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I. INTRODUCTION

In 1928 the British physicist Paul Dirac investigated the relativistic covariance wave equation
known as the Dirac equation(Y. Alam, Suparmi, Cari, & Anwar, 2016)(Yuniar Alam, 2015). The
Dirac equation describes the corresponding basis for the spin elemental particle ¥ for an electron.
The Dirac equation is consistent with both the principles of quantum mechanics and the special
theory of relativity(Suparmi, 2012). Direct solution of the Dirac equation of a system of particles
by determining the energy(Meyur, 2011)(Pramono, Suparmi, & Cari, 2016) and wave
function(Suparmi, 2013)(Guzman Adan, Orelma, & Sommen, 2019) of a particle affected by a
potential(Y. Alam et al., 2016) whose potential energy is a function of position(S. M. Ikhdair,
Hamzavi, & Rajabi, 2013). The solution to the Dirac(Chen, 2019) equation can be solved by
reducing the Dirac equation to a Second Order Differential equation.

There are several types of potential in quantum(Alvarez-Castillo, 2008) to describe particle
dynamics in quantum mechanics. Some examples of these potentials are the Coloumb, Morse,
Rosen-Morse, Manning Rosen, Poschl-Teller group, Gendensthein group, Symmetrical Top,
Eckart, Scraft and Kepler group in the hypersphere. This paper uses a different method from
previous research. This paper presents the solution of the Dirac equation for the g-deformed
Posch-Teller potential in the case of radial spin symmetry(Salvat & Fernandez-Varea, 2019) using
the asymptotic iteration method.

Il. RESEARCH METHOD

Asymptotic Iteration Method

The asymptotic iteration method(Husein, 2014) is the method used to obtain an exact solution
of a second order linear homogeneous differential:

Y (6) = 2, (X)¥ (%) + 5, (x)y, (x) =0 (1)

Where 1 20 and s the first derivative show the relationship with x, another parameter i.e. n is
(0]

(0]
defined as a radial quantum number. To obtain a general solution to this equation, differentiating

Equation (1), which depends on X, is obtained
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If defined
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k=123,.... (5)
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A (X)Sk—l (X) - A (X)Sk (X) =0=A,, (6)
k=1223,....

with and is a function of coo (coefficient of differential equation). The asymptotic iteration
method(Pratiwi, Suparmi, Cari, & Husein, 2017) is applied directly to some problems if a wave
function is known in advance and satisfies the boundary conditions of zero (0) and infinity point
(o0). Equation (1) can be easily iterated until (k+1) and (k+2)(Andrade, Silva, Ferreira, & Rodrigues,
2014), k=1,2,3,. . . so that obtained

Yot ()= 2 ()Y, () + 5,4 (x)y, (%) (7)
Y 2 (%) = 2 (x)y, () + 5 (x)y, (%) (8)
With

A (X) = /Ilk—l (X)"' Sk (X)"' Ao (X)ﬂ'k—l (X) 9
Sk (X) = Sl‘el(x)+ So (X)Skfl (X) (10)

From equation (2) obtained the relationship:
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For k large enough, if
s (2) _ 5c4(2) = a(z) (12)

A2 Aa(2)
While the eigenfunctions for equation (1) can be solved using(Soylu, Bayrak, & Boztosun,
2008)

y, ()=l (13)
Another form of equation (1) is written as follows

O e (4

1-bx"*?  x 1—bxN*?

Equation (14) is an AIM type differential solution that will be used to determine the wave function
equation of the Dirac equation. Equation (14) can be solved by using the equation:

y.(x)=(-1)'C'(N+2)'(c),, Fl(— n, p+n,o, bx“*z) (15)
With ( )
I'lc+n
(o), _W (16)
_2c4N+3 )
N+2
and
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_(2c+1p+2t
(N+2)p
Here C' is the radial normalization constant and dan , F, is a hypergeometric function.

(18)

I11. RESULT AND DISCUSSION

The relativistic Schrodinger equation is referred to as the Gordon Client equation for integer
spins and the Dirac equation for spin . Quantitative description of the relativistic(S. M. Ikhdair &
Hamzavi, 2012) particle motion which is affected by the field force which is represented as the
potential energy of the spinning particle(Salvat & Fernandez-Varea, 2019) is expressed in the form
of a differential equation called the Dirac equation. The Dirac equation for vector potential V(r)

and scalar S(r) is written as follows:

fca.p+ p(Mc? + s(r))(r)= (19)
{E —v(r)hy(r)

With the relativistic mass M of the particle, E the total energy, and the linear momentum operator,

the values of and are expressed in terms of the equation

_'—05 20
a—(}o (20)

_10 2
A=y _ (21)

With & Pauli | matrix 2x2 identitas identity matrix

ooy ool o)

22
1o (22)
O, = 0 —
The spin dirac can be written as follows:
F.(r
(r) [fnk (r)] nkr( )lem(e’ ?) 23
yi\r)= = ,
0 (r) i G%(r)yj'm (6,9)
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With = (r)isthe dirac upper spin(Sari, Suparmi, & Cari, 2015) component and
nk

G, (r) is the lower

Dirac pseudospin(S. Ikhdair & Sever, 2007) component. is the spherical harmonic

lem(e’ (P)

spin(Ding & Liu, 2015)(Potential, 1929), | is the orbital quantum number and | is the orbital
pseudospin quantum number, m is the projection of the angular momentum(Taskin, 2009)(S. M.

Ikhdair & Hamzavi, 2013) on the z-axis. By substituting equation (23) into equation (19), we get

[di+E)Fnk(r)=

ror (24)
(E-V(F)+Mc? +5(F))G,(r)

d Kk
(E _?JG“ (r)= (25)
(E-V(F)-Mc? - S(F))F, (r)

After elimination and from equation (24) and equation (25), two differential
Fu ()™ Gylr)

equations similar to the Schrodinger(lkot, Awoga, & Antia, 2013)(S. M. Ikhdair & Sever, 2007)

equation for components

F, (r) and components G, (r)are obtained.
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[+ me2 & - mc* .. (r)

(;}I?_ k(tz_l)jGnk (r)+ (Mc? + E)
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W S(F)=v(F) (28)

Dirac equation for the case of spin symmetry  _ 3 —1 so that the equation becomes

2
%—M(HM)(EZ—W) Fulr)=0 (29)
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If )—V (F) is the g-deformed Poschl-Teller potential(Deta & Suparmi, 2015), which is defined

S(r

as

VPT(r)=a{ o, Vi J (30)

sinhé ar coshé ar
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2
By substituting the variables Coshé or = Zin equation (31) and also for examplei2 = — a2 ,
re sinhg ar
then we get the form of
@) 1 oy dRu(n)
Z(q Z) dr2 -+ > (q 22) dr (32)
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Furthermore, equation (32) is reduced to an equation of the hypergeometric type through the
example of a wave function.

Fu(2)=2"(@-2) (33)
After manipulating equations (32) and (33), we get

(26 +2y +1)z - [25+ %jq [Ez_izwz] +(6+7) (34)
f' = f+ da f
2(9-2) 2(q-2)

Equation (34) is a second order equation. By comparing equation (34) with equation (1), we can
write A, and s, then we can calculate A, and s, .

) ((2§+2y +1)z —(25+;qu

0

2(q-2)
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o) 2

- [25+%) (27/+%J (25+%) (2y+%) c c
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By combining the above results with equation (6), we get
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Ay =834 =8, =0—>¢, =(5+y)

Ay =84, =8, =0 g, =(5+y+1) (35)
A, =8, =834, =0 ¢, =(5+y+2)

And so on, with & =(M? - E? i From equation (35), it can be regenerated to
' 4o

e=(G+y+n) (36)

With n, is a radial quantum number, so the eigen energies are

g:[%q\/[E +M, +%q i%q\/[E +My, +1( +1)+%q +n, +%qZJ (37)
(38)

2
(m2 —E2)401[2 :[%q\/[E+M}\/1+%q i%q\/[E‘FM}\/O +I(I+1)+%q +n, +%qzj

As for the function f :(-1)”(:'(1)”(25%) 2,:1[_ nr’25+27+n“25+%|q) (39)

nr

So that the total radial function can be written ___, -2y Crcay (25 . %) ZF{— h254 2y 41,25+ % | q]

(40)
The energy results obtained for the case of spin symmetry can be seen in Table 1.

Table 1. Poschl-Teller potential energy spectrum for the symmetrical spin case with
M =5v, =1v, =0,75,a =0,2.
Untuk k=1

] n k Enk

0 0 0 4.66350
1 0 1 461978
2 0 2 4.53329
3 0 3 4.40430
4 0 4 423110
0 1 0 450477
1 1 1 444916
2 1 2 4.34050
3 1 3 418046
4 1 4 3.96748
0 2 0 4.30662
1 2 1 4.23756
2 2 2 410344
3 2 3 3.90697
4 2 4 3.64569
0 3 0 4.06434
1 3 1 3.97946
2 3 2 3.81493
3 3 3 3.57365
4 3 4 3.25007
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The energy in table 1 can be graphed as shown in Figure 1.

Figure 1. The results of the energy spectrum calculation for the symmetry case at a certain nr.
IV. CONCLUSION

The solution of the Dirac equation for the q-deformed Posch-Teller potential in the case of
spin symmetry in the radial section is done by reducing the second-order differential equation into
a differential equation of hypergeometric type through variable substitution and the appropriate
wave function. By comparing the second-order differential equation and the hypergeometric type
with the second-order linear homogeneous differential equation for the asymptotic iteration
method, the relativistic energy equation and weight function are obtained. The relativistic wave
function is obtained from the weight function and expressed in the form of asymptotic iterations.

The relativistic energy spectrum of the system was calculated using the Matlap software.

REFERENCES

Alam, Y., Suparmi, Cari, & Anwar, F. (2016). Analysis of D Dimensional Dirac equation for g-
deformed Posch-Teller combined with g-deformed trigonometric Manning Rosen Non-
Central potential using Asymptotic Iteration Method (AIM). Journal of Physics: Conference
Series, 776(1). https://doi.org/10.1088/1742-6596/776/1/012082

Alam, Yuniar. (2015). Solusi Persamaan Dirac Bagian Radial Pada Kasus Pseudospin Simetri
Untuk Potensial Posch-Teller Hiperbolik Terdeformasi-Q Menggunakan Metode Iterasi
Asimtotik. Prosiding Seminar Nasional Pendidikan Sains, (5), 2015-2601.

Alvarez-Castillo, D. E. (2008). Exactly Solvable Potentials and Romanovski Polynomials in

Quantum Mechanics. (March).

The Changing Role of Knowledge and Living Sustainability in ASEAN Community 95



The 1% International Seminar August 2022
The Changing Role of Knowledge and Living Sustainability in ASEAN Community
Website: https://proceeding.unpkediri.ac.id/index.php/ip

Andrade, F. M., Silva, E. O., Ferreira, M. M., & Rodrigues, E. C. (2014). On the k-Dirac
oscillator revisited. Physics Letters, Section B: Nuclear, Elementary Particle and High-
Energy Physics, 731, 327-330. https://doi.org/10.1016/j.physletb.2014.02.054

Chen, Y. (2019). The Dirac operator on locally reducible Riemannian manifolds. Journal of
Geometry and Physics, 139(11301202), 17-24.
https://doi.org/10.1016/j.geomphys.2019.01.004

Deta, U. A., & Suparmi. (2015). The properties of Q-deformed hyperbolic and trigonometric
functions in quantum deformation. AIP  Conference Proceedings, 1677.
https://doi.org/10.1063/1.4930629

Ding, S., & Liu, B. (2015). Dirac-harmonic equations for differential forms. Nonlinear Analysis,
Theory, Methods and Applications, 122, 43-57. https://doi.org/10.1016/j.na.2015.03.021

Guzméan Adan, A., Orelma, H., & Sommen, F. (2019). Hypermonogenic solutions and plane
waves of the Dirac operator in RpxRq. Applied Mathematics and Computation, 346, 1-14.
https://doi.org/10.1016/j.amc.2018.09.058

Husein, A. S. (2014). Review Asymtotic Iteration Method : Pendekatan yang Powerful untuk
Analisis Perambatan Gelombang Elektromagnetik dalam Lapisan Dielektrik Tak Homogen.
1-30.

Ikhdair, S. M., & Hamzavi, M. (2012). Relativistic New Yukawa-Like Potential and Tensor
Coupling. Few-Body Systems, 53(3-4), 487-498. https://doi.org/10.1007/s00601-012-
0475-2

Ikhdair, S. M., & Hamzavi, M. (2013). Approximate relativistic solutions for a new ring-shaped
Hulthén potential. Zeitschrift Fur Naturforschung - Section C Journal of Biosciences, 68
A(3-4), 279-290. https://doi.org/10.5560/ZNA.2012-0109

Ikhdair, S. M., Hamzavi, M., & Rajabi, A. A. (2013). Relativistic bound states in the presence of
spherically ring-shaped g-deformed woods-saxon potential with arbitrary |-states.
International Journal of Modern Physics E, 22(3), 1-16.
https://doi.org/10.1142/S0218301313500158

Ikhdair, S. M., & Sever, R. (2007). Exact solutions of the radial Schrédinger equation for some
physical potentials. Central European Journal of Physics, 5(4), 516-527.
https://doi.org/10.2478/s11534-007-0022-9

Ikhdair, S., & Sever, R. (2007). Exact polynomial eigensolutions of the Schrédinger equation for
the pseudoharmonic potential. Journal of Molecular Structure; THEOCHEM, 806(1-3),
155-158. https://doi.org/10.1016/j.theochem.2006.11.019

lkot, A. N., Awoga, O. A., & Antia, A. D. (2013). Bound state solutions of d-dimensional
Schrodinger equation with Eckart potential plus modified deformed Hylleraas potential.

96  The Changing Role of Knowledge and Living Sustainability in ASEAN Community



The 1 International Seminar August 2022
The Changing Role of Knowledge and Living Sustainability in ASEAN Community
Website: https://proceeding.unpkediri.ac.id/index.php/ip

Chinese Physics B, 22(2). https://doi.org/10.1088/1674-1056/22/2/020304

Meyur, S. (2011). Bound State Energy Level for Three Solvable Potentials. 38, 347-356.

Potential, M. (1929). Wavefunctions of the Morse Potential. 1-6.

Pramono, S., Suparmi, A., & Cari, C. (2016). Relativistic Energy Analysis of Five-Dimensional
g -Deformed Radial Rosen-Morse Potential Combined with q -Deformed Trigonometric
Scarf Noncentral Potential Using Asymptotic Iteration Method. Advances in High Energy
Physics, 2016. https://doi.org/10.1155/2016/7910341

Pratiwi, B. N., Suparmi, A., Cari, C., & Husein, A. S. (2017). Asymptotic iteration method for
the modified poschl-teller potential and trigonometric Scarf Il non-central potential in the
Dirac equation spin symmetry. Pramana - Journal of Physics, 88(2).
https://doi.org/10.1007/s12043-016-1326-3

Salvat, F., & Ferndndez-Varea, J. M. (2019). RADIAL: A Fortran subroutine package for the
solution of the radial Schrodinger and Dirac wave equations. Computer Physics
Communications, 240, 165-177. https://doi.org/10.1016/j.cpc.2019.02.011

Sari, R. A., Suparmi, A., & Cari, C. (2015). Analisis Persamaan Dirac untuk Potensial Eckart
pada Kasus Spin Simetri Bagian Radial menggunakan Metode lterasi Asimtotik. (April),
150-153.

Soylu, A., Bayrak, O., & Boztosun, I. (2008). Exact solutions of Klein-Gordon equation with
scalar and vector Rosen-Morse-type potentials. Chinese Physics Letters, 25(8), 2754-2757.
https://doi.org/10.1088/0256-307X/25/8/006

Suparmi, A. (2012). Approximate Solution of Schrodinger Equation for Modified Poschl-Teller
plus Trigonometric Rosen-Morse Non-Central Potentials in Terms of Finite Romanovski
Polynomials. IOSR Journal of Applied Physics, 2(2), 43-51. https://doi.org/10.9790/4861-
0224351

Suparmi, A. (2013). Energy Spectra and Wave Function Analysis of g-Deformed Modified
Poschl-Teller and Hyperbolic Scarf 11 Potentials Using NU Method and a Mapping Method.
Advances in  Physics Theories and  Applications, 16(2005), 64-75.
https://doi.org/10.7176/apta-16-8

Tagkin, F. (2009). Approximate solutions of the Schrédinger equation for the Rosen-Morse
potential including centrifugal term. International Journal of Theoretical Physics, 48(9),
2692-2697. https://doi.org/10.1007/s10773-009-0059-1

The Changing Role of Knowledge and Living Sustainability in ASEAN Community 97



	Dirac Equation for Posch-Teller Potential in Radial Section Symmetry Spin Case using Asymptotic Iteration Method
	Abstract— This study aims to determine the value of the energy spectrum and wave function for the Posch-Teller potential in the case of radial spin symmetry. The solution to the Dirac equation using the asymptotic iteration method is done by reducing ...
	Keywords—Dirac Equation; Potential Posch-Teller; Asymptotic Iteration Method
	This is an open access article under the CC BY-SA License.
	I. INTRODUCTION
	In 1928 the British physicist Paul Dirac investigated the relativistic covariance wave equation known as the Dirac equation(Y. Alam, Suparmi, Cari, & Anwar, 2016)(Yuniar Alam, 2015). The Dirac equation describes the corresponding basis for the spin ...
	There are several types of potential in quantum(Alvarez-Castillo, 2008) to describe particle dynamics in quantum mechanics. Some examples of these potentials are the Coloumb, Morse, Rosen-Morse, Manning Rosen, Poschl-Teller group, Gendensthein group...
	II. RESEARCH METHOD
	Asymptotic Iteration Method
	Where  and the first derivative show the relationship with x, another parameter i.e. n is defined as a radial quantum number. To obtain a general solution to this equation, differentiating Equation (1), which depends on x, is obtained
	(2)
	If defined
	with and is a function of c∞ (coefficient of differential equation). The asymptotic iteration method(Pratiwi, Suparmi, Cari, & Husein, 2017) is applied directly to some problems if a wave function is known in advance and satisfies the boundary condi...
	With
	From equation (2) obtained the relationship:
	For k large enough, if
	III. RESULT AND DISCUSSION
	The relativistic Schrodinger equation is referred to as the Gordon Client equation for integer spins and the Dirac equation for spin . Quantitative description of the relativistic(S. M. Ikhdair & Hamzavi, 2012) particle motion which is affected by t...
	With the relativistic mass M of the particle, E the total energy, and the linear momentum operator, the values of and are expressed in terms of the equation
	The spin dirac can be written as follows:
	With is the dirac upper spin(Sari, Suparmi, & Cari, 2015) component and is the lower Dirac pseudospin(S. Ikhdair & Sever, 2007) component. is the spherical harmonic spin(Ding & Liu, 2015)(Potential, 1929), l is the orbital quantum number and l is the ...
	After elimination and from equation (24) and equation (25), two differential equations similar to the Schrodinger(Ikot, Awoga, & Antia, 2013)(S. M. Ikhdair & Sever, 2007) equation for components and components are obtained.
	With          (28)
	Dirac equation for the case of spin symmetry  so that the equation becomes
	If  is the q-deformed Poschl-Teller potential(Deta & Suparmi, 2015), which is defined as
	Furthermore, equation (32) is reduced to an equation of the hypergeometric type through the example of a wave function.
	After manipulating equations (32) and (33), we get
	The energy in table 1 can be graphed as shown in Figure 1.
	Figure 1. The results of the energy spectrum calculation for the symmetry case at a certain nr.
	IV. CONCLUSION
	The solution of the Dirac equation for the q-deformed Posch-Teller potential in the case of spin symmetry in the radial section is done by reducing the second-order differential equation into a differential equation of hypergeometric type through va...
	REFERENCES

	Alam, Y., Suparmi, Cari, & Anwar, F. (2016). Analysis of D Dimensional Dirac equation for q-deformed Posch-Teller combined with q-deformed trigonometric Manning Rosen Non-Central potential using Asymptotic Iteration Method (AIM). Journal of Physics: C...
	Alam, Yuniar. (2015). Solusi Persamaan Dirac Bagian Radial Pada Kasus Pseudospin Simetri Untuk Potensial Posch-Teller Hiperbolik Terdeformasi-Q Menggunakan Metode Iterasi Asimtotik. Prosiding Seminar Nasional Pendidikan Sains, (5), 2015–2601.
	Alvarez-Castillo, D. E. (2008). Exactly Solvable Potentials and Romanovski Polynomials in Quantum Mechanics. (March).
	Andrade, F. M., Silva, E. O., Ferreira, M. M., & Rodrigues, E. C. (2014). On the κ-Dirac oscillator revisited. Physics Letters, Section B: Nuclear, Elementary Particle and High-Energy Physics, 731, 327–330. https://doi.org/10.1016/j.physletb.2014.02.054
	Chen, Y. (2019). The Dirac operator on locally reducible Riemannian manifolds. Journal of Geometry and Physics, 139(11301202), 17–24. https://doi.org/10.1016/j.geomphys.2019.01.004
	Deta, U. A., & Suparmi. (2015). The properties of Q-deformed hyperbolic and trigonometric functions in quantum deformation. AIP Conference Proceedings, 1677. https://doi.org/10.1063/1.4930629
	Ding, S., & Liu, B. (2015). Dirac-harmonic equations for differential forms. Nonlinear Analysis, Theory, Methods and Applications, 122, 43–57. https://doi.org/10.1016/j.na.2015.03.021
	Guzmán Adán, A., Orelma, H., & Sommen, F. (2019). Hypermonogenic solutions and plane waves of the Dirac operator in Rp×Rq. Applied Mathematics and Computation, 346, 1–14. https://doi.org/10.1016/j.amc.2018.09.058
	Husein, A. S. (2014). Review Asymtotic Iteration Method : Pendekatan yang Powerful untuk Analisis Perambatan Gelombang Elektromagnetik dalam Lapisan Dielektrik Tak Homogen. 1–30.
	Ikhdair, S. M., & Hamzavi, M. (2012). Relativistic New Yukawa-Like Potential and Tensor Coupling. Few-Body Systems, 53(3–4), 487–498. https://doi.org/10.1007/s00601-012-0475-2
	Ikhdair, S. M., & Hamzavi, M. (2013). Approximate relativistic solutions for a new ring-shaped Hulthén potential. Zeitschrift Fur Naturforschung - Section C Journal of Biosciences, 68 A(3–4), 279–290. https://doi.org/10.5560/ZNA.2012-0109
	Ikhdair, S. M., Hamzavi, M., & Rajabi, A. A. (2013). Relativistic bound states in the presence of spherically ring-shaped q-deformed woods-saxon potential with arbitrary l-states. International Journal of Modern Physics E, 22(3), 1–16. https://doi.org...
	Ikhdair, S. M., & Sever, R. (2007). Exact solutions of the radial Schrödinger equation for some physical potentials. Central European Journal of Physics, 5(4), 516–527. https://doi.org/10.2478/s11534-007-0022-9
	Ikhdair, S., & Sever, R. (2007). Exact polynomial eigensolutions of the Schrödinger equation for the pseudoharmonic potential. Journal of Molecular Structure: THEOCHEM, 806(1–3), 155–158. https://doi.org/10.1016/j.theochem.2006.11.019
	Ikot, A. N., Awoga, O. A., & Antia, A. D. (2013). Bound state solutions of d-dimensional Schrödinger equation with Eckart potential plus modified deformed Hylleraas potential. Chinese Physics B, 22(2). https://doi.org/10.1088/1674-1056/22/2/020304
	Meyur, S. (2011). Bound State Energy Level for Three Solvable Potentials. 38, 347–356.
	Potential, M. (1929). Wavefunctions of the Morse Potential. 1–6.
	Pramono, S., Suparmi, A., & Cari, C. (2016). Relativistic Energy Analysis of Five-Dimensional q -Deformed Radial Rosen-Morse Potential Combined with q -Deformed Trigonometric Scarf Noncentral Potential Using Asymptotic Iteration Method. Advances in Hi...
	Pratiwi, B. N., Suparmi, A., Cari, C., & Husein, A. S. (2017). Asymptotic iteration method for the modified poschl-teller potential and trigonometric Scarf II non-central potential in the Dirac equation spin symmetry. Pramana - Journal of Physics, 88(...
	Salvat, F., & Fernández-Varea, J. M. (2019). RADIAL: A Fortran subroutine package for the solution of the radial Schrödinger and Dirac wave equations. Computer Physics Communications, 240, 165–177. https://doi.org/10.1016/j.cpc.2019.02.011
	Sari, R. A., Suparmi, A., & Cari, C. (2015). Analisis Persamaan Dirac untuk Potensial Eckart pada Kasus Spin Simetri Bagian Radial menggunakan Metode Iterasi Asimtotik. (April), 150–153.
	Soylu, A., Bayrak, O., & Boztosun, I. (2008). Exact solutions of Klein-Gordon equation with scalar and vector Rosen-Morse-type potentials. Chinese Physics Letters, 25(8), 2754–2757. https://doi.org/10.1088/0256-307X/25/8/006
	Suparmi, A. (2012). Approximate Solution of Schrodinger Equation for Modified Poschl-Teller plus Trigonometric Rosen-Morse Non-Central Potentials in Terms of Finite Romanovski Polynomials. IOSR Journal of Applied Physics, 2(2), 43–51. https://doi.org/...
	Suparmi, A. (2013). Energy Spectra and Wave Function Analysis of q-Deformed Modified Poschl-Teller and Hyperbolic Scarf II Potentials Using NU Method and a Mapping Method. Advances in Physics Theories and Applications, 16(2005), 64–75. https://doi.org...
	Taşkın, F. (2009). Approximate solutions of the Schrödinger equation for the Rosen-Morse potential including centrifugal term. International Journal of Theoretical Physics, 48(9), 2692–2697. https://doi.org/10.1007/s10773-009-0059-1



