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Abstract. D dimensional Schrodinger equation for the mixed Manning Rosen potential was
investigated using supersymmetric quantum mechanics. We obtained the energy eigenvalues
from radial part solution and wavefunctions in radial and angular parts solution. From the
lowest radial wavefunctions, we evaluated the Shannon entropy information using Matlab
software. Based on the entropy densities demonstrated graphically, we obtained that the wave
of position information entropy density moves right when the value of potential parameter ¢
increases, while its wave moves left with the increase of parameter o. The wave of momentum
information entropy densities were expressed in graphs. We observe that its amplitude increase
with increasing parameter ¢ and o

1. Introduction

The Schrodinger equation or Dirac equation in the case of spin and pseudo spin symmetry which are
reduced to Schrodinger like equation for a class of shape invariant potentials are solvable using
supersymmetric quantum mechanic (SUSY QM) [1-8], Nikiforov-Uvarov method [9-10],
Factorization methods [11-12] and Asymptotic Iteration Method (AIM) [13-17]. SUSY QM can be
considered very similar to Factorization method. In addition, the derivation of energy eigenvalue, in
AIM and SUSY QM method also very similar. Moreover, some methods are derived from generalized
hypergeometric equation.

D-dimensional Schrodinger equation, Klein Gordon equation and Dirac equation in the case of spin
and pseudo spin symmetry, which are reduced into one dimensional Schrodinger equation, are recently
attractive for some researcher. Even the direction of this problem is not clear enough but it is worthy
to be put on consideration. In this paper, we will obtain the energy eigen value and wavefunctions of
single particle that is governed by separable D-dimensional mixed Manning Rosen non-central

potential which are defined as
hz 1 VD—2 (eD—Z)
+= +Vy, (6 1)
j r.2 SInZ 6D71 Dfl( Dfl)

V(r’011921“"6D1):m{v(r)+i§( Vi(4)

r* &sin’g,,...sin* 4, ,

where

V(r)=ocz(v_(vz_1 +7/(72_1)+2qtanar+2pcotar] e
sin“ar  cos” a2

sin®g,  cos® 6,

Vi(éﬂ):[vi(vi ) +7/i(7/i Y +20,tan 6 +2p, cot@i] ©)

for 1 =1,2,3... The Manning Rosen potential is used as a mathematical model in the description of
diatomic molecular vibrations and it constitutes a convenient model for other physical situations. [18-
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21]. Radial wavefunction will be used to investigated the Shannon entropy information. The Shannon
entropic plays an important rule in the measure of uncertainly. [22-24]

In this paper, solution of Schrodinger equation in D dimension for mixed Manning- Rosen potential
was studied using SUSY QM. The Shannon entropy was calculated for explaining about the
uncertainty system. The paper is organized as follows. The basic theory is presented in section 2. The
results and discussion are presented in section 3 and a conclusion in section 4.

2. Basic theory

2.1. The D-dimensional Schrodinger equation
D dimensional Schrodinger is separated into 1 one -dimensional radial Schrodinger part, below [25]

1 0 0 2m
r’——| "= |-r*|V(r)-=-E |IR=1, R 4
(2 )r(vi-2e R4, @
and (D-1) one- dimensional angular Schrodinger equations as follow
o°P,
g V@R AR =0 )
1
1 o0 (. OP, AP
——|sin@, —2% |} -V, (6,)P,——22-+ AP, =0 6
{siné’z 86’2£ 28492]} (&P, sin? 9, AP ©
1 o _.,, 0P(6) A,
—| sin? 6, =132 | |-V, (6,) P, (6,) ——=2—P, (8 P,(6,)=0 (7)
Linzeg aag[s'“ ) ﬂ (BIP(0) - 5o P (0) + 4 P(6)
1 o (. oo ap_j APy
— sin°“ 6, ,—2* |-V, (0, )P, , — 2221+ P =0 (8)
sin® zeD_laHD_l( DlagD—l D-1\YD-1/" D-1 szeD_l D-1' D-1

with 4. 4,, A,,..., Ay, are variable separation constant.

2.2. Supersymmetric quantum mechanics
Each of the Schrodinger is solved by using SUSY QM [26] and the properties of shape invariant
potential as follows the SUSY partner potentials

V_(X) = W2 (X) —LW'(X)

\2M
h
\2M
where V(x)=V_(x)+E, (10)

and w is super potential.
And by applying the condition of shape invariant potential which is defined as to obtain the mapping
parameter:

9)

V., (X) = wW?(X) + w'(X)

V. (8, %) -V (a,x) =R(a) (11)
the energy eigenvalue can be obtained, following equation (12)
k=n
E,=Y R(a)+E, (12)
k=1

Then for obtain the wavefunctions we used the lowering and raising operators,
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2.3. Shanon entropy

Shannon’s information entropy which was proposed in the late 1940s has attracted many physicists
[22-24] Shannon proposed the idea of probabilities that was used to measure uncertain of events and
also proposed the information entropy to measure the uncertainty.

The information entropy consist of position entropy density po(r) and momentum entropy density
p(p) are defined below

p(r) =[¥()[ In|¥(r)] (14)
p(p)=|¢(p)[ In|p(p)| (15)

W(r) is the normalized eigenstate of position and ¢(p)is the corresponding Fourier transform, with r
is radial radius and p is momentum.

3. Solution and discussion

3.1. Solution of radial part
By using equation (2) and equation (4), the general solution for four dimensional Schrodinger equation
IS given as

19 (r 8Rj az[ v(v-) 7(7 1)

rPor\ or sinzar cos® ar

+2qtanar+2pcotarjR+2h—'\2/|ER XGR 0 (16)
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in equation (16) we have

ME

hZ

+2qtanocr+2ptano¢r)u:—2 u (17)

1 o’ .
— = ———, then equation (17) becomes
r- sin“ar

By applying centrifugal term approximation defined as

Vg (V(V l)+3/4+ﬂa 7(7 1)
Sln ar COS ar

By using equations (9-13) we get the super potential, the super partner potential V. and V. mapping
para meter, raising and lowering operators as

+2qtanar+2ptanar)u=—22/:E

u (18)

g

w(r) = yatanar —vacotar + a— (19)
v
2 2 2 2 2
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S0 we get the mapping parameters given as
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a,=Vv',a =v+l..,a,=v+n; by=yb=yr+1..,b,=y+n (23)
The lowering and rising operator is determined by,

noo ( , qj_
= —+ yotanar —v'acotar+a— |;
J2Mm or - {2m y
(24)
o h 3 ( . qj
=— —+ yatanar-v'acotar +a—
J2M or  2m y
By using SUSY, we obtained
2 2 2 2 2
2M 2M ¥
So the energy eigenvalue was obtained from equations (12, 23 and 25) ,
2 2 2 _2 2
En:ha (v'+;/+2n)2—ha g - (26)
2M 2M (¥ +n)

From equation (26,) it is shown that the energy eigenvalue depends on the parameters of all
components of the composed potential and also depend on the quantum number n.
And then from equations (19, 24) we get the ground state wave function as
. -4,
U, =C,(sinar)’ (cosar) e 7 27)
and by using raising operator, we get the first exited wave function

(2v'+1)(sinar)” (cosar) ™ - (2y +1)(sinar)" " (cosar) |

h —-——r
U =- - Cl qo q . v+l 7+l € ™ (28)
V2ZM T |- ==+ 2 |(sinar) " (cosar)
r+1l y

3.2. Solution of angular part
From equation (3) and equations (5-7), we rewrote the angular part equations below,

2 _ —
Z;:l _{Vl(vl 1) +7/1(712 1) +2q1tan 91+2p1C0t(91}P1+ﬂlel:O (29)
1

sin“g,  cos’ 6,
.1 9 sinezﬂ - Vzgvzz_l)+7/2(7/22_1)+2q2tan02+2pzcot92 P,
sind, 06, 00, sin® 6, cos” 6,

(30)
AP,
- +14,P, =0
sin® 6, A
% o sin26?3aP3 - \/39/32_1)+7/3(7/32_1)+2q3'ran6’3+2p3cot6?3 P,
sin“ 6, 00, 00, sin® 6, cos” 6,
(31)
Gy
——22 _Pp+2,P,=0
sin?g, ° %Py

and by repeating the steps used to solve radial Schrodinger equation we get the angular wave functions
and the constant of variable separation as follows. By solving equation (29) using SUSY QM we
obtain the ground state wave function P, and the constant of variable separation as
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% 2
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By setting P, = L and P, = Q in equations (30) and (31) the both equations becomes
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By setting vL(v,=D)=v,(v, -1+ A4 -1/dorv', =112+ Vv,(v, -1) + 4, and
v, =1/2+ \/(V3 —1/2)* + 4, , these two equations are solved using SUSY QM and we get the lowest

wave functions and the variable separation constants as
_ %

-1 -1
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The lowest total wavefunction from equation (27), equation (32) and equations (35-36) is given as

aq
. v ¥ 77" _ % )
(sinar) -(COSO;I’Z) e (sin@l)vl (cos@l)” o 4
(sinar) (37)

% | .
(sing,)" " (cosg, )" e n" (sing,)" " (cosd,)" e e

w(r,6,,6,,0,)=Ca®’

withC = C,C,,C,,C,, which is normalization factor of the total lowest wave function.

3.3. The Shannon information entropy of one-dimensional Manning Rosen potential
For the case of A =2 and v'-3/2=2 we obtain the radial wavefunction given as

v, (x) =C, (sinar)’ (cosar)’ e (38)
and the momentum eigenstate is obtained by using Fourier transform on position eigenstate as follows
$,(p) = je"pxcO (sin ax)*(cos ax)zef%qxdx (39)
SO we obtained
Lips

i /2)cosdax +4asin4 :
¢O(p):%CO 3 2 2+((Ip+aq )COS aX+4asin axj (efx(|p+aq/2)) (40)

p2+(aq) —p*+a’q? 1 4+16a° +ipaq
2

The Shannon position information entropy density was obtained numerically from equation (14)
and equations (38) using Matlab software, which can be shown in Figure 1.
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Figure 1. Plot of the position space entropy density p(r) of the Manning Rosen potential for (a)
variation of ¢ (b) variation of o

From Figure (1), we observe that the wave of position information entropy density moves right when
the value of potential parameter ¢ increases (Figure 1.a), while its wave moves left with the increase of
parameter o, (Figure 1.b). And then by using equation (15) and equation (40), we found the graphically
result in Figure (2) for the momentum information entropy density. It is shown that the wave
amplitude increase with increasing parameter ¢ and o



ICSAS IOP Publishing
IOP Conlf. Series: Journal of Physics: Conf. Series 795 (2017) 012001 doi:10.1088/1742-6596/795/1/012001

180 T T T T T T T

—g=01
160 —q=04H
—g=0.7
140 - B

120 - .

100+ .

80 B

p (P}

60 B

20+ —

_20 1 1 1 1 1 1 1

900 T T T T T T T

800 -

700

600 -

= 400t

200 -

100

100 | | | | | | |

Figure 2. Plot of the momentum entropy density p(p) of the Manning Rosen potential for (a)
variation of ¢ (b) variation of o

4. Conclusion

In this paper, we have presented the solution of D-dimensional Schrodinger for the mixed Manning
Rosen equation using supersymmetric quantum mechanics. We obtained the energy eigenvalues from
radial part solution, which the energy eigenvalue depends on the parameters of all components of the
composed potential and also depend on the quantum number n. The radial wavefunctions and angular
wavefunctions was obtained using lowering and raising operator. We presented the Shannon entropy
information graphically using Matlab software. We obtained that the wave of position information
entropy density moves right when the value of potential parameter ¢ increases, while its wave moves
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left with the increase of parameter a. While for the wave amplitude increase with incresing parameter
g and o
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