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APPENDIX A

Evaluation of Scl [r and < eif-(r(t)-r(a)) >0

Inorder to evaluate the average < e™-(r(t)-r(a)) >0”itis necessary to establish a

characteristic functional (31),

<exp{ (il£)Idti(t).r(t) } >0,

where f(t) is any arbitrary function of time, and the average < ... >0 is defined as

i Td en I Iexpl (#)So+ [ dif) 70
e | B ey IDtE@Iexp(@)So)

(A.1)

Equation (A .l) suggests that if the action So is quadratic, then so is the action 0'= 0

+ JTdtf(t).r(t). From Feynman and Hibbs (1965), the path integral of equation (A.l)

can be carried outexactly as

cexp { (I)TAUFQAQ) oo = exp ¢ (IE)[S'0cl [2V] - Socl (221 13, (A .2)

where S'ocl[r ™, r'] and SOcI[F",r'] are the corresponding classical actions of L/0(qr;t)
and LO(rr;t) respectively. This means that the the path integral of equation (A .l) can be
reduced to an exponential function. Once the classical action S'oclfr ", '] has been
obtained, the classical action Soclfr "5 7 can be obtained from it by setting f(t)
identically zero. To obtain the classical action S'oclt?"®™ we need to find the classical

path which can be obtained by making a variation on o [r(t)]. In order to make a



variation on S'o[r(t)], we begin with the Lagrangian L'o(i\r;t) which corresponds to the

the action S'o[r(t)],

Lro(rrt) = M(X2+y2)+ ~ (xy-yx)+ F(t).K(1), (A3)

where r = r(x,y) is the position vector of an electron in the xy-plane. Clearly, from

(A.3) the Lagrangian LO(r,r,t) which corresponds to Socl[F",r can be obtained by

letting F(t) equal to zero.

Wenow wish to evaluate the classical action of an electron whose Lagrangian is

given by (A.3). After applying the variation on ,0[r(t)l,

where, Or(t) = frLo(r,rt)dt, (A.4)

we get the equations of motion,

L'o(ririt) - ~ L'o(r,r,t) = 0 (A.5)

A L'o(ririt) - Jy Lo(Fpt) = 0, (A.6)

with the boundary conditions f(0) = r" = (x",y") and r(T) = " = (x",y").

Inprinciple, by substituting Eq. (A.3) into Eq. (A.5) and (A.6) one can get the
exact solution of the classical path icl(t) of an electron directly. However, in real
practice this is rather complicated to perform. To avoid such a complication we will

solve (A.5) and (A.6) in the following way.
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By using the 2x2 matyilx inOtroduced by Papadopoulos (30), J = which
has the property J2 = - 1 0 1 ,the Lagrangian in Eq. (A.3) can be rewritten in
1
the form
Lo(pr,t) = y f2-*y-fJfl+ , (A7)

/ X\ / = % r
where s =~ ], fi=" f ], xand frare the transpose of = and fx respectively. The

equations of modon (A.5) and (A .6) are then reduced to one equation as

(d2+0QJD ) = i (A.8)

with the boundary conditions ~ e(°y= r/ =( Y,J ands(T)= r/ =(1yllj where

the differential operator D = . The solution of Eq.(A.8) is exactly and we obtain the

classical path of an electron

rel(t) = sin(FIT/2) e-~12[sin (y (T -t))ri,+ sin(fy-)e M JIT/2 x" ]

"(mQ/2)sin(QT/2)4 sin(~2")sin(2rCT-t))H(t-s)

+sin(y)sin(y(T-s))H (s-t)]JerJI(s"t)/2fi(s)ds, (A.9)

where H represents the Heaviside step function. We now substitute (A.9) into (A.4),

and we find the classical action corresponding to the Lagrangian L'o(r,r,t),

Stocl[r™,r = Socl[r",r +sin(QT/2) JI(t)e~rJt€2[sin (y-)e ITT2el/+sin(y(T -t))rddt

- fl— [sin(A)sin(f(T-t)H (t-s)+sin(ly)sin (§(T -s))H (s-t)]f/t)e” (s-0/2 fi( )dsdt

(A. 10)
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where

Socl[r",r =y [2'cot(™)(r['2+4rL2)-Qcot("y-) rLy(Cjr"-Cjr[)], (A.11)

is the classical action corresponding to the Lagrangian Lo(r,r,t). From Eq. (A.l1), after
_ ru_
applying the notation r—(x' y I = (x" y") and J= ( 1], we then obtain the

classical action in the usual representation as

Socl(r*.f = [ 8cot(C)((x"-x")2+(y"-y")2 )J+n(xy"-x"y") ]. (A.12)

From Eq. (A.l1) and (A.10), we finally get the generating functional

<e(ilM)irdtf(t)-r(t)>0=exp[A{sin CQT/2A [t) e -~ [2[sin (»)eQ ITI2r"+sin(j(T -1))i(]dt

+ T w FoCsin(sin(ger-)H(ts)

+osin(y)sin(y(T-s))H (s-t)18:t)eQ j(s-t)/2fs)dsdt)]

(A.13)

By taking f(t) = (5(t-x) - 5(t-0))#k orin the matrix representation
fit) = (§(t-x) - §0-0))% , (A.14)

where kx= \7 ,and after completing the integration we get the final result

<eif (r(r)-r(0))>0 = exp[ M/i(kxA (t,a) + kyB (x,a)) - fizk2C (x,0) }], (A.15)

where

A(x,a) = asill(QTs2)CX"-x)cosy(T-(T-Kr))siny(T-0)-(y/-y/)sin®2*(T-(x40))siny<T-0)],

(A. 16)
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B(t,a) = 4sin® T/27 (x"-x")siny(T-((T+a))siny(T-a)-(y"-yOcosi y(T-(T-a))sm"y(T-<7)]

(A.17)

and C(T,0) = m” sinkQT/2)Sin2”r'("o))s ~ -°)- (A-18)

However, in the evaluation of the density of states the end point " and the initial point

“are the same. Ittherefore follows that

<e&«0 - )>0=exp[-Me*Sn[Q(T~ a (Q V 2)'&2l ] (A. 19
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APPENDIX B

Limiting Case of the DOS when the Magnetic Field Goes to Zero

From (3.42), we have

n(E) = ndz0(27tr2)-V21 exp (- |p2 (B 1)

However, itis more convenient to investigate the limiting case of (B.I) when the DOS

isexpressed in dimensionless units asin (3.46), so we write

(E) = n0x(2jtr2)-1/21 exp [- . (B.2)
where X = #Q/EI,V= EIEL,1'2- »and El = m/2mL2. When the magnetic field
B —0, corresponding to X—0, then r'2— and (B.2) becomes

]
fx.cr{e-exd f B3

W hen X— 0, (B.3) may be rewritten in an integral form as

€)= o ("ol - +[%-207]  xpl-(ocrciy-|8]dy.
(B.4)

Here we take nx = y as avariable of integration. Using the integral formula (43),

Jexpt-W - Jp-jdy = 1 exp[ Pt 2 J[1-0 (yVP)], (B.5)



9%

where 0(x) = (2Alit )Jexp] -t2 Jdt (B.6)

is the probability integral, then we obtain

n(E) = (12)no[1-0 ((2-& )~ ). (B.7)

W hen X—20, (B.8) can be reduced to

(E) = (12)no[1-0 (- A~ > )]+ (B.8)

Using the formula (43)

-0 (») = D_1(2), (B.9)

where D _i(z) is the parabolic cylinder function, then (B.8) becomes

(E) = (U2)n0exp [-~ ] Aoy (B.10)

After applying the asymptotic expansion of the parabolic cylinder function Dp(z) when

1— -« (43),

Lp+ly(p+2
Dp(z) = 1§ “cillirxP[4 ]z'P'l P2 ), (B.1)

we finally obtain

(E) =  no, (B.12)

where no = m/irfi-.



APPENDIX C

The Transformation of Eq. (3.35) into Eq. (3.51) and Eq. (3.54)

For auniform system, the DOS is related to the diagonal elements of K by

(E) = (1 1) 1dT K(0,0:T) e iET/]

( IKh) ReJ(TrK (0,0:T) eifT/tf (c.l

From (3.35), (3.36), (C.I), with Ko(0,0;T) = (;2ra/tT ~2sin(Q T/2))’we obta

B) = RA0dTA2TriliT A2sin (O T/2)"exp LIET/%
Jdy (1+81  (Q(T-y)/2)sin(0y/2) v 1
2fp- 0y { xsin(Q T/2) ) J-{C2>

Using the formula

sin(0T/2) eif2T/12_e-ii2T/2
ae-iflT g—

2iE e-i( +112)QT (C.3)

then (C.2) becomes

(E) = NO(QIT) E ReJdT e i(E -«2( +1/2))m + f(T)f (C.4)
with f(T) = )k J['Uly/(ll+ SISIH(Q)((Zi-n%ZT)sllzn)(ny/Z) V1

Applying the identity of a trigonom ic function,

sinAsinB = (H2)[ cos(A-B) -cos(A+B)], (C.6)



and letting £2(T-y)/2 = y', we get

fm = dy
{) ' A 2iQ 6 (x/41)sin(Q T/2)-cos(MT/2)4cosy'-iU -/j

W e then define C1'= ~1/E12,v=EJEL and X= #Q/EL, and from (C.4) and (C.7) we

get
(E) = (2/7t)no 2 JdTRe e 2i(vix-(n+1/2)t )+ f (0 {C 8)
-66
where 1 (1) i 2ix sint o(x/4i)sint-cost+cosy 1 (C-9)

The integration in (C.9) can be performed analytically.W e take t= 7TtN+ 0 (-7t/2<0<-7t/2)

so that (C.8) becomes,

n(e) = n0 ZK (v-x(n+tl/2)), (C.10)
where K(v) = (2/tt) Jdt Ree 2ivt/x + f | (C.11)
with f(t) = - <ItN+f)C'L 2ixs'» -1 [ItN+2tan-I( ~ 1 tan(9/2)J, (C.12)
and a = (x/4i)sin0 - COSO0,la-"arI[< 1. (C.13)

9%
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Computer Programs

99

All numerical values given in Fig. 15 were evaluated on IBM PS/2 computer

using programs written in FORTRAN IV language. This appendix gives the list of

main programs and subprograms for solving all values of density of states.

There are three subprograms and one main program

used to evaluate the

numerical results. The representation of all input variables in the programs are given as

follows.

F(THETA)

XIL

G(THETA)

X1
Y
Wl

SUM

routine name

a function that depends on theta (0 )

aratio of cyclotron energy to localization energy of an
electron (fiQjE]J

a fluctuation parameter (AL0O

anenergy. Foran input,itis an initial value of E.
routine name

an oscillation function of integration

alower limitofintegration

an upper limitofintegration

a quadrature pointof the Legendre-Gauss quadrature
changing the variable of X1

a quadrature coefficient of the Legendre-Gauss quadrature

The density of states.
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2 are listed respectively as

The subprograms and main program for case X =

follows.

, RR2ML

Pl THETA,R

ETA

AXTM1 AXTP15RAXTPI5RAXTM1
"N

HETA)

|, C2, FAC
¢"AA
X XTL

I
(F
C
L
N

TO COMPUTE THE DISORDER PART OF THE GREEN'S FUNCTION

'REAL*8 X, X
N /CO

com

$

(subprogram 1)

) .GT.1.DO)RAXTP1 =—RAXTP1

XT

s/
(1.D0+.5D0*SS*(1.D0+.25D0*SS*(1.D0+.625D0*SS)))

S
F=.5D0*Z*F*XIL*(DFLOAT(N)*PI +THETA) / X

RETURN

ENDI F
END

C
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C
C

(subprogram 2

—_—

2T
mocC
>==
o0
*r——

ocorm

>

*

H
mT1—

—AM=7
* X>Uwn

G O

1

—

oo

o

—_—

*

)

o

2
*
=
-+
-

FUNCTION PQUAD(A, B, FUN
(subprogran 3) pEA'*g PQU D,A(,B,x|, !),c,D,YI,FUN
: EXTERNAL FUN

PARAMETER(N-=48,
DIMENSION XI (N)
COMMON /GAUSS/

N Nﬁiz) Y1 (N)
S

ST
* *
o
1>

=

S-S T/
U” — 11
[ ]

[NS]
o <<
Tl >(-|—\
>:>c;8 O=_F
O L o
+ ><__/
[~
[
=

_0_08
O

>
(W)
il
O-o
O

PQUAD
RETURN
END

C

C

C
. PROGRAM MAGNET
(main program) E)E(_ﬁlz_? G,PQUAD, X,LJ,XIL,E,XI,WI,PI,SUM,P12,A,H,X0,A0
DIMENSION X (|_48 | (48)
ICONSTS/X, XIL,N
COMI\/ON [ENERG /E
COMMON /GAUSS/XI, 1

)

100



102

© [N

NO



103

Numerical Values of the Density of States

=4

=2,and m

6.6 mev2, X

= 1.7,CL=

Table 1. Numerical values of the DO S, for &

meV.
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E (meV)

Table 1. Continue

n(E) [x 1011 cm"2meV"| ]

2.055549463698015
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= 1.7, M =

6.8 mev2, x=1, and fiu

Table 2. Numerical values of the DOS, for

=2meV.
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Table 2. Continue
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(Note thatin Fig. 15a and Fig. 15b, for our numerical results (dotted line), we

choose the energy origin of the electoms at 1.07 eV )
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