
ships observed may be valid to some degree in other 
multilayer systems also, if the DS in a magnetically 
hard layer (or layers) is sufficiently stable and does not 
change the change of the external conditions. 

The authors thank V. K. Raev, A. M. Balbashov, and 
A. Ya. Chervonenkis for the orthoferrite crystals pro
vided for the investigation. 
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The explicit form of the electron density distribution p"" (x) is calculated for a localized state in a one
dimensional disordered system. A general formula is obtained for the moments of p",,(x). 

PACS numbers: 71.20.+c, 71.50.+t 

The question of the character of the electronic states 
in a one-dimensional disordered system was investigated 
by a number of workers (see the review by Mott[1]). 
Mott and Twoset2J have shown that all states in such a 
system are localized. The asymptotic form of the elec
tron density for a localized state as I x I - 00 is essen
tially exponential. The argument of the exponential for 
certain models was determined by a number of work
ers. [3-6J A more correct asymptotic expanSion, which 
includes the pre-exponential factor, was obtained by 
Mel'nikov, Rashba, and the author[71 with the aid of a 
method developed by Berezinski1. t3J In the present pa
per the same method is used to obtain the explicit form 
of the distribution of the electron density of the localized 
state P ... (x) for arbitrary x. 

We consider a system of noninteracting electrons with 
a dispersion law e(p), situated in the field of randomly 
disposed centers V(x). The random potential Vex) is 
characterized by a correlator U(x - x' ) 

U(x-x') =<V(x) V(x'». (1) 

The angle brackets denote here averaging over the real
izations of the random potential. The electron scatter
ing is consiqered in the Born approximation. 

It was shown in the preceding paper[7J that for this 
model the distribution of the electron density of the lo
calized state P ... (x), obtained from the expression for the 
long-time density correlator, is given by 
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~ ~ 

xS zdzK,(z)K,"(z) S £d~K,(£)Ki,m. (2) 

where Kl and KiQ are Bessel functiOns, and Z; is the 
mean free path calculated from the Born amplitude of 
the impurity backscattering: 

1 1 ~ 

-= -- S U(x) e2ip '''" dx 
1,- v'(r) _~ , 

here v(e) is the velocity of an electron with energy e, 
and pee) is its momentum. 

(3) 

The integral with respect to z and ~ in (2) can be cal
culated exactly (see t8], formula (6.576»: 

t;II;I CD 1 OCt :"-

S z dz K,(z)K,,(z) S ~ d6K, (;)K,,(6) = -d J z dzK,(z)K,,(z) ] 
o , • 

USing also the known identity for the r function (formula 
(8.332) from[8J), we obtain 

r ( 3+il'} ) r ( HiI'} ) r ( 3-il'} ) r ( 1-il'} ) = n' 1+1'}' 
2 2 2 2. 2 1 + ch n1] • 

P~(x)=~Il'}dI'}Shnl'}( H:' )'exp(-411~1'}2IXI). (5) 
161,- 0 1 + c nl'} , 

Copyright © 1977 American Institute of Physics 1003 



P_IX) 
1.5 

FIG. 1. Distribution of electron density for a localized state 
in a one-dimensional disordered system p~(x) in dimensionless 
units with 4lj = 1. 

We shall henceforth use dimensionless units in which 
41; = 1. The asymptotic form of (5) at I x I » 1 is 

1 (n')' 1 (6) Poo(x)=~ 8 ~e-I'I 

which agrees with our results. [7] It is also easy to cal
culate the values of the function p~(x) and its derivatives 
at x = 0, in particular, 

I dpoo (x) II = 1~. 
dx %=0 ..... 

(7) 

The first two moments of p .. (x) can be easily obtained 
after integrating twice by parts 

. 
po"'" S Poo(x)dx=i, p, "'" S Ixlp_ (x)dx='/,. (8) 

From (8) it follows, in particular, that the average di
mension of the localized state in dimensional units is 
21;. This is half the value obtained from the asymptotic 
form (6). 

It is possible also to calculate all the succeeding mo
ments. Indeed, after integrating twice by parts we ob
tain 

• I 

p,,"'" S Ix["poo(x)dx = ~. [1+4(n-1) 

·S lJ dTj { 2n-3 
x eml+1 (1 +Tj')" 

o 

Next, using the formula (see[8], (3.415» 

and the identity 

1/ (e""+1) =1/ (e""-1) -2/ (e""-1). 

we obtain ultimately (n~ 2) 

n!{ (_1)"-' 1 d) 1 d)"-' p,,=- 1+ (2n-3+-- ( __ 
2 2" '(n-2)! ~ d~ ~ d~ 

(9) 

X('Il(~)-~'Il(1..)-~ln2~)}I' (11) 2 2 2 ,~, 

'Il'''' (1) = (-1) n+in!\; (n+1), 'Il''') (I/,) = (-1) "+i n! (2"+'_1) . \; (n+1). 
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'f(Z) 
4 

7 ---------

-3 -z -T z Jx 

FIG. 2. Plot of the absolute values of the logarithmic deriva
tive of p~(x): .p(x) = I d lnp.(x)/ dx I . 

Here l/I is the logarithmic derivative of the r function 
and ~ is the Riemann zeta function. From (11), in par
ticular, we obtain at n = 2 

(12) 

in accord with[3,7]. This expression determines the 
electronic polarizability. 

A comparison of Po, Pb and P2 shows that the func
tion P .. (x) is concentrated mainly in the region Ixl <~. 
This circumstance can be clearly seen from the plot of 
P .. (x) (see Fig. 1). The decrease in the region Ixl <t 
is mainly proportional to e-4I"I, going over gradually 
to the asymptotic form Ixl-3/2e-",1 at Ixl »1. The 
change of the rate of decrease of the electron density is 
p~rticularly clearly demonstrated in Fig. 2, which shows 
a plot of the absolute value of the logarithmic derivative 
Idlnp .. (x)/dxl. This curve characterizes the deviation 
of the behavior of P .. (x) from a pure exponential function, 
which would correspond to Idlnp .. (x)/dx 1= const. We 
note that the general form of the plot in Fig. 1 is simi
lar to the results of the computer calculation within the 
framework of the model of Frisch and Lloyd. [9] 

In conclusion, the author thanks E. I. Rashba and 
V. I. Mel'nikov for a useful discussion of the results, 
and O. N. Dorokhov for help with the numerical calcu
lations. 
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