in the case of relaxation of nuclear spin.

In conclusion, the authors thank V. V. Menailenko for
assistance in the numerical calculations on an electron-
ic computer, and also V. L. Ginzburg and the partici-
pants in the seminar conducted by him for useful dis-
cussion of the present paper.

D Thus the experimental data®® for Ni in which the coupling
constant is not small, agree with the results obtained below.

2 We note that an experimental measurement of the spin-lat-
tice relaxation time is always made in the presence of an ex-
ternal magnetic field.

3) We are considering the case of strong absorption, in which
6 <vp/T4; 6 is the depth of penetration of the field.
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We investigated the magnetoresistance of antimony whisker crystals in the form of thin platelets with
thicknesses d = 0.1-2.6 um, at temperatures 4.2-80 K and in magnetic fields 0-70 kOe at various
orientations of the magnetic field relative to the measuring current and the surface of the platelets.

Similar measurements were made for a bulk (d = 1| mm) sample having the same crystallographic
orientation as the platelet. For a transverse magnetic field HLI perpendicular to the surface of the
platelet, the character of the dependence of the resistance in the magnetic field and on the temperature in
thin platelets and in the bulk sample is the same. A substantial difference in the behavior of the resistance
of the bulk sample and the thin platelets was observed only when the field was parallel to the platelet
surface (this leads, in particular, to a strong resistance anisotropy, not observed in the bulk sample, of
thin platelets in a magnetic field). The function p | (H) has two singularities in fields corresponding to
r=~d and 2r=~d (r is the Larmor radius of the electrons). In fields with r> d, a logarithmic increase of
the resistance with increasing field is observed. In contrast to the bulk sample, an increase of the
magnetoresistance with increasing temperature is observed for thin platelets when the magnetic field is
oriented parallel to the surface. The experimental results confirmed most clearly and reliably the principal
ideas of the theory of static skin effect.

PACS numbers: 72.15.Gd

1. INTRODUCTION

A theoretical analysis of galvanomagnetic size effects,
both for the case of diffuse reflection of electrons from
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the surface of the metal and for the case of specular and
almost specular reflection, under the condition

y =7/l <1, was carried out by Azbel’ and Peschanskii!™*
(r=cpg/ eH is the Larmor radius of the electron trajec-
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tory and [ is the electron mean free path in the metal).
The main results of this theory, which pertain to the
magnetoresistance of thin plates with d <1 (d is the
sample thickness), for a metal with equal numbers of
electrons and holes, are shown in Fig. 1.

For thin samples, from the point of view of the size
effect, a distinction is made between the region of weak
fields, when 7 2 d and the region of strong fields, » «<d.

In weak fields, according to the theory, the character
of the reflection of the electrons from the surface does
not affect the conductivity of the sample. In a magnetic
field H perpendicular to the electric current I, at »>d,
the resistivity of a thin plate is given by
(1.1)

l re\ !
p (== (O (0 ) , a~t,

where p~(0) is the resistivity in the volume of the metal
in a field H=0.

In the case of a transverse magnetic field parallel to
the plane of the plate, in the region d/2<r<d, the theory
predicts a decrease of the magnetoresistance (Fig. 1) as
2r—d, in accordance with the linear law

(1.2)
2r

In strong magnetic fields, r «<d, a static skin effect is
produced for the current and is caused by the fact that
the electrons colliding with the surface have a higher
mobility than the electrons in the interior of the metal,
so that the electric current is concentrated near the sur-
face in a layer of depth ». (The static skin effect can be
produced in a plate only if the magnetoresistance of the
bulk sample of the same material increases quadratical-
ly with the field: p”(H)«~H2.) Under the conditions of the
static skin effect, the character of the reflection of the
electrons from the surface plays the decisive role. The
theory makes use of the scattering characteristic
averaged over all possible angles ¢ of encounter be-
tween the electrons and the surface—the diffusivity co-
efficient gq,. The following relation holds true:

()%= = (0) {1+a— (1 —i)}.

1f¢’d<p

- (1.3)
1+a, 1—q(e)+oy

where ¢(¢) is the dependence of the probability of spec-
ular reflection on the angle ¢. The specularity coef-
ficient ¢ is determined from the condition g =1 -g,.

For the case of almost specular reflection 0<q, «<1,
the conductivity of the plate in a transverse magnetic
field HL1 parallel to the surface of the plate is given by

o (H) = a‘%+ o=0," 7’ oy T (1.4)
1

where ¢° is the conductivity of the surface layer, and
oy =1/p°(0). From (1.4) we get a formula for the resis-

tivity of a thin plate with d << under the condition of
weak diffusivity ¢, «<1:

.
o (H) =~ () | (1+—d—q+ﬂ)=p~(0)§q.+p-<0)—f—. (1.5)

It is seen from this expression that under the condition
7 >1q,, which can be defined as the condition of specular
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H

FIG. 1. Theoretical plots of the magnetoresistance against the
magnetic field for a thin plate with equal concentration of elec-
trons and holes: I-field H perpendicular to the current and
parallel to the plane of the plate; I-field H parallel to the
current; II-field perpendicular to the current and inclined or
perpendicular to the plane of the plate.

" reflection from the surface, the magnetoresistance has

a linear dependence on the field H (Fig. 1):
p,‘(H)wliH, r>lg,.

If r «<lq, (diffuse reflection), the dependence of the mag-
netoresistance on H is quadratic: '

o (H) g dH?, r<lig,.

For the case of a strong magnetic field HLI perpen-
dicular or inclined to the surface of the plate, the theory
predicts (just as in the bulky conductor), a quadratic
increase of the magnetoresistance regardless of the
type of reflection:

) p:,oblique ~p* (0)%(—?-‘) o rtd e H?, (1.6)
In a longitudinal magnetic field, H|| I, at »>d the
theory predicts a slight increase of the magnetoresis-
tance to a value of the order of p?(0) at » ~vid, followed
by a decrease to p*(0) as 2r —d (Fig. 1). In a strong
longitudinal magnetic field at » «<d, owing to the twist-
ing of electron trajectories, the surface has no effect
on the magnetoresistance of thin samples and p¢(H) ~p~

(0).

The static skin effect in Zn and Cd whisker crystals
was investigated in Refs. 5-8. The investigation of the
dependences of the magnetoresistance of thin samples
on the magnetic field revealed a disparity between
theory and experiment in the case of a longitudinal mag-
netic field, and also in a weak magnetic field when »>d,
wherein the magnetoresistance increased like p?(H)ocH®%3
rather than in accordance with the theoretical relation
(1.1). In these references the Fuchs parameter (see,
e.g., Ref. 9) of the investigated samples was estimated
at # ~0.5-0.8, i.e., partial specular reflection of the
electrons from the surface took place. Attempts to con-
firm the main predictions of the theory of the static skin
effect were made also by Panchenko et al.'°

The present paper is devoted to an investigation of the
size effect in the electric conductivity of thin antimony
samples in a magnetic field, aimed at the study of the
character of the interaction of the conduction electrons
with the surface of the metal, and to a comparison of
the obtained data with the theory.'"*

2. SAMPLES

We chose for the investigations whisker crystals of
antimony. It is well known that whiskers have, besides
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the small dimensions d <« that offer a convenient ratio
of the surface part of the conductivity to the bulk part,
also exceedingly high perfection of the structure of the
volume and of the surface, as well as high chemical
purity. The most suitable material was recognized to
be antimony for the following reasons: a) the small
Fermi momenta in semimetals makes for a high prob-
ability of specular reflection from the surface; b) the
electron and hole densities in antimony are equal, thus
ensuring the possibility of observing the static skin ef-
fect (0™ (H)=<H?); c) the Fermi energy of Sb (in contrast
to Bi), £,~2000 K, is high enough compared with the
temperature spread at T7~80 K, an important factor
when p%(T) dependences are measured; d) the Fermi
surface of antimony is relatively simple and has been
thoroughly investigated, an important factor in the nu-
merical interpretation of the results.

The antimony whiskers were obtained by us, for the
first time ever, by growing from the gas phase.!! The
whiskers took the form of platelets (ribbons) with the
following dimensions: thickness d =0.1-2.6 um, width
A=1,1-130xm, and length from 0.2 to 3 mm. The
platelets were oriented in the basal plane of the crystal
(the normal to the surface of the platelet was parallel
to the C, axis), the growth was along the binary axis,
along which the measuring current / was directed. The
whisker quality is characterized by a Dingle tempera-
ture T, <1 K (electron orbit, H||C,) and is higher than
that of bulk crystals grown from the same initial
material: T3"*=3.,4x1 K. The bulk sample used for
comparison with the whiskers was cut from a single-
crystal block along the binary axis, measured
10 x1x1 mm, and had a resistivity ratio p,./p, ,
=1700. The method of determining the thickness and
the mounting of the samples are described in Ref. 12.

3. MAGNETORESISTANCE OF THIN PLATELETS OF
ANTIMONY IN A MAGNETIC FIELD PERPENDICULAR

TO THE ELECTRIC CURRENT

A. Results of experiments

3.1. In the experiment we plotted the dependence of the
transverse magnetoresistance of thin platelets on the
field H: Ap*(H) = p?(H) —p%(0). When the magnetic field
is perpendicular to the surface of the platelet, no sing-
ularities whatever are observed on the Ap4(H) curves,
and in this case Apd(H)x<H'® in the entire range of vari-
ation of the magnetic field. A similar power-law de-
pendence was observed also for the bulk sample at
H||C,; as well as H||C,. The Ap%(H) curves assume an
entirely different form if the magnetic field is parallel
to the surface of the platelet. Figure 2 shows a plot of
Ap,(H) for sample Sb-48 (d=0.13 um, A =5.3um); this
plot is typical of all the measured samples.

Curve 1 reveals two inflection or break points, H,,
and H,,, between which the plot of Ap#(H) is approxi-
mately linear. In other field intervals the curve can be
represented in the form
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8%/, 3pYow; arb. un. FIG. 2. Results of mea-
surements on whisker
sample Sb-48, d=0.13um,
A=5.3 um, T=4.2 K;
curve 1-plot of the magne-
toresistance against the
magnetic field; HLI and

is parallel to the plane of
the platelet (right-hand
scale); 2-plot of 8p,%/6H
against the field H, exper-
imental geometry the
same as for curve 1; 3—
plot of 8 p® /8 H against the
field H; HLI and makes

an angle 9=18° to the plane
of the platelet.

4
J

ww?

+——B' ,
In(H,/H)
H", n~18-19, H>H,,

0<H<H,,

A,

Ap)!(H) > 3.1)

Apy? (Hp,) -<AP||‘ (Hp2);
with H,, and H,, smaller the thicker the sample.

For a more detailed study of the behavior Apé(H), we
have examined the behavior of the monotonic part of the
derivative apd(H)/3H. A typical plot of this derivative is
shown also in Fig. 2 (curve 2).!’ The monotonic part of
the derivative of the magnetoresistance has two minima
(the second is less strongly pronounced), corresponding
to the two breaks on the Apé(H) curve, namely in the
fields Hy, and Hy,.

Curve 3 of Fig. 2 shows a plot of 3p?(H)/8H when the
field H is inclined an angle 9=18° (H—~C,, the angle
9 =0 corresponds to the field H parallel to the plane of
the plate). It is seen that the deflection smoothes out
the minimum. At 9>30°, the monotonic part of the
8p%(H)/aH does not have the aforementioned singulari-
ties, and the plot of Ap?(H) is similar to that of Apd(H).

The appearance of inflections on the Apf(H) curves is
due to the size effect. To prove this, we have plotted in
Fig. 3 the dependence of the inflection points H,, and H,,
against the reciprocal of the sample thickness. (The
values of H,, and H,, were made more precise by using
the 8pd(H)/aH curves.) The following relations hold *

H,,kOe
“2r~d
B & //
L 7
o 5
o 7 t4
L P
7 /6( e. “p~d
“r e 2"~
5 }3’// —
>3 ¥ o _—_—7)
27 - '
20} Z7 //:I
T4 O)V//
- /A///
{,,/
r A 1 L 1 1 1 A 1 L L 1 ’e
a 5 10 1/d, um !

FIG. 3. Values of the inflection (break) fields of the p, ¢ (H)
plot for samples of various thicknesses: @ — Hyy, O—Hy,. The
accuracy with which Hy was determined is indicated for some
samples.
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true:

Hy, .0d™!, Hp 2~2H,,.

Because of these relations, it was possible to reduce the
plots of Apd(H) for ten thin samples with d = 0.13-0.44 m
to a single plot in the coordinates %X Ap(H) = F(Hd). The
values of the coefficient % are listed in the table and

are accurate to +10%.

3.2. The angular dependence of the magnetoresistance
of thin plates is shown in Fig. 4 together with the angu-
lar dependence for a bulky sample of antimony having
the same orientation. The anisotropy of the magneto-
resistance of the whiskers depends both on their thick-
ness and on the magnetic field. It is seen from Fig. 5
that the anisotropy of the bulky sample is practically
independent of the magnetic field, whereas the aniso-
tropy of the thin platelets increases strongly with the
field, and eventually saturates in strong fields. The
dependence of the magnetoresistance anisotropy on the
whisker thickness in fields such that the field depen-
dence saturates is shown in Fig. 6. Despite the scatter
of the points, a strong dependence of the anisotropy on
the sample thickness is discerned.,

B. Discussion of results

3.3. Size effect. We shall show that the inflections at
the points H,, and H,,, observed on the Apd(H) curves,
take place in cases predicted by theory, namely, at
r=d and 2r =d.

At H||C, antimony can have two hole orbits and two
electron orbits of unequal size. Figure 3 shows the
values of H,, and Hy, as functions of d"! as well as
straight lines corresponding to the conditions » ~d and
2r =d, with r = cp,/eH, for the small electron orbit
(p,=5.2x10"2! g-cm/sec) and for the small hole orbit
(p,=4.2x10"% g-cm/sec). It is seen that the experi-
mental points fit these lines with accuracy +20%.

For the two other electron and hole orbits, the di-
mensions p, are approximately 1.8 times larger, and
the fields H,, and H,, for them should be 1.8 times
larger; this does not agree with experiment. Thus, the
observed singularities of ApY(H) must apparently be at-
tributed to the small sections of the Fermi surface.

We note that in the investigated field region, where
r <d, the contribution to the conductivity from the elec-
trons that collide with the narrow lateral faces of the
samples can be neglected if d <A, and the samples can
be regarded as platelets independently of the ratio of
the mean free path of the electrons I, , . > to the

Sample | d,um at+y #=10% Sample d, um ity %=10%
Sb-48 0.43 - 1 Sb-63 0.44 0.09 29
Sb-31 0.44 0.07 0.8 Sb-62 0.43 0.41
Sb-34 0.44 0.08 i Sb-24 0.44 0.19
Sb-68 0.48 0.1 Sb-45 0.42 0.26 0.7
Sb-69 0.21 0.07 2 Sb-67 059 0.12
Sb-76 0.21 0.19 Sb-55 0.77 0.46
Sb-72 0.22 0.4 0.7 Sb-52 114 0.54
Sb-35 0.22 0.09 12 Sb-37 1.43 0.71
Sb-25 0.26 041 Sb-70 22 0.2
722 Sov. Phys. JETP 48(4), Oct. 1978

/ FIG. 4. Angular depen-
1517 A, dences of the magnetore-

~15r 10t 5

S 2 N sistance at T=4.2 K. 1-

N N whisker Sb-43, d=0.14

é H2510°S pm, A=11 pm; 2—whisker

¥ 5k 2 Sb-62, d=0.43 pm, A

”;‘ 3‘ =12 pm; 3—bulk antimony

N S S N

5 0 ample.
Ty 30°60° C, 120°150° Gy samp

width A. The finite width of the platelets should pos-
sibly influence the form of the angular dependences of
the magnetoresistance, but should not affect noticably
the quantitative results.

3.4. The field H is perpendicular to the plane of the
platelet. In fields where »<d, the theory is in full
agreement with experiment: p¢(H) <p™(H) < H*2, In the
weak-field region near H =0, experiment reveals a
slower growth of the magnetoresistance with a field
than predicted by the theory (inasmuch as the function
p < H"® increases near H =0 more slowly than
px(In1/H)!, This circumstance can be attributed to
the fact that when the magnetic field is perpendicular to
the plane of the platelet a weak magnetic field bends the
electron trajectories in the plane of the platelet without
influencing the collisions of the electrons with the sur-
face. At the same time, in a magnetic field parallel to
the surface of the platelet, the bending of the trajector-
ies of the electrons leads to the onset of additional
scattering by the surface of the plate (to an increase of
the angles at which the electrons encounter the surface).
In the former case, therefore, the magnetoresistance |
of the plate should increase more slowly than in the
latter.

3.5. The field H is parallel to the plane of the plate-
let. It has been observed that in weak fields » >d the
experimental curves are well described by the rela-
tion

B -1
ot d+—(nZ) ", (3.2)
which agrees with the theoretical relation (1.1). The
parameters A, B, and a were obtained from experi-
ments for eight samples at 4.2 and 1.4 K:
(4£0.5 4) =p*(0) ~1-10~*S2-cm ,
(B+0.4 B) =0.7-10"*° Q-cm? ~p> (0)l~ps/ne*=4-10-** Q-cm? ,
(a+0.1a) =6.

In fields such that d/ 2<7r<d, experiment reveals a

495 145 Lol
2 FIG. 5. Dependence of the
ok 470 magnetoresistance aniso-
tropy on the magnetic
field: 1-whisker Sb34,
f dos d=0.14 pm-left-hand
d ) scale, 2—antimony bulk
sample, right-hand scale.
0 L 1 e A Lo A n
0 0 40 60
H,kOe
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ok *724 6§ FIG. 6. Anisotropy of the
.5-752 25 magnetoresistance as a
function of the sample
thickness: @ —H =28 kOe,
O—H=46 kOe; the num-
slemp 24 o7 bers at the points are the
~ number of the samples.
o 45
5% 55
dpi;/dpey *7
1 1 L
0 2 y 5
1/d, um’!

linear increase of p3(H), whereas theory predicts a de-
crease of the magnetoresistance like p§(H) « (A, - B,H),
to a value p%(H,) =p~(0) (Fig. 1). Allowance for the other
group of carriers can apparently not justify this dis-
parity, inasmuch as for small cross sections, where
r<d, the magnetoresitance should theoretically de-
crease linearly, whereas for large cross sections,
where » >d, the magnetoresistance should continue its
weak logarithmic growth, which cannot greatly influence
the total conductivity of the sample, i.e., cannot be the
cause of the observed rapid growth of the magnetoresis-
tance in the region d/2<r<d.

In strong fields 2 <d, a comparison of the experimen-
tal results (o?(H) « H'+®) with the theory makes it possi-
ble to estimate the diffusivity coefficient at
q,>d/21>10"*(d~0.1-0.4um, I, ~200 pm, Refs. 14 and
15).

3.6. Diffusivity coefficient. The value of ¢, can be
calculated from the magnetoresistance anisotropy. The
behavior of the anisotropy of thin platelets as a function
of the magnetic field (Fig. 5) can be easily explained in
accordance with Items 3.4 and 3.5, namely, at 2»>d the
ratio Ap4/Ap¢ increases with increasing H, and at
2r <d it tends to a constant value. Thus, in strong fields
at 2r <d, using (1.5) and (1.6), we get

Ap./Ap =1/ (g +1). (3.3)

The values of g, calculated by formula (3.3) using the
data of Fig. 6 are given in the table. The quantity y can
be neglected compared with q,: | 4_zac0 = 7/1 <1072
(>10pm, Refs. 14 and 15).

On the average, for thin samples with d<0.5um, the
specular reflection coefficient is ¢~0.9. A substantial
difference between the coefficients g for thin samples
and the Sb70 sample (d = 2.2 m) and the samples
Sb-37, 52, 55(d~1um) is more readily evidence of the
poor surface quality of samples Sb37, 52, and 55.
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4. MAGNETORESISTANCE OF ANTIMONY WHISKERS
IN A MAGNETIC FIELD PARALLEL TO THE
ELECTRIC CURRENT

A. Experimental results

We measured the dependences of the magnetoresis-
tance on the magnetic field H at 4.2 K for samples of
various thickness, including a bulk sample. Variation
of the form of the Ap?(H) with thickness was observed.

Figure 7 shows a plot of the longitudinal magnetore-
sistance against the field H for two whiskers of different
thickness. The figure shows also the plot for a bulk
sample (curve 1) with the same crystallographic orien-
tation as the whiskers. It is seen from the figure that
the decrease of the magnetoresistance and the tendency
of p”(H) to p~(0) in strong fields, which is characteris-
tic of bulk samples, does not appear in thin whiskers
and, on the contrary, the magnetoresistance increases
more the thinner the sample.

B. Discussion of results

We now compare the curves of Fig. 7 with the theory.
In Fig. 1, curve II, which corresponds to the case of
longitudinal magnetoresistance, has a maximum at
¥ ~V1d (for whiskers withd <1 pum this corresponds ap-
proximately to fields H~1 kOe), and in strong fields the
magnetoresistance should tend to the value p*(0). No
such behavior of the magnetoresistance is observed in
thin samples.

A growth of the longitudinal magnetoresistance in
magnetic fields was obtained by Chopra'® in thin silver
films at 2r <d. This phenomenon was attributed to the
presence of specular scattering of the electrons from
the film surface. However, the explanation given in Ref.
16 for the growth of the magnetoresistance cannot be
used for thin antimony platelets for the following reason.

ap%H), Q-cm Ap %K) R -cm
1 7 1107

asn

g

20 40 60

#, kOe
FIG. 7. Dependence of the longitudinal magnetoresistance on
the magnetic field at T — 4.2 K: 1-bulk sample, 2-Sb-33,
d=0.7 pm, A=2.6 pm; 3—Sb-44, d=0.1 pm, A=4.6 pm.
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It is based on the fact that in the case of specular reflec-
tion the longitudinal magnetoresistance of thin silver
films behaves in the same manner as in bulk samples,
namely, it increases gradually by an amount

Ap‘

spec

(H—+e0) ~ Ap™ (H—~ ) ~ p» (H=0),

For antimony, however, the longitudinal magnetoresis-
tance of bulk samples has an anomalous behavior, which
was observed long ago by Steele!” and is illustrated in
Fig. 1.

It is seen from Fig. 7 that the behavior of the magnet-
oresistance of thin atimony plates is, first, not similar
to that of the magnetoresistance of a bulk sample, as
should be the case if the reflection from the surface is
specular; second, it is not similar to the theoretical
field dependence of the magnetoresistance of a thin sam-
ple in the case of diffuse reflection (Ref. 18 and curve II
of Fig. 1). The assumption that was made in Ref. 17,
that the domain structure of bulk antimony crystals is
the cause of the anomalous behavior of the magnetore-
sistance, cannot explain satisfactorily the results of the
measurement of the magnetoresistance of whiskers. It
is possible to explain the behavior of the longitudinal
magnetoresistance of thin platelets’of antimony if the
behavior of the longitudinal magnetoresistance of the
bulk antimony crystals is explained.

5. DEPENDENCE OF THE MAGNETORESISTANCE OF
THIN ANTIMONY PLATELETS ON THE TEMPERATURE
IN A STRONG MAGNETIC FIELD PERPENDICULAR

TO THE CURRENT
A. Experimental results

Some of the experimental results were published in
Ref. 19. Here we supplement them somewhat and pre-
sent a theoretical explanation.

The gist of the observed phenomenon is the following.
We measured the Ap%(H) dependences at different fixed
temperatures in the interval 4.2—-80 K. The field was
oriented either parallel or perpendicular to the plane of
the platelets. For the whiskers in the case of H perpen-
dicular to their plane, a decrease of the magnetoresis-
tance with increasing temperature was observed (Fig. 8,

038, Q-cm
001

FIG. 8. Temperature de-
pendence of the transverse
magnetoresistance Apy(T)
at H= 40 kOe for the Sb28
whisker, d=2.5 pm; 1-
field in the plane of the
sample, 2-field perpendi-
cular to the plane of the
sample.

724 Sov. Phys. JETP 48(4), Oct. 1978

curve 2), in analogy with bulk samples. An exception is
the case of thin platelets with d <2 um, when the vector
H lies in the plane of the plate. In this special case, an
increase of the magnetoresistance with increasing tem-
perature is observed in the entire range of magnetic
fields. For samples of large thickness, d= 2.5 um (Fig.
8, curve 1), the growth of Ap%(T) gives way to a de-
crease at higher temperatures.

B. Discussion of results

In the case when the field H is parallel to the plane of
the plate and the relations » <<d and r <[ are satisfied,
the conductivity of the plate can be expressed in accord-
ance with (1.14) in the form d%=0%r/d+0", where

ne* r* 5.1

We assume that the specularity coefficient is constant,
and that the temperature dependence of the magnetore-
sistance is determined by the change of the mean free
path I(T). It is then necessary to investigate the behav-
ior of the function o¢(l). Figure 9 shows plots of
(r/d)a*(l) and o ~(I) corresponding to formulas (5.1). We
see the following: a) at low temperatures, when I >d,
we have 0%~ o%r/d, and then

3p*/0Te0—3a*/0T>0,

i.e., the magnetoresistance increases with increasing
T; b) at high temperatures ! <d, ¢®=¢", and then

ap*/aT<0,

i.e., the magnetoresistance decreases with increasing
T. The transition from the case a) to the case b) cor-
responds to the condition

—— . T p—

The solution of this equation under the condition of weak
diffusivity of the reflection ¢, <7/d <1 is

U(T) ~d(q,+Y7Td) ~rd. 5.2

Using expression (5.2), we can estimate from the data of
Fig. 8 the electron mean free path at T,= 50 K, namely,
1(50 K)~0.4 um (we assume here q,<7/d~3* 107%).

Thus, the increase of the magnetoresistance with in-
creasing temperature in thin platelets is attributed to
the fact that the surface part of the conductivity predom-
inates at T<T, (i.e., (T)>U(T,)), and the condition under

FIG. 9. Theoretical plots of the surface at (¢%/d) and bulk
(o) conductivities of the sample against the electron mean
free path I. The point I ~Vrd corresponds to the condition
(r/d)80 3/31 ~ 85°/31 (and simultaneously to the condition
(r/doS~c®) at g < r/d< 1.
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which p§(T) increases is almost specular reflection of
the electrons from the surface: g,<7/d<<1. On the
other hand, if the reflection is diffuse, g, =1, then the
surface conductivity does not depend at all on the tem-
perature,

r nez r de®

a=1t P 4’ or

]

and in this case the magnetoresistance of a thin platelet
will decrease with increasing T regardless of the orien-
tation of H relative to its plane.

In conclusion, we wish to note the following. The ex-
perimental results obtained in this paper, as is fre-
quently the case when theory is compared with experi-
ment, can be interpreted in two ways. If we consider
the theory of the static skin effect,’”* which is a correct
reflection of reality, then the results described here and
in Ref. 19 should indicate, above all, that the conduction
electrons are reflected almost specularly from the sur-
face. From another point of view, assuming a priori
the specularity coefficient in the whisker crystals to be
high, the same results can be regarded as an experi-
mental confirmation of the theory of the static skin ef-
fect.

However, the existence of high specularity in whisker
crystals was observed unequivocally in experiment by
an independent method, with the aid of quantization on
the electron orbits, truncated by the plate, in a magnet-
ic field.'*!* We assume therefore that the experiments
described above and in Ref. 19 confirm most clearly and
reliably the ideas of the theory of the static skin effect.

D The singularities in the bahavior of the Shubnikov—de Haas
oscillations in thin conductors are considered in Refs. 12 and
13.
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