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The results of an investigation of Bi-Sb alloys at concentrations from O to 5 at.% Sb

will be published in the very near future.
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An investigation of the behavior of the maxims of the dV/dI characteristics of Joseph-

son tunnel junctions [1-3] as & function of the megnetic field provides an answer to the

question whether the observed structure of the dV/dI characteristics is due to Josephson

electromagnetic radiation [1,3] or whether it is connected with many-particle tunneling pro-

cesses [4].

avjar
7
07‘
2
2
02_
q] 1 1 1 i 1
47 44 45 46 47 Kav

Fig. 1. dv/dI characteristics of Sn-Pb

tunnel junctions et T = 1.7°K. 1) H = 21
Oe, 2) H=52.5 0e, 3) H= 84 Oe. The
null point of the abscisse axis is shifted
to the left. The null point of the ordi-
nate axis is different for the different
curves end is tagged with an appropriate
number. The amplitude of the alternating
modulating voltage V across the junction
does not exceed 3 uv.
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In the former case & strong field dependence is expected, whereas the many-

particle tunnel current is practically in-
dependent of the field.
in [1] that in magnetic fields ~100 Ce the

fine structure of the dV’dT characteristics

Tt was observed

of Sn-Pb junctions vanishes gradually, and
Rochlin [3] observed no field dependence
for Pb-Pb Jjunctions.

We present in this communication the
results of a detailed investigation of the
dependence of the intensiﬁy of the minima
of the group ASn (see [1]) on a constent
magnetic field parallel to the plane of the
Junction for two different Sn-TPb tunnel
junctions. Figure 1 shows dV/4I character-
istics plotted at different values of the
It is clearly seen that the
fine structure of the dV/d4I characteristics

magnetic field.

near ASn

increasing megnetic field, whereas the

= 0.6 meV vanishes gradually with

positions of the maxima on the V axis are
practically independent of the field. It
should be noted that the investigated
junctions had very low resistivity (p < 10~
ohm—mm2) and had a sufficiently homogeneous
dielectric layer. The homogeneity of the
oxide is apparently a necessary condition

for the observation of a strong interaction



between the electromagnetic wave of the Josephson radistion and the paired electrons in super-
conductors. Inhomogeneity of the oxide layer leads to the occurrence of generation in in-
dividual spots of the junction, which act like point contacts in this case [5]. In the case
of a homogeneous dielectric layer between the superconductors comprising the tunnel junction,
the dependence of the Josephson current density on the coordinates and on the time is given by
j_=j_ sin(wt -qz),where @ = 2eV/h, q-4e/\LH°/ﬁc .

s o

It is reasonable to assume that in sufficiently strong fields Hb the electromagnetic-field
wave excited by the Josephson current moves in the same direction and at the same velocity
as the current-density wave. By the same token, we are afforded an opportunity to vary in-
dependently the energy, magnitude, and wave-vector direction of the photons of the Josephson
radiation by varying the dc voltage and the magnitude and direction of the constant magnetic
field applied to the junction.

As a measure of the intensity of the minimum we can choose the quantity I =
(V2 - Vl)(l - vmin/vo), which is proportional to the area S of the rectangle whose construc-
tion is clear from Fig. 2. The proportionality coefficient ensures that I is independent of
the modulating current signal. The main error lies in the determination of VO (the value
of the derivative in the absence of the given minimum), which is frequently quite difficult
to determine from the characteristics. This is precisely why a large scatter of the points
is observed and it is impossible to draw any smooth curves through them.

Figure 3 shows the measured intensities of the fine-structure minima of the dv’/dI char-
acteristics near ASn as the magnetic field is varied from 10 to 100 Oe. The intensities of
of all the minime decrease with increasing field. The only exceptions are the minima at
V = 0.6 my for the first junction and V = 0.63 mV for the second, whose intensities are
practically independent of the field. These minima apparently represent an average gap in
the tin films and are due to the usual two-particle tunnel current, which does not depend on
the field. What is surprising is the different value of the average gap for the investigated
films, although both have almost the same T, (4.06 and 4.08°K, respectively). Greatest in-
terest attaches to the following peculiarities that are seen from Fig. 3: 1. The field de-
pendence of the intensities of the minime obviously does not satisfy the 1’H2 law, as is the
case for the de¢ component of the Josephson current, and the same holds consequently for the
electromagnetic power generated in the junction [1]. 2. The minima at large threshold volt-
ages vanish in weaker magnetic fields, whereas the minima at V = 0.51 and 0.465 mvV retain a
noticeable magnitude in the entire field intervel. 3. It can apparently be assumed that
each V has its own characteristic Hmax’ above which the absorption of the radiation at a
gliven frequency decreases.

This unexpected effect can apparently be related to the existence of one unique
threshold in anisotropic superconductors - a threshold dependent on the magnitude of the
photon wave vector q [6]. If the cosine of the angle GO between the direction of the wave
vector and the direction to the minimum of the energy gap corresponding to the given thresh-
o0ld exceeds V/ﬁTE, where & is a coefficient characterizing the shape of the surface A(p)
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neer the minimum and 1 = (w - wo)/wo is the relative frequency deviation from the threshold

value w_, then, in accordance with [6], the photons whose wave vector is larger than

0

1
Yaux ™ Jan/acos?o, —n)

will not be absorbed. Tor & polycrystalline film this means that some of the crystallites

will not take part in the absorption of the radiation when the magnetic field is increased,
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Fig. 3. Intensity of the *\
minima vs. magnetic field -7 N
for two Sn-Pb junctions. + N . . Oe
The circles, the voltage 7| *
minima denoted Vl, and the 154 XN W & 8w
left-side ordinate scale . e y5=058mV
pertain to the first junc- V104 \ +*
tion. The remaining data A
pertain to the second junc- ¥4 ARG AN . 4
tion. The voltage minima C Tt g T Oe
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tions. T = 1.7°K.

and with it the wave vector of the electromegnetic wave. Since Yoy
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is comparable in order

of magnitude with 1/ §O , this effect will occur whenever the phase velocity of the electro-

magnetic wave becomes comparable with the Fermi electron velocity, as is indeed observed in

the experiment.

It is obvious that investigations with single crystals are essential for a final con-

firmation of the advanced hypotheses. We can state even now, however, that a new method

exists for the investigation of anisotropic superconductors, namely the method of the Joseph-

son tunnel effect. Of greatest interest is the possibility of independently controlling the
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frequency and the wave vector of the photons, as indicated by the observed unique dependence
of the intensities of the minima on the magnetic field.

The author is deeply grateful to I. M. Dmitrenko for interest in the work, and to B. T.
Borodai and I. Kh. Albegova for help in preparing the tunnel junctions and for reducing the
experimental results.
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This work was reported at the 1lth All-union Conference on Low~temperature Physics
in Khar'kov on 25 June 1967.
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Equations for the spectral densities of the natural intensity and frequency fluctua-
tions of the emission of & continuously-operating single-mode laser were derived in [1]. An
experimental verification of the intensity fluctuation was performed earlier [2]. We report
here the result of an experimental investigation of the frequency fluctuations of a helium-
neon laser at wavelength 0.62 p and the determination of the natural width of its spectral
emission line.

According to the theory [1], the fluctuations of the frequency v of a laser whose
cavity is tuned to the center of the active-medium transition has an approximate spectral

density
2
. (Av)* hy o K2
%= —p B 55 (2%/m2) (1)

where Av is the resonator bandwidth and P the power generated by the active medium. Tt
follows from the earlier experiments [2] that for our purpose we can assume aﬁng/ng = 2,

If we put by way of &an example in (1) P = 1 mW and & = 6 MHz, we get w, = 0.02 Hzo /Hz.
The natural emission line width is = times larger, i.e., ~0.06 Hz in our example. Tt is
well known that the real (technical) instability of a laser frequency is larger than this
quantity by many orders of magnitude. This discrepancy is due to a number of different tech-
nical factors, that lead to variations of the laser parameters, and hence to considerable
spreading of the emission frequency. The possibility of separating the natural fluctuations
is based on the fact that the value of wv does not depend theoretically on the observation
frequency F, and the spectrum of the frequency fluctuations due to technical factors de-
creases rapidly with increasing values of F. A similar problem was encountered also in in-

vestigations of the frequency fluctuations of radio oscillators, and weas also solved by stu-
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