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______________________________________________________________________________ 
Abstract 

We solve the Dirac equation for the Manning-Rosen plus Eckart potential including a 
Coulomb-like tensor potential with arbitrary spin–orbit coupling quantum number κ. In 
the framework of the spin and pseudospin (pspin) symmetry, we obtain the energy 
eigenvalue equation and the corresponding eigenfunctions in closed form by using the 
Nikiforov–Uvarov method. Also special cases of the potential have been considered and 
their energy eigen values as well as their corresponding eigen functions have been 
obtained for both relativistic and non-relativistic scopes. 
 
Keywords: Dirac equation, Manning-Rosen potential, Eckart potential, spin and 
pseudospin symmetry, Nikiforov-Uvarov Method. 

______________________________________________________________________________ 
Introduction 

By taking into account the relativistic effects due to the speed and spin of the particles, relativistic 
equations like Dirac and Klein–Gordon must be considered, but these equations can only be solved 
analytically for only few special interactions, or by imposing some conditions on the potentials to obtain 
the analytic solution [1, 2]. In numerous physics applications such as in the areas of nuclear physics and 
high-energy physics, one of the most significant problems is how to obtain exact analytical solutions of 
the relativistic equations like the Dirac and Klein–Gordon equations for mixed vector and scalar 
potentials [3]. The Dirac and Klein–Gordon wave equations are frequently used to describe the particle 
dynamics in relativistic quantum mechanics. In recent years, a lot of effort has been put into solving these 
relativistic wave equations for various potentials by using different methods [4, 5]. Some researchers have 
investigated the Dirac equation by using a variety of potentials and different methods, such as the spin 
symmetry in the antinucleon spectrum and tensor type Coulomb potential with spin–orbit number k in a 
state of spin symmetry and p-spin symmetry [6],bound states of the Dirac equation with position-
dependent mass for the Eckart potential [7], the exact solution of Klein–Gordon with the Poschl–Teller 
double-ring-shaped Coulomb potential [8],the exact solution of the Dirac equation for the Coulomb 
potential plus NAD potential by using the Nikorov–Uvarov method [9], the potential Deng–Fan and the 
Coulomb potential tensor using the asymptotic iteration method (AIM) [10],the potential Poschl–Teller 
plus the Manning Rosen radial section with the hypergeometry method [11], the solution ofKlein–Gordon 
equation for Hulthen non-central potential inradial part with Romanovski polynomial[12],and the solution 
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of the Schrodinger equation with the Hulthen plus Manning–Rosen potential [13], the Scarf potential with 
the new tensor coupling potential for spin and pseudospin symmetries using Romanovski polynomials 
[14],for the q-deformed hyperbolic Poschl–Teller potential and the trigonometric Scarf II noncentral 
potential by using AIM [15],eigensolutions of the deformed Woods–Saxon potential via AIM 
[16],approximate solutions of the Klein Gordon equation with an improved Manning Rosen potential in 
D-dimensions using SUSYQM [17], and eigen spectra of the Dirac equation for a deformed Woods–
Saxon potential via the similarity transformation [18]. 

The conventional NU method, which received much interest, has been introduced for 
solving the Schrödinger, Dirac and Klein–Gordon wave equations. This method is applicable to 
different quantum mechanical systems. The discussion of the relativistic behaviour of spin-1/2 
particles requires an understanding of the single-particle spectrum and the exact solutions of the 
Dirac equation with the vector and scalar potentials. 

In this work,our aim is to solve the Dirac equation for the Manning-Rosen plus Eckart 
(MRE) potential in the presence of spin and pspin symmetries and by includinga Yukawa-like 
tensor potential. . The MRCY potential takes the following form: 
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Conclusion 
We have studied Analytic spin and pseudospin solutions to the Dirac equation for the 
Manning-Rosen plus Eckart potential and Yukawa-like tensor interaction. We have obtained 
the energy eigenvalue equations and the related two-component spinor wave functions with 
the help of Nikiforov–Uvarov method. 
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