3% HoW ERYwELEEY A Vol.23, No.9
1999 49 f HIGH ENERGY PHYSICS AND NUCLEAR PHYSICS Sep., 1999

BRI IR T 5 MR

WEE XAX
EATEERYEE HR 220000

RE F%i%?iﬁﬁﬁ%%%%Vm=%fué%m&mw@afﬁéé

HTRBEBETERE-AHEARER. RRTEORRER rHERT
MPHENTELARRAEERXR.

E@iE FHOWIRTH WHM  Schrodinger T

1 35l

il

F Rk Schrodinger HRHEHBER T HEN —TRFES. EYH¥EH ERTR
A ARCEL S IE B R, JELK B B S I R R BR TR, T A0 20 R T AR T S R A
®. FFUIREERTANERMELALTHEEL. E—RBLT, AMRE T~
R R AR 00 SR I IR TR, SR BCH

V) =+ b )

SCHR 1, 2140 50 FA B AL 7 B ARk R B8 T E RO E, SUIR B—SItR T ERAET
X, ABAHTSMEMSHER. 23X (O)RETI=ZEFE KB T Z43FFIiIR
LI A JE BRI R T B
1, 4
V(r)=§r +§7, )
Schrodinger B RIS T AR, 24 TR RE I T BT LB R . ERERE, SHE
ARKEE HERTHEYENHEARRERERXR. AXEREALTESE. &

A= 0 BT, AT B4 RIB AN BB IR T A XL R
2 BEEAFEMA—LREH

TR FE S, EERIER F 28 Schrodinger TN

1998-06—1 6L 7
* IR ERFTERSARBEES R
865—872



866 B OE Y HE 5 & 9 H s 23 %

1o 1.4 -
[ 2V +2r+2r2:|’(/}(r,6,(p) E'l/)(r!69§0). (3)

BT B BT A ORE ER 4>~ 1/49. RAASIHR &Ry 0, 0, 0) F % B
(00, 0.0) = 0. Bp(r 0, 0) = UL ¥(6, o) LIS B (3) REG2 15118

r

du@) | I:ﬂ—rz—l/ (1/r2+ 1)]u(r) o @

dr?

KHA=2E

—1+1+4[1(+1) + 4]
> :
BT R, S 4= 0/, B NABTEHI BAFEZEMFY 0,0, ) ARBHY (0, 0,¢0) =0
AR (@) RARZER u(0) =0F u(eo) =0.
i BR B

I = (5)

u(r) - rl' +le—r’/2f(r), (6)
B @) RB f(r) IR TEA

10 =2 () + 20 +1)

—f )+ =2 =3)f(r) = 0. (7)
— RS x = % W By & WB L8 7

xf") + (y=-xf (0 - afx) =0, (8)

XFSH
y=10 +3/2, a= Q" +3-12) /4. )

B T % R
fG?) =f(x) =Fla y,r?). (10)

Yo RET 0 MABKN, Fla, y.rD) —=5— ¢ B (6) RAXRWHERABTH AR KM
u(oo) = 0. BN THAYE LAWK, LAH

a= —n=0, -1, =2, an
EERMG)RUKA = 2E10A ) RNBREE B
E, = Qn+1" +3/2) =

(2n’+\/1 AU+ D+ 4

3 ), (n,=0,1,2,--), (12)

T 35 86 %5
un’,(r) = Nnvlr’/ e " RE(=n,l" +3/2,r), 13)

RPN, RV —A0H B R A LT R B R B AR F AR R R



%9 PREB TS R BRI IR T 5000 7 867

L"(">(x)=;—("‘ﬁi—%lv(—n,a+1,x), (14)
PLR T X hr /R E WA ER)TI—HD
wae-qgwﬂLynwdx=£ﬁﬂ%ﬁiilaw (15)
B3 —4b B B
1 20(n, + 1" +3/2)
N = T 32) \f n ‘ (16)
FRII—4 12 10 3% o B
’ 1/2
&ﬁﬁ=lm,iy”(ﬂmL:i+3m))r”f”ﬁ%—mJ’+wLﬂL a7

W4 =00, ERERFEAIRERT, BREG)RM12)RXES 4=0,81" =1,

En,l= (2n,+l+ 3/2), (n,= 0,1’25"')’ (18)
i (17) R B4 K
242-m(l+2n + DI N7
R = 4 le TP E(—=n,1+3/2,rY). 19
() (JEn,![(zlﬂ)!!]2 ) "o (=nol+ ) (19)

X 5 3CHR [8, 91 B 8 R M BRI IR T ¥4 Schrodinger FEFMBENERERT 2 —BH.
PRV, A XM E R RA LR, RERTEIFASETERN —RERZF.

3 SEETMEHEATELR

fEIRERER TR TREWSREAENEERITERAEN rfERT
(n1|¥|nl)=N,6 N, r P E2 e "B = 1] +3/2,r)F(=n,1] +3/2,r)dr =
1 2 (! n 2 0 1 2
In n.1 (20)

2 ", [ A

A
I= 2J it e F(—n 1] +3/2,)F(=n,,1] +3/2,7)dr =

0

J xW B+ e xp(—p I +3/2,)F(—n,,1; +3/2,x)dx. (21)
0 1 2

HMASERANT LR RRETAMRG AR

T AW W) _( _ 1ynt+n A-p /l_/vl/ A+k
j e LY (@QL! (Ddz=(-1) F(/H-l)zk:(n—k ok . ) (22)

0



868 B OB 9w HE 5 B 9 H B 23 %

B3
nin T +3/DT0 +3/2)  (a
'TG, + 1] + 3T+ 1 +372) Jo
(= D™ en In \TUL +3/DTU; +3/2) (17 +1] +5+3
T(n, +1, +3/DT(n_+1; +372) ( 2 )X

x(l‘ +1 +1 -f»s)/2e—xL'EIl +1/2) (x) L’fl2 +1/2) (x)dx =

(I +s=ID2N( U +s=1)2\(( +1, +s+1)/2+k

( I )( oo
- nrl—k nrz—k k

£ LR R BN Q0) XFHH &G E

<nr‘lllrs|nrzlz> =

(= 1y n!n! "2F I +10] +s+3\°

T TG, + 1 43T+ 1 +372) 2 %

O +s=I0D)2N(U +s=)2\( U +1, +s+1)/2+k
;( n, ~k )( n —k )( k ) o

EQHRFS ] =n =n.l] =1 =" HHFHEGHELK

(n,l| r n,l) =

n! 21 +5+3 s/ 2 sI2\(G+1)/2+1 +k
I'(n, +1’ +3/2)F( 2 );(n,—k)(n,—k)( . ) (25)

H—FEEXFS s = 0, ERBXMAUKRMIE k= nX—T, TREEH

n! 20" +3\[1" +1/2+n,
{ndini) =TT T30 I‘( 5 )( " =1. (26)

- R B, T A SR MR T W R T R R AR R L ERMAY.
4 FEETATFHEMBELRN

EHAHTEEERTHENHEAR, RS ENREAAMDER. FUXT
B VR B8, RATH B AR B, T B B AR, B, SCRR A AT R A
(24) A0 (25) 2 H A BTG T U B 56 50 - 34 08 1 £, 70 85 FE K 10 SRR TE A P 29
BT PR A4 40 B A SR T

XETFRE n, LR n, L, (O A AW

& u, , (r)
dr?

Ha+1
+ |:(4an +21] +3) - rz—%— u,  (r) =0, 27)




% 9 bR BB . JE BB IR T RN T R 869

du, () 13+
—jrg— + [(4an +2] +3) -1 - i—ﬁrT—] u, (1) =0, (28)
[
(n, 117 n, L) = J rru , (PDu, (r)dr. (29)
! 2 0 r "2

B, , (VR QDRETOFRS | -oedr, S WIS IR 'R O

5%, i 45 — THEAT 4 SR, AR I T 45 R
© dun I} dun I o du" L
— J rs—d—r'- —d—r- dr + J sr’_’unn,l dr) dr =

0 0

1] 1 +1) —sGs+ DXn 472 n L) — (4n, + 207 + 3)n, L1FIn, 1) +
(1P Yn L), (30)

FBL P, , () Q8) AT 07 55 P90 SRSt o', R HUE BT, T
H— T B — W, 18

o du , du - du, L
- J-O ra- g - JO srs"u""ll g = na, + l)(nr‘ll|rs‘2| nrzlz> -
@n, +21, +3)n 17 n L)+ n 4P n L) (31)
BA o) RMGHAR
o dun ! dun l 1
- JO rs_d—rL —d_r— dr = 5[11’ U+ +150U +1) —s(s - 1)](nrlll|rs'2| nr212> -

@n +2n + 1] +1; +3)n L|rn L)+ (n 1 |F*n 1), (32)
® du" h i
J sr' 7l —dr_ dr = E[l‘/ I+ =1 +1) —sis- 1)]<nr11|r3_2|nr12> -

0

Qn —2n_+1] —1,){n 1|7 |nL). (33)

du_,
TEHER ’dT F (27) KRBT, H 8 —F AT — KA WBAL 7

% du,, du,, o du, , dzun !
_ s ! 't _ s+ 1 ' h [t _
IO G+ Dr'—g g & IO PG dr =
n

" dunl » du
’ (17 s—1 n 2 ’ s n?
Ina+ l)J'O ru g dr— (4n, +21; + 3)-[0 r Hu",,ll - dr +




870 m R YW E 5 8 Y =B £ 3%

- du_ ,
J o, e G4

du I
R = Fe (28) BT, 334 07 455 19 40 S04 A7 — K 50 BE R4 12

s+ 1

2
Jm d“n, L d U, |

Tl g I
® dunl
5D G- D 1) — 1 1 + 1)]0 ot s
i du, ,
(4n, + 217 +3) (s + D{n 1| P n L) + (4n_+21] + 3)f P, dr -
2 1 2 2 0 (e r
w0 du, L
(s+3)n 1,|r**n L) —J rtu —= dr. 35)
1 2 0 ol dr
BG5S XA G R4 FERT R4 8
w0 du, , du,,
—jo s+ 1r & § 4=
© du,,
— L0+ D = D 4P n 1) + 10 G +1) = 11 + 1)]j ot —
1 2 0 rlL r
" du,,
(n, +21] +3) (s + 1){n 1 |r] nl) -2Q@2n ~2n +1] - lz/)f M ] “ dr -
2 1 2 1 2 0 'l r
(s +3)(n 117" n 1), (36)

ERAAE IS AT H B (33) A, 55 00T B MR (33) R A s
+ 2, RIERBX — B, R BMRBUT , Bxt (36) R4 4L o B 5 T 48

Jw s du"r‘ A du", 4

& @ dr=
LG +D -1, +DF [0 +1) +1U0 + D1 -1)
- (1P nl)+
25(s+ 1) 2(s+ 1) nh v b

{(Zn, +2n, + 1] +1] +3) -

2 ) + 1) -+ 1)](2nr ~2n +1! -1
S(S + 2) }<nrlll|r Inrz lz) +
2(2n - 2n +1/ —1])?
- k S+3 +2
{ (S + 1) (S + 2) s+ 1 }<nrl lllr‘Y ' n,212>- (37)

X E(32) A 37) R, BB 4 RETTAY B M 2



%9 M BE B %% IR R T SR B AR 871

7 /)2
(an1—2nrz+ll —12) -—s+2
G+ 1DG+2) s+ 1

}(;1,111 |F2in, L) =

a, +D-150;+ 1)](2n,1—-2nr2+ll’ )
{ s(s+2)

Qn, +2n, +1] +1; + 3)}(;1,1 WP, L) +

sl () + 1) +1, (5 +1)] _s(s=1) _
2(s+ 1) 4
L +1) -1 4, + DY
45(s + 1)

}<n'1 ll|r5"2|nr2 1). (38)

i B AA, R%%ﬂiﬁTﬁl@fﬁ(nrl Lir] ”,le>’ <nr‘ 17 nr212>$ﬂ<nr‘ L7 nJ)EI‘J{E, o |
A (38)ﬁ%tﬂ@f%§ﬁ@ﬁﬁ§?ﬂ(%9@[¢ﬁ;
EOHRF,4n =n = ol =1, =1, BEFHEKBERELK

s+ 2)nir*2nd) — (s+ 1) (4n, + 21" + 3 n || nl) +

st + 1) =5
4
w4 = 0 B, IEBRIER TRAHRIERT, HitE Q)R FL 4=001 =L T
(39) 1B 4K BRI TR T 10 T E KB AR

]<n,l|r“2|n,l> =0. (39)

s+ 2)nd 2 nd) — s+ 1) (4n, + 21 + 3){nd|F | n ) +

2 1 2 __ 2
Q1+ 1) S]<n,l|r"2ln,l>=0, (40)

FISCRR [10]48 tH0H X BRER TR BAR T2 —B. BT R, AXAHMBHEL
RERA MK

5 %ig

%EUEﬁE‘JIYE‘F,A1I‘]X¢~2EB‘J@€SF7‘J‘&tb@ﬂﬁﬂﬁ%‘iﬁ?i&ﬁTF‘ﬁﬂ‘JB’f%‘ﬁﬂﬁ
®. ﬁiﬂ%"&’?&f‘@JTE?&,%%?%ﬁﬁilzﬁﬁttiﬁiﬂﬁﬂtﬁi%‘ﬁ?#}ﬂﬁﬁﬁﬁﬁ,ﬁﬂ?ﬁ%
B B 3 O AR A — L B R, 3R A T R IR RAA PR B TR T S A KB
Z‘u‘i?&%%\,%ﬁﬁ%ﬁ%ﬂkﬁﬁ%‘ﬁ?ﬁﬁﬁ?%Fxﬁl‘ﬂ;@ﬂ??’&%@éﬁ@%ﬁﬂi,ZFXCH‘J%E'EE
AHYm, YRRERRAWBE 4=0 B, A 45 R A B N BRIE R TR RER.
EaTﬁi%#ﬁ?&*ﬁ%ﬂ%ﬁ%ﬂﬂ*ﬁﬁf‘ﬁm&}ﬁ,E?Uﬂii%&%ﬁééﬂE}*i%?E?
{1 4 SR T S S 8 P R M A2 o R AR T2 R R



872 E R YW AR 5 B 9 B %23 %

3 % xXx ®

1 Zhu Dongpei. J. Phys. A, 1987, 20(13):4331—4336

2 Chen Changyuan, Liu Youwen. Acta Physica Sinica (in Chinese), 1998, 47(4):536—541
(BREBIZ, XIZC. WHEER, 1998, 47(4):536—541)

3 Xu Ziwen. Acta Physica Sinica (in Chinese), 1996, 45(11):1807—1811
(BFH. WHEER, 1996, 45(11).1807—1811)

4 Ni Zhixiang. Acta Physica Sinica (in Chinese), 1997, 46(9):1687—1692
(RBFE. YHEEIR, 1997, 46(9):1687—1692)

5 Yu Zhaoxian, Wang Jisuo, Liu Yehou. Acta Physica Sinica (in Chinese), 1997, 46(9):1693—1698
(FTEE, o480 . WEER, 1997, 46(9):1693—1698)

6 Landau L D, Lifshitz E M. Quantum Mechanics. 3rd ed. New York: Pergamon Press, 1977. 114—117

7 Wang Zhuxi, Guo Dunren. An Introduction to Special Functions (in Chinese). Beijing: Science Press, 1979.
361—365
(BT, B, SHRERBE. It B h iR, 1979, 361—365)

8 Zeng Jinyan. Quantum Mechanics (in Chinese). Vol 1. 2nd ed. Beijing:Science Press, 1997. 283—286
(BE%. BT H¥ B1 BT 3. BB, 1997. 283—286)

9  Goldhammer P. Rev. Mod. Phys., 1963, 35(1):40—107

10 Qian Bochu, Zeng Jinyan. Problems Choice and Dissection in Quantum Mechanics (in Chinese). Beijing:
Science Press, 1988. 202—204
(&1E%), BET. BT O¥IEMESHT. JL50. B MR, 1988. 202—204)

Exact Solutions of Non-spherical Harmonic Oscillator Potential *

Chen Changyuan Liu Youwen

(Deparmment of Physics, Yancheng Teachers’ College, Yancheng 224002)

Abstract In this paper, the Schrddinger equation with a non-spherical harmonic

. L . . 1 A .
oscillator potential in three dimensions W(r) = 3 ”+ 27 is solved. The exact energy
r
equation and the normalized wave function are obtained. The calculation formulas and
recurrence formulas of matrix elements and mean values for any integer power

operator r° are presented.
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