T S ARk i gs B, (H2TA IR AT LA
WL EEER (310 H z EAR RIS R o as, MWEH AT E A A AR RS O
T, PR S 212k, "R RS A KA T AAS, AEW T A EAE RS
*RJAMRZWQBﬁﬁﬁ%ESm?%ﬁﬁ SIE O S EY RS, A
AR T A R B T

4 -

A 3.12 A EERAMNES| BB HEr P AASY RE S T4
WAE AR,

S = AN SR O ORL T BRI, T i 0 A HE R AR AT O R GE )

35



XCHABEHARL h BEC B 2 R HEATF AT

SR, FEa KA L L B ROREE 2 BrU T % TS 1A
BARFIRE UL T SORL 53 BE ARG O B PR T, RERFr5d kiR,
FEAH T LA P o IFERS B 25 R P AT AR IR L < |A| < 2 W5 BEIFAN R IXFER, 72
XA DA LTS MSPS CEML i 5Ok 125, AT & AN T REAR - I~ 44 3%

PRIBRRE
1.0 \/
N
C 0.5-
=
0.04— S S ——
0 1 2 |A|3 4 5

B 3.13 B AME A B2 Eh THALESE N, N, Rk, HHER
(BLR), FRAAMER (LX),
1.04

0.04— ————
0 1 2|/\3 < 5

B 3.14 R340 B R AT AE T B8 FF A AEE A SEE TN, N, 89K
egAg s R, AR (L), FRBEMER (4X),
FORLT 8 B S A DU TG, FATT gt Bk 5% R e AR AR X
SORG B 5 RN~ 28 ML ABA S5 R DO BREBRAR I, W AT A e A e g X ), AT

36



5= KT Bose-Hubbard 1% BEC BiEHIFT

S S I BT 5 A T AT DU AN R B C R LR A BT, IR (3.14) il 5 st
SFHTE oy, P o, 1128 R85 L ROR 0 25 BB B2 S MR 0, JRMEE 1% o 3

(BT AN, T A T py, 1, FECAIFEAASIR B0 < [A] < 2 5202 T WSRO 4L,

TR TE 2 L PR B A AT AR DX B S A A ) E A i A

B BATF A S T AR RS 2 HE AR ELAE ] | BEC RLE AR AT Mott-
YEERANIN) B ARARRS AL, R3] T PR EAEHING D0~ BEC AR, W AH A
HITEOL T BEC FEAN[RIAH 2RI H K R 5t A LGB AT Mott- 48 2 e 5 1 40 15 1)
Lo TR FAT A VB AR AR (PR Ot ok 7 2 A 3B REAR PRI RR B, i e e
KT PR, X IS R G 2 M BAR I P R

37






SRk

TR

Pl I3 = 4ERXCEAPE R A AN, IR =48 GP JyRERe o —4k, IR 2T
AT BB SR s B A B IR B 1) Fock 23D, #5920 7S IAHELAEHITS
UL N BEC BNy SR s S R Y B3 Co ey A s 2R s S i e (YU RGO A 4L, 7921
T BEC [ 7AHAL, K& AR5 T B RERAE AL, IF ARG .

F AT T B AR AR BB M TR, R AR AR
B, bhn =3B, R R, BT B 55 A0 2% L8 (AR AT A A ke AN T
Sl ERBLHR BRI AN [l — ROR UL BATIANE B8R 7 (10 FiE, )2 _E [ e
I 5 LR N B, ASSCRR I 2 TR TR EE A SR R A e
TR, RE A7 AN [ AR S 2 A AT DLR IR 2% 1 8l o 2t e, 3
& Al LAAERTFE L NS, AR 7 iR &, tRnXUr i, —f, @k
THEFE YHIE .

37



XCHABEHARL h BEC B 2 R HEATF AT

S 3k

[1]BOSE S N. Plank’s law and light quantum hypothesis[J]. Z Phys, 1924, 26:178-181.
[2JEINSTEIN A, SITZUNGSBER K, PREUSS et al. Phys Math K1,1924,22:261.
[3JANDERSON M H, ENSHER J R, MATTHEWS M R, et al. Observation of
Bose-Einstein condensation in a dilute atomic vapor[J]. Science, 1995, 269: 198-201.
[4]GROSS E P. Structure of a quantized vortex in boson systems[J].Nuovo Cimento,
1961,20: 454-477: J Math Phys, 1963, 4: 195.

[5]TRUSCOTT G, STRECKER K E, MCALEXANDER W |, PARTRIDGE G B, HULET
R G Observation of Fermi pressure in a gas of trapped atoms[J]. Science,2001,291:2570.
[6]BO XIONG, JIANGBIN GONG HAN PU, WEIZHU BAO, BAOWEN LI, Symmetry
breaking and self-trapping of a dipolar Bose-Einstein condensate in a double-well
potential[J], Phys Rev A,2009,79:013626.

[7]JJOSEPHSON B D. Possible new effects in superconductive tunneling[J]. Phys Lett,
1962,1:251.

[BJGIOVANAZZI S, SMERZI A, FANTONI S. Josephson effects in dilute Bose-Einstein
condensates[J]. Phys Rev Lett, 2000, 84:4521-4524.

[9QJPETHICK C J, SMITH H. Bose-Einstein Condensation In Dilute Gases[M]. Cambridge,
England: Cambrige University Press, 2002.

[LOJHENK T C, STOOF. Bose-Einstein condensation: Breaking up a superfluid[J],
Nature,2002,415: 25-26.

[11]GRAEFE E M, KORSCH H J, Semiclassical quantization of an N-particle
Bose-Hubbard model[J], Phys Rev A, 2007, 76, 032116.

[12]GREINER M, MANDEL O, ESSILINGER T, et al. Quantum phase transition from a
superfluid to a Mott-Hubbard transition of cold atoms in optical lattices[J]. physica B,
2009,404:517-520.

[13JJAKSCH D, BRUDER C, CIRAC J I, et al. Cold bosonic atoms in optical lattices[J].
Phys Rev Lett, 1998, 81:3108-3111.

38



225 3CHK

[14]GREINER M, ZWERGER. Mott-Hubbard transition of cold atoms in optical
lattices[J], J Opt B, 2003, 5: S9-S16.

[15]DUPUIS N, SENGUPTA K, Superfluid to Mott-insulator transition of cold atoms in
optical lattices[J]. physica B, 2009, 404: 517-520.

[L6]DALFOVO F, GIORGINI S, PITAEVSKII L P, et al. Theory of Bose-Einstein
condensation in trapped gases[J], Rev Mod Phys, 1999, 71:463-512,

[L7JANKER TH, ALBIEZ M, GATI R, et al. Nonlinear self-trapping of matter waves in
periodic potentials[J]. Phys Rev Lett, 2005, 94: 020403(4).

[18]JALBIEZ M, GATI R, FOLLING J, et al. Direct observation of tunneling and
nonlinear self-trapping in a single bosonic Josephson junction[J]. Phys Rev Lett, 2005, 95:
010402(4).

[L9]LEVY S, LAHOUD E, SHOMRONI I. The a.c. and d.c. Josephson effects in a
Bose-Einstein condensate[J], Nature, 2007, 449: 579-583.

[20]INOUYE S, ANDREWS M R, STENGER J, et al. Observation of Feshbach
resonances in a Bose-Einstein condensate[J], Nature 1998, 392: 151-154.
[21]JANANIKIAN D, BERGEMAN T. Gross-Pitaevskii equation for Bose paticles in a
double well potential: Two mode modes and beyond[J]. Phys Rev A, 2006, 74:039905(E).
[22]ROBERTS J L, CLAUSSEN N R, CORNISH S L, et al. Controlled collapse of a
Bose-Einstein condensate[J]. Phys Rev Lett, 86:4211-4214.

[23]SMERZI A, FANTONI S, GIOVANAZZI, etal. Quantum coherent atomic tunneling
between two trapped Bose-Einstein condensates[J]. Phys Rev Lett, 1977, 79: 4950-4953.
[24]MILBURN G J, CORNEY J, Quantum dynamics of an atomic Bose-Einstein
condensate in a double-well potential[J]. Phys Rev A, 1997, 55:4318-4324.
[25]RAGHAVAN S, SMERZI A, FANTONI S, et al. Coherent oscillations between two
weakly coupled Bose-Einstein condensates:Josephson effects, 7 oscillations, and
macroscopic quantum self trapping[J]. Phys Rev A, 1999, 59: 620-633.

[26JJULIA-DIAZ B, MARTORELL J, MELE-MESSEGUER M, POLLS A, Beyond
standard two-mode dynamics in bosonic Josephson junctions[J]. Phys Rev A,

2010,82:063626.

39



XCHABEHARL h BEC B 2 R HEATF AT

[27]CHAOHONG LEE, WENHUA HAI, LEI SHI, XIWEN ZHU, KELIN GAO, Chaotic
and frequency-locked atomic populational oscillations between two coupled Bose-Einstein
condensates[J], Phys Rev A, 2001,64:053604.

[28]GIOVANNI, MAZZARELLA, LUCA SALASNICH, Spontaneous symmetry
breaking and collapse in bosonic Josephson junctions[J]. Phys Rev A, 2010, 82:033611.
[29]SALASNICH L, PAROLA A, REATTO L, Effective wave equations for the dynamics
of cigar-shaped and disk-shaped Bose condensates[J], Phy Rev A,2002, 65:043614.
[30]GIOVANNI MAZZARELLA, MACRO MORATTI, LUCA SALASNICH, MARIO
SALERNO, FLAVIO TOIGO, Atomic Josephson junction with two bosonic species[J], J.
Phys. B:At. Mol.Opt. Phys. 42(2009) 125301.

[31]JKHAN W. MAHMUD, HEIDI PERRY,WILLIAM P. REINHARDT, Quantum
phase-space picture of Bose-Einstein condensates in a double well[J],Phys Rev
A,2005,71:023615.

[32]SPEKKENS R W, SIPE J E. Spatial fragmentation of a Bose-Einstein condensate in a
double-well potential[J],Phys Rev A, 1999, 59: 3868-3877.

[33]SHCHESNOVICH V S, TRIPPENBACH M, Fock-space WKB method for the boson
Josephson model describing a Bose-Einstein condensate trapped in a double-well
potential[J]. Phys Rev A, 2008,78:023611.

[34JULIA-DIAZ B, MARTORELL J, POLLS A, et al. Bose-Einstein condensates on
slightly asymmetric double-well potentials[J]. Phys Rev A, 2010,81,063625.
[35]KRZYSZTOF PAWLOWSKI, PAWEL ZIN, KAZIMIERZ RZAZAWSKI, MAREK
TRIPPENBACH, et al. Revivals in an attractive Bose-Einstein condensate in a
double-well potential and their decoherence[J]. Phys Rev A, 2011,83:033606.
[36]JJAVANAINEN J, IVANOV M YU, et al. Spliting a trap containing a Bose-Einstein
condensate: Atom number fluctuations[J].Phys Rev A 1999,60,2351.

[37]ZIN P, CHWEDENCZUK J, OLES B, SACHA K, TRIPPENBACH M, et al. Critical
fluctuations of an attractive Bose gas in a double-well potential[J]. Euro. Phys. Lett. 2008,
83,64007.

[38JJULIA-DIAZ B, DAGNINO D, LEWENSTEIN M, MARTORELL J, POLLS A, etal.

40



225 3CHK

Macroscopic self-trapping in Bose-Einstein condensates: Analysis of a dynamical

quantum phase transition[J]. Phys Rev A, 2010,81:023615.

41



g

it

JCHIE, WA B2 S AT RDR A (RPN KK, &
JTAT I LML, Bk SR RS AR B 20 TR ARIEIE . AR % B R
TR RT3 AT LA 1 AP B rp 2 ) Bl

I BRI IR 2 Bd%, AESKZIMIANOIR 2 F, B INRE] T pras Ll
FIEZNE, ACNEE EoRth 7 H QS BLRA IR, IR 7Lk R i B,
M HA22 T HA ERAERE, T T Ak, X RHRRA & AV A S
VEFT R T IESER Al . MRS, T B 5 IR 58 MBS, 5k 2R T
REMPO IR o SIS, Ja 2™, S riIneE, 723 AR XS
P NABIRERL . 2O K TR J ) O S PR ATV 0 | U A A (5 A AT S !

U PR TR UM AR, AT, LR, SR, YRR,
PRI, IKRRRHILAFZIM A IO, b M.

IRUHITALERA, 20, 2548, RERAMITILIRA, Rish, S =ia 57>
R, S R RS EBA T IS (A B o SRR A AR, ORESEN, AR
iy BE S AT A B R X = AR S A S AR . R BT RE, SRS, T
T AR, RPN TREBRNZ Y, NATHe A R R, kI
HE 1) KK

S S S AR T AR B —— g K

K /NRR
2012 £ 5 H K

42



NN

ON

W4 5R/NER

P B
D KA

22221 2009.9-2012.7 1 P KA BRSBTS T I O A 2= AT
E-Mail: zhangxiaooull02@163.com

43


mailto:zhangxiaoou1102@163.com




A

Aig+
AANMBERR: AEXMFMLN, RERIDES TMIISEHRY,
FURXHARFNETILAXE. MRSFEUEMBMANEARSE
REAIREXAR, BRIBZRRFME. HXPELEMRATI AR
FERSN, AFMARXFEREMEMANARERCELZRIIET IR
o

FHAOEXEE (2
£ AR H

44






AR SR BB

FALE S IE ARSI
ARNGER T MR R AT AR ARSI, e S BeAT LR
D1 [R5 LGN R 1 SR ST EN PRI T30k, UV RSO 2 £
B, T BRI BEED . N S T BARAE L LG8, R PEA T L
PRI AR R LR AR A8 S0 A s o) P 2.

DR (1 22 A V8 SCAE A 8 3 51 B B 3L

EEEA -
TN -

20 & H H

45



