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ABSTRACT

This thesis ic planned to give an account of the method known
unde~ the name “The Self Consisting Field” 1 the Eanc Theory Of
Solide after tnhe growing difficulties 1m the usual methods used i
the theory. These difficulties become so fwge that any reasonable

advance in studying complicated solids tecome a laborious job.

This method received great attention as a sequence of the
studies of the density—-functional theories Kohn and Sham, 1965

which gave a support for suggesting reasornable potentials of

electrons in solide.

The method of self consisting field depends upon trying to
build up a potential energy for the one-electron wave equation

used for solution to give the band energies of electrors.

Tc male things clear 1t was i1mportant to g9ive a short survey
of the existing theory of the Band Structure of electrons and
point out the huge dfficulties appea-ing in three af the methods
used. Although the use of the symmetry properties of the crystal

under investigation played an important role in overcomng these

difficulties.

We have chosern a recent model built up by ZXawrence ((1971) and
worked out the corresponding energies and wave functions. The band

- -
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calculatiarse are tarried on using the mettiod of pfase  shifls  an

close fcrps as furct:one gd4 the tCAIC rumber [ ang waveE wvecto-

Relativistic  correstione TOr  the preseat a=d=. g orcv:ded.

Toe presess Caltulatiorns Jepencs Hpor tre

1

well F RO e

Foldy-Wwouthuyser 1 ansformatior o0+f the Lirac Equation, which tave

beern appliec tc otner methods and for a farge wurkes ot erystals.

¢ A

The first order correction oroves to depend upon the 4 power of

I and tence 1= cuite 1maartant for solivs cf large I,
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CHAFPTER ONE

INTRODUCTION

To study the electroric properties of solids, it is essential
to solve or try to find an approximate solution for the wave
equation of electrons in a solid. The problem 15 not simple as
electrons are Just one type of particles to be found in a solid.
There, we may find ions of different types which are occupying
vibrating gites n solids. These sites are characterized by
certain symmetry properties foraing thus a geometrical figure

which is the lattice space of the solid structure.

Our electrons under investigation are necessarily originating
from the outer shells of the atoms .forming the solid ang probably
the impurity atoms present. These electrons are either fairly
bound tao 1ts mother ions as 1n insulators or loosely bound to the
lmpurity 1ons as in mother jons  as in semiconductors and to the
mother 1ons as 1n  semimetals and metals. In all cases these
electrons are interacting with the ions and with itself forming a

complicated ensemble to study mathematically.

Many body problems has been proved to be always difficult
problems to  tackle ' and the present one of electrons and
ions,mbich attracted the attention of many theoretical physicists
since the early days of the wave mechanics, 18 one of the aost
difficult problems in  this field. The method of solution of the

fiuge wave equation
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are the colleztive position vectors of electrons  and

2

. F , . L. .

1onc and whe-g o, v stanos for the c-liective Lapiaziar
cperators A=la tre assembliy, depesnd 2poe 2 seriex o~
BDETDAMETICNE wTIIr are  relates T ThE raturs oS the pa-tizies,

one ot WRIZP 1s the large ocifrerence 1r the masces oF ar electror
anc an 1on, whict 1= used tc separate the electron wave eguation,

The result 1s a wave equetion +For electrons depending upor the

collective wave vectior R of 10ns, namely
Ty R w o, RV 2 B oy oimy R (1.2

with the Hamiltomar H (see chapter two for deta:ls)
-

I
1

z
= th - 7 €f -
S R —l‘r 1Q.>
[ ]
. < —-c
where . and ; refers to electrors o+ position veztors r anc r
ang where (¢ re<e-s to  1ons of posi1ti0r vettors R

m  wWhiCh  are
-t

azsumed T o€  ar rest, The pore-tial energy € E=Dressing The

interactior  of electrors witr gact otrer and witr  the 10me.  The
ma.e fancuion of 1Shns 18 moch more Simpil¥iec LDut Cortalns  as &
poctential energy the 1nteractior bpetween 10ns and the electromic

energy E whict 1s a functior of &

A further approximation 1s necessary 1N whick eqgquation (1.7
1S separated 1nto a set [al) Hamiltoniane for the electrons

producing  what i=  establisheod row as the One flectror Wave

Eguat;on, This 3=
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carried on through a Variational method (see chapter two section
twol. The result introduces an  extra potential in  the single

electron Hamiltonian H which is simply written as
1

t.

i z 7 &
= - L4 —
HL 2 a L E IF - kR | * Vcc»u[ * Vek:’. 4.4)
¢ ~

where
v i?
v = & z Chm (1.5
coul r - r -
) J
2 w (r') w (r'H
v ) = - ~ - ‘ ¢
exch V‘E € E wJ(:) Il' - I"[ dr 1.6)
b

¥ {r} being the solut:on of
=

i)

H yir) = E w (r) 1.7}
t - [ J -
resulting, thus, mn an integro-different:ial equation whigh for
fur ther computations needs to be over s1mplified, r1.e. replacing

suth potential terms by poocr approximations. The result 1= that we
are left with gan oversimplified non-reliable wave equation +or the

One Electron representative.

An alternative method which may be adopted is the
cne-electron wave eguation assumed 1n the simple {form

z  a
- v+ Vim) b, r) = Elk) gk, r, 1.8
Zm - = - -t

1t which the potential energy Vir) of the single wlectron 1s to be
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assumed hoping that such a potential will produce accurate values
for the electronic state. The only restriction to be imposed on
V(:) ts that 1t must be invariant under the symmetry properties
possessed by the Crystal. Such potentials 1ntroduced 17 the wave
equation are usually termed self-consistent potentialse  and a~e
recently used (Moruzz: et.al., 178; Janak et.ail., 1873  and

Gaspary and Gyorffy, 1972) sucrcessfully 1n electronic band

approximations. In order to achieve a high degree of self-consist-

ent procedure, more recent attempts are made by successively

computing the crystal potential 4rom the electronic wave
functions. Thne so-obtained results were accurate enough to give
meaningful results. It 15 quite important to notice that such
self - consistent potentials are to be used only for band

calculations and not to be applied to other physical gquantities

which depend upon the detailed structure of the potential energy.

In chapter two we give a brief account of the wave equation
of the assembly of elestrons  and 10Ny and cut:ine the
Eorn-Oppentieimer adiabatic apprarimation used to separate the
vasi1ables, resulting 1n a wave equation for electrons depending
upon the positions of the 1ons. The potential energy of the
electrons 1s due to the 1nteraction of electrons with themselves and
with 10ns assumed to be at rest, The Hartree-Fock approximation 1s
discussed 1n which & variational method 1s applied to a
Jeterminental form of one-electron-wave {function leading to a
One-Electron wave equation 1n which the electron-electron

interaction term for potential 1w replaced by a Coulomb potential
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beiny the average value of the electronic 1nteractions and an

ex-hange potent:al in the form of an integral ocpe-ator.

Im s=ctior Z.1.T we provide a short dirscuss: on of the
Sommerield and Blooh theoresre tilus*ratitg *"owm tne b-veztor r1e

irtroduced 1n the Band theory., This k-vector has proved tc  be

1mportant 1n all! verses of this theorern.

Band calculations are briefly discussed in section 2.2 and we
selected three metnods out of the eleven methods krows 10 EBand
approrimationz. These are the orthogonalized plane wave, cellular
and augmented plane wave approvimations. In these sample methods
we discuss the difficuities arising when applyving thenm to

electronic energy calculat:ionrs.

In section 2.2.4 we summarize the most recent and conveni ent
metnod for estimating the band energv of solide. Tris method 18
used wmer the potential emergy 15 boilt un ar3 f5-mulated. This
metnod was origrrally constructed when 1MmpUuri1ty atome are present
and 1ts presence destraoys the periodic:ty o+ tnhe lattice. Its

analysis depends upan calculating the priase-gh:fts similar to what

i1s performed 1n the theory of atomic scatteri1ng.

Trapter three 1s devoted tc $how how tc pulld up a potential
energy for the one-electson potential 1rn a wdy tO Ssatisiy all the
conditions and results of the Hartree-Fock theorem (see section

- 1.2, This metnod come as a sequence 0f the studies of the
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density-Functional theor - ec (h.ohn and Sham, 1945) weose rezulte

~ i a suppart {far suggesting reasonable Potentiale. ks consigered
4 potential suggested by Jaw-ence (1974 and  worbe:sn Lut its

Correspanding structure and wave functiocng 1 n secticon 3X,.D. i

section 3.3 we caried out the band calculations using the method
Of phase sh;ftg POLCH were oblzined in Zlcsed forms  ac tunctions

cf the atom:c Aunber 7 and the wave vertor .,

in Chapter four wE ZOhzidered the reiativigt,c correctiore -pg

the  bang cal_ ula‘i1ons, The method used depernds Upon the Foldy-

“Houthuy sen transformation whilth simplif;ed Dirac €Quation. Thi=

procedure was applied in recent Years +to +the ehergy states ip

a large number of crystals. In section 4.1 4 give the equation

and the method vsed while 1n section 4.7 we applied tne results g

our model using a PE~turbation method to wolve the SO-obtained

wave =2quation. The tiret orger forrection 1¢ Proved to depeng uson

the resulte S0 Lthut thy g Correction terqs depends U the 4Lﬁ

POner of I a-Jg hence SECUMEL nore e‘(e:txvelf 45 7 1nZreases. lte

Blrecl g lyable ¢+, e Ll greas 1mportanc e for Z 20 s mae
.

E-pected by TETy actrarg (gag €.9. Moryzsz et.al., 157d,; .
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CHAPTER TwO

METHODS USED N THE BAND THEORY OF SOLIDS
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