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An Aside on Block Functions

Something that has been bothering me all along

so far is the use of "free electron " wavefunctions

in the theory produced by the artifice of periodic

boundary conditions . It has bothered me because at

The boundaries of the crystal , periodicity is broken

and the basic problem more resembles the " particle

its solution in terms ofin a box " problem with

standing waves .

The answer to this concern seems to lie in

The idea of Black functions . The following notes

are taken from " Electronic Structure " by Martin .

Any perfect crystal has a potential function ,

with the direct lattice .VCF ) , that is periodic

That is , V.F.F.V.F.2 ) where it is a

vert is periodic in d ,direct lattice vector . If

Then YCrl must also be periodic in d - Proof

is as follows :
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Stated another way , The eigenstates of H :

can be chosen such that associated with each

is a wavevector . In such

e

Proof ( from # Ashcroft b Mervain )

operator . Ty such that for any function ( ( 7 )
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Since The Hamiltonian is
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For each Brevais lattice vector I define a translation

periodic .
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any function Y
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Sire Ty and H commute , They share a set

of eigenfunctions . ( Proof " Let A and B commute

Then B.A.un : an Blin-and let A Un-an Un-

Likewise , ABUs : BA Un-I because A b.B comminate )

and so . ABUs : An Bu"n. Now , Blyn must be

an eisenfunction of A and , Therefore , can differ

from arms only by amultiplicative constant .

Thus , Bills : on Mr. Hewie , Un is an even function

of both A and B )

a set of eigenfunctions ,Since . To am H. shove

we have
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The eigenvalues ( ( I am related because

( Tg Y.C. Ltd ) , " # C.A ) C.A.

c ( Ata' )
and TyTey 't a y

Therefore , ( C. IATA ) # C.D ) C.D. ) .

Now let : d - n. as the day day where the cri

are primitive vectors for the Bavais lattice . zrixi .

c ( A ) may always be written as ( ( Ax ) :

for suitably chosen Xi . Therefore ,

zmix 2Mix2 2rix3 .
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provided that

b3SE - X , b. t Hzba TX .

and be

( I.E. , The big one reciprocal lattice vectors )

Therefore , tho.d .

( R.T.O.Y.E " # " " " " YUR ) REDl

itself .

So , Block's TheOREN Y ( F.H.T. : E " ( "

Since Y (F ) is periodic in the lattice , Then

each solution of the Schro-linger equation must

satisfy a boundary condition that is also periodic

The crystal . This isin the direct lattice of

because it must be the same at physically equivalent

points in the crystal Thus , it follows that

because of the periodicity of V (F ) , use of

periodic boundary conditions is okay .

that sinceFrom This , it follows
thor .

Y U.F.F. - U.H.T.C.

( where we did it is called the , modulating function )

is a solution to Schindinger's equation with periodic

boundamp conditions , Y takes on the form of

a modulated plane wave -
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Scattering by Defects .

The example he treated was a vacancy at lattice .

site . To !

" The structure factor of ( 46-5 ) describing the

pseudopotential must the unit This ion as follows :

go . ri-

# Na-l .

where the Prime indicates shipping the missing ion at 70-

If If is a lattice wave number , 5 (8 ) is still unity .

However , the atomic volume is now S2/0Na-l ) and

since Wo depends on the , The matrix element

" Just I'm I will now be different . It No is enormous

this won't be much at a change .

Now , if a big not a lattice wavenumber , The

structure factor is
igor-

ig-to . e . It :-
Na.

is na-l
s ( Burke .

Therefore , the vacancy creates a small matrix element

-wo INa which couples every pair of states
? # lattice wave number

ge

( It # W.TEN Na.

as " scattering .
This coupling is referred to



to disestablished .

At his point , Harrison tests out some scattering

formulas . I don't understand what he did ( perhaps

on electron transport ) .I need to look at a text

up with a scuttering rateBasically , though , he comes

about # N.
( I-usso )n.20th

team # No
No ) . g (l-coso ) since do ( lb-22 )0 0

and Wg is now a functionwhere NU # of vacancies

of O. ( see 16-7 ) .

Well , he made a nice Arthur here , but I don't

get " how this fits " yet . It looks like I need

to study up on this business of transport Theory #

screening

This is the section where he , starts to deal with

The fact that the electron density , N , can not be

uniform . His approach is to make another connection

in the pseudo potential .

self-consistent calculation ,Rather than go with a

or use of perturbation theory , his approach is to make

couple of approximations -



He begins by noting that 16-2 is an inverse Fourier

expansion and from that sets W.c. ) in terms of

a Courier series .

W.c.O. E.n.
( 16-29 ) .

where W.E. K.F.E. W.C.T. ) .

( lb-24 ) can then be evaluated turn by term .

The unscressed pseudopotential components are Wg c.

He denotes the screened values by Wq e's . The game

is to find .

The first approximation is to ensure that wavelengths

are long enough so that there are regions ( in ? )

where the potential is constant . In this case , The

electrons would distribute themselves in each region

so that the highest total energy would be the same

in each region ( equipartition of energy ? ) .

empty states .

e ; occupied states .
efforts .

(5 W.F ) .
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With the total pseudopential energy varying sinusoically .

The Fermi Kinetic energy must also vary in French

That EfCr ) # W (F ) : constant .

The local Ferris Kinetic energy leads to a local

Fermi November , April , which also varies as

to # Sep. v. ( ( (2m ) . E.E. ( Fr ) .

Thus , The election density varies in F by

( 3.72 ) .

This is the Fermi-Thomas approximation .

The next approximation is That D' Wer ) is small

compared to Eflrl . In this case , higher order

terms in W.F. can be neglected relative to the

first order terms . Taking derivative on the Fermi-

Thomas approximation results in

m .

S.N.c. ) . 8i-

since Ep ( WC.M.C. Constant , S.E.S.S. W.C. ) so

helrim .8 NCT ) . wcr ) . (16-26 ) .



The next step is to go

potential , SWLAD -S W.OFF ) , in terms of the

electron density fluctuation .

Poisson's equation , TV

potential and # change density , ( cgs units ) . Since

The screening potential becomes

O" ( SWC. - SW.C. )

Now , The spatial dependamp for all terms in (16-27 ) goes

by e' so # ( sworn -swir )

leading to

# ? I.S. W.C. ) - S.C.D. )

Let .
kir # 4 e" Koins m ( ( Iti" ) .

or

s it .
1 &e (8 ) .The term .
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after the screening !

To do This , he involves

:- - 4MP where Vic electrostatic

ENLF ) and W.E.H. Poison's equation for

- Are"SNOR ) # ( 16-27 ) .

-8 " ( Swir-sworry )

# 4 Me" SNU. ) .

8 W.F. ) .4 T e

Then .

E-K "S W.C. )

( 16-28 ) .

is called the dielectric function .



Harrison points out . That when The long-wvelength

approximation is removed , the dielectric function

as calculated from perturbation Theory , becomes

n e

it 2-4 ft. " (16-31 ) .zn.

where .

sworry .

The general form . # W.V.S. # EIG ) is the

form seen earlier in computing the way of ( 167 ) .

An Aside on screening

The physical basis of screening arises from the contents

and exchange ( spiral interactions among the electronics in the

electron gas . " This discussion comes from chapter 1 of

Inkson . ( Many Body Theory of Solids ) .

Considered semi-classically , The electrons in the

electron gas trend to repel each other . The colourbomb

interaction is repulsive and so is the exchange

interaction between electrons of the same energy .

Therefore , each electron creates a " hole " around itself

and allows the ions to

screen out and cancel . The

electric field due to the
li : other electrons .


