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I. Introduction
As we know, in the quantum mechanics microscopic systems are analyzed by means of wave function

‘P(t, r) # 0 € O will be defined which is obtained by solving Schrodinger
¥ (t,r) h?

ihT:—%VZ‘P(t,r)+V(r)‘P(t,r) (8]

for some potential V (r)where m, 7 and i are mass, Planck constant and the square root of (-1) respectively

[2]. In fact, differential equations which satisfy conditions of the foundation of quantum mechanics may be
found. But we will consider Schrodinger equation because of the fact that this equation is compatible with
experiments.

Schrodinger equation can be expressed as follows:

v (t,r)
ot

in =HWY(t,r)

Where
hZ
H=———V2+V(r)
2m
is called Hamiltonian operator [2]. Note that we look for wave functions such that member of

Q={¥(t,r)=0eL’: DY iscontinous}.
Now we define a new Hamiltonian

- #2
H=——VAV+V (r)
2m

by means of Laplace-Beltrami operator L=VAV. Here A :1+gp(r) where p(r) is a nonnegative

function [1]. In this case for modified Schrédinger equation we have
oY (tr -~
|h—( ) =HWY(t,r).
ot
- .

By using separation of variables we obtain time-dependentterm T as T =¢e "
like Schrodinger equation. Here values » which will be determined later is not energy values as we will see in
the last part of the paper and it will be used to find eigenfunction from below

Ho(r)=y@(r). )
Equation (2) is independent of time modified Schrddinger equation. When considering equation (2), it is easy to

see that operator H is a Hermitian operator. So if we obtain real eigenvalues, then we can say that
eigenfunctions corresponding to different ) from an orthonormal set with in addition to using normalization.
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Here we first try to determine eigenvalues of (2). To do this one may be expected to solve modified Schrédinger
equation, but because of the fact that to obtain both solutions of modified Schrodinger equation and eigenvalues
from these solutions is not easy always. Therefore we use a different treatment. This includes the following
equivalent

Ho(r)=Ep(r) 3)

in modified Schrodinger equation where E is energy value. In this case,

= ——(Vﬂ,).(Vgo)—zh—lVZ(o+V(o

m A

In the second term above coefficient of A is like the right side of (3).

Our aim is to solve (2) by using (3). Generally, we may need to use perturbation theory but even some physical
case like the infinity square well may not need. In cases like Coulomb potential or Newtonian potential we
obtain a new potential like inverse square potential by using A = r.This potential have considered in [3,4,5].S0
we can approach eigenvalues of (2) by using results we obtained.

Consequently, we can find eigenfunctions corresponding eigenvalues we obtain and compare these functions
with functions found from (3).

Here in order to avoid to use perturbation theory, we consider the infinite square well.

h? h? \
=——(VA)(VP)+ A| ——V25+—3 |.

1.1The Infinity Square Well

V(x)— 0 ,0<x<a
"~ |lo , othercases

potential and p(X)= X in one dimension. So solution of (3) is

@(x)= Asin(kx) (4
fzm 2_232
where :\/z and kK i—ﬂ, so E= nz IZ . Consider Modified Schrodinger equation is
a a ma
as follows:
h? dA d@ 3
—————+ A(Ho).
2m dx dx ( ¢)

By using (3) and (4) the equation becomes

do dx ,. dx  , .
4+ — = A1l—Kk“sin(kx
ax Tags P Mg sin(o)

2m
where gz = h—zy and we have

2 2

. &
¢ =k’ @ J'e a (1+gx)ésin(kx)dx
&
Ak?

:—< : - 2)2 {Sin(kX)[EXg6+g6—82g4+g283kzx+82g2k2+g4k1
s +ek
—cos(kx)[kg“gzx +ec'k—2ke?e® + &KX + g3k3]}
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as solutions. Now for both to show the consistency of operation and to determine eigenvalues, we look for a
2
k) .
)] = A[— sin(kx).
S
2 222

nN“z°h
Hence K=¢ or y =E = > . These values of  absolutely an approach, we can see that from both
ma

graphics and condition of continuous.
Now by using treatment » = E if we consider modified Schrédinger equation

h? d? eh’ d -
(/’ (/’ =13,

2m dx* 2m dx

we have solutions with the index as

([)n(x):\/lg{Bessel{ \/_ i my, (1+&x) }CnlJrBesselK{O —u/myn 1+¢X) } }

where Bessell [n, z] and BesselK[n, z] give the modified Bessel function of first kind I, () and second

—(1+ex)—

kind K ( ) respectively. But the second term described above approach infinity as X goes to O for big &

Therefore we take C_, =0.
Consequently, we obtain
Cnl

@n(x):énlo(%iﬂ/myn(ng)} C“ZJZ

has oscillation on the X -axes so have infinity roots. If we can find

In fact, we know that Bessel function |,
these roots easily we can determine truth values of  from (Z(a) =0 or more explicitly from

2
il my, (1+&a) |=0.
he
In order to determine é we can use normalization, such follows: From

1= I|(/)| dx = _“(p| dx

:\cwi [_. myn(l+ga)j2dx

as

_ 1
~ a 2
C, = J'|I0|2dx}
0
Finally, we have
D|IO| d} |0(2“’”\/1+ j
ag

and compare these solutions with for some values of N, & and a.
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Figurel. Graphics for some values of 1,£ and 4.
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As we see when N increases, curves approach each other more and more. Therefore the expectation
values and other will be computed for N =1. In fact, even though we need general wave function CI)(t, X) for

computation, we can do this by using the function ¢, for small n.So for a=100, n=1, £ =0,01

(x), = [ax@dx=314 , (x) =[pxe"dx=50
0 0

We can see that there is a big difference between @, and ¢, . Actually, our aim is not to obtain close values. If
S0 we can take & as more small. And standard deviations are as follows:

o,;, =186 and o, =181
From here we can say that functions have nearly same dispersion as we will see from figure 1. It is clear that

values found above are more close each other for larger n .We see also that from the following table

n 1 5 10 100
<X >¢ 31.4 44.2 46.5 47
<X >(p 50 50 50 50
18.52 29.13 29.54 28.89
O,
4
18.08 28.5 28.77 28.86
o xp
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