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Abstract

Title: Study of Dirac equation and its algebraic solution

Author: Laleh Jahangiry

In this thesis, first the Dirac equation have been considered as a relativistic wave equation and
its spinor wave functions have been obtained. Then the supersymmetry and shape invariance
conditions in quantum mechanics have been applied as an algebraic method to solve the
Dirac-Coulomb problem. The energy spectrum and wave functions have been‘determined by
using shape invariance formalism and ladder operators. Also the Dirac equation for a charged
spinor in a spherically symmetric electromagnetic potential have been considered so that by
eliminating the first order derivative, this equation transforms to a Schrodinger-like second
order differential equation for upper spinor. By letting different electrostatic potentials and
gauge fields in this equation and comparing that with Schrodinger equation for shape
invariant potentials, the energy spectrum and wave functions have been obtained. On the
other hand by substituting two kind of electrostatic potentials that depend on quantum
numbers zand m in the obtained Schrodinger-like equation and using the supersymmetry
and shape invariance properties of second order differential equations of mathematical
physics and their associated differential equations, the upper spinor wave functions have been
obtained in terms of Rodrigues representation. At the end a general formalism have been
represented in order to solve Dirac equation via master function approach. By using this
method, the Dirac equation have been solved for some electrostatic potentials which are
obtained in terms of master function and weight function. The wave functions have been
determined in terms of Rodrigues polynomials related to each cases.

Key words: '
Dirac equation, Supersymmetry quantum mechanics, Shape invariance.
Exactly solvable potentials, Master function, Rodrigues representation.
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