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ABSTRACT

ABSTRACT

In recent years in the field of condensed matter physics of cold atoms,
one-dimensional strongly interacting ultra-cold atom systems have attracted extensive
research interests both in theories and experiments. In the many-body quantum system,
the strong interaction between particles and low-dimensional system with geometric
symmetry amplify the quantum fluctuation and correlation of the system.
Experimentally, one-dimensional system can be achieved by using two perpendicular
laser beams and the Feshbach resonance technique is adopted to adjust the effective
interaction between atoms.

In physics, a Tonks-Girardeau gas is a Bose-Einstein Condensate in which the
repulsive interactions between bosonic particles confined to one dimension dominate
the physics of the system. In order to lower the energy the system would have to avoid
overlap in space, showing features characteristics of fermions. The system wave
function, due to the exchange in coordinate space between bosons satisfying the
symmetry while the exchange between fermions satisfying anti-symmetry, is linked
through the unit anti-commutation operator. This is the so-called Bose-Fermi mapping.

In this paper, the density profiles and momentum distributions of the Bose-Fermi
mixture, confined in one-dimensional infinite square potential well and the harmonic
oscillator potential well both with a tunable intermediate & potential barrier, are
discussed. Through the Bose-Fermi mapping and numerical calculation, we find that
the reduced single-particle density, momentum distribution and natural orbital of the
system are related to the O barrier strength and the total particle number. The
emergence of second peaks in momentum distribution shows a remarkable correlation

between particles on both side of the split.

Key words: TG gas; Bose-Fermi mapping; Reduced single-particle density;

Momentum distribution; Natural orbital
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(Slater determinant):

ik Xy

eiklxl eiklx2 ceg
ik, X, Aiks %, ik, Xy
i e e ...
W (X %500, Xy ) oc det] €7 | = . (3.5)
eikN X eikN X --eikN XN

AN RR O T AL A b 2 [ (K A Hi A B R, Sl (K2 20K 1 1R Ry
2, BT R AR5 PR S AL AR AR A B AR, AL
Wi (X Xpsm o5 Xy ) € det[eiij' } H sgn (X, — X, ). (3.6)

1<s<t<N

T TR BRI S BB, 0T sgn (X) SRS B x> 01, sgn(x) =1
Bx <O, sgn(x)=—1. BEEN TG “UHRIIBE (- SR WUH EL S . 3(3.6) 00 o6 KO
R EBEBURIAE AL, A

E:—ZN:kf. (3.7)



Spy —— =

=% TG 1% Bethe ansatz J5 %

FITRATH KRB, (=12, N) IO, (5 AN R BT, SR 0]
P AT
W (XX, = 0, Xy ) = (XX, = Lo, Xy ) (3.8)
—YER G o AT AR R, U R EON AT B AN RL T AR AT i
Eﬁnﬁ,a%%ﬁ%ﬁﬁ?jﬂJ%N%mEﬁ¢%%%ﬁ,ﬁi%T%ﬁ%
JiAE, H jokARie — el T RE RS jASRLT AR X, AR AR, 8
MR X, B BIAKR X, + LA, FUW BRI AR AR P4y SR 5 B B
TREGR sy, X G.8)nf:
it =(-1)"" =g, (3.9)
R R A i R B

2z( N+l
K, =T[nj— : j (3.10)

Forbn OVAERIIEEEL, EFF BB R0 N TR IR RS R .
FIEARLT I, PRk BBUE N k = -k, =7/ L. XA LIRS
PR K -

V2 . (7|x =%
W (%,%,)=~"sin| =21 | (3.11)
L L
1.4 i
1.2 /./ ””” \\ ./.’ ’’’’ R i
1.0 - X Y 4
— \RS P
- oy, NN N
< 08 /1 AN / v
- YA \ / N
X 0.6 \ ! \
< 4 N y=oo \
el —=my=l
o2+ \ [ == =5
0.0 L L
-1.0 -0.5 0.0 0.5 1.0
(X, -x, )L

3. 2 AR y TR E TR HPEAX LR

XFREFHON N 4R B R G, RIS PR NI NAE A e
EKGDEA, K HERN A -

15
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277z( . N+1Y) .
ki=—| j— ,j=12,---,N. 3.12
ey o

KIS e (RN FES B X B) -

HN(N-1)/2 ‘
Wi = Wg‘sm[ﬂ(xi—xj)/q‘. (3.13)

TR RIEOLT, Bl N > oo, L—>oo 1l N /LI ELAE A — N E £, RIS
HORL T PRIRE A -

2,2
h'n,
m

(3.14)

E_7
N 6

§3.2 —HfEEEMARERNKESIK

FEATTHEATRE B TG AR R Bk, ) SHEE RSB G 11
THEL T TR TR L, OGS R MR S R M B, SRS 5 H] Bethe ansatz
TiFAET BN AT

3.2.1 F{KiE)E

FIEA ARG T, FTEAEm, Bk & BAHEAER . k1 H]
(RIAH ELAE F SR AR AR AT G, FRATTR FH AR ARAR R o 24 0 BT X SR 11
AE A, L TR A R A R R R R EL A AR T kL R 17
FHRTARRR X = X, — X, »  HIZO T IR EOZ T x AR RRE, DR ek 57 n 11
JEA:

w (X)=Acoskx+Bsink x]. (3.15)
WA I L 2 1R B8V B p (0) =y (L) AEAE:
A= AcoskL + BsinkL (3.16)
HIE
E:tam(kL/2) (3.17)
A

BLAETA T AT X = (X, +%, )/ 2 R AR x = X, — X, KFRENAE T

16



=% TG 1% Bethe ansatz J5 %

0,0 10 .3

+ =— + . 3.18
ox; ox; 20X*  ox G.18)
YISt 30k R Ky (X) PO B 1 T R A
nd?
—Hd—x‘/jwma(x)z//:Ey/. (3.19)

U AT 6 28R AR AR BRI, 3 20 R U B ANE L, gk
AR LA

dy
dx

_dy

e —cy (0). (3.20)

x=0"
Hrre=mU,,/n*, BBRREOC T ABRERFR, SO RONFRm, %X
JeiIPRIUAHAE, )

dy|  _
2 o —cy (0). (3.21)
G
o 0
(a_&_a_xzjw‘w ~ oy (0). (3.22)
AN T CIEE R
B ¢
—=o (3.23)
M 303 17)M(3.23) Ay 43 H B R KB A2 ) 5 A«
¢ =2k tan (kL/2). (3.24)

B AT RIIEL y SRR, W THRRE, R8s En, =N/L , 4k
K@B3)Hy=cL/2, N

y=atan(a/2). (3.25)
LR AT, b a =KL B AN BRI m A R 30T 204 i
HAM/2, WRAEMREREEA:

k> B,
= = mL2 a .

m
H (3. 15)MIZ0(3.23) AT %1, PRLT-3% PR AT 5 0

E

(3.26)

17
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cos kx + sink |X|

V/(lexz):m L #
w/(2k)2+c2 w/(2k)2+c2
= iR(cos,b’cost+sin,Bsink|X|) (3.27)

= iRcos(k|X|—,B).

HH cos f=cosa /2, HEE%ZIZI%&EI‘JE*@C%@EIOL‘!//(XI,Xz)‘de=1, CIEGY S e 4

. 1
iﬁz&n_w(

2a
a+sina

1 20 "7 X =%| 1
X, X )=—F| —— — ] 3.28
‘//( 1 2) i (a+sinaj COS|:“( L ) ( )

SRR BB AR IE B.2)7, B y IS, et @ &, 2y — oo IR
fOL, WG IDPR A, s T TG SR R 4L
AT R RLT R OO 2R OUERS B, AT RE RS i 1 B

j e AT, VAR T I B8 RS B

2

h
E :%anDe(y). (3.29)

H EXFIRG 2608 LT e(y)=a’(r)/4. Hy<1if, o’ =2y, e(y)~y/2. 4

y > N, axx(1-2/y), e(y)~x*/4-7"/y. W NEIPR:

2.5

e(y)

10

O_O L 1 L 1 L 1 L 1 L 1 L 1 L 1 L
0 10 20 30 40 50 60 70 80

Y

3.3 @8 () RESH ) L.

18



=% TG 1% Bethe ansatz J5 %

3.2.2 {K[a)8% Bethe ansatz fi#

FIF] Bethe ansatz J7k SR —HATERE I 2R S, T T4 32
FLT (N > 2) 9% R B SR A, FRATISE VSR A /NIRRT B (N =2) .
) B, BRATIE A R AT, ARYRERECN w (X, %,), PRI
A R A T X 4
0<x <x,<L. (3.30)
IBAAERIE X, > %, ERIBER BN v (%, %), o4 R B 7 K AL AR A H R S
W (X% ) =w (X, %) » S AAH LA F A He b RE A R T 20, I8 A BR T kL1
MEFEAL, AR (R0 bR AT W A2 ) HORE - 1 7 FE I B 2K
p = Ae're'r 4 Benele (X <x,). (3.31)
Horpk, MUk, 70 0 2 WAL TR, RGBS EN h(k+k,), BEREN
(kP +k;)/2m, FIFE(3.22) 1006 & AT

i(kz—kl)(A—B)zc(A+B). (3.32)
HlI .
B Kk, k+|c
K_k P . (3.33)

Mk, —k, Sk SEH, . Heoolf, Bo>-A, fTy(x,x)=0, SHrmif
W TG k2. B AEX A 20(3.30) L A s il 5 A

(%, % ) o (K, —k, —ic)e'® %) 4 (k, —k, +ic)eten ), (3.34)
% [& B¢ R O T ARBRAT I KRR, ZEX I 0 < x, <L MO < x, < L _E (i e 0 mT
A

[k —icsgn (%, — X, )] ailkix )
—[k1 —k2 —ICSgn( =X, )]ei(kzxﬁklxz).

IR SO LA A 2 M (%4,0) =y (%, L),

(3.35)

19
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-k L _ kl —k2 +ic

é“:e )
k,—k, —ic

(3.36)

HI e 2 15 RS Bl & -

p:h(kﬁkz):y?.

(3.37)
Hodr g BN T RS KU, BAENE, MR K =k, =k,

Pi(3.36) I =K H k [H{E .
3.2.3 % {K[a)8% Bethe ansatz fi#

#4411 N DI T (K Bethe ansatzfift FHLieb M1 Linger % A1E 1963 F45 1122, %
FE B pR B AR FRAT S R, B X(3.34)HE 4

W(X“.“XN)::Rz:(_lyﬂexp(iﬁikmxndI[km-—kM—JCSgn(Xr—XO}.(338)
p n=l1

j>l
FER IR TR T SR o [ p] AR Kok, ek 00 T4, BRI B0 [ ]
NEE, BRI B p] A E. BB L N RBEETS TR, REERE

N
N 77k?
E= L 3.39
; o (3.39)
S BN
N
p=thj. (3.40)

=1

AT BB TGO, BRI S0, X B36) k) i oL R A,

k; —k +ic
ikiL)=]] 2—— i=L2-N. 3.41
exp(ik;L) ,E)kj—k,—ic . G40
Hic—>oo, N=2MAMRRNDL, EaUmARmi3.9)2. R HRO 2ol 754
kjL+i9(kj—kl)=2z(nj—Nz“j. (3.42)
I1=1

;
=

20



=% TG 1% Bethe ansatz J5 %

H(k):iln[:gttj:Zarctan(k/c). (3.43)
0(K) T K I—MELHRH, Mk > +oltf, O(K)=+1. Mcoooht, AR
HAHGADR. BT BEK, (j=1,2---N) N MEE R Bethe ansatz /7
i

AT RGO, FEA MW RN BT B I R RS, 9
2SN VSR E R F KPP

: . N+1Y) .
kjl_+29(kj—k,)=2;z(1— > ],le,z,---,N. (3.44)
I1=1

HISRATTFRIREGOL T, PR K Ak, R R 22 A A1/ L, K 0 i BUfE—
e U)ESIRGE

(Ko =k )L+ (ko =k ) D0 (k; =k, ) =27. (3.45)

m=1

M
/)
|

de 2C
e(k)zazcz_i_kz'

TIPS, SIS T KRR f (K) ks k B H) AR, Lf (k)dk

(3.46)

SR K AT/ dk Y B F A I K, —k, =1/ (K, ). etk st

5N

< f(K)dk
1+2¢| (<)d -=2xf (k). (3.47)
e+ (k-k)
FEIE K SRR R, FLAE R OB 7 R R 2 oK b
N = L'[KK f (K)dk. (3.48)

RO RER A T R 27K/ 2m KTk AR

E= L[ ke (k) ok (3.49)
S 2m ' '

fE sk =Ky, JHEXg(y)=f(Ky)i=c/K, ML (3.47)—(3.49) 1k

SLAIE(3.29) T4
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_ L Aap_g(t)dt
g(y)—2ﬁ+ﬂj%2 s (3.50)
/1=yj_llg(t)dy. (3.51)
e(}/)z% gty (3.52)

Y58 y Rl g IMANAGTE, MRS G rRRdinl e (y) M,  AATIAHHHEA T AR 35
1538(3.29).

FERS AR IRIE DL T (N > 00), e(y) 5T T HR PRI E/N FREL
g /2m fE, T BUE T AT e () BE y (AR ER, 2800 T 3.3 BiA

KT IR 0L, e(y) RILDHLE ()= de/dy B y AL 3.4 i
3.5

3.0 - =

2.5 -

2.0 -

e(y)

1.5

1.0 -

0.5

00 . | . | . | . | . | .
0 10 20 30 40 50 60

B 3. 4 BASHRERT (N > ), Efie(y) RESHEE y BT,

LAE % & Tonks-Girardeau PR, Ely >, g=1/27,A=y/n, W15
e(y)=n7/3. ¥ AR (B.28), 54200 NS N BRI ae s, W
G ADHP7R.
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FPUE —ESEE P B - KR

FNE —HAWHPHEE-BRKES

BT E T 4HEER G MR UE, X FEABERRLTRE, H
R IR ELAE I TG SRR TR A5 TR, ANTR) KR B (7 HE ) ™ s B Al 2%
fE N RBE-PORRE Y, THEEAEA R R AP 2L AT R B E
ORI B, FAITH RGP SOR AL 3 R B ARBUE AN
A, JERE TS

4.1 AP E-BARES

e YA PR AR T HON N = Ny + N I3 (- 9K a4, Ny BT
FICH, N ATOR T o FEAREVERL T HO% AT T, IZ ARG i

CIREYSE
h
H=|dx{y| -
IX{%( om,

1 ¥ ¥
+59bbl//bl//&//bl//b + gbf%wil//f%}-

Jo”
X +Vb(X)JV/b TV (_ m 0x +V4 (X)JV/f
f

4.1)

Hoeb, wy,w SRS FRISOK P I SAE, HABGE Bt 1R oK 1 R A4S
m, = M, 3T AR P AR 4 76 36 10 ) 7 ZR TS, ot K —PUIK PAIgg
IR —TEIRD P, gt 2 I A o BRI 2 1A () B Ay
Oy » FORTZIR i PRI A A BB A LA (9, =0), FIRMESE S0
EANPEIARZEY, (X) =V, (X) =V (X).

4.1.1 IRE-TEKREGTIEIE

S AP 3 € - 2 K i P 8 FH Girardeaufr 1960 4E4% Y, e T AR R (1
Pt RICH BAEH B 3Kk FECRAL R, ok A IAZFe vl N AL I 3 K 1
ROVEI g (0 - S KR AP, O T8 TR, FATBXAS N KL R GE 23 18] Ak bk )
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X = (XXX ) K HUHEATARIC, 2 e {1, N} I, x, FEARBE T iy A
BRs i€ {Ng 1, Ny + Ny = NYI,  x 3600 T oAl Aeb . R B il
AR R LA Gy, Oy —> 00+ FLKEIA SR FPOR T LA JH 354 2
BEIS 5 2 U R S 2T KA, 1%, = X, (i )BT

®(X)=0. 4.2)
BEIN, — VT4 P B0 K TR 2 I 5 0 LA A A4 1 ] B
KRS by, S

h=-2_&2 v (x) (43)
'o2m % ' '

R B (-SRI BT, A2 T IR A PR 10 R G0 R (R BR BT 5 0
D(X)=A(X)D,(X). (4.4)
Hr o, (X)) 2 HEAHIEZR N AR BRI R U, (X),u, (X)), Uy (X) F R
RN B 307 2R A7 415
O (X) =2 2(P)uy (PxJu (P, )y (Pxy ). (4.5)

P

ERAT NI ESIRA, 36 o(P) = +1(—1) R TB40 (AED Ui #e,
PR R AL BB MBI W B8 M A(X ) el

Ng

A(X)= 11 sgn(xj—xl)H ﬁ sgn(xj—xl). (4.6)

I<j<I<Ng j=1 1=Ng+1
R, RGP RECh . BT (A AAAR AT il S XS RR I, KT (] A
WA ONR . 2 x>0/, FF5M%sgn(x)=1; Hx<0R, sgn(x)=-1.
4.1.2 FREIRELE THIARMERR
BAER AWV (X) T, &R SR IE B AL R U, (X)), XY )

UM A &, HALETTREN :
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no, B
(—%ax +V(x)jun(x)—gnun(x). (4.7)
Hrhn=12-- N, IATHHE T AFEKGESET V)
RY AR i) 7.« K

(A) TRETTHAPERR S o # % Wit
NEEPR, JTRPHXCN (-a, a), AAFRIE AL
AT A2 EEN 6, FEXIR(-a, a)fM2ETE
B v g 3422, B

—a 0 a X
k5(x), |x|<a,
V(x)—{oo’ X>a (4.8)

TEMRANATR, AAE T RR@. DML T 2% L AR R BIPY, X AR R, %
TIREARMESH TR AR TRRAE TR SR TR 4|x|<akl,

un(x)=c(cos(kx)+;—’;sm(k|x|)j, (n=1,35,). (4.9)
Hx>a b, u(x)=0. HACREH—HE, kZWE, HHEKFM
tan (Ka) = K /mic e, ACEREEEH E = 1K /2m. 5 EL73 TR 1 T AR B
EHNE, AZHREm, SRR, BRETEN:

Uy (X)
WKk =nr/2a, AROATEREE, —nrh/2m(2a). (EEUR ST, ]
R AR bR AE AT BB — 2, Bla iz, & p=n/2ay b, A
7°h* /2ma’ J .
(B) ik 7B & 6 B ki | V)

KRR, TS EERIREN o, [FIFE, 7EAADR]E
ALAFAE—A 6 BRI 22, 5 B2,
B9 A (M i (0,00) FTS,  HLAMAT S S0 FTE
ﬁ: 0

Csin(kx), (n=2,4,6,). (4.10)

V(x):%ma)zxzﬂcé(x). (4.11)
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AR R LR, HEA R 2R TR, nIE R
u, (x)=N,H,(Q)e®"%, n=13,5, (4.12)
BN, = (Vi) HQ=X/ X, s WHR TN X, = VA Mo
H, (Q) IR Z I, MM IAERAGEGIN E, =(n+1/2)ha; FARFFEH T2
e & Az K, ANETA AR, s
u,(x)=Ne U (-v,,1/2,Q°), n=0,2,4,--. (4.13)
HH, U (ab,z) PR Bk A U JL AT B 30 (Kummer's confluent hypergeometric
function) ' REERAMEMEN E, =(2v, +1/2)he , v, RFBG R T 774 (11—
AR, HAEH (404) BBAEOT R E -
2T (v, +1/2)+&T (v, ) = 0. (4.14)
AR, FE RS AR R b, QR DL I 1 B 45 IR K xo o I BRAL, B L
Pose = 11/ Xoge =i AT, FERELL oo Jy Bfir
T B AR RS, JAT AT DA st — A3 TG AH B T 2 oK1 I 0 R
AU @, (X)), LB BT A T 0T LA H % P85 (0 T RO DE 6 2 o (X))

§ 4.2 BRI FEE MG

YRR E O, AR R AT RGE, w Il 2 R

B (RSPD)RAKEL, BEAL, B €07 A1 9K 1 I A4 HUkE 13 E AR (RSPD) 73 5l 5 N«

P (%,¥) = Ng JdX'@(x, X ) (y,X'),

pF(x,y)zNFjdX"QD*(X",x)dJ*(X",y).

Hp X = (% %y )0 X =X Xy ) BRI 5 — B N FTN. . BLR

ARVAR A, A7 N 4l 3 (0 PRI (- TR IR A K 2 4 b 8 B
B, XHLAEAOEE,  FRATIGS Al 2 oK1 (R A A B 8 R

(4.15)
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B 4. 1 TBRRABHRBRRFHANENFRERER. 0 BL293A4:
@x=0.1(N=N.=4),0b) x=100 (N =N_ =4),

© x£=0.1(N=N.=5),d) £=100 (N =N, =5) #izEH-a<xy<aa=l.

B 4 2 ERTEMPERTHALBRTEEERE. 6 B20500:
@& =0.1(N=N.=4),0b) £x=100 (N =N, =4),

© x£=0.1(N=N.=5),d) £=100 (N =N, =5) #4xEH-a<Xx,y<a,a=4.
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WK 4.1 R 42 Fir, EARRSMAT CERETHABE, A ML
BT (N = 4) 76 8 ARG 605, AR B 560 2780 T (N = 5) 1)
R, 158 BRI e, AL T S AL R OR RS, Al b
[ P & B2 A A3 BT R RIS Bl mT 97 F Pl 22 6 5 P S, TR i
WL, AR U AR, N AN, B MR T,
W TSR AT B, ST L B R

7E TG WIS UL, % 170 2SR R T3 B 23T pg (%,X) = pg (X) F1
P (X X) = pe (X) BRI T T U BR3P 74 T 1, B I A A s
T N A TR TG SR prg (x) BebLf, H

Pg (X)/ Ng = pe (X)/ N = prg (X)/N.
BT s T AR RIS A S 2210 7 FBE(A) AT 3R 7~ 50 (B) 1 %35 B 43 A1
WHHE 4.3 Fiog:

(4.16)

0.8

0.3

(A) (B)
I' /- /" r. .
o6l ¢ Sy .\ \ L
CLINTANAAY b o2 i)
" ! L L2 P’r\\{;\
) . | s = A
= . o EE |
= ! k=010 | P :
& °‘ LY g 0.1 0‘ .l =0.
0.2’ . ' K= N ‘ '_ - ex=1 \
|. ’ k=10 .l ‘.' —
Vo == =100 g [
0.0 ‘ ! ‘ 0.0 1 x=100
-1.0 -0.5 0.0 0.5 1.0 -4 0
X X

4.3 TR BLTRHRTHEENHBE(N =Ny + N, =35)

I IRATI A B TR 2 B (k= 0.1,1,10,100) , A M) MR T H0HS
HN=5, Bls T (BORT) LofbmsBEmibe Xt fin om0, Wil 0 s e
0 [ P (X)/ No ot = 1. 5555 i NFIRT LI 2N, HLIE (14025 T R
o U, BRI T N TOBRAS ST, R T Ak, EEE T
SRR A s S TR TR, AN R=v2N (E 4870 i
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WR#A&, PIR T AR oy, B A LA 22 0 TRt IR PRI Ry, DA
BAWAFEE TR EH, RN T AERERIRAE, XA 4.4 PRz
SRR B o AL TARER PRI & 220 1 AR A o FE (R A RSP S A
R, X AT DUX PRI AERATRIURESR AL, Sy ABFLL 220 /2ma’ i
B, AP ho R WAL, fEa=x, =(h/mw)”, W ho=n*/ma?, FIJ758HE
AT LR T RE R ALK 27/ 2.

§ 4.3 BAAEE

NG, I ARG RS IBECI AL, e I 201 Sk T
RERIE p(X,y) 15| — y] > o0 BT 0. EARICABRHERIE A A4, L —
UEZ 5 AT REILBEC, {F2 p B AE (S K T3 AGE G, 7T 4k
ST BIBECH KR, [k, ToA1% th p M0 TAE RS (AR
6 () IIATER A, HIRZHAGE S
[" pe ()8, (y)dy = 2,6,(). (4.17)

Yok 2, ACAH g (X) I HRAL, HA Y 2, =N

W55 RN 4.4 o, TP, IR LB AR AA
ARIOK T BN ARSI k= 0.1, B4 66 PR
2, S TR 2= 100 1, B3R A 2 B T A
ST (N = 4) BB AR I, 2 TR 000 (1 RBUE, A2 3o
AR, BB RS RRIGSUABE, 4725 M 00 0 R
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2-4 T T 2.4 T T
20 ——N=4N_=0 2ol —=—N=4N_=0 |
od —e—=N=4N=1 | ' —e—N=4N=1
16} N=4N=2 | 167, N=4.N;=2 1
g 2 —v—N=4N =3
=1 —v—N=4N =3 2 126 B ,
= 1.2¢ >'B 8 : —
g (Ahard wall 0.1 | & (A)hard wall k=100
0]
g 08} 1 & 08F 7
5 1N “ odl |
0.4]
0.0 ‘ ‘ ‘
3 6 9 12 15

©

o
(=}

o

3 6 9 12 15

. . Eigenvalue number i
Eigenvalue number i

2.4 T T T T
—=—N=4,N_=0 2.4+ —=—N=4N=0 -
20+ 1 AN —
—e+—N=4,N =1 20L —e—N=4N=1 |
167} N=4,N =2 <16 N=4N=2 |
8 10 —v—N=4N_=3 | —v—N=4N_=3
® A B 1 8 1.2 h ic =100 -
= (B)harmonic «=0.1 z (B)harmonic «:
& 0.8 1 &o08 ]
3 43
0.4 y 0.4 ]
0.0 — 0.0

9 12 15 9 12 15
Eigenvalue number i Eigenvalue number i

4.4 BRIFHAE, BRTFALBRTEEREMRNERNE

X TGS T, HTENA (N =5), HARRT (x=100), Hfo-
WK AR A 1K b Bk T 0 B AR B 5 R TR 1 (N =4) L3 % 2
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1E TG W PRIBLL T, 35 - 2R WU BS 48 H (R 3 6 1 R K 1 I 3 R 0 A 58
SR AR, SIS R AT AT B N2, B A AR T
B T A L AR 25 -

Ner (P)= i”p&F (x,y)e" P Vdxdy. (4.18)
FRFALEIN , A SROZH B 25, g6 T M0, (p) FITGA A,
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L B R R AT — AT I 2 5P, AT B BB 5 R AT SR S T A
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ne (p)=N[dX'|&(X",p)

HP b (X, p) T B(X " x, ) MRS, X, G — A Bk T A2 B

2

. (4.19)

B(X", p):ﬁf:d Xy ® (X", %, Je P (4.20)

BALM R CF S, Lelas S8 AWESE T AEAAT Ml H 22 it o0, Bifa-
PRI AWML RT3 AR I, st or A, I ARBLE I A HR e AR AT
gy AR RGO, B R T A2 . AR RS
HPF, IR TAPE PR BRI
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