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Introduction:-

Position dependent mass quantum particles in non-relativistic quantum theory have inspired researchers in the last
few years [1-4]. They found new useful and interesting models help them in physical obstructions [5],
semiconductors [6], quantum dot [7], quantum liquids [8], He-clusters [9] and metal clusters [10].

Quantum mechanical particle endowed with PDM erupt in the system of quantum mechanics to solve more
problems of a delicate nature like example: the m(x), kinetic energy and the momentum operator does not commute
[11].

In other side, they try to find a solution for the Schrédinger equation in d- dimensional by dependent a canonical
transformation (PCT) method [12,13 ] under task change variables [14-16]. The eigenvalues and eigenfunctions are
mapped for the exact solutions for Schrédinger equation [17-19].

Recently, PCT for PDM-quantum particle introduced in d- dimensional [1]. The inter-one degeneracies associated
with the isomorphism between angular momentum [ and dimensionality d builds up the ladder of excited states for
any given values e.g. nonzero land the radial quantum number n,.. By choosing the parameters a = yandf =
—1with the PCT method, it lead to get the Schrédinger equation with the effective potential( Poschl-Teller
potential) [20].

Here, we choose a free particle with v(x) = 0, the inter — dimensional d = 1 and keeping on the von- Roos ordering
in the general form ¢+ +y =—1, we will try to find a new formula for energy spectrum depend on position
dependent mass parameters.

Time —independent Schridinger equation in one- dimensional by PCT method:-

The stander form time-independent Schrodinger equation is given:
n? 92

— 7)) + v()Y(x) = Ep(x) )
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In which v(x) is a real potential and E is the energy of the particle.
Further, kinetic energy of quantum particle with position-dependent mass in one dimension is given by [1]

1
T = 1 (m*pmf pm? + m’ pmf pm®) (2
Inwhich a+ B +y=—-1 withp = —ih% andm =m(x).

Using equation (1) the time-independent Schrodinger equation for a position —dependent mass particle reads:
1
7 (e pmP pm? -+ m pmf pm)p(x) + vEP() = Ep(x) ©)

Bysimplifying Eq.(3) one can obtain:

—n?f2 © L m? —1-
T[E‘l’ +(—2)%¢ +%(B(y+a)+y(y—1)+a(a—1))l/)+( — ﬂ)m”¢]+v¢=E¢ (4)

Where a prime mean derivative with respect to its argument.
Using point canonical transformation (PCT) by introducing ¥ (x) = g(x)@(q(x)) and the latter equation reads:

2 .
|[ ~(9'@e(a0)) + 29 a9 (a@) + 9a%e (4())) + (—2)% 1|
_h2| Y |
| (6 @0(a00) + g9 (a6) + 75 (B0 + @+ = 1) + ala = D)y (at) ©
| 11— |
l + 2D g0 a0 |

+V(qx)g(x)e(qx)) = Eg(x)e(q(x))

To have a Schrodinger equation, we setp'(q(x))to be zero, therefore g2(x)q'(x) = m(x).
After that, we set the coefficient of ¢"'(q(x)) to be constant, so g%(x) = m(x).

3 -7 1 = e (1 =3

|2 meme + (3 meoPmp(ao) smeia®e ) + (-0 7 (N meo ]

_hzl ) 1 |
2| ea@) + 5 (m@R) (B0 + @ + v - D +ae - D)p(a@) + | ©)

| —-1- 1 |

| ( - D) it p(ato) |

+V(g)M@ip@()) = Em@)ip(q())

1
Dividing Eq.(6) by m(x)# yields:

[2 (/-3 2 1 m? /1\]
E((Emr?x)z 4m( ))qa(q(x)) +m(x)(p”(q(x))> 2md (4)

—h?
| 0@@) + T (0 40+ - D +ata- D)plgw) + | TOERED)
(1= 5 o(a)
= Ep(q(x)

Hence, we obtain Schrddinger equation that reads:

1 d? E
~2dg +Vers |@(q(x)) = ﬁﬁo(Q(X)) (8)
With the effective potential for free particle V(q(x)) = 0:
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Introducing example of vanishing mass withSchrédinger equation:-

The form of mass that is used here:
1

= —— ) H [ 1
m(x) A+ (0?)? ; k: isaconstant (10)
Which in turn gets:

* dx 1

— = —tan-1 11
700 fo (+ Goopye 400 = tan (k) (1)
Also one finds, from the latter equation:
tan(kq(x)) = kx (12)

By considering these results into the equation (10), one finds:

m(x) = cos*(kq) (13)
m'(x) = —4kcos3(kq) sin(kq) q'(x) (14)
m'(x) = —4k(—3kcos?(kq) sin?(kq) q? + kcos*(kq)q? + cos3(kq) sinitkq)q") (15)

Then the effective potential will give as:

2

Kk
Vg = 2 tan? (k) + == (=1 - ) (kz (5 tan?(kq) — 1)) — 4 (y o ’ (1V) :"0‘()(;_ 1))) tanz(kq)) (16)

2

Vs = —% — k% B+ (A(A = Dk?*tan®(kq) (17) an

Where (A(A — 1) = 6k? + kB — 4(Bly + @) +y(y — 1) + a(a — 1))
So Schrédinger equation will be as follows:

1 d? A4 — 1)k?
(_Ed_qz +%>¢(CI(X» = ep(q(x)) (18)

here e =:—2+';—j+k2ﬂ.
Now we will solve the equation (18) by change the variable, by considering a new function which is ¢(z) =
cos*(kq) F(z) where z = sini{kq) that is lead to (z) = (1 — z)*(kq) F(2) .

Hence we find our equation in hypergeometric form:

. 1 . 2e— A%k?
2(1 = DF "+ 3@ = 40+ DDF + = 5—F =0 (19)
By comparing Eq. (19) with the solution of the second order hypergeometric equation — which in the form (x(1 —

x)F'+ (c—(a+b+1)x)F + abF = 0) —that it yields:
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2
So that :
2€ 2€

A— - A+ -

a= ‘/;andb =
2 2

1 2¢& ) )
3 A— = —-a ; (@) is an integer number.

Ande, = 2k?(a+3)?,

Now trying to get the energy by using the solution ofthe second independent Hyprogeomtric equation which it is
read :

F(x) =c;F(a,b,c;x) +c,x'“F(a+1—c,b+1—c¢,2—c;x) (20)

Using equation above, one can obtain:
2

A k
E, = 2k?*(a + ?2 -5 k?p (21)
The last Eq.(21) represent to the total energy .

Conclusion:-

In this work we have considered the one dimensional quantum particle with vanishing position- dependent mass and
v(x)=0. Our main concern here to introduce the general form of the Schrddinger equation with the ordering
ambiguity in its stander form a + 8 +y = —1. In other word, the energy spectrum depends on the parameters of
position dependent mass a, Sandy. One can see the larger part of energy depend on the ordering ambiguity. Add to
this the effect potential ( Poschl-Teller potential) here has a new option with the von- Roos ordering. The exact
solution mapped to match the attendant setting of our free particle with the position-dependent mass ( m(x) =

1

(1+(kx)2)2)'
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