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Measurements were made of the dependence of the resistance on the temperature p(T) for thin (fila-
mentary whiskers 1.3—3.5 u thick) and bulky samples of zinc and cadmium, The appreciable differ-
ence between the temperature-dependent parts of the resistance of thin and bulky samples is attribu-
ted to the dependence of the coefficient of specular reflection p of the electrons (and accordingly of
the diffuseness coefficient q = 1 — p) on the temperature. The measurement results are used to find
the temperature dependence of the coefficients p and q. It is found that the g(T) plot has the form of
a curve with saturation: when T > T ;¢ the reflection of the electrons from the surface becomes
completely diffuse (q = 1, p = 0), and when T < Tgjs the result is q « T*"*°*, The value of Tg;f for
zinc is ~30°K and for cadmium ~20°K. For a complete description of the static size effect, it is
proposed to represent the resistance connected with scattering from the surface in the form of a sum
of two parts: pSUF = p§UT + pBUT where p§UT is a constant and p{UT is a function of the temperature.
The resistance pséli? is determined by the value po of the specular-reflection coefficient at T = 0°K,

while pisur =(p g;lfr — PRUT)F(T). With increasing temperature, the function F(T) changes from zero to
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unity; pcsilllfr is the surface resistance in the case when the coefficient p, is equal to zero.
INTRODUCTION Such perfect surfaces are possessed by filamentary

IN the study of the influence of boundaries on the
kinetic properties of metallic conductors, the correla-
tion between the distribution functions of the electrons
incident on the boundary and those scattered from it is
taken into account by assuming that a fraction p of the
electrons is reflected specularly, and the rest diffusely.
The quantity p is called the specularity coefficient, and
its complement q = 1 — p is called the diffuseness co-
efficient. Such an oversimplified approach to the prob-
lem makes it possible to describe the interaction of the
electrons with the surface, averaged both over the sur-
face itself and over the angles of incidence. In the case
of total diffuse reflection (p = 0, q = 1) the resuit in firs
approximation reduces to the fact that in a thin wire the
mean free path connected with the scattering by the
surface is equal to the sample diameter; in total specu-
lar reflection (p = 1, q = 0), the kinetic coefficients
should not depend on the thickness of the sample®,

The specularity coefficient was introduced by
Nordheim®! who postulated the existence of a tempera-
ture dependence of p. Since Nordheim’s work the ques-
tion of the temperature dependence of the coefficient p
has not been considered to this very day. Moreover,
the majority of theoretical and experimental investiga-
tions were made under the assumption that there is no
total diffuse reflection at any temperature. This was
justified, since samples of ‘‘good’’ metals are expected
to exhibit specular reflection from the surface only if
the dimensions of the inhomogeneities are comparable
with the interatomic distances.

DWe do not consider here the Price’s conclusions [!], according to
which, under certain conditions, the electric conductivity depends on
the sample thickness even when p = 1.

t
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single crystals of metals—whiskers. A comparison of
the experimental dependences of the resistance on the
thickness for whiskers and thin samples obtained by
etching shows that for whiskers of copper, zinc, and
cadmium at T = 4.2°K the coefficient is p;., = 0,572,

The nonzero value of p and the results of investiga-
tions of singularities in the temperature dependence of
the resistance of zinc and cadmium whiskers have
raised again the question of the existence of a tempera-
ture dependence of the specularity coefficient’®’®!, Such
a dependence would explain convincingly the great dif-
ference between the temperature dependence of the re-
sistance of bulky and of thin samples, observed in dif-
ferent metals in a number of investigations™™®.

A temperature dependence of the coefficient p means
that the surface of the sample is made non-ideal not only
by etch pits, growth steps, emergence of dislocations,
and other static defects, but also by the thermal motion
of the atoms near the surface. p should reach its maxi-
mum value po, lying in the range 0 = p, = 1, at T = 0°K.
With increasing temperature, as the amplitude of the
thermal oscillations of the atoms increases, p should
decrease. At a certain temperature Tgyis each act of
scattering from the surface leads to a change of the
electron momentum by a value comparable with this
momentum. It can also be assumed that Tg;¢ deter-

DTo determine p it is necessary to know the product pooAeo = A,
which is a constant of the metal (pee and A are respectively the re-
sistance and the mean free path of the electrons in a bulky sample at
the same temperature). The quantity A, in turn, is determined experi-
mentally under the assumption that the electrons are reflected from the
surfaces of the investigated samples in pure diffuse manner. Since this
is not realistic, the true value of p,., may be larger than the indicated
one.
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mines the temperature at which the collision with the
surface leads to a total loss of the energy acquired by
the electron in the electric field. Above T;¢, the scat-
tering is purely diffuse, regardless of the physical and
impurity state of the surface. On the basis of the phys-
ics of the phenomenon, we can expect Tgif of good”’
metals to be comparable with the Debye temperature
0.

The p(T) dependence must undoubtedly be taken into
account in investigations of the temperature variation
of the resistance of thin samples for which p, # 0. For
wires this can be done in first approximation with the
aid of a formula that is valid for any value of p'*°’:

A
pi= 0=+ 2 1(0), 1)

where A = p®A% and the form of the function f(p) de-
pends on the relation between A* and d: f(p)

= (3/4)(1 — p) when A® < d and f(p) = (1 — p)/(1 + p)
when A% > d.

In the case of pure diffuse reflection determined
only by the static defects (po = 0), we have f = 1 (or 3/4)
at any temperature. This makes the temperature parts
of the resistance of thin and bulky samples equal:

p(T) = p(T). On the other hand, if po = 1, then the
maximum possible difference between the quantities
p?(T) and p;°(T) should be observed. Then the differ-

ence Apgl = p‘i3l - p‘i’° reaches a maximum value at

T = Tqif- Above Tgit, the difference ./.\pii should remain

constant if the condition A* < d is attained at T = Tqif
On the other hand, if the sample thickness is such that
the condition A*® > d is nevertheless satisfied at

T = Tgyp then the difference Ap9 should decrease from

the maximum value A/d to (3/4)A/d.

The foregoing considerations were the basis of an
experimental determination of the temperature depen-
dences of p and q.

SAMPLES AND MEASUREMENT PROCEDURES

The zinc and cadmium whiskers were grown from
the vapor phase by the method described in the paper
of Coleman and Sears'!!. The chemical purity of the
initial materials for the growing of the whiskers and of
the bulky samples was characterized by a resistance
ratio® p(293°K)/p(4.2°K) equal to 10,000 and 7000 for
zinc and cadmium, respectively. At T = 4.2°K, these
quantities correspond to electron mean free paths
AZn ~ 300 u and XS, &~ 200 4.

We used for the measurements only filamentary
whiskers, which have a much larger size effect than
ribbon whiskers grown in the same ampoules as the
filamentary whiskers. No special determination of the
orientation of the sample axes was carried out. Accord-
ing to the published data'**™**1 | filamentary whiskers of
zinc and cadmium grow in the directions of the axes
(1123], [1122], and [1121]. This corresponds approxi-
mately to angles 4 equal to 30, 40, and 60° between the
axis [001] and the axes of the samples. The whisker
thickness was defined as d = VS, where S is the cross
section area of the whisker determined from the room-

dWe shall henceforth omit the symbol °K.

383

temperature resistance, from the distance between the
potential contacts of the samples, and from the resis-
tivity of bulk samples averaged over the three angles
indicated above. The thickness of the measured whis-
kers ranged from 1.3 to 3.5 u. The data on the samples
are given in the table.

The electric mounting of the whiskers were made by
the ¢“clamping contact’”’ method: the whisker was placed
on four copper contacts covered with a thin layer of
indium and secured on a Fiberglas plate. Another spec-
ial plate pressed the whiskers to the contacts'®’.
Experience with such a mounting found it to be very
convenient and to guarantee electric and mechanical
reliability of the contact.

To obtain temperatures in the interval 4.2—293°K,
we used the temperature gradient inside a Dewar with
liquid helium. The mounted sample was placed inside a
thick-wall chamber of copper. The chamber, fastened
to the end of a monel rod, could be moved inside the
Dewar. The temperature corresponding to a certain
position of the chamber was measured with a thermo-
couple made of gold with 0.03° iron and chromel. At
low temperatures, its sensitivity was approximately
15 uV/deg. The thermocouple was calibrated with a gas
thermometer. The accuracy with which the temperature
was determined was not worse than 0.1 deg.

MEASUREMENT RESULTS

To find p = p(T) it is necessary to separate the func-
tion f(p) from expression (1). To this end it is neces-
sary to know the product p®A* = A for a given orienta-
tion of the whisker axis and to measure the temperature
dependence of the resistivities pd and p*. The values
of A and Al were taken by us from Aleksandrov’s

paper!®’, where it was found that A, = 0.9 and A

= 2.3 for zinc and A = 1.6 and A = 2.4 for cadmium
(the values are given in units of 107! ohm-cm?; the
indices correspond to the directions parallel and per-
pendicular to the [0001] axis. Ay for an arbitrary
angle 4 was calculated from these values. As a result
we obtained Aspe = 1.24, Aypc = 1.47 and Agee = 1.94 for
zinc and Ajpe = 1.8, Ago = 1.9 and Agee = 2.1 for cad-
mium. The ideal resistivity pJ,(T) for a direction
making an angle # with the [0001] axis was also obtained
by recalculating the resistivities pa(T) and p‘ﬁ(T),
which were determined from measurements of the total
resistance R(T) of bulky samples:

B>(I')— R=(0)

e =5 583)

0> (293).

The residual resistance R(0) was obtained by extra-
polating R(T) to 0°K. For the quantity p® (293) we used
the fol!oowing values 101.} units of 107 ohm-cm™®; for
zinc p, = 6.15 and p, = 5.83 and for cadmium p?

= 8.45 and pf =T.1. Analogously we obtained

RA(T)—R4(0)

o'l = — i 53)

06%(293).

At room temperature, the residual resistance due to
the chemical impurities was disregarded, since p*(0)
~ 107%p (293). The resistance p9(293) was calculated
under the assumption that total giffuse reflection takes
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place at room temperature, using the expression
0d(293) = p5(283) + (3/4)A,/d.

We note here two factors of importance in the inves-
tigation of the function p = p(T). First, the size effect
at room temperature cannot be neglected, i.e., it is
impossible to use p™(293) in lieu of pd(293) to deter-
mine p?(T), since this distorts greatly the true course
of the difference pg(’l‘) - p‘i’°(T) near room temperature.

Second, the plots of p?( T) and p?(T) should correspond
to the same angle ¢. This is connected with the fact that,
as has become clear during the course of the measure-
ments, the resistance anisotropy k = p‘;’” /p';°l depends
significantly on the temperature. Fortunately, this has
made it possible to determine the whisker orientation
(more accurately, the angle #) within the limits of the
measurement accuracy. This method will be described
below.

At first the experimental points for Rd(T) were used
to obtain the values of pidav(T)’ which is the first ap-
proximation to the true p".i(’I‘) dependence. To this end,
the value A, averaged over three angles (¢ = 30, 40,
and 60°) was introduced: A,y = 1.6 x 107" ohm-cm? for
zinc and 1.95 x 107" ohm-cm® for cadmium. Then

RY(T)— R*(0)

a 3 4 av

i, a(T)= R9(293) [p¢“(293)+—4— v ]
(D)o (T)+ AoMf(p)/d | 3 A
= p1=(203) + —— ]

%0 (293) 0.~ (293) + */sAo/d

ko(T)pir=(T)+ AoAf(p)/d

=B s
k6 (293)

where

Eo(T) = pe™(T) [0 (T),  Af(p) =F(p) —F(po).

Since the anisotrog)y k at 293°K is small (kg (293 = 1.05,

kg (293) = 1.19°Y), and the values of Ay do not differ
by more than 25% from A,, it can be assumed with the
same accuracy, 259%, that the constant B is equal to
unity.

We then found the difference between p’ij.av and p;°l:
Apia(T) = idav Ty—pi (7)) ~ pi,™ ko(T) —1 AoAf(p) .
2N =pcar (D= pu=(1) = 007D | 5533 ]+dko(293)

(2
If k does not depend on the temperature, then the first
term in expression (2) vanishes. Then the true course
of p(T) is determined with sufficient accuracy by the
difference Ap‘:i (T). However, the measurements have
shown that the resistance anisotropy in Zn and Cd de-
pends strongly on the temperature. To be able to take

this dependence into account in expression (2), we meas-.

ured the resistances p‘.’°“(T) and p‘i"’l(’l‘) in the tempera-

ture interval 4.2— 293°k. The measurement results
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FIG. 1. Temperature dependence of the difference between p; o (T)
and p;°°(T), due only to the change of the anisotropy coefficient k, as
calculated from Eq. (3): X—for cadmium, O—for zince; r = p; |oo(T)
[k(T)/k(293)—1].
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FIG. 2. Temperature dependence of the difference between the re-
sistivity of a thin sample (for the average angle 9,,) and the resistivity
of a bulky sample (for & = 90°), calculated from Eq. (2): X—Cd-2,

O—Zn-1, 0—Zn-3.

were reduced by means of the formula

pa(T)y e k(T)
o eEy L") = pu= (D)= (D) WS‘)”]' (3)

This expression represents that part of the differ-
ence between the resistances p‘i’TI(T) and p‘ﬁ(T), which
is connected with the temperature dependence of the
anisotropy k. The results of the reduction are shown in
Fig. 1. The distinctive temperature dependence of the
difference (3) (the curve shows clearly a maximum and
a minimum) has made it possible to propose a method
of determining the angles ¢ for the whisker axis. It is
based on the assumption that above 20—25°K the quan-
tity Af(p) is monotonic and depends little on the tem-
perature. This assumption is justified, in particular,
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FIG. 3. Temperature dependence of the difference between the re-
sistivities of thin and bulky samples of metal, determined from (4), for
the same angle ¢: a—cadmium, points: O—Cd-1, A—Cd-2, 0-Cd-3,
®—-Cd-4, @—Cd-5, X—Cd-5 after the first etching; 6—zinc, points:
O—Zn-1, +—Zn-2, A—Zn-3, O—Zn-4, ®—Zn-4 after second etching.
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FIG. 4. Temperature dependence of the difference between the re-
sistivities of thin and bulky samples, calculated from (4) for zinc and
cadmium. Samples: I—-Zn-1, [I-Zn-2 (O—prior to etching, X—after the
first etching), IlI—Zn-3, IV-Cd-2, V-Cd-3, VI-Cd-4. Points A—calcu-
lated limiting values of the difference pjgd—pjg°.

by the fact that up to 20—25°K the influen: : of the tem-
perature dependence of the resistance anisotropy is
small, whereas the difference Ap‘ii (T) of the measured
whiskers reaches approximately hé&}( its maximum
value.

In this case, the principal role is played in (2) by the
first term, which can be obtained for the three angles
¢ = 30, 40, and 60° of interest to us by recalculating the
results shown in Fig. 1. In such a recalculation, natur-
ally, the ‘“wave-like’’ character of the curves of Fig. 1
remains unchanged. Therefore the difference between
the maximum (at T = 50—-60°K) and the minimum (at
T = 230—240°K) values of the experimental curve

Ap?av(T) makes it possible to estimate the angle #.

Figure 2 shows measurement results reduced in ac-
cordance with expression (2). From a comparison of
the curves of this figure with those of Fig. 1 we see that
the temperature variation of the resistance anisotropy
has little influence up to 20—25°K, but exerts a decisive
role above these temperatures.

After estimating the angle ¢ from the Ap‘ii av(T)

curves, the experimental points were reduced again,
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yielding values for

piot (1) = 2L — B20)
0wt =— %703,

[pﬁw(293)+%%1].

Finally, the difference

Bout(T) = pun (1) — 1™ (T) = 2241 (). (4)

was determined by using for p:;(T) the curves obtained
by recalculating the pn(T) and DTL(T) curves, obtained

in turn by graphically averaging the experimental
points. The accuracy with which the values of Ap?&(T)

were determined was approximately 10% at tempera-
tures above 50°K and 1—5% below this temperature.
Figures 3 and 4 show the plots of Ap%(’l‘) obtained

in this manner for zinc and cadmium.

According to the expressed point of view concerning
the nature of the diff~rence between the temperature
variations of the resistance of thin and bulky samples,
one should expect Apgg(T) to decrease with decreasing
coefficient of specular reflection p,. In order to verify
this, an attempt was made to decrease the coefficient po
of zinc and cadmium whiskers by etching the surface.
The etching took place in hydrochloric acid vapor with-
out dismounting the sample, with continuous observation
of the state of the surface with a microscope. The first
etching was carried out prior to the appearance of a
dull deposit on the greater part of the whisker surface.
No measurable thinning of the whisker was observed in
this case. After a second longer etching, the average
whisker thickness decreased approximately 109,.

The first etching was always accompanied by an in-
crease of the resistance at T = 4.2°K (see the table).
This, however, cannot be interpreted uniquely as favor-
ing the decrease of po, since it may be connected with
the appearance of additional physical defects in the
sample. To the contrary, the temperature part of the
resistance p?‘( T) is not sensitive to physical defects of

the sample. The first etching caused a noticeable de-
crease of this part. The second and succeeding etch-
ings, which could sometimes be performed on the same
samples, no longer led to noticeable changes of the re-
sistances. The influence of the etching can be seen in
Figs. 3 and 4. The result of etching is equivalent in our
case to a decrease of the specularity coefficient by an
approximate factor of 2 (for the etched samples p, is
equal to 0.35—0.20).
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DISCUSSION OF RESULTS

The plots of Ap%}(’l‘) shown in Figs. 3 and 4 have the
same form. This indicates that the experimental data
were reduced correctly. These curves are character-
ized by a sharp rise up to a temperature 15 to 20°K,
followed by saturation. The latter should mean that the
reflection of the conduction electrons from the boundar-
ies has become completely diffuse. According to the
experimental curves, it can be assumed that Ty;
~ 20— 30°K for cadmium and T g4;¢ ~ 30—40°K for zinc.
Thus, above these temperatures, the values of A = p®A%
for Zn and Cd, determined from the size effect, should
not depend on the surface quality of the samples and
have a maximum value.

The opinion expressed at the beginning of the article
concerning the nature of the difference between the be-
havior of the p‘ii(T) and p‘;(T) curves has two conse-
quences that admit of experimental verification. First,
at high temperatures (T > Tg;5), When p 3 0, it is possi-
ble to calculate the limit to which the Ap; ((T) curves
should tend. According to (4), it should equal
(Ag/d)[3/4— (1 - po)/(1 + po)]. For the investigated
samples, this limiting value is shown in Fig. 4 (we used
in the calculation the experimental values of A"®! and
po = 0.5). It can be noted that within the limits of the
measurement accuracy, good agreement was observed
between experiment and calculation. Second, the de-
crease of the value of p, should lead to a decrease of
the values of Api(’I') in the entire temperature range.
This conclusion was also confirmed experimentally.
Thus, the assumption that the coefficient of specular
reflection depends on the temperature makes it possible
to explain well both qualitatively and quantitatively the
features of the temperature variation of the resistance
of thin metal samples.

When plotting p = p(T) and q = q(T) from the experi-
mental data, it is necessary to use two expressions for
f(p), namely f(p) = (1 — p)/(1 + p) when A® > d and f(p)
= (3/4)(1 — p) when A* < d. In our case such a proced-
ure was made difficult by the fact that the transition
region A = d occurs at temperatures close to T
The use of the first expression in the entire tempera-
ture range from 4°K to T4;¢ has made it necessary to
alter noticeably the experimental values of p, or A. At
the same time, the use of the second relation gave very
good quantitative agreement in the region T ® Tg;5. At
a temperature T = (1/ 2)Tq4i¢> both expressions led to
identical values of p. The first expression was there-
fore used to reduce the results for f(p) up to tempera-
tures T & (1/2)Tdif, and the second expression was
used in the region T > (1/2)Tgis.

In the region T < (1/2)Tdif, where the results for
Ap‘ii(T) do not depend on the change of the anisotropy of
the resistance with changing temperature within a
measurement accuracy 1—5%, we determined the law
governing the variation of the diffuseness coefficient
with temperature. It turned out that q » T*7*™2 for all
the zinc and cadmium samples. This relation holds
true for cadmium up to 7°K and for zinc up to 12°K.

This result can be explained in the following manner:
the physical nature of the temperature dependence of
the coefficient q is the same as that of the resistance.
Its value therefore depends both on the number of
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FIG. 5. Temperature dependence of the diffuseness and specularity
coefficients: X—Cd-1, ®—Zn-1, O—Cd-5 (after first etching). On the
right side is shown, in a logarithmic scale, the dependence of the dif-
fuseness coefficient on the temperature: X—Cd-1, ®—Cd-4, O—Zn-1;
the straight lines correspond to the relation q » T3,

phonons and on the efficiency of the electron-phonon
interaction. We assume for simplicity that p, = 1. The
diffuse scattering is characterized by large scattering
angles. At temperatures much lower than the Debye
temperature, T < Oy, a large scattering angle is pro-
duced only after (© p/T)? collisions with the phonons.
On the other hand, the number of surface phonons is
proportional to T?. Thus, the coefficient q should be
proportional to T*. The experimental results favor
such a variation.

If we write in general form q(T) = (1 — qo)(T/T¢p)*"s
then according to the measurements the characteristic
temperature Ty, is equal, on the average, to 10°K for
cadmium and 19°K for zinc.

The results of the method described above for ex-
tracting the q(T) and p(T) dependences for the thinnest
samples of Zn and Cd are shown in Fig. 5. The ordin-
ates represent here the total diffuseness coefficient
q = go + q(T) and the normalized specularity coefficient
p/po as functions of both the absolute and of the re-
duced temperature T/Tp,. (In the region T > (1/2)Tg¢
the curves are only qualitatively correct, since Tgj¢
and the formula for f(p) were not determined accurately
in this region.) In terms of the coordinates T/Tch, the
p/po curves are the same for zinc and cadmium, thus
indicating that the temperature T is universal. Ap-
parently, T, plays the same role in the surface scat-
tering of electrons as does the Debye temperature in
volume scattering, and in this sense it has a more defin-
ite character than Tg;¢ It is not quite clear, however,
why Tc is much smaller than the Debye temperature
(Ten z%,l ©p). The obtained experimental data do not
suffice for a serious discussion of this question. In
particular, the question of the dependence of Tgis and
T ch o0 the sample thickness and on the value of qo re-
mains unclear.

The question of the temperature variation of the re-
sistance of very thin wires (d < A*) was considered
theoretically by Azbel’ and Gurzhi'*’?, The calculation
was based on the mechanism proposed by Olsen'”’ for
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scattering from a surface, namely, at low temperature
T < ©p, but such that T/@p > d/1%, each act of elec-
tron-phonon scattering leads to a collision of the elec-
tron with the surface, where it is diffusely scattered.
As a result of the Bloch-Gruneisen law, the factor
(T/©p)® should drop out and p{l (T)/€p)°.

The qualitative reasoning and the exact calculation
indicate convincingly that in the case of thin samples
the decrease of the resistance with temperature should
be much slower than for bulky samples. We emphasize
that an essential factor in Olsen’s mechanism is the
assumption that even at acute incidence angles the elec-
tron is scattered diffusely when it reaches the surface.

Experiments performed on whiskers for the purpose
of verifying the main conclusions of!"! are described
in'®%, No agreement was observed in these experi-
ments between the experimental data and the theoretical
calculations: the power-law growth of the resistance
with increasing temperature for very thin and for bulky
samples turned out to be approximately the same; nor
was the expected appreciable difference between the
resistivities of thin and bulky samples observed. This
disparity between theory and experiment must be attri-
buted to the fact that in the case of whiskers the as-
sumption that the electrons traveling at acute angles to
the surface are diffusely reflected is not valid, since at
low temperatures even the specular-reflection coeffi-
cient p4,2, averaged over all the angles of incidence, is
large. On the other hand at high temperatures, when the
reflection becomes completely diffuse, the Olsen mech-
anism is no longer applicable.

The disparity between the conclusions of the theor-
etical papers and the experimental results is noted also
in a paper by Holwech and Jeppesen'®! devoted, in par-
ticular, to the temperature dependence of the resistance
of thin aluminum foils. It was observed that the differ-
ence Apd(T) increases with temperature, reaches a
maximum, and then decreases. The experimentally de-
termined product pA® likewise increases with tem-
perature, from 0.8 X 107! ohm-cm?® at T = 4.2°K to a
maximum value 1.17 X 107! ohm-cm® at T = 25°K. A
comparison of the results with the theory of Azbel’ and
Gurzhi™"? did not lead to any agreement. Holwech and
Jeppesen'® explained their results qualitatively as being
due to a peculiar deviation from the Matthiessen rule in
the scattering of electrons by the surface, in a manner
similar to that occurring in the case of dilute alloys“a].
From our point of view, these results admit of a differ-
ent explanation, if it is assumed that the coefficient of
specular reflection p, of the investigated foils was
different from zero. Assuming that at T ~ 25°K the re-
flection is practically diffuse, and using the formulas

for films for the case A* > d'*®? | we obtain
(p=2%) 4.2 _1—pi2 07,
(p™A=)2s 14 pas

Hence p;.2: = 0.18. Such a relatively low value of ps.. is
sufficient for a good quantitative explanation of the ob-
served effects. It is more d1ff1cu1t to explain the clearly
pronounced maximum on the Ap (’I‘) curves, since the
method of reducmg the experimental points is not des-
cribed in'®’. On the other hand, if it is assumed that
values of pd( T) were determmed from the formula
pd(T) = [R(T)/R(0)]0™(293), i.e., without taking into ac-
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count the size effect at room temperature, then the ap-
pearance of the maximum is inevitable.

In accord with the results obtained in the present
paper, the ‘“surface’’ resistance in the case of a static
size effect for wires can be represented in the two
limiting cases A® > d and A” < d in the form of the
sum

sur sur
+pi

p5 = po

)

Just as in the case of the Matthiessen rule for volume
resistance, pS'T is a constant quantity that depends on
the coefficient Po, While plsur is the temperature part of
the resistance, connected with the scattering of the elec-
trons by the surface phonons. However, unlike the
Matthiessen rules, the quantity I°H sur depends strongly
on psur and can be represented in turn by

i =(pair —po )F(T), (6)

where pspfr is the ‘“surface’ resistance in the case
when the coefficient p, vanishes, and the function F(T)
changes from zero to unity with increasing tempera-
ture. Using the concrete values of these quantities at
A® > d, we get

gu;_p‘”l.” sur __p"’}.,“(l—po)_
P dif = d Po = d 1+ po
—p
F(y=-2—2_ p=pm).
D=t nm

Expressions (5) and (6), describe completely, in a
lucid general form, the static size effect in the resis-
tance. Nonetheless, at the present time there are not
enough experimental data to refute the scattering mech-
anism proposed by Olsen. The problem consists here,
on the one hand, of developing an experimental method
for the determination of the dependence of the specular-
reflection coefficient on the incidence angle, and on the
other hand, of obtaining surfaces on which the scatter-
ing is diffuse at any incidence angle.
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