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ABSTRACT

ABSTRACT

One of the fundamental and meaningful theoretical models in the cold
atom research area is the strongly interacting one-dimensional (1D )
guantum gas. Early stage studies of cold gases in optical lattices witnessed
the absence of some quantum phenomena due to the limitations in the optical
lattices. For instance, although short-range antiferromagnetism has been
verified in dimerized lattices, the Neel long-range order in two-component
Fermi gases has not yet been observed. In the experiments of Jochim’s team,
they realized a Heisenberg antiferromagnetic spin chain in the vicinity of a
scattering resonance by trapping ultracold °Li atoms in a harmonic trap. Later,
it was proposed that the Neel AFM may be realized in a spin-1/2 Fermi gas
with p-wave interactions in a 1D harmonic trap.

In this thesis, we derive the effective spin-chain model for 1D strongly
interacting atomic gases by means of the technique of Bose-Fermi mapping.
We calculate the spin density distribution and energy spectrum of two
components Fermi system by the exact diagonalization of the Hamiltonian
matrix in a 1D harmonic oscillator and square potential well, respectively.
The spin density distributions for balanced spin chain are the same at ground
state, but not for an unbalanced spin chain. The change of external potential
gives rise to a shift of density peak position and energy spectrum.
Furthermore, applying a B-field gradient in the spin chain results in an
alternating distribution of spin density distribution for balanced spin chain at
ground state, indicating the antiferromagnetic order. The gradient destroys
the spatial symmetry of spin density distribution for an unbalanced spin chain
at ground state, and breaks the degeneracy for system with infinite interaction.
The high tunability of ultracold atomic systems offers the fascinating
possibility to realize an effective spin chain without the need for an optical
lattice. The model of the effective chain is not only valid for bosons and
fermions, but also valid for systems with more than two components. The
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model offers an alternative simple scenario for the study of 1D quantum
magnetism in cold gases.

Key words: Density distribution; Spin-chain; 1D quantum gases; B-field
gradient
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= M R E BERERR AL 7 i AE — 4EVEIR T AR ARG BR IR DT 25 B v AN [RDRL
TR P Ir TR RGBS AT AR RGP LI RE S . 5 fE LAl 2%
J& 567 B A O BTGS2 B0 R R 1 G0 %8 B 0 AT AT RE 1S PR S50 5
FWE. D4 MRS,
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5 A e

F_E AUAEEEE

FAT SRR — 4B SR TSR L HE— B2, BRI 70 R R A B 4
HEBE I HERE . M Tonks-Girardeau " S A&7 246 EASLSEEUG, Af1#E—4E
B R AR AR T T AR SCEBR RGN AR R R Ge, DA — 4V TR TS AR A
J1% 15, Super Tonks- Girardeau " /SA/ESLE Eb 4Bl B SLRHARK A
J&, BOETESEE™ B AT F AL DR RGUSEIL T RS, AT USRI RS0k
A, B, R RAH BAE SRR . XSG S T AT S
P R R T 7 B TEAIR PR 3 ) — 3 A R A BRI G A% A B . 7E Tonks-
Girardeau S RLFIMIAH AR TR R, RAMREEAMEAS BB R K E
T o 24 I (A A 28 BRAEL B AR LR BT, R K £ PR R B 1
I EE EIN R IET B BRI R . —4E R A SRAH BAE R ) 2 H 0 A 51 RS HUR L
e BT 0 75 P B A (S SE L 1A A E e REAS AL Y, ORI I — 4 R T
RGN E TR 7 — 208 &t . FIHA 2 E FesE B A7 5K 2 48 1 AR bR
HORUAAE RE B 245 BE AT 5, G A B e REAS B AN & A -F LA S LA FH (0 3%
T RAMEH T AT RSt
2.1 3B BRKIRGT IR
2.1.1 B BEKMRE

FLYE 1960 4E, Girardeau " T SRR 4E 2 AKB ORGSR R, BT
— RGN —JEL A TR T RE— B R, OGRS,
S B0 B 0 B oK WS RS2 E T A TS I BRI S A T A L 1 e B R G i
—H L HERG: HRBEORFARMEZIE ARG, X EMEZ O RFRIRE AT
] AH FLAE AR K T 3R G0 P AT = A B GV E SRR R, mT LR T T 38 o
HORHIA -
(X%, % )=0 [ —x|<a (2.1
K HL Xy, Xy Xy BARENRLTIARRR, X, X, 2R RE RS | AR RIEE j A
FLF bR, a RoRBO T ER . L LA RE &M T, Bt RGM
PR RS0 2 P — LS K R
s =Ay, (2.2)
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X Ry RORTEH ORGP RE ye RO VATOA AR oK1 4 &
G RISE PRI, AFROR LR PR EL 5 RN
A=Hi<jsgn(xi—xj) (2.3)

Horfr, sgn(x) R T X IREUE S BRAL, B R FR B A BB+ -1
KT RGBT IR . (2.2) SRt 3 60 3 KW 38 8 it I 1 2235 2
2.1.2 Bta BKERGIIBILHOHET
BRI (S BRI S FA T TR AT, 4R AE S 1O S
Tonks-Girardeau A& R I 7 —4E5mAH BAFH G R G B A TR KRG
7£ 1960 4E, Girardeau FE 71 13 (4 27 K MLb BES BAR LR IR 35T —4EfFAZ I (1 R
Gen] LB Bk RGOR A, AR, BRI Y RGO R e 1
BE . A NI 0 2 3 6 SR WU B8 25 T B G R FOE A 2 . X IR
RA TR A B0 SR WU BB 0 — AN, T 12 0t 03 P M TR
Wefs R4, HRY: A RAH IR P R RGP R R E N, B R
SERE R JOM EAE PR 3K B S0 P S A LA Ve FT 4 I Ve R IR . R4
BB T AR SR RIS A, 35 EiE . R%H
W FEE 40 AR AT [ HE AT 430 0 JR 50 W o 2 ) £ W B B, R AT TP 3 =
FVELIT G E A . 3T N AR TR R T AR, REHAE N
AT (% X Xy )€ RN Koy <o < Xy | 3% HL R FIRSEA ], P AR RS — e
B, FGHAE— AR B — AR R A %A R R BCEA E A S
FEENE, RGO T HEA 0 —4LIE A 5 4 FE 28 7T LAS il P2
(X, Xy | P) :\/mé’(xp(l), Xo2)" Xp(N))A‘//F (2.4)
BUTEFR AT 1 VR4 P 52, ZR R U0 R 50 TT LG AR 25 1 4 438 bR K15 M
430 R SRR I T 2K
w)=VNIS, (P) 2)) (25)
S, = (/N (+1)" P RFFRAE LT, RATF S RN RGFTA HEFIRA .
)= 3 o o | Mo ) B 1 N A58 1 LT AL — A 2 B
W BRI, AT LA SRR A 1 e e BRI, my RS R T IRRTRL A
0 (25) BT E M3 ORI R T R0 20450, e B 6 2
KB R B T WIALS I Bk RGO = 415 (0B 4 R G TAE R e | ) e £
eSS0 o RGBS m LA 85 BE 4 A T A T T P 3k
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5 A e

(%)= 30 () 26

XL pO ()) BRI | ASKLT 025 1R 3 B A A R, R E | MR AL T4 53R 42 X
RERAR B HIBEAR, BRI B R 5 820 1 VK11 B Jie:

P (x)=N !Idxl-~~de5(x—xi)«9(x1,~-~, X )W | (2.7
PUFRE i MR TR TR EIES | y) B A RS T m R
= 3 (mymy [2) S (2.8
my -y

HHE— A H 4N EE 12 KPR THR A Pk R4, KR
G I E AL eI R AL B m =T . BRGEAEHEAT A X, < X, <X, < X, »
REM A FEMREA T @) 2) =[N0 ). |2) =m0 sRE AR
(2.6) BATIEM T REWA 10 A NER A, R 2.1 s, Ho p, TR
H e L WIS AT, py 2R BBER N 2H 0 15 A

2 0 2 4
X

B 2140848128 %ATFHaARBELRLTA

S
5 B A E T

ALY @, [N ) e

SRIGHEIEH 8 NE AN 1 B O T AR = H 0 Bt RS, X B = 15
m=-101. WHHERGTHHATA X <X, <--- <X <X I, RGEHTE B of £ sl Ak
T(@).| 7)=[1120,000,-1) . (b).|z)=1/2 (|o, 0,0,0,0,0,0,0)+[1,-1,1,-11,-11,-1))
I e B oy A S5 SR AN 2.2 o, b p 308 A RERHER 7308 1 4L 10 &
FEGM AT, po o ETRERE T 0N 0 2L IS BE M AT, py R B ERE R T H08-1
FRIZELI O P A3 AT . INPIZEL S R GERN =20 70 RRGTRA B e EE 0 A 45 R T LIS AR
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k. HMAGERHATE )R, RN A RS AT — A BT 23 A
HEHE T LI 1 B2 BE ) A, R GRIG F HE28 BE A) AR HE E pl)) BTk s, NI 1 4 e
| x) KR HA (pfj),pﬁf),---,pfnm) .

t\.\" I /\I\
A1.2—(a) ' g, 0.6+ (b) \’ \«
28, ' \ ] l, \
o VL : J \ 3
o | "N B U ] o
Q y 1o ) Y I A
0.6+ L 0.3¢ ) '\
[ [ \
; o 1 \
2 N A
0.0 el — — 0.0 4! \
-4 -2 0 2 4 -4 -2 0 2 4
X ¥

B2.2 8/MNARA1EHEETERYFALT 8455(1110,0,0,0,-1) (a),
| 7)=1/4/2(]0,0,0,0,0,0,0,0)+[1,-1,1,-11-11-1)) (b) W& =45 AikEAN T

2.2 B B R P MEY S ENE

FEIE—AH N A BT R FEI 6T H— 4] AR R4,
X TR x TSNSV () TR s, SMREAEE S TR, R
TEVEIR T3 B 7 R G PET o« R 2 18] (0 AH ELAE P 38 AT L S5 A0kl fo %
CBI S AHEAEFD |, 5T —4Esihfl BLAR PR IR T R 88, JLma 25l i ) 1) LA S i
LI

13 )| ol ) 29)

A HAE S g ] R %A B2 359% (Feshbach Resonance) ™ S5 : g > 0%~ FH
HAEH, g <OXRZRWEIAHEAERH . M EAER NI R (g — o) I, HRAE 02K
ML EG Y R G T IS 22 B AS IO sk B mT LUR i et

) =JNIs, (lid )| ) (2.10)
lid) FoR i N ASRCFALRA 2 R4 AR R, I FLIRA TR A — AN HE T
X <X, <o <Xy, AR id) S
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lid) =N (X, %+ % )| ) (21D

M I 3 € B O S B G T R AE O R By (RS RIS RR A id ) B E I, R GERN A T
PR AL y) 5 RGO R |y ) B —— X RikE k. 2015 4F4EE Heidelberg K2
Jochim /N7 P 16 34 Bk o DN 0 OL BT 7E IO SRR M S B T S ki A 4
FBEBE RS I %, SO0 b BT U0 RSO JEAIR IR 3 418 A A1 RE 7 1A EL A S EEAR K
HR—ANEFRME. AT E A= 7E 3% G SR U B T MG By b, T
WL [ HE LA R 58 5 A IO SR P I BITE 1/ g = O (K PRHUT I — 4E 5 AR FLAE F &R
G IS IS S5 R e s
TE1/ g =0 IIBHIL, FRGEMISE R0 B R S 4 F

) =((m,,m,, -, my |(id |)Sl\/mH\/mSi (Jid)[m;,m}, - my )
(< mg, m,,--- My |<id |)N !HSr (|id)|m1’,m;,.-.,m,’u))
((m,

. (2.12)
= ((m,, m,,---,my |(id |)N!H(1/N!);(J_rl) P(|id)[m;,mj, -, my))
= 37 ()" (g {1 ) P i) - )
g P m, |(id[H [P)|m; m;(z)""'m;(w)>

e BT R R A S R A ! =5, [H,8,]=0, 87 =5,. #FkR
fITEF8E 2 8 (id |H| P, S5 TELE L/ g =0 AL ARSI TF R By, 45 4T

(id[H|P)
-l o LI
- im (11103} i X80 o 2oy %} 019

o|P)

o(id| oH .
- i (Gl 1P} 2 € 25 ) o] o)

o(id|p) . . oH
_1!;T0(<|d|H|P>)+El!;TO E g +<|d|allg|P>

_1!.!.110( |d|H|P )+5155T0 < |M| >j

b= im[ g7 10| ]0)|

LI AT B T2 A5 H|P)=E|P), &(id|P)/al/g=0,
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QR G A H R —ERA B R — M E IR AN (2.9), BATHES
wiiE H AL (2.13) J?TH?)\—E—E%’;'EJ‘M,xz,---,xN><x1,x2,---,xN ldx,dx, - - dx, /5 »
A (2.13) PR A T

(id[H[P)

:&&W—éﬁm£fﬁﬂgiwﬂ

=ESpyy—— lem(g2 (id[5(x - x; |P)

g—w

(2.14)

=E 5Pd——ZI|m( jdx1 dx, 5 x X )(Id||X1 Xy ) (X - XN||P>)

g—x

:EFSPVid——lem( J.dx1 x5 (% —x; )(Wd) a//P)
(o

Idxl x5 (% = x; WN1O(x,, X «)y/;\/me(xp(l),xp(z),..,xP(N))(//F

=Ep0p 4 ——lem

g—n

= Er S g ——N lzgm )J'dxi...de&(xi —x].)G(xl,xz,-~~)6j'i+1(dpyid +5F,‘F,I‘H1)|z//F [

ﬁqjﬁfﬂT%ﬁ*”/\ PR H g SRy T RS T — B A0 2 EAR
ke THE PRI & BT jf(x)éx X, Jdx = f(x, ) Al S 2% A

o 0 o 0 2Mg
=z —- = = (2.15)
[am aijW;ﬁ (6x ox. ngx w
X (214 T — Bt AR TR
idH|P
WHIP) . (2.16)
= EF5P,id Nliz( Pld +5PP )Idxldxz "'dXN5(Xi _Xi+1)‘9(X1'X27"'7XN#6;;F
BERAE AKX (2.16) RN (2.12) FHiEid BEE AT 15 3.
l N-1
[EF—n—ZSJ,] }:J,,H1 (2.17)
g i g i=1

HESNHTIORT RS, SN TROT RS, B2 RGHSIREIUEfE
152 A, S AN BV () B BT R . X

4 2
Ni 1"'dXN5(Xi _Xi+1)‘9(xl7""XN*al//F

J, =
OX;

(2.18)

AR 2 B A B HE A2 A (1.4) Hifc, JA TR e B K R
ide MAIN (218) FTLLE M, ZOREHASR AL SRR T2 8] 52 B K J WA 225K
2 EAY, RGN 5 N ERDM 2L BR8N HEEVINE A AR
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5 A e

IPEIE S U By SRAIL AR T 2 A AZ B H A D, BEERL 5N R n, =k
HORT 8 i, HAI (2.18) KAFL WKL T2 B FIAZ B HH It S ARG A 2 I k.
SEIBME, XTSRRI AR T 2 [R50 B 5 80 — PRI IR 57, BB RS0k
AU I AE TH SRR AL 1 2 18] 1A B A 3 5 IR ik A B i 45 R
AF—5. TATHT A R RNE ™ s a0

J- — h4ﬂ-2n?F()—(i)
' 3M?

3B e (X ) M BERFE S T SR 0AT, X FORE TR T A i1 DKL T A
UL ALE, AR R

(2.19)

1 %\
N (X )=— 2N—[JJ (2.20)
Iz I
g, = % [ o (x)+ P (x)fix (2.21)

o pl(x). pM(x) 2 BIERE I AMRT i+ MR TSRS EM6, 1R
ANABERIRFIER S . N RAIF AR A (2.18) FEflik (2.19) &4
P F AR TS 3 R 4 R TR — 4R A BAEH RS R0 ATk T2 18]
PIAZEHE I, FH oM 7 IXPAM LI E R
2.3 ISR FZIBIRZEEH
2.3.1 IR EBEHHIRE TR

BATESN BV (X) i A — 4B IR T8, BIETE— ANl 3 AN EIE 12 28k
FTHMPI RS, BT —488R T AP A SRR, B AT AR 2 (Al A8 &
BIBFWTIRR: ) =J,. H3NTMHEAIEH PR FAH R RS 2 A R R
oy FTLLH Slater 1771 2Ok ik :

1 401()(1) (ﬂl(xz) (Pl(xs)
Ve :ﬁ (Pz(xi) (/’z(xz) ¢72(X3) (2.22)
- ¢3(X1) (Ps(xz) ¢’3(X3)
1

:ﬁZé'PP(pl(Xl)(Pz(xz)%(xa)

X B gy (X) RARTE— YR TSP SR A T58 N ANREZUN M ATEB R . &7
T2 R T IR T I RE B AR 1), 2 5 S b g AR A AR A X 15 20 ) P LR 0 25
A BN F7 22 W 07 1545 B S OB o, X AR5 i B Jm IS RO 45 /A — 28, 2 R Ak
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505 R E 15 0 A IO B S i TR R X i K A g B T IS R . 3R
ATTUAAR P 52 1 (0 5E A5 BBl 5 REAHE 2 1 R IR 5 A AR T I8¢ e 00 e B AL A D9 1
AT AR 7 0 A R BT LU i K

22

¢n(X)=A1eXp(_a2X an(aX) (2.23)

ﬁi%%ﬁA1QﬂJbﬂﬂ FREMRL, Hha= Mok, H(x)&RE
KRZTEHEBERR: H,,, (ax)—2axH, (ax)+2nH , (ax)=0. FIF#BEHER R
DATH B H b T 2 R T R L IO B bR B, FRA M S0 = 2R B 2L RS R T
AAE; R R R R

a —a’x?
@ (X)= = exp 5 (2.24)
fza _aZXZ
%(x)=7;ﬁ—axexp 5 (2.25)
1 [ —a’X?
q,z(x):F\E(zazxz—l)exp( 5 j (2.26)

FIEBA BT T 4B 12 WPk AR Rt BT 4EER 7%
BFRA R FR I, PrLEATR T Z MRS B W I BT RAR: I, =;#0,.
H1 4 AN TEAH AR 9K 7 AL 2R G i) 22 1B S 25 pR Ay - T RLH Slater 17 51130k
i -

(2.27)

B 3 KT RGN 4 KT ARG IS SRR AT ARIE (2.18) 520k
Ry Z [ AC B W R EME . HREFER S, &m&ﬁﬁTESAﬂ6AM
THRMN ARG R AR T Z B A B A J. AR RENA (2.18) THEHKK
EHE I W EREEA R I 2.1,
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5 A e

% 2.1 @idAry

EEMAE G AR THARGZER (N<6) AERT 0P LA A% T Z 0

oo 7 o [25]
REE

N sfren) | aforen) | e
2 0.7979

3 1. 3464

4 1. 7877 2. 3465

5 2.1661 3.1772

6 2.5022 3.9021 4. 3571

2.3.2 BB EEHAITILE

X BT PNEAERE BT T ER & R G AL /R0 T 22 18] (52 B H
A3 (2.19) Rl VR K, ZFSLLATRL 1 2 8] A & 5

J, NIRRT ST IR RIE
I QE PR G

i AT e (X ) o FIRETRAT I AN BV (X) 28— SR T35

BF, ESER AN 3 AN 4 AN ETE 12 MK FAHRRIN RS BHESE | MR

Ming (). S
— SR S o T LA AR TR %
N =30, AT

535 py(x).

BT A A U (x), FIRIAR (27 1

* 8] H AT R U -

P (x) =0.8923exp

p? (x) =0.9681exp

P (x)=0.8923exp

71=%Ix[p()( x)+ P (x) o

X+1.3297

2L j x| 0.8923exp —0.5(
2 0.5532

REIXAESS, FIHAR (2200 FATERAT LATHE HEE

-0.5

-0.5

19

0852 53«
2
v 220
X 2
5 5100) ] (2.29)
2
oty

p,(X)FiERE, AR (220 RAVHAT NS L RT5s 2
AR RREFOIMNE X, RIERWT:

2 « 2 (2.31)
) +0.9681exp —05( j dx
0.5100

LAKET I N (%), TR 2
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X (219 15 I, W EAREUE .
N =40, FRATPRREASRL T 1 723 8] % 2 3 A Rk X1 T F

—0.5(x+1.7694)’
9 —0.7630exp| 22X +17694) (2.32)
0.5223
2
2 — 0.8549exp —0.5(x+0.52550) (233)
0.4669
—0.5(x—0.5550)
9 — 0.8549exp| 22X =05550) (2.34)
0.4669
9 _ 0.76308xp| 0B (X~1.7694)°
po=r exp 0.52232 (2.35)

53R 3 KT RG AT ARL T2 (8] 2 B AP IR, AT AR 3] 4 K1 R4t

HIT AR T2 M AZ B W4 J, 5 3, . HFRIRER T, FATEHE 1 H 5 AN 6 ANk

THMBRGHT AR T Z MR Z W H ), HIEERE (219 FHEE RN

*22.

% 2.2 FIRAPGEFE AR ETHRARG AL (N <6) ABHTHBF LA FZ 6 &
FE, LAPHETPORFETREM IRy EFEERGMITRE

N Jl/(hza)zl) Jz/(hza)zl) 3,/ (W)
2 0.8013 (0.43%)

3 1.3040 (-3.15%)

4 1.8009 (0.74%) 2.4021 (2.37%)

5 2.0931 (-3.37%) 3.2112 (1.07%)

6 2.4992 (-0.12%) 4.0152 (2.90%) 44108 (1.23%)

g b RATRURBTHOT S R BT LR 0 R GEIE AR T2 A
WHI, MLLRME 21 SRAE 22, TTUGIABUNEAR (218) FHERINGR S
FHEMFRIAR (2.19) FR HIRIGEE KA A2 BEZ R THON (/R
PR SR ABRL T2 0 B M D 2 RR RS IR A R 2 1, 76 PR
Lk HIE AR T 2 IR A R A 5, AR Tt % B T4
MRS BRI RVEIOTEE Py, RATATLORME MR (219) RIFIEAVK T2
[EE3-25 S
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2.4 KEINE

FEARFE S, AN 7B TR S, KHAHET, A PR iU Bt
G T e e BRI RS, IR Bt B R RS B VR A IO JEIR B I #HE &
T HESRAN EAR R T SR AT R AR Y B Jm AT TR AR 0 VA Bl R
fift 1 AN FDRL T A R R G AL T T A B AL, IR RS TR AT iR
R
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S5 A R E R b A KT T

F=F EYEREREFZE S HIAR

T BRI SR T IE S B, B0 E TR TS s AU, RER. A
SRS, WIPEFAMN T KRS . 1921 4 Stern M1 Gerlach 7Ef3% 4 B
0 3 JE 7 1 2 () R e R B A, IR SIS R K R R R, etk AR R i —
FAEETL AN, RERIETHEE DA X (A S 7 = %
A E I REFEAE R 720 k), RIETiEsh i SN mEE, SERIET

SIFRAAEMA Lo £Ad BEAEERAEF EahIm &R, XERW THRETE
L AN S W XN E 2 73 BT R, B TR IR T ARG B A A TR ]
S IR B B AR R T SR, JFURER TS %%MJ??é
Mz EETHE T2, METHHSETY2, -12, USRI KBLE. X
%WZWﬁE%ﬁ?Q%%¥@ﬂZﬂ&*%I%TO(ﬁWS%ﬁEW%)éi%i
HMA Stern A1 Gerlach SE4& ] LKA [F] B &R J5 10 8, il & R GiA H 41 7
5 B2 A
3.1 BYEHEHEEE 2RI
3.1.1 REWTRFEE T

BT RS B AR WA TS (2.7) Fin, RENTRIZEESHET KRG
AN FRRL T 1) 23 (8] 28 B Ay A 2

=2 p"(x) (3.1)

R GLI A 6] A B AR S RGP RISV () 9%, A5 B PR AT
B T SR TR PR RN R . AT, BATR SR Ak oy — YR 1
HPE, TR R T R R RGeS R A, SR A AT SRR S i pl— 4
TERRIRT B BF,  RIRETH A ()5 B A, di e LU RCAE X P AR AN [R] S SR 48 35 ik A
(Al WL A0 2H 1 ) R e @7VAEA$WﬁﬁTH AR DB I 038 Jim of R

225 [R5 JEE 73 AT 1 28 8 dek 10 22 8] L o AT S e 7 RS

PATLL 3 KT RGN, FIHA ﬁ(ﬂd&ﬂﬁﬁ?@%%*tﬁh?%lﬂ
PET AT, 20 B IS AR R 2 R AT S AR R s
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S'Idxldx dx 8 (x—x,)0(x,

._?<
>
I\)
<
w
Pl
<
-
—~
=<
>
N
>
w
=

_3'J'dxdx9 (%% % )| (X, %y, x3)|

(01()() (ol(xz) ¢’1(X3)2 (3.2)
:JdXZdX3H(X,X2,X3)g02(X) %(XZ) 22 (%)

(/73()() (/’3()(2) (/73()(3)
ot IR 0 et
J0 08 1) )0, 1) ) () 5) - (0 ) )

(
BTG (%)« () @, (X)MFERBAAR (3.2) P il SIn 3155 1 40k
i3 16 5 EE 3 A«

/;n(x):(18923exp(—05(3%§%§§§Z)2J (3.3)
Hi 2. WA AN (2.7) ATLLTFEHIEE 2. 3 KL AU (A% B o0 A . A THZ IR
[FIRE IR T IRAE — R R T F B S 0 TH 5 T N = 4,6,8 RGN . (1) FURE 5 [ 2
orAt, SERANE 3.1 Fran . BRI MR BRI R 23 e e s — AR T
AR, BRI AR T Z RIS B W A AT AT PO RS R T
F Bk BRI R AR ARG, AESEE ERIRINE, ROV TR A E Y,
by WA R AR b Ry B ERFROTE, H RS H e L AT AR SE S
ERTRE, AT RS

-2 0 2 4 4 2 0 2 4 6
X X

B3 03AET (a) 4T () 64T (o) ,8AETF (d) Mk A itk
TG T S AT 0052 FE A
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S5 A R E R b A KT T

HUE AR SR A3 — 4R 7 A PR — 4ETC IR TT BB, R pE+
THEH 3 MRLT . 4 MR AR R GRS AT . —4ETC IR TT S B ok T
REZR _ERUAE bR N :

(pn(x):%Sin(g_Z(xq_a)j, —a<x<a , n=123,--- (3.4)
¢, (x)=0, x>ax<a (3.5)

X B a KRBT, Frail (3.4) W ABRR T EEE AN (2.7) P55
H1 3 MK 4 R ALI R G RERL T 1 2 (e B A, e 3.2 B . &

ML HA SR RETREE L= I B, WERSE SR MR R
—H HRGAT LEEIR T BB, RGN A (R 5 AT 5 I 0 A1 T U
EHRT B RS R BRGAETRRIETT BB, RG0SR A 2

HIL T 327 friy o TR 2 T R AT R 3

0.9} (a) (b)

- A " L D - . . , ~
O.q4 -2 0 2 4 -2 0 2 4

B3.2 A—hAREGTHHTIETEL (). 4BTA% (b) PEEFERARANT,
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