
Journal of Physics: Conference
Series

     

PAPER • OPEN ACCESS

Analytical solution of Schrödinger equation in
minimal length formalism for trigonometric
potential using hypergeometry method
To cite this article: I Nurhidayati et al 2018 J. Phys.: Conf. Ser. 997 012016

 

View the article online for updates and enhancements.

You may also like
Minimal length effects on motion of a
particle in Rindler space
Xiaobo Guo,  , Kangkai Liang et al.

-

Relativistic quantum heat engine with the
presence of minimal length
Heru Sukamto, Lila Yuwana and Agus
Purwanto

-

Minimal length effects on chaotic motion of
particles around black hole horizon
Fenghua Lu, Jun Tao and Peng Wang

-

This content was downloaded from IP address 3.141.199.243 on 04/05/2024 at 03:45

https://doi.org/10.1088/1742-6596/997/1/012016
https://iopscience.iop.org/article/10.1088/1674-1137/abcf20
https://iopscience.iop.org/article/10.1088/1674-1137/abcf20
https://iopscience.iop.org/article/10.1088/1402-4896/acec1f
https://iopscience.iop.org/article/10.1088/1402-4896/acec1f
https://iopscience.iop.org/article/10.1088/1475-7516/2018/12/036
https://iopscience.iop.org/article/10.1088/1475-7516/2018/12/036
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjstCobLtmO796OYzgwltxLd3QVQJda-61Q83T2xaLuMutx9rV2CNC0n4b4e3N9Twxv5uWMbW1KfEbKUkTm-skDqkouS0qdxHmErJivs2RY663Yy0UKreqsz0gy0BJr-utcFBchEaY43x9frAVY1Soo1tNXf--9t0CW3HNCcdIUjkvLa9yPGGm-5zYAEMQESBrzrbOu65RRexZ5VWuEO282ElD_ZdF1YFlLWc6k93x_5J5ey_hYbjrfZknLp9I6TkqIJiUmeANM4AgCHYWbxTHUUGgTn6PC8ivi184wkSQfVu-hKsOtUJba5XeKPcX7-kIiymigUSKaZUj2yuCNzo0gns3BslTQ&sig=Cg0ArKJSzJ4leFi6_aNC&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://iopscience.iop.org/partner/ecs%3Futm_source%3DIOP%26utm_medium%3Ddigital%26utm_campaign%3DIOP_tia%26utm_id%3DIOP%2BTIA


1

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

1234567890 ‘’“”

Seminar Nasional Fisika (SNF) 2017 IOP Publishing

IOP Conf. Series: Journal of Physics: Conf. Series 997 (2018) 012016  doi :10.1088/1742-6596/997/1/012016

 

 

 

 

 

 

Analytical solution of Schrödinger equation in minimal length 

formalism for trigonometric potential using hypergeometry 

method 

 
I Nurhidayati1, A Suparmi1 and C Cari1 

1Physic Departement, Graduate Program, Sebelas Maret University, Surakarta 57126, 

Indonesia 

 

E-mail :inafisika03@gmail.com 

Abstract. The Schrödinger equation has been extended by applying the minimal length 

formalism for trigonometric potential. The wave function and energy spectra were used to 

describe the behavior of subatomic particle. The wave function and energy spectra were obtained 

by using hypergeometry method. The result showed that the energy increased by the increasing 

both of minimal length parameter and the potential parameter. The energy were calculated 

numerically using MatLab. 

1.  Introduction 

One of the main objectives in quantum mechanics is to obtain exact solutions of the relativistic and non-

relativistic equations for some potentials [1]. The Schrödinger equation (SE) is one of non-relativistic 

quantum mechanics systems that give the exact solutions for shape invariant potential group. The most 

popular system in SE is a hydrogen atom (Coloumb) and a harmonic oscillator represents two typical 

examples in quantum mechanics [2-5]. For studying the quantum mechanical systems, it is necessary to 

study bound states to take the necessary information about the system and also solving scattering states 

for a system under the effect of a potential [6]. 

Since many type of research observation, with the other potential and providing analytic solution of 

the SE. The main problem in this SE is how to solve the SE to obtaining the wave function and the 

energy spectrum. The wave function and energy spectra were used to describe the behavior of sub-

atomic particle.  

Solution of the SE were obtained by inserting the potential into SE, then we used variable separation 

and substituting the suitable variable to reduce the SE become second-order differential equations such 

as Hermit function, Legendre, Laguerre, hypergeometric or confluent hypergeometric [7]. 

The quantum mechanical problems implying a generalized modified, there more piece of evidence 

for a minimal length (ML) of the order of Planck length [8]. The modified relation includes an MLF or 

Generalized Uncertainty Principle (GUP) [9]. In this paper we study the SE within the minimal length 

formalism using trigonometric potential.  

The organization of the paper is as follows: in the next section we present an introduction to the MLF 

which is followed by the description of the SE within the MLF in subsection. In section 3, we explain 

the hypergeometric method. We use the standard hypergeometric method to obtain accurate numerical 

approximations to the energy. Finally in section 4, we investigate the result and discussion. The SE has 

mailto:inafisika03@gmail.com
http://creativecommons.org/licenses/by/3.0
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been extended by applying the MLF for trigonometric cotangent potential. The wave function and 

energy spectra were obtained by using hypergeometric method. The energy was calculated numerically 

using MatLab. 

2.  Minimal Length Formalism 

The theory of minimal length formalism (MLF) was motivated by Heisenberg algebra [8]. In the 

framework this formalism, the principal uncertainty can describe as: 

[X, P] = [x, P]     (1) 

With 

𝑋 =  𝑥  

𝑃 = [(1 + 2𝛼′𝑝2 + 𝑝2𝛼′2 ) 𝑝2]1/2    (2) 

 

and parameter α’ is minimal length parameter which is determined from a fundamental theory and varies 

in the interval 0 ≤𝛼 ′≤ 1. For the 𝛼′2 =  0  then equation (2) becomes: 

    𝑃2 =  (−ℏ𝛻2 + 2𝛼′ℏ2𝛻4 )                   (3) 

 

2.1.  The  Schrodinger Equation in MLF 

The original schrodinger equation is described as 

   𝐸𝜓 = −
ℏ2

2 𝑚
𝛻2𝜓 + 𝑉(𝑟)𝜓     (4) 

 

The Schrodinger equation in minimal length formalism is obtained by inserting the minimal length 

formalism in equation (3) into equation (4) which is,  

𝐸𝜓 = −
ℏ2

2 𝑚
(𝛻2 − 2𝛼′ℏ2𝛻4 )𝜓 + 𝑉(𝑟)𝜓    (5) 

 

without the presence of minimal length equation (5) reduces to, 

𝐸0𝜓 = −
ℏ2

2 𝑚
𝛻0

2𝜓 + 𝑉(𝑟)𝜓     (6) 

 

In this condition, eq (6) is just the usual SE with the spectrum energy is given as 𝑬𝟎. From the 

equation (6), we obtained 𝜵𝟎
𝟐 as 

𝛻0
2  = −

2 𝑚

ℏ2   ( 𝐸0 − 𝑉(𝑟))     (7) 

 

Then by putting equation (7) into equation (8) so we get 

𝐸𝜓 = [−
ℏ2

2 𝑚
𝛻2 + 4𝛼′𝑚(𝐸0)2−8𝛼′𝑚𝐸0𝑉(𝑟) + 4𝛼′𝑚(𝑉(𝑟))2] 𝜓 + 𝑉(𝑟)𝜓   (8) 

 

with 
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Now, equation (8) is expressed SE with Veff = 4𝛼′𝑚(𝑉(𝑟))
2

− 8𝛼′𝑚𝐸0𝑉(𝑟) + 𝑉(𝑟). 

3.  Hypergeometric Method 

Hypergeometric Differential equation was introduced by C.F.Gauβ [7] in term 

    0ab-
z

z))1((c
z

z)-z(1
2
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ba     (10) 



3

1234567890 ‘’“”

Seminar Nasional Fisika (SNF) 2017 IOP Publishing

IOP Conf. Series: Journal of Physics: Conf. Series 997 (2018) 012016  doi :10.1088/1742-6596/997/1/012016

 

 

 

 

 

 

the solution of hypergeometric is described as, 
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To obtain the spectrum energy we set, 

𝑎 = −𝑛 𝑜𝑟 𝑏 = −𝑛 
(12)

 

by appropriate subtitution of variable eq (8) is reduced to the standard hypergeometric equation, and so 

we get the spectrum energy and the corresponding wave function. 

 

4.  Result 

4.1.  Solution of SE  in MLF 

In this section we discussed the trigonometric potential model. By substitution of variable 𝜓 =
𝜑

𝑟
 to 

equation (8) we get the corresponding wave function 

 

[
𝜕2

𝜕𝑟2 − (
𝐿(𝐿+1)

𝑟2 )+
16𝛼′𝑚2

ℏ2 𝐸0𝑉(𝑟) −
8𝛼′𝑚2

ℏ2 (𝑉(𝑟))2 −
2𝑚

ℏ2 𝑉(𝑟) −
8𝛼′𝑚2

ℏ2 (𝐸0)2 +
2𝑚

ℏ2 𝐸] 𝜑 = 0  (13) 

 

Equation (13) is the corresponding wave function for SE in MLF. 

with the trigonometric potential cotangent, 

𝑉(𝑟) = 𝑉0 cot 𝛾𝑟     (14a) 

𝑉(𝑟)
2=𝑉0 

2𝑐𝑜𝑡2𝛾𝑟     (14b) 

 
then by putting eq (14a) and (14b) into eq (13) so we get 

 

[
𝜕2

𝜕𝑟2 − (
𝐿(𝐿+1)

𝑟2 )+
16𝛼′𝑚2

ℏ2 𝐸0𝑉0 cot 𝛾𝑟 −
8𝛼′𝑚2

ℏ2 (𝑉0 cot 𝛾𝑟)2 −
2 𝑚

ℏ2 𝑉0 cot 𝛾𝑟 −
8𝛼′𝑚2

ℏ2 (𝐸0)2 +
2 𝑚

ℏ2 𝐸] 𝜑 = 0 (15) 

 

To obtain the exact solution of equation (15) we used centrifugal approximation  

           
1

r2 =  
γ2

sin2γr
= γ2csc2γr     (16) 

 

With suitable substitution variable then insert equation (16) to the equation (15) were reduced 

to differential hypergeometric is given as, 

[(𝑧(𝑧 − 1)
𝑑2

𝑑𝑧2 + (1 − 2𝑧)
𝑑

𝑑𝑧
− (𝐿(𝐿 + 1) +

8𝛼′𝑚2

ℏ2𝛾2 (𝑉0 )
2)) +

(
 𝑉0 (1−2𝑧)(16𝐸0𝛼′𝑚2−2 𝑚)−8𝛼′𝑚2𝑉0 

2

4𝛾2𝑧(1−𝑧) ℏ2 ) + (
2 𝑚𝐸−8𝛼′ 𝑚2𝐸02

4𝛾2𝑧(1−𝑧) ℏ2 )] 𝜑 = 0  

(17) 

then we set 

𝛿(𝛿 − 1) = (𝐿(𝐿 + 1) +
8𝛼′𝑚2

ℏ2𝛾2 (𝑉0 )
2) 

(18) 

2q =
 𝑉0 (16𝐸0𝛼′𝑚2−2 𝑚)−8𝛼′𝑚2𝑉0 

2

ℏ2𝛾2  
(19) 

− 𝐸′ =
2 𝑚𝐸 − 8𝛼′𝑚2𝐸02

ℏ2𝛾2
 

(20) 

by inserting eq (18), (19), and (20) into the eq (17) we obtained 
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[z(1 − z)
d2

dz2 + (1 − 2z)
d

dz
+ δ(δ − 1) +

2q(1 − 2z)

4z(1 − z)
−

E′

4z(1 − z)
] φ = 0   

(21) 

The solution of wave function in eq (21) described as 

φ = zα(1 − z)βf(z) (22) 

if we put eq (22) into eq (21) we obtained 

𝑧(1 − 𝑧) 𝑧𝛼(1 − 𝑧)𝛽 [
𝛼(𝛼−1)

𝑧2 𝑓(𝑧) −
2𝛼𝛽

𝑧(1−𝑧)
𝑓(𝑧) +

𝛽(𝛽−1)

(1−𝑧)2 𝑓(𝑧) +
2𝛼

𝑧
𝑓′(𝑧) −

2𝛽

(1−𝑧)
𝑓′(𝑧) + 𝑓′′(𝑧)] + (1 − 2𝑧)𝑧𝛼(1 − 𝑧)𝛽 [

𝑎

𝑧
𝑓(𝑧) −

𝛽

(1−𝑧)
𝑓(𝑧) + 𝑓′(𝑧)] +

(𝛿(𝛿 − 1) −
4𝛼2

4𝑧
−

4𝛽2

4(1−𝑧)
) 𝑧𝛼(1 − 𝑧)𝛽𝑓(𝑧) = 0  

(23) 

by dividing Eq (23) with 𝑧𝛼(1 − 𝑧)𝛽then eq (23) can reduce as which is 

𝑧(1 − 𝑧) 𝑓′′(𝑧) + [2𝛼 + 1 − (2𝛼 + 2𝛽 + 2)𝑧 ]𝑓′(𝑧) − [(𝛼+𝛽 +
1

2
)2 − (𝛿 −

1

2
)

2

] 𝑓(𝑧) = 0   
(I    (24) 

Now, we can see from eq (24) the parameter hypergeometry as, 

a’ =(𝛿 −
1

2
) + (𝑎 + 𝛽 +

1

2
) =(𝑎 + 𝛽 + 𝛿)  

b’ = - (𝛿 −
1

2
) + (𝑎 + 𝛽 +

1

2
)= (𝑎 + 𝛽 + 𝛿 − 1) (25) 

c’ = 2𝛼 + 1  

where 

4α2 = (−2q+E′) (26) 

4β2 = (2q+E′) (27) 
The energy of SE in MLF is obtained by inserting eq (18), (19), and (20) into eq (26) and eq (27) 

𝐸 = 
ℏ2𝛾2

2 𝑚
{𝐿(𝐿 + 1) + 𝑛2} −  𝑉0 (8𝛼′𝐵𝑚𝐸0 + 1) − 4𝛼′𝐵𝑚𝐸02

 (28) 

E is energy of the SE in MLF (eV) and 𝐸0 is ground state energy of the SE in MLF (eV) which is given 

as 

𝐸0 =[
ℏ2

2 𝐵𝑚
{𝐿(𝐿 + 1)𝛾2 + 𝛾2𝑛2} +  𝑉0 ] 

(29) 

4.2.  Discussion 

The SE which is based in MLF for a trigonometric potential cotangent was solved by using the 

hypergeometry method. The non-relativistic energy spectrum and the wave function were obtained by 

using hypergeometry method. In Table 1, we can see the result for sub-atomic particle (electron) by 

inserting m = 9.11 x 10-31kg and a variation of n-number. For natural units, h = 1 and Vo = 5 eV, and α 

is minimal length parameter which was determined from interval 0 ≤ 𝜶′≤ 1, so the value of energy was 

given in Table 1. 

 

Table 1. Energy of SE in MLF. 

ENERGI (eV) 

(n.l) 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 

(1.0) 1E+10 2E+10 2E+10 2.4E+10 2.9E+10 3.3E+10 3.8E+10 4.2E+10 4.7E+10 5.1E+10 5.6E+10 

(2.0) 4E+10 1E+11 2E+11 2.6E+11 3.3E+11 4E+11 4.7E+11 5.4E+11 6.1E+11 6.8E+11 7.6E+11 

(3.0) 1E+11 5E+11 8E+11 1.2E+12 1.5E+12 1.9E+12 2.3E+12 2.6E+12 3E+12 3.3E+12 3.7E+12 

(4.0) 2E+11 1E+12 2E+12 3.6E+12 4.7E+12 5.9E+12 7E+12 8.1E+12 9.3E+12 1E+13 1.2E+13 

(5.0) 3E+11 3E+12 6E+12 8.6E+12 1.1E+13 1.4E+13 1.7E+13 2E+13 2.3E+13 2.5E+13 2.8E+13 
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Figure 1. The graph of Energy spectrum SE in MLF. 

 

5.  Conclusion 

We have studied the SE in MLF and have obtained the energy of this problem. The energy is calculated 

numerically using MatLab. The graph of energy for (n,l) with various of n number was described in 

Figure 1. The x-axis is parameter MLF and the y-axis is the Energy spectrum of SE in MLF (eV). The 

result showed that the energy increased by the increasing of both the minimal length parameter and the 

potential parameter. Based on the result of nonrelativistic energy is increased due to the increasing 

quantum number value and the increasing potential constant. 
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