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FIG. 1. Photograph of the laser beam focused by a 75 mm
focal length lens: a - with occurrence of breakdown; peak
power- 30 MW. b- below the threshold for breakdown.

The total energy in the beam is about 1.5 joules.
The lenses used in the experiment had focal lengths
F = 30, 75, and 210 mm.
Figure 1a shows a photograph of a spark from
the laser, photographed on film sensitive to the red
part of the spectrum. The spark has a characteristic spindle-shaped form extending along the beam,
and has a length of the order of 10-15 mm and a
diameter of a few mm. The threshold value of peak
power at which the spark occurs depends on the
parameters of the focusing lens and the degree of
collimation of the laser beam and in our case is
~ 5-10 MW. With an increase of peak power, the
size of the luminous region increases; for very
high peak powers we have observed in a number of
cases the breakup of the luminous volume into separate regions. In all cases in this spark a considerably brighter central region is easily visible, in
the form of a thin filament extending along the optical axis of the system.
To evaluate the duration of the luminescence and
to explain the dynamics of the development of the
glowing cloud, we photographed the spark with a
frequency of 625,000 frames per second. The photography was done with a SFR-2 high speed camera.
The exposure time of an individual frame was ~ 1.6
J.I.Sec. Figure 2 shows the appearance of the photographs obtained. It is evident that the luminous re-
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gion develops in the course of the first 3-5 IJ.Sec
(3-4 frames) and that the main part of the radiation from the spark occurs during this period. Subsequently a collapse and cooling off of the luminous
cloud occurs, accompanied by a decrease in brightness and in the dimensions of the luminous region.
This stage extends for ~ 30-40 J.I.Sec. It must be
mentioned that the inadequate time resolution of
our photographs does not allow us to draw any conclusions about the very interesting initial stage of
the discharge, corresponding to times of ~ 40-50
nsec. A determination of the shape and size of the
initial volume of the spark is extremely important,
since it enables us to determine the size of the region in which the energy of the laser beam is released.
To determine the total energy released in the
vicinity of the discharge, we measured the fraction
of the laser pulse energy which passed through the
discharge region. From comparison of photographs
1a and 1b it is evident that with the appearance of a
spark only a fraction of the laser light passes beyond the focus -the laser beam intensity observed
by scattered light is considerably decreased beyond the spark. Appropriate calorimetric measurements showed that with the occurrence of a discharge the transmitted energy is ~ 40% of the total
energy of the laser pulse. Since we do not expect
strong scattering to occur in the plasma, probably
about 60% of the laser energy is absorbed in the
small region near the focus of the lens 1>. If we assume that the initial volume in which the laser energy is deposited corresponds to the central region
of increased brightness, its dimensions are
~ 10- 4 cm 3 • Deposition of such a large quantity of
energy (~1 joule) in a small volume naturally must
lead to an explosive phenomenon. In the air a radial
shock wave is propagated whose wave front, ionizing and heating the surrounding gas, leaves behind
a cloud of glowing plasma. This hydrodynamic
process of spark formation from a laser is probably similar to the process of formation of the
channel of an ordinary spark discharge. C4 J

FIG. 2. Successive photographs of the development of a spark. The numbers designate the number of the frame; duration of exposure for a single frame is 1.6 11sec. The frames follow immediately one after the other.
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FIG. 3. Spectrum of a laser spark in air in the visible region (4000-6600

A).

We photographed the spectrum of the laser
spark, integrated over time. Figure 3 shows a
spectrogram of such a spark in air in the visible
region ( A.i\. "' 3900-6500 A). Interpretation of this
spectrum showed that the observed lines belong
mainly to singly ionized nitrogen and oxygen atoms
N II and 0 II. We have also observed a line of
atomic nitrogen N I and the Ha line of hydrogen.
These lines are observed also in the spectrum of
the ordinary spark discharge. However, in comparison with the spectrum of the ordinary spark,
in the spectrum of the laser spark our attention is
drawn to the very strong continuous background
and the very large width of the observed lines-in
fact, the majority of the lines are unresolved multiplets in which the distance between the individual
lines is several Angstroms. Both of these factsthe strong background and the large line widthindicate a high electron concentration in the laser
spark.
We made an evaluation of the quantity Ne by
measuring the line widths in the laser spark spectrum and in the spectrum of a spark from a standard source (a type IG-2 generator operated at V
= 14 kV, C = 0.02 Jl.F, L = 0.01 JJ.H). According to
Mazing [ 5] the average value of Ne in such a source
is 1.5 x 10 17 em - 3 • The measured half-widths of the
N II line i\. = 3 995 A in the laser spark spectrum
and in the IG-2 spectrum are 10 and 0.8A, respectively, which gives a value of 2 x 10 18 em - 3 for the
electron concentration in the laser spark. A direct
evaluation of Ne carried out using the formulas of
Va'lnshte'ln and Sobel'man [s] for the N II lines i\.
= 3995 and 5045A (y"' 8-10A) gives a value Ne
"' 2-3 x 10 18 em - 3 •
We also evaluated the temperature of the laser
spark from the relative intensity of the N II lines
i\. = 5179 and 5045A. The line i\. = 5179A is a
superposition of two multiplets, some of whose
components are unresolved. The transition probability for the entire group of unresolved components was calculated from the formulas of Bates
and Damgaard. C7J Experimentally we measured
the total area under the line. In view of the large
errors in photometric measurements and in calculation of the transition probabilities by an approximate method, the accuracy of the temperature de-

termination in this case is quite poor. The value
of Te obtained by this method is 30,000-60,000°K.
It should be emphasized again that the spectra obtained are integrated over time. The values of Ne
and Te obtained by us must apply to the already
developed stage of the discharge in which the main
part of the light is produced. By this time, as can
be seen from Fig. 2, the spark already occupies a
considerable volume (- 10-1 cm 3 ). In the initial
moments when the volume occupied by the spark is
much smaller, we can anticipate that the electron
concentrations and temperatures existing in the
discharge must be substantially greater. Therefore the study of the initial stage of a laser-induced
spark in a gas presents considerable interest, and
research in this direction will be continued.
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THE problem of neutron stars has recently provoked very considerable attention. The reasons for
this are, first, current research into gravitational
collapse, which for a star with sufficiently small

