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The temperature dependences of the current-voltage characteristics of point junctions between a
superconductor (aluminum) and a normal metal (silver) were investigated experimentally and estimates were
made of the parameters of the junctions and of the mean free path / of the electrons in the region of the
junction. The measured temperature dependences are close to those predicted by Zaitsev [Sov. Phys. JETP 51,
111 (1978)] for junctions with diameter d «(/,£ ), although the assumptions of the theory were not realized in
the experiments. A simple model is proposed for the conduction of point junctions with &(T)<d </, where /,
is the energy relaxation length of the electrons in the normal state of the superconductor. It is shown on the
basis of this model that Zaitsev’s results are valid also for such junctions.

PACS numbers: 74.70.Gj, 74.70.Lp, 73.40.Jn

The current-voltage characteristics of point junc-
tions between normal metals are linear if the junction
voltage U is such that eU <k©, (©, is the Debye tem-
perature),? and do not depend on the temperature at
sufficiently low temperature. The transition of one of
the electrodes of the junction into the superconducting
state leads to the appearance of noticeable nonlinearities
(see Fig. 1). Below the superconducting-transition
temperature T, a change takes place in the differen-
tial resistance r=dU/dI at U=0, and the CVC takes
in an appreciable current interval the form

I=U/R+I,sign U,

where R is the resistance of the junction when both
electrodes are in the normal state, I, does not depend
on U and is called the excess current. These features
of the CVC were first noted by Pancove. 3

The values of » and /, depend on temperature below
T.. Chien and Farrell® observed a differential-resis-
tance temperature dependence of the form
r=~R —R,A(T)/A(0), .where R, is a constant and A(T)
and A(0) are the energy gaps in the superconductor at
temperatures T and 0K, respectively. Gubankov and
Margolin® obtained an experimental dependence that
agreed with the corresponding dependence of the en-
ergy gap in the superconductor, while the differential
resistance varied nonmonotonically with temperature.
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Recent theoretical papers':® dealing with the conduc-
tivity of S-c-N (superconductor-constriction-normal
metal) junctions, which include also the point junctions,
have shown that the results depend on the relations between
the electron mean free path [/, the super-conductor co-
herence length §,, and the geometric dimensions d and
l of the constriction. (The constriction is regarded as
a cylinder of diameter d and length L, which joins mas-
sive materials.) Both references are devoted to the
study of junctions with (d, L) < £&(T)(1-T/T ) * [£(T) is
the coherence length in the superconductor at the tem-
perature T], but the restrictions on the electron mean

1
1.0 U,mv

FIG. 1. Current-voltage characteristics of a point junction
between aluminum and silver. R =0.128Q2,1) T =1.4 K, both
electrodes in the normal state; 2) T =0.65 K, the aluminum is
superconducting. 6U is the change of the junction voltage when
the aluminum becomes superconducting (the current through
the junction is fixed.
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free path of the electrons are different in these papers.
In the case I <max(d, L) (Ref. 6) the excess current is
proportional to the energy gap in the superconductor,
and 7(T) is a nonmonotonic function of temperature:
»(T)< R, with y=R at T=T_,and T=0K. Tempera-
ture dependences of this kind were observed by Guban-
kov and Margolin.’ If L «<d<<(l, £,) (Ref. 1), then the
excess current is proportional as before to the energy
gap, and the differential resistance decreases mono-
tonically when the temperature drops below T,. The
last result agrees qualitatively with the #»(T') tempera-
ture dependence obtained by Chien and Farrell.*

The cited experiments were performed on clamped
junctions. The question of the relation between d, L,
I, and &, was not investigated at all. This is not a sim-
ple problem, since there is every reason for assuming
(see, e.g., Ref. T) that in the course of preparation of
point junction there are produced in the junction region
contaminations and structural distortions of the crystal
lattices of the metals. This leads to an appreciable de-
crease of the electron mean free path in the region of
the junction compared with the value in the interior of
the metal.

In the present study we investigated point junctions
obtained by electric breakdown of a narrow layer of an
insulator. We observed that in these junctions the tem-
perature dependences of the excess current and of the
differential resistance are close to those predicted by
the theory for the case d < (I, £,). Measurements of
the temperature dependence of the junction resistance
R(T) in the interval 1.3-200 K have made it possible to
estimate the values of d and I. It turned out, however,
that in our case the electron mean free path near the
junctionis small, so that I < £(0) <d, where £(0) = (£,0)!/ 2,
and £, is the coherence length in the pure superconduc-
tor. Consequently, the conditions for the validity of
Zaitsev’s theory® are not satisfied in the region of the
junction. By way of explanation of the results we pro-
pose a simple model of the conductivity of a point junc-
tion with dimensions L <« §(T) «<d <1, where [, is the
electron energy relaxation length in the normal state of
the superconductor. It is shown on the basis of this
model that when the foregoing conditions are satisfied
we can expect a monotonic dependence temperature de-
pendence of the differential resistance and the presence
of an excess current, with [, ~A.

EXPERIMENT

The procedure used to prepare the point junctions is
analogous to that used in an earlier paper.® The super-
conducting electrode at T'<1.2 was an aluminum single
crystal with resistivity ratio p(300 K)/p(4, 2K)=2- 10%.
The second electrode was a silver film sputtered on the
crystal surface. The film thickness varied from sam-
ple to sample and amounted to ~1 um. For the junc-
tions for which the temperature dependence of R(T) was
measured, the film thickness was 1.6 um, and the film
resistance ratio was R,(300 K)/R,(4.2K)=10. The
microjunctions were produced by electric breakdown of
the oxide layer on the aluminum surface. The break-
down was produced at helium temperatures by a voltage
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3-10 V from a 5X10 pF capacitor through a 10 £ re-
sistor. To prevent the contact parameters from chang-
ing as a result of diffusion, the sample was constantly
kept at a temperature lower than 78 K after the produc-
tion of the junction. After completing the entire mea-
surement cycle, the temperature dependence of the re-
sistance was measured at higher temperatures.

In the experiment we measured the temperature de-
pendence of the voltage on the junction at a fixed cur-
rent through the junction. It is clear from Fig. 1 that
the change 6U of the junction voltage is proportional to
the change of the differential resistance R-» at small
currents, and tothe excess current I, at large currents,
with 8U=R[,. The measurements were made by a four-
contact method, and the voltage was measured accurate
to1l pV. In a number of measurements of 7 this ac-
curacy was insufficient. Higher accuracy of the mea-
surements of the differential resistance was ensured
by a modulation procedure: an alternating current of
approximate frequency 4 kHz was passed through the
junction and the amplitude of the current was fixed;
the alternating voltage on the junction was less than 20
LV and was amplified with a tuned amplifier and de-
tected. The rectified current is proportional to 7 in
this case.

The transition of the sample into the superconducting
state was revealed by the change of the surface impe-
dance. To measure the impedance, a flat coil (20 turns
of copper wire of 0.05 mm diameter) was placed on the
surface and was connected to the tank circuit of an RF
oscillator operating approximately at 1. 5 MHz. The
change of the sample impedance led to a change of the
oscillator voltage measured with an electron-counting
frequency meter.

Temperatures 1.3-0.6 K were obtained by pumping
on He® vapor and measured with a carbon resistance
thermometer calibrated against the saturated vapor
pressure of He®. The accuracy with which these tem-
peratures were measured was ~5 mK. The sample was
placed in liquid He?® at a distance 1 cm from the ther-
mometer. Temperatures 1.3-200 K were measured
with the cryostat slowly heated. At T >4.2 K the tem-
perature was measured with a copper-constantan ther-
mocouple. The earth’s magnetic field was reduced to
approximately 0. 05 Oe with two pairs of Helmholtz
compensation coils mounted on the outside of the cryo-
stat.

We prepared 17 junctions with resistances in the
range (3x102-1) Q at 4.2 K. The CVC of all the junc-
tion revealed an excess current below the superconduc-
ting-transition temperature T, of aluminum, and the dif-
ferential resistance r at T=0. 57, was noticeably lower
than the normal resistance R. For the measurements
of the excess current /, and of the differential resis-
tance 7, we selected eight junctions whose CVC were
linear and independent of temperature from 4.2 K to
T.. This selection was necessary, since the CVC of
the remaining junctions starged to change at tempera-
tures noticeably higher than T, and revealed nonli-
nearities on top of those described above. These addi-
tional nonlinearities are not discussed in the present
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FIG. 2. Change 6U of junction voltage vs. temperature (points).
R=0.18Q, U=T79uV. Solid curve—temperature dependence of
the relative gap A(T)/A(0) according to the BCS theory.

paper.

The temperature dependence of SU(T)=RI(T) was
measured on four junctions. The results 6U(T)/U can
be fitted with accuracy not worse than 10% to the tem-
perature dependence of the reduced gap A(T)/A(0) (see
Figs. 2 and 3) by selecting the proportionality coeffi-
cient U for each of the junctions. A run of measure-
ments of 6U(T), »(T) at T< T, and R(T) was performed
on two of the junctions. The temperature dependences
of 8U(T)/U and [R - »(T)]/[R - »(T =0.57T,)] are shown
in Fig. 3. The same figure shows the values of
[R = #(T)]/[R - 7(0)], calculated by us numerically from
formula (45) of Zaitsev’s paper.' We used in the calcu-
lation the temperature dependence of the energy gap
A(T) in the superconductor and its absolute value
A(0)=1.176 kT, which follow from the BCS theory.
Figure 4 shows the absolute values of 6U=R I, and
R/7, measured at T =0.5T, for all the selected junc-
tions. No noticeable dependence of 6U on R was ob-
served within the limits of the deviations. This corre-
sponds to an inverse proportionality of the excess cur-
rent I, to the junction resistance R.

To estimate the size of the junction and the electron
mean free path in the region of the junction we mea-
sured the temperature dependences of R(T) in the
range from 1. 3 to 200 K (see Fig. 5). Notice should
be taken of the linear R(T) dependences at T >50 K and
of the constancy of the resistance at 7<20 K. Above
230 K we observed abrupt changes of R, due apparently
to migration of the atoms in the region of the junction.
In the reduction of these results it was assumed that
the bridge length L «<d and that the electron mean free
path [ is constant in the region that determines the
junction resistance, i.e., over distances on the order
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FIG. 3. Temperature dependences of 6U (T)/ U (dark points
U =84 uV) and [R —7(T))/[R —7,) llight circles, ro=»(T
=0.57T,)]. R =0.128Q. Solid curve—temperature dependence
of the relative gap A(T)/A(0) according to the BCS theory.
Dashed curve—temperature dependence of [R —7(T)]/[R —7(],
[ro=7(0)] according to the Zaltsev theory.!
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FIG. 4. Values of R/r (light circles) and U/R I, (dark circles)
measured at T = 0.5T,, for eight investigated junctions. The
theoretical values of these quantities at T =0.5T, and at an
energy gap A (0) =180 pkeV in aluminum are R/r~1.1; 6U ~ 126
wV (Ref. 6); R/r~2.91; 6U~ 459 uV (Ref. 1).

of d from the contact. It will be made clear below that
the first assumption holds true with large margin, since
L is determined by the thickness of the oxide layer on
the aluminum, which is less than 100 A. If the electron
mean free path varies noticeably over distances on the
order of d from the junction, then the estimated value
of I/ is the upper bound of the true electron mean free
path in the region where the electric field is concen-
trated. The data were reduced using an interpolation
formula® for the resistance of short (L =0) junctions of
like metals with different electron mean free paths

(I, and 1,)

R=(2d)~*{1(K,)p,+Y(K:) pa} +16pl/3nd’. (1)

Here p is the resistivity of the metal, K =21/d, and
Y(K) is a slowly varying function: y(0)=1, ¥(«)=0.T;
we assume hereafter y=1. The last term in (1) does
not depend on temperature, since the quantity pl does
not depend on the electron mean free path but is a
characteristic of the electrode material. In the case
of a junction of unlike metals, this quantity should con-
tain the averaged parameters of the metals. The con-
crete type of the averaging is immaterial to us, for it
has turned out in our case (see below) that 16pl/3nd?
<R for both aluminum and silver.

It is easy to express with the aid of (1) the value of d
in terms of the change R(T) - R(0) of the junction re-
sistance with change of temperature:

d= PH(T)'*'pn(T)

LA LA L) 2
2[R(T)-R(O)] 2

On going from (1) to (2) we used the Matthiessen rule
p(T)=p;(T)+ p,, where p,(T) and p, are respectively the
ideal and residual resistances. For a junction with
R(1.3 K)=0.128 Q we have (see Fig. 5)

R, Q boo°
°
0.6 Le®
o ° ° °
om °
5000°°
o0

9.7 L 1 I )

14 50 100 150 ;ﬂﬂ

K

FIG. 5. Temperature dependence of the resistance of a junc-
tion whose resistance at low temperature is R =0.128 Q.
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_ 0u(200K)+pu (200K)
2[R(200K)—R(1.3K)]

=3.710*cm,

where the ideal resistivity is p,(200 K)=1, 0410 and
p;2(200 K)=1.178-10"° Q-cm for silver and aluminum,
respectively. At d=3.7x10"° cm we have 16pl/3nd>
<1.1-102 Q, i.e., much less than the junction re-
sistance. We used the values p,/, =0.86-107*! and
py1,=0.24.10""! Q-cm for silver and aluminum, re-
spectively. Neglecting the last term of (1) and as-
suming that the electron mean free paths of the two
metals are equal, we obtain from (1)

1= pulitpal.
2Rd

The mean free path calculated from this formula at
T=1.3 K for a junction with R(1.3 K)=0.128 Q is
1=1.2X%10"% cm. This is much lower than the elec-
tron mean free path in the interior of the metals at
this temperature. The reason is the high concentra-
tion of the scattering centers in the region of the junc-
tion, which occurs in the case of electric breakdown,
and justifies the assumption that the mean free paths of
the two metals do not differ greatly in the region of the
junction.

DISCUSSION OF RESULTS

The temperature dependence in all the investigated
junctions between the superconductor and the normal
metal agrees with the temperature dependence of the
energy gap in the superconductor (see Figs. 2 and 3).
This result indicates that the two quantities are propor-
tional, Iy~ 4. The results of measurements on a large
number of junctions (see. Fig. 4) allow us to state that
within the limits of the deviations the excess current is
inversely proportional to the junction resistance, I,
~1/R.

The above results for the excess current agree well
with the predictions of both theories!:é:

To=A (—im—i ) /ZeR [, I.=8A/3¢R- [].

The absolute values of the measured quantities
S8U(T/T.~0.5) =RI,(T/T.~0.5)

are much less than those calculated from the presented
formulas (see Fig. 4). The results of the theories of
Refs. 1 and 6 for the temperature dependence of the dif-
ferential resistance are in qualitative agreement. The
¥(T) dependences measured by us agree well with
Zaitsev’s results! (see Fig. 3), although the absolute
values of the differential resistance differ significantly
from those predicted by the theory (see Fig. 4). Itis,
however, unclear whether the Za'itsev theory,! which
was developed for the pure case d << (l, §,) is valid under
our conditions, since ! <« d in the region of the junction.
The low value of the electron mean free path leads to
another important consequence, namely to a decrease
of the coherence length in the region of the contact, which
now equals at T < T

£(0) = (%) "=1.3-10"° cm
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[£o=1.36x10™ cm (Ref. 10) is the superconducting
coherence length in pure aluminum]. We consequently
have in the region of the junction

1< E(0) <d.

The first possible explanation of these results is that
the point defects are concentrated at a distance L, from
the junction, such that L,<«d, and Zaitsev’s results’
are valid in such a very inhomogeneous situation. In-
deed, if L,<<£(0), then the main change in the order
parameter from zero in the normal state to the equili-
brium value in the superconductor takes place in the
region in which I >>d and the coherence length is §,>d.

Another possibility is that the qualitative results of
Ref. 1, namely the monotonic 7(T) dependence and the
effect of the excess current, remain valid in a larger
range of the parameters d, I, and £,. We shall attempt
below to show with the aid of a simple model that the
same results can be expected also for junctions with
dimensions L < {(T)<d<<l;. At L <§(T)<d a point
junction can be represented as an opening of diameter
d in an infinitely thin impermeable diaphragm that
separates the superconductor from the normal metal,
and it can be assumed that an abrupt N-S boundary is
present in the opening. Artemenko and Volkov,“-’2 as
well as Ovchinnikov,!3:!* have shown that when a current
flows through an N-S boundary an electric field pene-
trates into the superconductor, so that the supercon-
ductor contributes to the resistance. The change of the
electric field from its value in the normal metal to
zero takes place in two stages: on the N-S boundary
[over a distance £(T)] the electric field changes by an
amount 8E, and the further decrease of the field takes
place in the superconductor exponentially over a dis-
tance lg[lz~1(kT/A)'/? (see the review of Artemenko
and Volkov!?) at kT > A and I ~l at kT <A]. The rea-
son is that the transformation of the quasiparticle cur-
rent into a Cooper-pair current proceeds in two stages,
on the N-S boundary [this corresponds at 1> (T) to
Andreev reflection'®], and in the interior of the super-
conductor. The quasiparticles in the superconductor
are scattered by various kinds of defects just as in the
normal state, and therefore the electric field in the
superconductor E g is connected with the quasiparticle
current density by the usual relation (see Ref. 123):

Es=jx/o,

where o is the conductivity in the normal state. In many
cases one can neglect the change of the electric field

in the normal metal, due to the existence of the N-S
boundary (see Ref. 13).

The distinguishing feature of a point junction of size d
«< 1 is that the decrease of the electric field in the in-
terior of the superconductor follows the same law as in
the normal metal, on account of the spatial spreading
of the quasiparticle current, i.e., at a distance d from
the junction. Since in the normal state the voltage on
the corresponding half of the junction is proportional
to the electric field in the opening (for details see Refs.
9 and 16), we can write for the voltages U% and U§ on
the superconductor in the normal and superconducting
states
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UsS=AEs¥(0), UsS=AEsS(0). (3)

Here E¥(0) and E§(0) are the values of the electric
field on the boundary of the metals in the normal and
superconducting states, respectively, and A is a pro-
portionality coefficient determined by the law that
governs the spreading of the current. In the normal
state the electric field on the metal interface is con-
tinuous, E.(0)=E"(0) [Ex(0) is the electric field in

the normal metal at the interface]. The transition into
the superconducting state leads to the appearance on the
boundary of a discontinuity of the electric field [we re-
call that d > £(T)]:

SE=Ey(0)—Es* (0)=Es" (0)—Es*(0). (4)

Introducing the resistances R, and R of the normal and
superconducting halves of the junction in accord with
the formulas

Ry=Ux/I, Rs=Us"/I (5)

and recognizing that R=R + Ry, we easily obtain from
(3)-(5) an expression for the voltage on the contact:

SE -t
o) 1 (6)

Artemenko, Volkov, and Ovchinnikov'!™4 have cal-
culated the case when the energy of the particles pro-
duced by the electric field in the normal metal is small
compared with 2T and A, so that their results can be
used to calculate the differential resistance » at U=0.
The quantity 6E/E§(0)=p was calculated for tempera-
tures close to T, (see Ref. 12):

S () 14
at IS 8,1 <(’_;)’ <%,

oE
U=U+Us=1{R-R ——[1+
yous { *E(0)

b= n Al, s 1 T \' ("
[“_3 Yz *TE( (T)'] ~(1—7)
l kT 2
l e (8D
<Lk 1< E(T)<( A ) .
As a result we obtain from (6) an expression for the
differential resistance
r—R— 5:_’; at kT>A. (8)

At kT < A the penetration of the weak electric field
into the superconductor can be neglected. !* As a re-
sult, the differential resistance of the junction is de-
termined by the resistance of its normal half: »=R,.
This result is obtained formally from (8) as B—
corresponding to the fact that E§(0)— 0 as T —0,
whereas 6E remains finite.

We have considered above the case of weak fields,
and then 6E =BE5(0). If 6E reaches the saturation
value (0E), when the electric field is increased, then
an excess current appears. In fact in this case it
is easy to obtain from (3)-(6) the following expression
for the current:

I=U/R+M(OE) o/ R.

We shall show below that there is no excess current
at I>>d if the energy of the quasiparticles produced
by the electric field in the normal metal exceeds the
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values kT and A.

We represent the current through the junction in the
form I=Ig+1,, where I is the Cooper-pair current
and I, is the current of the quasiparticles in the super-
conductor. By virtue of the relation Eg=jy/0 the vol-
tage on the superconducting part of the junction is

UBS=RBIN1
and the voltage on the junction
U=Unx+U?=IR, +IyR =IR-IR, .
The current is then given by
I=U/R+IsRs/R. (9)

Saturation of the quantity OF is equivalent to Igbecoming
independent of the electric field, i.e., of the voltage

on the junction, when the electric field in the normal
metal is increased.

We shall assume that the quasiparticles of the nor-
mal metal, with energy £< A, are reflected from the
N-S boundary in accord with Andreev’s theory,”® i.e.,
that the current transported by them is transformed
on the boundary into the Cooper-pair current I, and
that all the quasiparticles with {> A penetrate into the
superconductor. Consequently the current I is trans-
ported in the normal metal by electrons of energy € such
that le—- epl< A, where &5 is the Fermi energy. The
distribution function f(¢) of the electrons near a point
junction of size d <! (Ref. 16) is

f(e)="fo (a +e—2(]—sign V,) s

where fy(c) is the Fermi distribution function and V, is
the component of the electron velocity in a direction
perpendicular to the plane of the diaphragm. This
function satisfies the boundary condition on the inter-
face between the normal and superconducting phases!’
and can be used to calculate the current Iy with U/2
replaced by Uy. In the free-electron approximation we

have
nd? 2d°p
Is=—— Vo (p)——
= | i (@an)°
le—epl<a
ep+a (10)
nd® 4nem |
= TW j._: {fo(e—eUx)— fo(e+eUy) }de,
where p is the electron momentum. We present ex-
pressions for I in several limiting cases:
nd® 4ne*mer A A
—  —Uy=1— <kT, eUx<kT; (11
TGy kT O lgr et ASKD eUkskT; (11)
o= {1 dneimer oy 1 at  AKT, eUx<a;  (12)
8= 4 (2nh)° N ) N ’
nd® 4nemey A
—_— = at Ux>kT, eUy>A. 13
Z  (2nn)° Ry U EL, €On (13)

We have taken it into account here that

nd* 4ne*mer

7y R

The last relation can be easily obtained with the aid of
(10) by integrating over all the energies, i.e., from 0
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to + . From (9), (11), and (12) we easily calculate
the differential resistance of the junction at U=0:

r_{R—HsA/ZkT at A<kT,
R—Rs=Ry at A>kT.

For the excess current we obtain from (9) and (13)
I,=RsA/RyeR. 1t appears that the results remain
qualitatively the same also when the electron mean
free path is small, ! <d </, for in this case the elec-
tron drifting towards the contact in the electric field
also acquires an additional energy equal to eUy.

The arguments advanced above show that the class
of junction for which the qualitative results of Zait-
sev’s theory' are valid can be quite large. Indeed, at
low temperature the large electron mean free path
1, with respect to elastic scattering by phonons leads to
a large I,=(l,l,)!/?, where [, is the mean free path for
scattering by point defects, I,<«[,. In aluminum at
T=1K, 1,>10"" cm, so that even in very dirty alumi-
num (l,=10"" cm) we have /,>10™ cm, and in the pure
metal this quantity is many times larger. This ex-
plains possibly the fact that the excess-current effect
and the monotonic temperature dependence of the dif-
ferential resistance were observed in junctions made by
a great variety of methods: in clamped junctions of
various types®*!® and in the junctions produced by
electric breakdown of a thin insulator layer in the
present study. We note in particular that the resistance
of the contacts used in these studies varies greatly,
from 107 to 10 chms. It is quite probable that the con-
ditions of the applicability of the model used above for
the calculations were satisfied in the study of Chien and
Farrell,? who investigated low-resistance junctions
(R ~1072Q), and the superconducting electrodes were,
besides aluminum, metals with small coherent length
¢, (tin, indium, and an alloy of tin with indium).

In our case, within the framework of the assumptions
made in the estimate of d and I, we have [;>3-10™ cm
near the junction, and consequently the relations
l,L < E(0)<d<I;are fulfilled. When T, is approached,
the coherence length £(7) increases and can exceed the
junction dimension d, so that our experimental situation
pertains to‘a case intermediate between those considered
in the theory of Artemenko, Volkov, and Zaitsev® and
the model proposed above.

CONCLUSION

From among our experimental results we must single
out the proportionality of the excess current of a point
junction between a superconductor and a normal metal
to the value of the energy gap in the superconductor.
We note that the same result was obtained by Gubankov
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and Margolin® for high-resistance clamped junctions.
This property of point junctions, together with their
small size, makes the junctions a convenient tool for
the investigation of inhomogeneous states in a super-
conductor.

A theory of the conduction of point junctions of the
S-c-N type of small size d<< £(T)(1 - T/T )" * is at
present available. »® Qur experimental results indi-
cate that the qualitative predictions of Zaitsev’s work
are applicable in a larger number of cases. The sim-
ple model of the conduction of a point junction, con-
sidered in the present paper, indicates that junctions
with dimensions L « §(T') «<d <!, should have analogous
properties. A more accurate calculation of the conduc-
tivity of such junctions is of undisputed interest.
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