CHAPTER 1

INTRODUCTION

The hydrogen atom problem has always excited interest

because of its relevance ing the behavior of hydrogenic
urities in semiconductors,
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The solution of thgn | : ‘J mensional hydrogen atom

problem has alreadylkeen well—knn . The a;argy spectrum and the

na¥e functicﬂ %%’a %iﬂ%@:ﬂ H’}ﬁif the Schroedinger

wave menhanic (2) or by Feypman's path integrati n (3). Moreover,
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the Heié!nberg matrix mechanics (4)

The solution of the hydrogen atom problem in one and two
dimensions have become of interest because of the problem of
electrons which are spatially confined to move in one or two
dimensions (5-7). With the development of molecular.beam epitaxy

technigques (MBE - A technigue of growing single crystals in which



beams of atoms or molecules are made to strike a single crystalline
substrate in a vacuum, giving rise to crystals whose crystallographic
orientation is related to that of substrates), there has been a
growing interest in quantum-well structures in which the electrons
are confined to move in two dimensions. This confinement of the

electrons implied that if one is interested in the binding energies

of hydrogenic impurities or

asi- two-dimensional system.
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The Schroedfﬂgge-:rff 'U-'“{ the“two dimensional hydrogen

atom, which is usua dgf dded do \he ystem in which the motion

of the electron around uh he influence of an

attractive Coulomb" poffenlf sl }, tra :\f. to be planar, has
already been solved bgflh ,;vgc;“; v:E\e 8) and in position

space (9-11). This pfobffem Hss al beel Solved with in the

framework of Feynman path™S However, these

treatments are riﬁ': epin-orbit interaction

and the relativigfiec effects ¥ Acluded in the
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consideration . J‘ .
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where Po is a suitably defined scale constant. This potential is
predicted by electrodynamice extended in a covariant fashion to
two dimensions, i.e., it satisfiee Gauss' theorem in the two

dimensional space ;

oe V(g) =- 4aD(B) , D(B) = charge density.



But, to date, there is no known exact solution to the Schroedinger
equation of the two dimensional hydrogen atom with the logarithmic

potential.

The interest in the solution of the hydrogen atom problem
in one dimension arises because of the problem of excitons in

semiconductors in the presence ldi} gtrong magnetic fields (5).

More recently there ha g1 ' g,v:‘;iiipterest in the problem of

dtense magnetic fields

which can occur under gssfrefhnysical 'g“>y£ipns, such as, for
example, in the wvacig }ﬁder these conditions
the motion of the e1: v exciton or the electron
in the hydrogen at&mv by the strong magnetic

fields.

Loudon (5) solwe nger equation for the one
dimensional hydrogen a oui LB @‘ s interest in the behavior
of excitons in Eaif'**‘“ff‘f“"“"“';j:'»- of strong magnetic

i A

fields. He assumed'ﬁha J8ir in the exciton
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interacted via an attr ctive Caul potential which fell off
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This prnhlem has also been studies by Andrews (14), Haines and
Roberts (15), and by Gomes and Zimmerman (16). Apart from an
attractive Coulomb potential, an attractive delta function potential

has also been used to model the one dimensional hydrogen atom (17);

Vix) = - Zee S(x) . (1.4)



The solution of the Schroedinger equation for the general
N dimensional hydrogen atom with an attractive Coulomb potential

in N-space dimensions,

(r) = A = :"'-EE (1.5)
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was given some :.'reara, — @ore recently by Nieto
(18). /“"’

For syste he particles have the

speed approaching i stic effects should be

important. Thus, in it is necessary to use

relativistic quantum e idons of the Dirac equation

for the relativistic vydrogen atom are well-known

(19-22) . They was first 1 and by Gordon in 1928. The
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been studied by ; 7 L?,ari (24), and by

problem of the ?;Eiif“T"“Tﬁr—zﬂ;;g;,;;;g; drogen atom has also

Spector and Lee {25}. Lapidus sclveﬁ the Dlrac equation for the

relativmticﬂ u.ﬁ%ﬂ ﬁﬁ% Ejﬂ ﬁ.ﬁin his treatment

he teok the i teraction potential to ha a delta functlnn (1.4)
ratherq}lw’} %ﬂﬁﬁﬁ y%m%{l q)aﬂrl and Ferrari
also anlveﬂ the Dirac equation but with the potential proportional

to the distance between the electron and the nucleus ;

Vix) = glx| - C17)

These treatments are thus not consistent with the case in which
the Coulomb potential is three dimensional but the electron is

confined to move in only one dimension. Spector and Lee considered



the problem of the relativistic one dimensional hydrogen atom with
an attractive Coulomb potential (1.3). But, since their main
interest was about the change in the ground state binding energy
due to the relativistic effects, they solved the Klein-Gordon

equation rather that the Dirac equation.

In this thesis we willjd#irst give,in the next chapter, a

brief review about the theordes /oo/le three dimensional hydrogen

atom. Next, in Chapigs er nonrelativistic wave

mechanical treatman! oLt 1 .u. hydrogen atom will be

discussed with the a spin-orbit interaction

and alsc the effec variation of mass with

velocity (Sections vely). As the purpose of

this theeis is to sOiW for the two dimensional

hydrogen atom with an at ;f¢' 8mb potential to see whether

the energy eigenvalues & enfunctions are effected by

taking relativis

he Dirac relativistic

wave machanicafiﬁr_ Weional hydrogen atom
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will be worked -*J

in Chapter IV.
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