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We investigated the influence of magnetic scattering on the tunnel current
of superconductors. The scattering magnetic impurities were deposited on the
insulator layer of the tunnel junction on the side of the investigated super-
conducting metal. In preparing the junctions, we used dielectric masks ensur-
ing constancy of the thickness of the investigated films. The insulation layer
was produced by oxldizing an aluminum film, making it possible to monitor the
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Fig. 1. R(V) and 1/R(V) 0.8t
characteristics of Al-
I-Fe-Sn tunnel junction
with different amounts
of ixon: 1 - 0.9 K, 2 - a7t
1.§ A, 3-2.2R%, 4 -
3%, 5 - 3.8 8. The
dashed curve is the
calculated curve for o8
On = 0.975.
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Fig. 2. R(V) characteristics of
Al-I-Fe-Pb tunnel junctions with
different amounts of iron: 1 -
0.0 R, 2 - 0.15 R, 3 - 0.35

b~ 0.55 8%, 5 - 0.75 R.
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quallty of the Junctlon against the
characteristics of the aluminum, the
measurements being carried out at
temperatures v1°K. The scattering
magnetic impurity was iron. 1In the
experiment we prepared simultan-
eously a serles of junctions with a
magnetic-impurity content that d4if-
fered by a factor 1.5 - 2. The in-
vestigated superconductors were tin
and lead. The film thickness was
calculated from the loss of weight
of the evaporator and amounted to
500 X for aluminum, 0.1 - 5 & for
iron, 3000 & for tin, and 2000 §
for lead. During the course of the
preparation of the samples, the
vacuum of the system was not broken
after the oxidation of the alumlnunm
and the pressure was less than 10-®
Torr.

In the experiment, Just as in
[1], we recorded mainly the 4dVv/dI =
R(V) characteristics of the samples.

Figure 1 shows results obtained
for Al1-Al;03-Fe-Sn samples with dif-
ferent amounts of impurity. As
seen from this figure, the presence
of the magnetic impurities leads
only to a decrease of all the singu-
larities of the R(V) characteristics
of the tunnel Junction. No notice-
able displacement or smearing of
the singularities was noted in the
samples, and the singularity dis-
appears completely at large amounts
of impurity. This can be traced
particularly clearly by the posi-
tions of the singularities con-~

nected with the energy gap. Similar results were obtained also for lead.

No such results were observed earlier in any of the known numerous inves-
tigations of the influence of magnetic impurities on the tunnel current of
superconductors [2]. This is connected with the fact that the magnetic impuri-
tles usually penetrated into the interior of the metal and changed primarily
the state of the entire superconducting system.

As 1s well known, interaction with the magnetic moment causes destruction
of the superconducting pair. We shall examine the experimental results under
the simplest assumption that the presence of magnetic impurities causes the
superconducting characteristics to appear only on part of the contact area Og5

whereas the remaining part of the contact On

metal.

Then
1
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where ps(V) is the resistivity of a junction of the type Al-I-S, where 3 is a
superconductor (Sn or Pb), and pn(V) is the resistivity of a Junction of the
type Al-I-M, where M is the normal metal,

It turned out that it i1s possible to choose values of On such that the calcu-

lated R(V) curve coincides satisfactorily with the experimental one under the
assumption that ps(w) = pn(w) (see Fig. 1).

Figure 3 shows a plot of %n against the calculated thickness d of the iron

film. PFor thicknesses d less than 1 3, where the possible error in absolute
value could reach 30%, the data presented are averaged over all samples of one
series. The obtained data make it possible to determine the radius rg of the

scattering of the electrons by the magnetic impur%ties. For the FeSn system,
re =3 %1 R, and for the FePb system rq = 8 % 2 A

Such a strong change of the characteristics of the tunnel junction, as
shown in Figs. 1 and 2, can be observed only in the scattering of electrons
by magnetic impurities. In the case when a nonmagnetic metal is used in place
of irgn, no sharp change of the characteristics 1s observed up to thicknesses
~100 A. The changes observed in this case are well described from the point of
view of the "proximity" effect [3, 4]. By the same token, the employed method
makes it possible to reveal, by measurement of the superconducting character-
istics, the presence of a small amount of magnetic metallic impurities in the
Junction. As follows from the _curves of Fig. 3, a magnetic moment was observed
for iron layers less than 0.5 R thick, in contact with the tin or the lead.

It is of interest to note that in normal state of the metal (in a field
H > Hc or at T > TC), we observed no symptoms of any giant anomalies at V = 0.
These have recently been ascribed in a number of theoretical and experimental
papers to the scattering of electrons by magnetic impurities [5 - 71].

The authors are grateful to A.A. Abrikosov and 0. Chalshvilli for dis-
cussions.
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In gasdynamic lasers (GDL) and amplifiers, inversion of the population of
the vibrational states of certain molecules results from rapid expansion of a
previously heated mixture of molecular gases [1 - 8]. The composition of the
gas mixture is chosen such that when it expands the collision-relaxation times
Ty and T, of the final (1) and initial (2) laser levels satisfy the condition
Ty << 12 [9]. In addition, the rate of the expansion should be sufficiently
high so that the depletion of level 2 as a result of relaxation be slower than
as a result of adiabatic cooling of the gas mixture.

In the present paper, to obtain inverted population of the vibrational
levels of the molecules, it is proposed to use a new class of strongly-exother-
mal chemical reactions accompanied by explosion. It has been shown that in
free expansion of the explosion products (EP) of certain explosive substances
(ES) the aforementioned conditions can be realized without using gasdynamic
devices such as nozzles or slits.

The problem consists of choosing ES whose EP have a gas composition which
makes it possible to realize the required relaxation scheme, analogous, for
example, to that used in known GDL [2, 10, 11]. This requirement can be satis-
fied by a number of gaseous and condensed ES [12, 13]. The rate of expansion
of the EP, heated in accordance with the type of the ES to (2 - 5) x 103°K,
reaches 10° - 10° cm/sec, 1.e., it is comparable with and even higher than the
gas-stream velocity in GDL. The explosive reaction of an acetylene-alr mixture
of stoichiometric composition [147]:

0.081C,H, + 0.202 (O, + 3,76 N,) = 0.162 CO, + 0.081 H,0

1
+ 0,757 N, + 26 kcal/mole EP, (1)

can serve as an illustration.

Let us exXamine in greater detaill the physico-chemical processes occurring
during the explosion [12 - 157, confining ourselves to the case of cylindrical
symmetry. Assume that a detonation wave is excited in a tube of diameter 4,
filled with a mixture of C2H:2 and air. It is known [1U47] that at a pressure
above 0.5 atm combustion goes over into detonation in an initial mixture with
volume concentration 8 - 14% CpHz if spark ignition is used and the tube has
d > 18 mm. The veloecity of the detonation wave depends little on the pressure
and equals 1.8 x 10° cm/sec. An exothermal chemical reaction takes place on
the front of the detonation wave and supports the existence of the wave. The
reaction gives rise to EP that are thoroughly mixed into presumably a mixture
of ideal gases with composition corresponding to the equation of the reaction
(1). The temperature of the flame of a stolchiometric acetylene-air mixture is
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