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It was found in a study of self-focusing [1 - 4] that self-collapse [5] and
breakup [3, 6, 7] of a high-power beam in a nonlinear medium can hinder the
propagation of radiation having a power much higher than the threshold value.

It is shown in the present paper that the collapse of such a beam can be pre-

. vented by superimposing on it a small-scale raster (grid) and effecting a multi-
ple waveguide regime of energy propaga’cion1 . We have observed an effectlve
possibility of controlling the self-focusing by varying the distance from the
raster or from a diaphragm to the entrance to the nonlinear medium. We have in
fact formulated and investigated the problem of propagation of a diffraction
image of a grating in a nonlinear medium.

The experiment was performed with a Q-switched axial-mode neodymium laser
with a power rating up to 10 MW (a selector and a diaphragm in the resonator
ensured a smooth radiation distribution and a smooth pulse waveform even when a
prism Q-switch was used). The laser beam passed through a cell with nitroben-
zene. The beam power exceeded by hundreds of times the threshold power Pthr

= 100 kW. The minimum position of the self-focusing focus was determined from
the sparks [8, 9] produced in the liquid at the instants of maximum concentra-
tion of the heat release - when the beam power P(t) reached the maximum and the
focus stopped, i.e., while P(t) = 0. We recorded simultaneously the maximum
power of the pulse on an oscilloscope screen. The beam dlameter was 2 mm and
we used grids with openings of (1.5 - 3) x 1072 cm and transparency 50 to 60%,
or else diaphragms with the same hole diameters. When the grid was placed over
the beam, the sparks were distributed over almost the entire cross section of
the beam. It was observed that the distance Zf from the end face of the cell to

the spark depends strongly on the distance & from the grid or diaphragm to the
end of the cell. Figure 1 shows a plot of zf(z) at a constant incident beam

power. When the cell with the nonlinear liquid was moved away, the points where
the beam collapses moved away from the entrance face of the cell to the inter-
ior of the medium and could be led to the outside of the medium. The points

were moved through a large distance at zcr n1 = 4.5 em for a grid with openings

having d = 2 x 10~? cm. Such a distance is commensurate with the so-called
Fresnel length L = d%2/x at which the beams begin to broaden noticeably or
neighboring beams begin to overlap. Near this distance xcr’ the greatest spread-

ing occurs in the shadow of the grid on the input face of the cell. It is
interesting to note that the picture becomes sharp not only at smaller distances
L < ch (which is natural), but also at large distances. Figure 2 shows photo-

~graphs of the shadow of a grid with 4 = 2 X 10”2 cm, photographed from a ground-
glass screen placed at the following distances to the grid: a) & = 6 cm, b) & =

‘ = ~ I 'S . s f
zcr 5 cm (lcr nl L .5 em differs little from zcr’ owing to the influence o

the longitudinal contrast gradient on the self-focusing). We see a strong

'We note that the scattering of a beam by a grid in order to prevent col-
lapse offers advantages over an increase of the beam divergence by a diverging
lens, which cannot eliminate the collapse at beam powers much above threshold
(p >> Pthr’ i.e., Ar << r), owing to the small gradient of the angular separa-

tion of the sub-beams (through an angle A8 v r/F, where F is the focal length
and Ar the dimension of the beam region prone to collapse).
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Fig. 1. Shift of the position of the beam-collapse point
to the interior of a linear medium at different distances
from the grid (a) or the diaphragm (b) to the end face

of the cell. Zf is the distance from the end face to the

point of beam collapse inside the liquid, & is the dis-
fance from the grid or from the diaphragm to the end face
of the cell. a) The zf(z) dependence is given, for grids

with cell dimensions 3 x 1072 em (I), 2 x 1072 cm (II),
III - position of collapse point without the raster.
b) The Zf(l) dependence 1s given for diaphragms with

diameters 3 x 1072 em (I), 4 x 10=%2 em (II), and 5 x 1072
em (III). A1l at flux densities 2.5 x 10 W/cm.

smearing of the image near 2cr and a restoration of the contrast at & = 2cr 1

cm. The removal of the collapse point to the interior of the nonlinear medium
was traced up to Zf = 26 cm, whereas without a grid the collapse point was lo-

cated at Z, = 3 cm behind the entrance end face?) .

The removal of the collapse point at 2 < 2cr can be attributed to the in-

crease of the divergence angle and the radius of the elementary beams at the en-
trance to the nonlinear medium. Indeed, according to an aberration-free esti-
mate we have for each sub-beam

T, ~1
[ Fr2 27T, - 2 __.._T__.
Zf = as{ - oos'+ "ZEozs - x2/('5‘ = asz - oos 9 ¥ /_: \'/Vpl- thr

’

where the radii a and the angles 6 of the sub-beams on the surface of the medium
are marked with the subscript s, i.e., at P; = const (prior to the touching of
the sub-beams) we have

2)We note that it was very difficult to observe a large shift of the sparks
by adjusting the laser power, whereas control of the focus by selecting 2 turned
out £to be much simpler and more convenient.
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where as(z) and eoS(z) are determined by the diffraction broadening, with

as(zcr)eso(zcr) = K.

At 2 = mcr there is formed a diffraction image that decreases ag increases
the radiation density, and decreases es owing to the presence of many cells of
the grid (in the Fraunhofer limit GS S esl/Nl’ where Nl is the number of cells
per unit length of the grid, and the limiting power at the maximum is P ~ PlN’

where N v N} is the total number of cells in the grid). We note that an im-
portant role in self-focusing is played not only by the initial image contrast
(which gives the transverse intensity gradients), but also by the longitudinal
rate of change of contrast (which gives the divergence angles).

The change of flux density in the investigated Fresnel zone of the dif-
fraction grating at I 2> Icr is determined by the contrast of the intensity func-

tion. This contrast is determined in turn by the factor cos(m&A/d*), where 4
is the period of the grating. TFor example, for a sinusoidal grating we have

I =|fe ikves (Y—”vz(l + cos(—zyn—y))d)' !2 ~ 1+ ZCOS(Eg—Y)cos(—z%)l) +
+ cos Z(E}Y)

For example, at cos(mir/d?) = 0 we have I ~ 1 + cos?(21Y/d) and ranges from 1
to 2 and at cos(mLA/d%) = 1 we have I ~ [1 + cos(2nY¥/d)]% and ranges from O to
4. Here % is the distance to the diffraction grating, Y is the transverse ob-
servation coordinate, and y is the coordinate along the grating. We see that
the contrast decreases sharply at ch = (2m + 1)d2?/2x, i.e., lcr(m = 0) = d%2/2x

Fig. 2. Distribution of intensity on the screen at the fol-
lowing values of the distance 2 from a diffraction grating
with d = 2 x 1072 cm in air (without a nonlinear medium):
a) £ =6 em, b) £ = 5 cm. It is seen that near ch the

image contrast weakens sharply, and at & = zcr * 1 cm the
contrast is restored (this repeats at & = 16 cm).
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and A __(m = 1) = 33%/2)1 = 2Xc (m = 0), as was indeed observed in experiments both

er r
with a neodymium laser (Acrl = 5 cm, Acrz ~ 16 cm) and with a helium-neon gas
laser (A = 8.5 em, A % 25.5 e¢m) for a grid with 4 ~ 2 x 1072 ecm.

~Ter; crs

The beam easiest to cut up with a raster is one with a near-rectangular
radial distribution of the intensity. However, even for any radial distribution
of the radiation intensity density I(r) one can choose a raster with radially-
dependent cell areas s(r) such that the power passing through each cell is
close to the threshold value, s(r) v I(r)/Pthr' The transverse gradient of the

sub-beam is then significantly weakened by diffraction, so that its bending and
1ts scattering are decreased. The results of this investigation extend consider-
ably the possible use and manifestation of wavegulde self-focusing.

In conclusion, the authors thank Academician D.V. Skobel'tsyn for support.
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1. Detailed tunnel investigations of the energy gap of Nb;Sn were reported
in [13, and four values (4.70, 2.24, 1.50, and 0.36 meV) were obtained for the
gap 2A. The principal maximum of the tunnel density of states (the region of
the second and third gaps) corresponds to an energy 2Aeff = 1.9 meV, where Aeff
1s the effective value of the gap in Nbj3Sn.

It was shown earlier [3, 4] that the use of low-resistance contacts with
microscopic short circuits makes 1t possible to observe clearly all the singu-
larities of the tunnel characteristiecs.

In the present paper we report an investigation of the differential con-
ductivity (dI/dV) and of its derivative (d?I/dV2?) both in the voltage region
V < 2A and in the region V > 2A, for Nb3;Sn-Pb, Nb3Sn-Sn, and Nb;Sn-Al tunnel
junctions with micro-short-circuits. We used junctions with resistances 10-2 -
1 ohm/mm?.

2, At low voltages, maxima of the differential conductivity (gap subhar-
monics) are observed at voltages Vn = (Aeff + Am)/n, where n is an integer and

Am is the energy gap of the second metal. As a rule, the amplitude of the even
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