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Abstract

Radial ladder operators of the Kratzer oscillator are found by factoring the radial

Schr(;dinger eguation of the system. Eigenvalues of the energy and radial eigenfunctions of the

eguation are calculated with the ladder operators. General formulas of the normalizing factors

are given as well.

Key words Kratzer oscillator, radial Schrddinger equation, radial ladder operator

A Kratzer
r. o a la
V(a)_— 2D(r— 2}’2) (1)
. (nH r ,a
,D> 0 Kratzer
Schrodinger
((&_ 24 2F 4Da_1a),
4 rdr T W Y 27
LI+ 1
J';T)]R( )= 0, (2)
/= 10,1,2, .
JE ( ,— D< E<QO0).
2) ’ [1].
Schr(;dinger ,
(> 4d
Kratzer (2)
2
U= %,(— D<E<0 Us 0); (3
2
Vo %,(1» 0, Vs 0); (4)
1998-02-18
. ( (19951324 )
268

\ﬂ
X= s (5
A=+ (U4 —é)z+ Vi (6)
N
x= " (7)
2V
R(r)= ()2 (8)
(3)~ (9, (2)
X _
(- %2— o ‘O\—le)&]m (x)= - —Lllux(x)
(9
x (9),
(- ngz - X+ —Al‘xzjux(x) =- (-
s (x). ( 10)
D> 0,- D<E <0U> 0,V> 0,/= 0,1, 2,
0<U<VXs 0 A
> 1
1 A
(9 .
d A— 1 X d A -1
- % x 20 - I)Idx+ x
X
o l)]uX(x) —1 ((x_ 1))2 Dux (x) (11)
d A X d A X
[d_x+ - 3\][— wt x 5\]ux(x)—

Guangxi Sciences, Vol. 5 No. 4, November 1998



2507 - D). (12)
(Bx). = - 4 A; 1 z(xii 3 (13)
(B)-= o+ A; : 2(xi<1) (14)

1 X
bx = —4[(r1) - 1], (15)
(11) (12
(Bx)+ (Bx)- ux(x)= bxux(x), (16)
(BXm+ 1)- (BXw+ 1} uX(x)= b wd(x). (17)
(BX)- (BN 1) (16)  (17)

EBX)— (Bxy ((Bx)- ws(x)) = »x((Bx)-

ux(x)J, (18)
(B 1)s (Bwe 1)- (B 1) ux (x)) =
bow 1L(Bw 1)e ux(x)]. (19)
(18) (19 (17) (16
(BX)- ux(x)= bx us-1(x), (20)
(Bxw 1)s ux(x)= bSu 1w 1(x), (21)
B B L (BX %
A , (Bx)- A
2
( 16) A I
LA
X A A As A
(BXvs 1) X' (x) = (- d_(jc+ A; - TXJW (x) =
0 (22)
(Bxis 1)-, (22), (17)
(15),
(Bsas 1)- (B 1) ux'(x) = _éll[(}\_}'()z _
Uux' (x) = 0. (23)
ux' (x)7# 0, (23),
X2
) - 1= (24)
(24)
A= X N> o),
A= X (25)
(25 (20, X A
A= Xon, n= 01,2, (26)
(26) (6. (5 (3, Kratzer
JEAE 199845 11A % 5AEF 4

I
I
—_
>
+
S
=
N~
|09
IN]
0 I—

(n,l= 0,1,2;~) (27

(27) (D
3 b b
B &
us (x) . Rx(7r)
NG INE
J;R% (F) R ()7 dr =
X A - X
R0 i (o () e = W, (2)
(Bx)  (Bx)
o L) gl

Jof* () g () Jax = JO 7o) gto,

)
dy o d
() = = & (29)
(29),(Bx).  (Bx)-
+ _d )\— 1 X + _d
(B)= L et T - 2w ) T L
- X
. A — 1) B (30)
+ _d >\_ 1 X + _d
(Bs)-= [+ - 1)] (- <
A -1 X
T 1)J= (Bx), . (31)
(200 (21) ; (31)
(30) (16) (17),
x| 2= (X (Bx) (Bx)- |X) = px, (32
‘bgih 1|2: <X| (BXM 1)— (BX,M 1)+ ‘X>: bX)\+ 1.
(33)
(32) (33) (15), Bs  b%
- | 2 + 2 XZ -
[ bx| 2 = [ b * = (5) QQA_ 1)%\2. (34)
(16), (200 (2D),
By bx
BB = bX. (35)
(22) (2, X A A
= X | Kxi= 0 (15), bxx 1= 0.
By 1 bX¥ (35), B 1
Bxi= 0. (34)  (35),
X Bx  bX

269



) G B 0. G} R Rx (r).
bxx = ~ 2,b>§>£1——h),b>§xz— 5 .

—AE=3, (10)

- X 1, 2(2X= 2) - [—xd—i+ _éx—(X— 1)][x£+ _éx—
bxx = Jbxx 1 = —h),bm,z:

X- 2 Nux(x)= (Xo DXo = D Jux(x), (45
323(_63' [xd_i+ _;x - (X 1)][— x£+ _;x—
Bs  bx Nux(x)= XX 1) - d- DAJux(x). ( 46)
. (n+ DIX— (n+ 1))
Bx = BKx, = . (36)
2X- 2An+ 1) (Ax) = - x4 L (xo ), (47)
b = e, o — 1t DIX- (e 1)) de 2
X = boc, = X o 1 - (37 d 1
) (n+ 1) (Ax)-= x 3+ Hx- X (48)
, (22), X A ax= (Xo nXo - 1, (49)
A= X (45)  (46)
uxx(x) = [m]mxxe’m. (38) (Ax ) (A%)- wx (x) = axux(x), ( 50)
(38) ' (A% 12)- (A% ) ux(x) = av nux(x). (51)
ux’ (x)= uxx(x) , A (A% )+ (Ax)- X
AR (AX)- ux(x)= axuxi1a(x), (52)
we(x) = woea(e) = [T B, (39 (AS 12 ) 1 (x) = d ook 12 (x). (53)
I | X_ i— 1 X ax as 1
(Byxs)-= g+ x 2X— -y (Ax)e  (Ax)- |
(40) . ax  as
(39) (40, n= 123 . . nA+ n)(A+ n- 1)
ax = @« nr = — A+ n- 1)
WX 1 (x) = ( 1 JUEIES ]e_X/Z[(ZX (54)
5 ] T(AT(X- 1) - - nA+ n—- 1)(2A+ n-1)
- 2) - xJ, (41) ax = @+ np = — h+ n) .
1 12 X2 —xn
uxx2(x) = [2 (2T (%= 22)] X ‘e [(2X (55)
— 4y (K- 3) - 2(2X- 3)x+ xJ, () i 9.
uxx3(x) = [3 (2X)F}2X— 3)]”%cme‘m[(zx , 1982, 183 187.

- 6 (ZXF 5)( X_ 4) - 3 X_ 5)( X_ Hr+ 3 X 2 de la Pena L. Raising and lowernng operators and spectral
5 3 structure. Am J Phys, 1980, 48 (10): 855 860
Y S 2D (43)

3 , . Runge-Lenz
(38) (41) ~ (43) ’ X 1997, 46 (7): 1267 1271.
n= >\7 4 , .
wh(x)= wX*n(x) = 1989, 8 (12): I &
n—1 n—-1
1 12 Xn -xn2 i 5
G T (X ) X e {Zgo(— 1)61[]1(2X ’ |
- 2+ HIX+ (- x)')= , 1995, 114~ 121.
DXy A B 6 .
G (25T (2 2} (- 0, ox), (44) , 1997, 4 (3 174~ 178.
c CF(= n, 2\, x) 7 . : : , 1979, 328.
E7]E] (44) ( : )
" (44), (7) (8

270 Guangxi Sciences, Vol. 5 No. 4, November 1998



