mRHEEIN
2009 4E 12

IR TEBRER( ARBHER)

Journal of Yancheng Institute of Technology( Natural Science Edition)

Vol.22 No. 4
Dec. 2009

WA SR FRBRATHEHR

TR
(GRIRTb ERBEN, I $him  224051)

RE:ZERTF YR —AREBRGFFTREPRLE, FARARKH ERTF B RBBITF ik
MRT RABERT Y RESZ O AR, K XKW R R T %49 Schrodinger 7 42 /o 3% & 4%
AYRT0BEFREAARNMABPEGARBNMARERAQTRPROFTE, LHT
WA EFTR, RAT ARMTEBATFH R LG AR IR P ALEEREAXL TN

"4&&@7&&'&0

KGR IRH £ R F 3 ;Schrodinger F 42 ; k4 4 M A 2

RESHES:0413.1 NIRRT A

BYH¥PIRRASHERAMERAM
PR R —TESRES, EYHE
B LERIER PR B RN IS B F A% T LOE
Bk, RARHET ZHN A, AWEBRELE
R, FERE R RS FHEL, REEREXR
RFRHRLEREE, B AR E T —23ERR
ERFER, EfIRERERFHR LMK ER
RHg, ZE—NZERIERTFEIIRGET R
IR, BEIR AH IR F (Ring ~ Shaped Oscilla-
tor, i RSO) ' ~* RSO iy aE R HEm N

R N AN
V(r.0) = ar +(rsin 6)* ()

E— N ZRRER T — PR F
R H#F48, BIFR 9 SR & F ( Double Ring ~
Shaped Oscillator, f2j# DRSO), 1989 4E, M. V.
Carpio - Bemnido % AR SR A TR RS KR
BAM T ETIE TR RFANTERF,
FERRH7 Z T DRSO BRI ER Y

V(r,0) = ar +

(rcoL: 6)* * (rsiz 0)* (2)

B, % g =0 B, IR 1R F#4B
AR RRT 5 2 B =0,y =0 B, DAL T 5
KB A ERE R TR, FELAREENH R,
BB R R TR 2 F R R AR B 2Z )i
MEER ERFHERBYERRFEREN

(KT B 38 :2009 - 06 ~ 12

XERE:1671 -5322(2009)04 -0013 -04

M, EMAR—ERERFEMAETLEER
HEX. BRI, BNFFZYEITIEENENT
it THRERFHEF HERE" Y, ik
[9 1k AR FRHEFNIE ARt 7 E % IR T SR
F#(DRSH) ( Bpfe &R F # 5B L —4X
R FH R L) HFTHR. B TRER
BERATEEMUTFERF FEHOER LR T
B, EFFRERFYRPEE BHMA, £
F 55— O e —— R AT R DT T LUK R 7
KIS SR F &, I 5[ AR A R #
T

WA BIRFHHRER N

V(r0,9) = V(r) + K84 Lol (3)

r (rsin @)

H

V(r) =-asr,
V(6) = B(sec 6)* +y(csc 6)?,
V(p) =0 (4)

EXFR a8,y ERRKAT. FXKA
BRABOTERTRNHELRTFE. AR
FERRA A% F B %F DRSH %5 Schrodinger J7 2
w8, BEfAErENRE SR, KIGE L
R BRI, 2 51K A 1 7 B AR 8
BEABILATBMEHELAL R, BHA
B— LA FRERT BT MBS AR B EE R

{EEM A FTARC1983 - ), B IWHwAKA, B EL B+, FEAR S EARF AN,



(14 IR TR FR (A RFERE)

2%

E 2T AY N EIDE R T & 8 NTTE ST B
8 Ze NS il A T

| BA&RRFERS A DRSH @
Schrodinger 72
DRSH #4 Schrodinger 78234
-Ziv’quwf:mp (5)
HIESCR(10], HRRHYHE M
W(r,6,9) = ML HO gy -

sin @
L)) (6)
HTRERR, B 20 =h =1, BAERLITRT

Schridinger ﬁﬂﬂj
- ._1__‘1( 2 )

Tain aﬁ(sm 0—) +

1 -
P (sin 6)? d¢ ]1]/ (E-V¥ ™
ﬁqj V= V(T 0,“’)0

BICER(10], 7B (T) LA B K (@), H

(6) R R(r) 5P 51 BB H
-ﬁf—‘é‘i + V(p)K(g) = mK(p) (82)
-LHO) , (v(o) + (m - 1)
(csc 9)* ]H(e) = PPH(9) (8b)
dgr(zr) +[V(r) . 1/4]11( ) = ER(r)
(8¢)

i m F0 1 R AAEIE,H(O) F1 K(@) R A

R R, R(r) RARRE B RE X BT I

ARFEH, TUBINKEARFHE K(p) , H
(6) ,R(r) 5351 RS T BN

_m = mzK(¢)

iy 3 (9a)
dz}dlézo) + [B(sec 0)® + (m* +y -
T)(csc 6)*1H () = PH(@)  (9b)

IR e B py < er(r) (90)

xﬁ(%)ﬁ,ﬂmua—m&fﬂ K(p)K(p)dp
= | AR AN K(o) = K(p +27) 718

K(p) =/—51:e“' m=0, 21, +2-(10)
v

ATEAE th, B AR A R #4585 SCRR( 9 ] BB 5E
H—. THMNNEERITRMS TR
(9¢) X## o

2 KR

AB=A(A-1),A=12/T+4B +1/2,m’ +
y-1/4=B(B-1) ,B=/m’ +y +1/2
WA (9b) XA

dz”;f) + [A(A - 1) (sec 8)* +

B(B -1)(csc 8)>1H(8) = PH(8) (11)

& y=(sin ) FH(y) =y (1 -9) F(3) RA
(1) &8

¥ (1 - )dz—F(Zl+[(B+L)-y(A+B+I)]
dF(y) |
2+ P - (4B IFG) =0(12)

FR(12) RR— MRk L g E"

z(l-z)%+['y—(a+ﬂ+l)z]%—aﬁu =0
(13)
(13) AR
F(z) = F(a,B,y,2) (14)
FUAE(12)RWHE
F(y) = F(a,B,7,y) (15)

Ho:a=~1/2(1-A-B),B=1/2(L+A+B),y
=B+1/2,

% y—1 B, ERBAR,H
a=-12(l-A-B) =-3,
s=0,12-1=25+A+B  (16)

BTl F(y)=F( -s,A+B+s,B+1/2,y) (17)
B, £ 15 3 BR B
H(8) = N,(sin 9)%(cos 9)*
F(-s5,A+B +s,B+1/2,(sin §)?) (18)
Hep NoWA—HES . ARG
L[j:li_)]snodﬂ—l (19)
A RRT L EHANRS AR
L]W(,, W27 (1 - 2)¢ 74z =
(p+n),I(y)I(p+n-y+1)nl§,,
(P).I(p+2n+1)
BR—LEHK .
M (B+1/2) (A +B +2s+1)
BT (B+1/2)s!IT(A+s+1/2)(A+B +5),
’ (21)

(20)




Lk U7 UERIE RTS8 o <15
RN R G Bl RAVGH TREE TR, EXRO]P. BT
(). =2(z+1)(z+2)(z+n-1) el =1-172, RRBRITREILI=I +12HA
I(z +n) = ' ALARATLUBH B R, BXEM12] 7]
(z+n-1)(z+n-2)(z+1)a(2) g AL £ )

(22)
i (21) f(22) RBE—FEER
N, = J KB +1/2)T(A+B +s)
T'(A+s+1/2)r(B +1/2)s!
Bk, AR R TS N
I(B+1/2 +B+s
H(9) = \/r(,(a P 1ji§(r/23 51/2;31
(sin 8)®(cos 6)*F(-s,A +B +3s,
B +1/2,(sin 6)%) (24)
RG] AT A BB R BBHTT
%, BRARAIERR—#, (BE S IS R AR
ZEREMNRRE—BM,

(23)

3 FRKEHRK
BECEK[12], Y r—o0 ,(9c) RAIERH
R(r) = Ce % (25)
X r—0,(9c) RHEH
R(r) =" (26)

4:R(r)=r"*""e*u(r) y=y-E (27)
BERDARA) X, FHEETBRB A =2 B

A%}%+g—:[2(l+%) -2]-
[(z+%) -%]u =0 (28)

HER(B)REARGE T H R

2
A:—;:+g—:(y—k) —Bu=0 (29)
HE(29) RARFEN
u(A) = F(ﬁ"y’A) (30)
FREA SRR (28) gl

w(A) = F(l+ X -2 21412 (31)
2 %
YU o b}, FHERPER,H

1 a _
l+2—2X_ n, (32)
é: n=nr+l+l/2,n=0,l,2"‘ ﬁ%g
2
=2 =&
X =2 £ = 4n’ .

R(r) = Naa"Tetu(a) =
NAMeTF(—n, 20 +1,0)  (34)

. FRERBAREA— R AEMERITRSH# R

CAUE- ;0¥ Lt
L-(R(r))Qrzdr =1 (35)
F(-nu+1,) = %L:(Z)

(36)
BHUFRBEXRANEREAXNRS L
;:LHJ

Li(2) = L;"(2) - L}(2) (37)
[ren@ne = Hatetls

(38)
BB ERIE—LE BN

N = I‘(2ll+ DA <ffff.’ fé;zu%n (39)
BABE T YA SR TFHOMEHHR
W(r,p,0) =
VIBXUDTA+B+)m-1-1D1
V2l (A +s + V)I'(B + /2)s2al(n +1 +1/2)
(sin 8)%(cos ) ™" e L2 (1)

F(-s,A+B+s,B+1/2,(sin 8)*) (40)
4 45iE

GALR EAXMUAAELARTHN
Schrodinger JTRAERBIRRPHIT T HHEAR,
EZ BB A 1 058, R a5 Bl th 42 1)
FERMAEEGTE, RE LTS, 83 TR
I SR T 460 B B R R JLAeT o 57 2 R 3
R I3 — AL B4 £ 16 35 R B0 R P 6 L A J LT o 3
Fidr 8 R AR A AR B R I
53CHR[9 ] BT ST REAT T LLER, & BB 7P O 35 B
RIWERE—BH, BTGB ERFHHRA
BROEWAEE, KA BT R F RSN
R, A SCIR R 4 SRR 42 7T AXE B SR 9 o




16 R T ¥ B PR (NARFFER) §22 %

B30k

(1] BREE, RF. RRTRTFHOEMA(I]. 6T 2£37,2001,30(1) :104 - 107.

{2] #1. SURRF AR R () ]. B P S A% ,2003,27(9) :770 - 774,

[3] Carpio - Bernido M V, Bemido C C. An exact solution of ring - shaped oscillator plus a r~2csec’ @ potential[ J]. Phys.
Lett. A, 1989,134(7) :395 -399.

[4] Quesne C. A new ring — shaped potential and its dynamical invariance algebra[ J].J. Phys. A, 1988,21(14) .3 093 -3 103.

(5] BRBE, AT, VA, % FHERFRTFRIVERTHETARN R BHEXR(T]. R¥EMR,2002,51(3) 468
-473.

(6] Efx, B FABMHFERME RS ERBAHIR TSR], B EEBYR,1999,23(11)
1078 -1 082.

[7] #Ee, B —RIFRIERISRF LT PHHOR T HRGEH(I]. PHIR,2007,56(7) :3 688 -3 692.

[8] EHHE, KRE. —LIFRIRIERTF Y Klein ~ Gordon FBRAINMAR(J]. BT AFESEM : ARSI, 2008,36
(2):50-53.

[9] BEsAk, EE%,PKBIT. WIFTE Coulomb %+ Schrodinger 5 BN MM HM (1] RF 54 FHE 2R, 2006,23
(3):493 —498.

[10] Chen G, Yuan Q Y. Accurate bound state solutions of generalized oscillatory potential[ J].J. At. Mol. Phys. , 2004,21

(1):143 - 148.
[11] EATR, B, #skR B[ M. JL5T B3 R, 1979.
[12] Zikde. BFAH%E(M]. 2 K. L3 BEH T iR, 2002.

Exact Bound State Solutions of the
Double Ring — shaped Hydrogen Potential

BAI Yu-Jie
( Department of Foundamental Science Teaching, Yancheng Institute of Technology, Jiangsu Yancheng 224051, China)

Abstract : If the hydrogen potential is surrounded by double ring - shaped inversed square potential, it is defined as double ring ~
shaped hydrogen potential. This paper deals with the bound state exact solutions of double ring ~ shaped hydrogen potential with
interpreting method. First, the Schrodinger equation of double ring — shaped hydrogen potential is solved in spherical polar coor-
dinates by adopting the variable separation. Then the angular and radial functions are handled respectively by using the hyper ge-
ometric equation and the confluent hyper geometric equation, therefore the exact energy spectrum is obtained. The normalized an-
gular wave functions expressed in terms of the standard hyper geometric function and the normalized radial wave functions ex-
pressed by means of the Lagurre polynomials are presented.

Keywords: double ring ~ shaped hydrogen potential ; schrodinger equation; bound state; exact solutions



