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Measurements of resistivity, magnetoresistance, and thermopower were made on a series
of compounds of the type LaSn3 „In„for temperatures from 1.5 to over 300 K. In addition,
Hall effect in LaIn& was measured from 10 to 270 K. These experiments are interpreted in

the light of previous data on these compounds with the object of obtaining a better understand-
ing of their electronic structure. The main conclusions are that these compounds are tran-
sition metals which possess neither local moments nor magnetic phase transitions. They con-
tain small pockets of electrons near the Fermi surface for x = 0 which disappear as x approaches
unity. This result is consistent with measurements of magnetic susceptibilities and

superconducting properties. Finally, arguments are presented based on thermopower mea-
surements which indicate that Ce in LaIn& is a Kondo system.

I. INTRODUCTION

Intermetallic compounds of the form LaX3 „Y„
with X'or Y representing Sn, In, Pb, or Tl have
been studied extensively in recent years. ' These
papers have been motivated by the possibility of
studying superconductivity and magnetism as a
function of electron or rare-earth impurity concen-
tration in these compounds. The LaX3 „Y„com-
pounds are also easy to work with experimentally
as they possess a simple crystal structure (sim-
ple-cubic Bravais lattice), are single phase, con-
gruently melting, and can be grown as large single
crystals. '

As a result of the previous work on these ma-
terials, several questions concerning their elec-
tronic structure have arisen. The dramatic varia-
tion of T, with x near x=0 in LaSn3 „In„, as well
as the unusual results for y(T) in LaSn, has lead to
speculation that LaSn3 possesses local moments or
strong exchange enhancement. ' Here 7.', is the
superconducting critical temperature and X(T) is
the magnetic susceptibility as a function of absolute
temperature T.

Havinga et al. have done an extensive series of
experiments on Ty(3 KOO), and S(300 K) vs elec-
tron concentration in these compounds, where S is
the thermopower. The oscillations in these quan-
tities plotted as a function of electron concentra-
tion have been ascribed by them to expansion of a
simple-metal Fermi surface through a Brillouin-
zone boundary as electron concentration is in-

crea.sed. In addition, they interpret S„(300 K) vs
x by assuming that umklapp processes dominate the
thermopower. (In the present paper a subscript
x denotes a property measured as a function of the
concentration x of In in Lasn, „In„.)

The present measurements of transport proper-
ties in LaSn3 „In„vs x were performed in order to
test these ideas and to clarify our understanding of
the electronic structure of these compounds. We
have measured p(H), p(T), and S(T) vs x for l. 2
& T & 350 K (p is the resistivity), and in LaIn, have
measured the low-field Hall coefficient R„ for 10
& T & 270 K. The behavior of p(H) and p(T) has led
to the conclusion that these compounds do not
possess local moments nor magnetic phase transi-
tions as a function of x or T. Low-temperature
measurements of p(T) have led us to reject the
suggestion that these materials are simple metals,
while S„for different temperatures suggests that
the behavior of S vs x is not explainable on the
basis of umklapp processes. Rather, the present
measurements, especially p„(H) for 0&x& 1, sug-
gest that the unusual behavior of LaSn3 „In, near
x=0 can be explained by the LaSn3 Fermi surface
possessing small pockets of electrons which dis-
appear as one alloys with In at x= l.

Our measurements of S,(T) indicate that Ce in
LaIn3 (but not in Lasna) is a. Kondo system, while
p(H) vs T for LaIna and Laan~, and R„(T) for LaIns
indicate that the number of holes or electrons in
these compounds is not temperature dependent.
We have also inferred a structural phase trans-



TRANSPORT PROPERTIES AND THE ELEC TRONIC STRUC TURE. . . 2g25

TABLE I. Impurities (ppm) in LaIn& samples; ND means
not detected (& 3—10 ppm).

o S(300K)

Impurity

Tl
Sn
As
Y
Cu
Mn

Ce
Ho
Si
Al
Mg
Na
F
0
C
8
Eu
Ni
Cr
Fe

Sample I

3000
10
10
20

3
100

3
300
100
20
20

3
2400
800

30
ND

ND

ND

ND

Sample II

ND
10
ND

ND

30
3

30
ND
ND

ND

ND

ND

ND

ND

ND

ND

15
30
10
75

X
K
O

2
I

E

-IO

formation in LaSn2» Ino 4, from measurements of
p(&).

Section II of this paper describes the experi-
mental details and presents the results of the mea-
surements, while Sec. III will discuss these re-
sults.

FIG. 2. Thermopower at 300 and 77 K as well as the
low-temperature electronic specific heat coefficient p as
a function of x.

II. EXPERIMENTAL DETAILS

Sample Preparation

Q

V)

X = l.5
0

2.85

l.05

Most samples were obtained from unannealed
ingots pulled from a melt in tantalum crucibles in
an argon atmosphere. The Sn and In were 99. 999%
pure, while an idea of the purity of the La can be
obtained from the mass spectrometer analysis of
two samples of LaIn, shown in Table I. Bars for
most measurements were cut from the ingots by
a spark-erosion technique. Some bars (usually
for thermopower measurements where dimensions
and shape are not too important) were obtained
from pieces of fractured ingots shaped by lapping
on emery paper. The samples are typically quite
brittle and corrode badly when unprotected, prob-
ably due to hydration of the La by atmospheric HQ.
For this reason samples were stored for long
periods in evacuated ampuls and for short periods
were preserved under mineral oil.

Thermopower

7Q 100 200
T(K)

300
.60

FIG. 1. Thermopower vs temperature in LaSns „In„for
several values of x.

The thermoelectric power S„(T), where T is
absolute temperature, was measured from 4. 2 to
300 K for x= 0. 0, 0.45, 0. 6, 2. 85, and 3. 0, and
from 77 to 300 K for x= 1.05, l. 5, 2. 0, and 2. 5.
The apparatus used and the precision and accuracy
of the measurements have been previously de-
scribed. The random error is small compared
to the possible systematic error of about 0. 25
pV/K. Results of these measurements are shown
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FIG. 3. Thermopower vs temperature for two differ-
ent samples of LaIn&.
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FIG. 4. Resistivity of LaSn3 ~In~ at T=4. 2, 77, and
300 K. (1 and 2 refer to two different samples of a given
composition. )

in Fig. l. In Fig. 2 we have plotted S„(300K),
S„(77K), and y as a function of x, where y is the
previously measured linear coefficient of the low-
temperature electronic specific heat. ' Figure 3
gives S(T) for two samples of LaIn, . Sample I in
this figure was cut from a boule pulled from the
melt by the Czochralski process, while sample II
was melted in a crucible with a conical tip slowly
cooled to below the LaIn3 melting point. Table I
gives a mass spectrometer analysis of the mag-
netic impurities in these two samples. The sim-
ilarity of the curves at high temperatures indicates
the lack of dependence of the properties of these
samples on method of preparation —especially since

0 IOO 200 500

FIG. 5, Resistivity of LaSn3-„In„ for &=0, 0. 15, 0.6,
and 3.0.

S(T) is so sensitive to the detailed electronic struc-
ture. (A similar independence of preparation
method was seen in the magnetic susceptibility of
LaSn3 which was identical over a wide temperature
range for a pulled boule and an unannealed arc-
melted sample. '0) The difference between S(T) for
samples I and II for T & 50 K is probably due to the
Kondo behavior of Ce impurity in the La starting
material. This will be discussed in Sec. III.

Resistivity and Magnetoresistance

These measurements were made by a standard
four-probe technique on samples of approximate
dimensions 0. 1&&0. 1&&1 cm cut from ingots by
spark erosion. The samples were glued to a 0. 001-
in. -thick plastic film fastened to a copper block
with GE '7031 varnish. The copper block contained
heaters and a GaAs thermometer and was placed
in an evacuated can which fit inside the 1-in. bore
of a 45-kG superconducting magnet. Leads were
0. 005- or 0. 010-in. -diam Pt wire spot welded or
In soldered to the samples.

The resistivity of LaSn, , In„was measured at
4. 2, VV, and 300 K for x= 0. 0, 15.0, 0.6, 1.05, 1. 5,
2. 0, 2. 5, 2. 85, and 3. 0. In addition, p(T) was
measured from 4. 2 K to ~300 K for x=0. 0, 0. 15,
0. 6, and 3.0. These data are shown in Figs. 4 and
5. Transverse and longitudinal magnetoresistance
were measured" from 0 to 45 kG for x=0. 15, 0. 3,
and 0. 6. These measurements will be discussed
in Sec. III.

Kohler plots (Sp/po vs H/po) of p„(H) for LaIn,
and p„„.(H) for LaSn, are shown in Fig. 8 for tem-
peratures of 5 to 45 K and fields of 0 to 45 kG.
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Hall Effect

The Hall coefficient R„was measured in LaIn3
from T =10 to 292 K by a dc technique. Figure 8
shows the circuit used as well as the final results
of the measurement. The experimental procedure
for each point was to measure the Hall voltage for
a magnetic field (- 20 kG) of both polarities, and
for a sample current of both polarities, choosing
every combination of polarities and repeating the
measurement several times for each combination.
The Hall coefficient is then found from
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FIG. 6. (a) Kohler plot of the transverse magnetoresis-
tance in LaIn&, and (b) Kohler plot of the longitudinal mag-
netoresistance of LaSn3.
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Here pa= p(H=0) and np= p(-H) —p, . The qua-ntity

p„~ (H) for LaSn, also follows Kohler's law and

the T=4. 2 K curves for this magnetoresistance is
shown in Fig. 7. The most significant error in
these measurements would be in the temperature
calibration. This error is at most the lesser of 1%
or 2K.

0
IOO

T(K)

I

200 300

FIG. 8. (a) Circuit used for measurements of the
low-field Hall coefficient, Rz in LaIn&, and (b) ~g v»
for LaIn&.
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8=—,4V=V„+V —V, —V, ,
Vt

where t is sample thickness, H is the magnetic
field, and J is the current. V, , is the voltage on the
Hall leads where j=+ or —refers to the magnetic
field polarity and j=+ or —refers to the polarity
of the current. Measurement of R by this technique
can cancel the effects of most spurious voltages
arising from thermornagnetic or thermoelectric ef-
fects, or from an Ohmic potential drop along the
sample. ' One standard deviation is about 1. 5
0&10 ' for the points in Fig. 8.

III. MSCUSSION

In this section we will discuss conclusions about
the electronic structure of LaSn, „In„ that can be
drawn from the data presented in Sec. II. Some of
the major conclusions to be obtained were sum-
marized in Sec. I.

One of the most interesting problems about the
compositions near LaSn3 is the question of whether
they possess local moments or strong magnetic in-
teractions. The magnetic susceptibility y for LaSn3
is of the Curie-Weiss form:

for 100 —7.
' «700 K. Below -100 K, y deviates

from this form. It has been questioned at various
times whether this susceptibility implies local mo-
rnents or a strong exchange-enhanced Pauli suscep-
tibility for these compounds. It has even been con-
jectured' that some sort of unusual magnetic inter-
action leads to the large decrease of T, with x in
LaSns „In„near x=0, where T, is the superconduct-
ing transition temperature. Our results for p(T)
and p(H) suggest that there are no striking magnetic
transitions or local moments in I aSn3. In the case
of. magnetoresistance, one would expect at least a,

small negative transverse magnetoresistance at
low fields which wa, s temperature dependent if there
were local moments. We have seen no such nega-
tive magnetoresistance of more than 1 part in 10
(the noise limit of our apparatus). Also, the valid-
ity of Kohler's law for LaSn, over a wide range of
temperatures and fields indicates both the absence
of local moments and of magnetic ordering. The
resistivity up to room temperature for LaSn~ (Fig.
5) shows no anomalies which one should observe if
there were magnetic ordering.

There appears to be a Kondo effect in LaIn3 a,s
evidenced by the thermopower, S(T), shown in Fig.
3. Ce was the dominant magnetic impurity common
to both samples (see Table I). The 3-pV/K value
for S at T=10 K is an anomalous]y large value for
any non-Kondo system at 10 K including the other
members of the LaSn, „In„system" (see Fig. 1).

Consider an impure system which has a resistivity
p due to magnetic scatterers, p due to other scat-
tering centers, and thermopowers S and 8 due to
magnetic or other scatterers, respectively, when

they act alone. In this case, when magnetic and

nonmagnetic scatterers are both present, the total
thermopower is

S„,~ = (p~S + pS)/(p + p) .
At the intermediate compositions, p for 100 ppm
Ce would be dominated by p due to disorder (see
the residua, l resistivities in Fig. 4) and the large
denominator in Eq. (1) would destroy the anomalous
thermopower. Thus it is only in almost pure LaIn3
or LaSn, that one would see a Kondo peak in S(T)
at small Ce concentrations. Further, the resis-
tivity in LaIn3 or LaSn3 at low temperatures still
is significant compared with that due to a few hun-
dred ppm of Ce so any Kondo peak in S(T) should
be dependent on Ce concentration. This is probably
the explanation for the larger peak in Fig. 3 for
sample I which, as we see from Table I has more
Ce than sample II. There is probably 30 to a few
hundred ppm of Ce in our LaSn3 samples as well,
but no Kondo peak is observed there. We attribute
this to the different conduction wave functions at a
Ce site surrounded by Sn atoms rather than In

atoms.
The electronic structure for the compositions

near LaSns is probably unusual for a transition
metal. This is evidenced by the susceptibility and
Knight-shift measurements in the literature, "as
well as by our results for S(T) vs x in LaSn, „In„.
Furthermore, our measurements of p„(T), which
show a large increase in resistivity at all tempera-
tures near x= 1 (see Fig. 4), as well as the results
obtained by others for T, and y, where y is the low-
temperature electronic specific heat, seem to show
a minimum in the density of states near LaSn&In&.
It is just at this point that the interpretation of our
results for S(T) shows a changing character for the
conduction states. Consider S„(300K) or S„(V'I K)
plotted along with y„. The simplest rigid-band
model of S, would give the relation'

1 8N 1 BN 8N
$ cx:— —CH-

AI BED N &x ex '

where N is the electronic density of states at the
Fermi surface and E~ is the Fermi energy. We
see in Fig. 2 that smooth curves through our data
points for S, (300 K) and S„(7'I K) are approximately
proportional'~ to sy/sx for x& 1. However, Eq. (2)
cannot hold even approximately for x& 1. The im-
plication then is that the states at the Fermi surface
for compositions near LaSn3 (x& I) are more com-
plicated than states for x & 1. Alternatively, the
failure of Eq. (2) for x& 1 may be due to the break-
down of the rigid-band approximation which was
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used to derive (2). Levin et a/. "have shown using
the coherent-potential approximation (CPA) that
S„(T) may not follow the rigid-band model predic-
tions for certain potential or composition values. '
However, since Eq. (2) does hold approximately
over two-thirds of the composition range, we chose
to attribute the change of behavior near x= 1 to a
change in the character of the states at E~. We
note that the rapid fall of y and T, with increasing
x for x& I might indicate the presence of small
pockets of electrons in LaSn, which rapidly disap-
pear as one lowers the electron concentration by
replacing Sn atoms by In. Such a picture is con-
sistent with the anomalous susceptibility in LaSn3
as well as the unusual behavior of S(T) vs x near
LaSn3. This interpretation is also substantiated
by p(H) for x=0. 15, 0. 3, and 0. 6 as discussed
later.

The question of the presence of d bands in LaSn3
is an important one. Indeed, Havinga has suggested
the absence of d bands near the Fermi energy in
LaSn3 „In„and similar compounds. This model of
the composition dependence of the properties of
LaSn3 „In„being due to a nearly spherical Fermi
surface crossing Brillouin-zone boundaries can be
shown to be untenable. " Furthermore, Havinga
can explain the variation of S (300 K) with x in his
model only by assuming umklapp processes to dom-
inate the scattering. However, our data for S„at
VV K are proportional to S„(300 K) (see Fig. 2)
while if umklapp processes dominated, S„(300K)
and S„(VV K) should be very different since umklapp
processes are so temperature dependent. Also, a
nearly-free-electron picture predicts' that p„„,(H)
and p„,~(H) are approximately the same size both
in LaSn, and in LaIn3. Finally, plots of log[p(T)
—p(4. 2 K)] vs logT show a low-temperature resis-
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FIG. 10. Log-log plot of 4p/po vs H for LaSn3 pn„ for
x = 0. 15, 0.3, and 0.6.

tivity proportional to T" where n is 3 for x= 3 and

0. 6, and n=4 for LaSn3. These values of the ex-
ponents are typical of transition metals P and are
an important indicator that in LaSn3 „In„there are
d states at the Fermi energy.

Our measurements of p(H) in LaSn, and LaIn3
indicate that the density of holes and of electrons
(n„and n, ) are not temperature dependent below
50 K. This observation is substantiated for LaIn,
by the fact that, within experimental error, RH is
temperature independent from liquid-helium to
room temperature. In both materials the fact that
Kohler's law holds up to 50 K (and perhaps higher)
is evidence that n„and n, are temperature inde-
pendent in this temperature range.

A phase transition was seen in LaSn~ » Inp

near room temperature during measurements of
p(T) for this sample. Figure 9 shows the resis-
tivity of this sample near room temperature both
while heating and cooling through the transition.
This behavior was reproducible and the hysterisis
in this curve is evidence that we are observing a
structural rather than an electronic phase transi-
tion.

Finally, we discuss our results for the liquid-
helium temperature magnetoresistance in the in-
termediate composition compounds. Our results
for b p/po for x= 0. 15, 0. 3, and 0. 6 at 4. 2 K are
shown in Fig. 10, where loge Ap/po is plotted vs
log, oH. In the range 3x10 & hp/po& 10, n, p/po
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cannot be fit by a curve which is proportional to
11 . Bather, the slope of the lines in Fig. 10 is
close to 1. 5. These data can be fit well by

n p/po = AH+ EH

o(a)=Zfd~ - v v ———,. (4)
dA- - sf'

I vl se I+ (~, T)

This is shown in Fig. 11 where we see the excel-
lent fit to our data on LaSnp 85 Inp y5 for A = 8. 07
x10 '/kG and 8= 2. 68x10 /kG~. (The slight dis-
placement of the zero of the ordinate in Fig. 2 cor-
responds to a, small error in extrapolating p(H) to
II= 0 to determine pp and is not significant in this
discussion, ) The linear and quadratic terms be-
come equal at 10-20 kG.

This data is difficult to fit on a one-band model.
If the usual replacement of the collision term in the
Boltzmann equation by (f f ')/T is valid, —which
it is in this low-temperature impurity-scattering
dominated regime, then the magnetoconductance
o(H) is given by"

In Eq. (4), the sum is over Fermi surface sheets,
f is the Fermi function, and A, v, r, and ~, are
the area, velocity, collision time, and cyclotron
frequency near the Fermi surface, respectively,
while & is the electron energy. If only one term
in the sum in (4) contributed to o(H), then Eq. (4)
would imply that o(H) should be proportional to H
in Figs. 10 and 11 since there [cr(H) —ao]/oo « I,
where co=—o(H=O). Another more general way to
see this is to note that a (H) is an even function for
a crystal with inversion symmetry. Then only even
powers of H can appear in the Jones-Zener expan-
sion'9' of o(H) so that (cr —ao)/oo should vary as
II at low enough fields.

One way out of this dilemma is to invoke a scat-
tering center that is not invariant under spatial in-
version (for example, magnetic scattering centers).
However, since there are many electrons per unit
cell in these compounds, and the Fermi surface
certainly consists of many sheets, it is simpler and
more realistic to assume that there is a small num-
ber of carriers which are in the regime &,v» 1 at
even low fields in at least one of the terms in Eq,
(4). It is easy to show that such a term in Eq. (4)
will lead to a small linear magnetoresistance at
low fields —small because there are few carriers
involved, but linear because these carriers are in
the large ~,T regime at a few kilogauss owing to
their possessing a fairly small effective mass.
[Large w, r could imply p(H) linear since Fig. 7
shows that LaSn, has p(H) linear at large fields. ]
The joint requirements of small effective mass and
small number of carriers is easily met if EF is near
a small zone boundary gap in an s-p band. Such
small pockets have already been suggested earlier
in this paper on the basis of p„(T) and S,(T) mea-
surements in these compounds.

ACKNOWLEDGMENTS

It is a pleasure to acknowledge many informative
conversations with D. E. Eastman, R. J. Gambino,
J. R. Schrieffer, P. E. Seiden, A. M. Toxen, and
I. B. Welsh. I am also grateful for the fine
technical assistance and data reduction provided
by G. J. Padilla, , and to R. J. Gambino and R. R.
Ruf for providing the samples used in this study.
The mass spectrometer analysis was provided by
R. W. Johnson of the Analytical Chemistry Group
at the IBM Research Center.

B. J. Gambino, N. R. Stemple, and A. M. Toxen, J.
Phys. Chem. Solids 29, 295 (1968).

E. Hevinga, Phys. Letters 28A, 350 (1968).
3E. Bucher et. al. , Helv. Phys. Acta 41 723 (1968).
~L. B. Welsh, B. J. Gambino, and A. M. Toxen, J.

Appl. Phys. ~42 1545 (1971).
5A. M. Toxen and B. J. Gambino, Phys. Letters 28A,

214 (1968).

E. E. Havinga, H. Damsma. and M. H. Van Maaren,
J. Phys. Chem. Solids 31, 2653 (1970); for y vs x see
Ref. 3.

"B. J. Gambino, A. M. Toxen, and B. J. van der Hoe-
ven, in Proceedings of the 1'u'elfth Intemationa/ I o~o J'. em-
Pexatmxe Conference„Kyoto, 1970, edited by E. Kanda
(Academic Press of Japan, Kyoto, 1971).

A. M. Toxen, Proceedings of the Conference on the



TRANSPORT PROP E RTIE S AND THE E LEC TRONIC S TRUC TURE ~ ~ ~ 293].

Science of Superconductivity, Stanford, 1969 (unpublished).
W. D. Grobman, J. Appl. Phys. 42 1456 (1971).

~ A. M. Toxen and R. D. Parks (private communication).
See Figs. 10 and 11.

~O. Lindberg, Proc. IRE 40 1414 (1952).
3In addition, R. J. Gambino, W. D. Grobman, and A.

M. Toxen (unpublished) will report on the Kondo behavior
of CeIn3.

~4D. K. MacDonald, Thermoelectricity: An Introduc-
tion to the Principles (Wiley, New York, 1962), Sec.
4. 1.1,

~~L. B. Welsh, A. M. Toxen, and R. J. Gambino, Phys.
Rev. (to be published).

~6The use of p rather than the bare density of states does
not affect the validity of the argument since we are only

making qualitative arguments about the curves in Fig. 2.
Equation (2) assumes the rigid-band mode&.

~'K. Levin, B. Velicky, and E. Ehrenreich, Phys. Rev.
B 2 1771 (1970).

~ W. D. Grobman, J. Phys. Chem. Solids (to be pub-
lished).

J. M. Ziman, Electrons and Phonons (Oxford U. P. ,
London, 1960).

2 G. Gladstone, M. A. Jensen, and J. R. Schrieffer,
Superconductivity, edited by R. D. Parks (Marcel Dekker,
New York, 1969), Chap. 13.

eference 19, p. 487.
A. C. Smith, J. F. Janak, and R. B. Adler, Elec-

tronic Conduction in SoLids (McGraw-Hill, New York,
1966), Sec. 9.1.

PHYSICA L REVIEW B VO LUME 5, NU MB ER 8 15 A PRIL 1972

Existence of Mobility Edges in Anderson's Model for Random Lattices

E. N. Economou and Morrel H. Cohen
The James I'"ranck Institute, The University of Chicago, Chicago, Illinois 60637

(Received 15 April 1971)

Anderson s theory of localization is critically reviewed and extended with particular em-
phasis on some controversial aspects. It is shown that when the randomness exceeds a cer-
tain critical value, all the eigenstates become localized in agreement with Anderson's original
result. When the randomness is less than this critical value, the tails of a band consist of
localized states. The character of the states changes sharply from localized to extended at
mobility edges, in agreement with the Mott-CFO (Cohen-Fritzsche-Ovshinsky) model. As
the randomness increases, the mobility edges move inwards into the band and they coincide
at Anderson s critical value of the randomness. A criterion is developed which, under cer-
tain conditions, imposes upper limits on the extent of the portions of the energy spectrum con-
sisting of extended states. These conditions are fulfilled exactly in the case of a Lorentzian
distribution of single-site energies and approximately within the framework of any single-site
approximation. Thus in the Lorentzian case upper bounds are obtained for the positions of
the mobility edges and the critical value of the randomness for which Anderson's transition
takes place. These results are in agreement with the Mott-CFO model.

I. INTRODUCTION

Considerable attention has been given recently to
the problem of the electronic structure of disordered
materials. Perhaps the most significant contribu-
tion to the field is Mott's notion' that there exist
energies of sharp transition from localized states
in the band tails to extended states in the interior
of the band. ' 3 This notion is based on results ob-
tained by Anderson in a remarkable paper entitled
"The Absence of Diffusion in Certain Random Lat-
tices" as well as some other results suggesting
the existence of localized states in the extreme
tails of the bands in disordered materials.

Anderson considers what is essentially a tight-
binding model, in which a single band is formed
from s-like atomic orbitals with energies &"„cor-
responding to the site 1. The bandwidth is B= 2VZ,
where V is an overlap energy integral and Z is the
coordination number. Anderson introduces random-

ness into the system by assuming that the quantities
E», are random variables possessing a common dis-
tribution function with a width I' around the mean
value. He finds that there is a critical value
I', -BlnZ of l" such that for I'~1", the states at the
middle of the band (and by inference all the states)
are localized. On the other hand, for I'& I', the
states in the middle of the band are extended.
Anderson has demonstrated that his results hold
only if the off-diagonal matrix elements V~ - are of
range sufficiently short to give rise to bands of
finite width. His main line of argument is as fol-
lows: The localizability of an eigenstate belonging
to an eigenenergy E = 0 is related to the convergence
of a renormalized perturbation expansion (RPE) for
the self-energy 65(0). Since one is dealing with
random quantities, the convergence is a matter of
probability. %'e show here by comparison with a,

geometrical series that the series for &g(0) (E= 0
corresponds to the middle of the band) converges


