
FIG. 2. Transmission of light with pressure exerted on palm
of hand, a) transmission of light with glass rod pressed against
palm (laser light from dorsal side of hand); b) hand without
pressure (laser light from palm side); c) same, but with palm
pressed against Plexiglas-cylinder lightguide. Exposure
30 sec.

sion of the palm when a glass rod is pressed into it (the
beam is being projected onto the dorsal surface of the
hand) (Fig. 2a) and when the palm is pressed against a
lightguide (Fig. 2c) (exposure times 30 sec). It was
found that the enhanced transmission persists for 2-3
sec after removal of the pressure. This sharp increase
in the transparency is apparently due to the heterogenei-
ty of the tissues—by displacement of tissues and blood
from the tissue in the region under pressure. This dis-
placement, which is not uniform over volume is similar
to what causes whitening of the palms, nose, or cheeks
when they are pressed against glass. It is possible to
modulate the pressure in such a way as to obtain trans-
mission increase and normal functioning of the tissues
by turns.

The transmission enhancement under pressure en-
ables us to increase the intensity of radiation at depth
and to apply the doses necessary for therapeutic effects
deep in the body.

It may be possible to conduct radiation into deep tis-
sues by an even more radical and effective method: by
the use of "light syringes" that guide the light through a
channel in the needle by reflection from the walls of the
channel or from the walls of the central filament of a
length of lightguide inserted into the needle. A liquid
can be injected to move the tissues away from the tip of
needle, thus making it possible for the light to spread

out and preventing concentrated light from contacting
the tissues.

Clearly, all the above applies not only to laser, but
also to any other type of optical radiation; however,
transport through the needle is more effective in the
case of laser beams because of their good focusability.
Similar procedures can also be applied with ionizing ra-
diation (charged particles, beams), ultraviolet, x-ray,
and gamma photons, and radio emission, since the
techniques used not only reduce the size of the scatter-
ing spot, but also lower absorption by displacing some
of the matter from the path of the radiation.

The effects described above can be used for deep
treatment of internal diseases (for example, neuroinfec-
tive diseases of the spinal cord) when it is desirable to
increase the resistance and activity of cells and for
mytogenetic and bactericidal effects, especially in
cases when the area to be irradiated is known from the
symptoms of the disease or from diagnostic procedures.

The described phenomena may be useful for intra-
scopy and the optics of strongly scattering media. We
note that transmission by media may be enhanced by
various mechanisms under pressure, mechanisms that
involve for example, not only shortening of the path of
the radiation but also tight packing of the scattering
centers (when many of them are squeezed into each
wavelength and the medium comes to resemble a homo-
geneous medium with an averaged dielectric permittiv-
ity), as well as changes in the scattering characteristics
that result from changes in the shape and orientation of
the scattering centers. All these processes are differ-
ent in different regions of the spectrum and must be in-
vestigated.
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G. A. Askar'yan and B. M. Manzon. The "Laser
Dragon"—flash-discharge of light into the atmosphere in
the direction of the beam.4 Detonation light flashes in a
gas1'2 usually propagate from the focus against the beam
of light, with the absorption front moving at a velocity

where p0 is the density of the gas and / is

the light flux density (for typical discharges I~ 10"-1010

W/cm2 and VD= 106 cm/sec at a pressure of 1 atm).

What would happen if the gas were evacuated from in
front of the focus and allowed to remain behind it? How
would the discharge flash behave, especially in the case
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FIG. 1. Burst of light discharge Into atmosphere la direction
of beam, a) diagram of experiment (1—vacuum chamber;
2—laser beam; 3—thin lavsan film maintaining pressure dif-
ference; 4—light discharge; b-f) integral photographs of light
discharges at various durations T and energies Q of laser
pulses; Fig. b) the usual 70 nanosecond giant pulse; Figs.
c—d)—long giant pulses; as the energies decrease (Fig. e)
we observe a slender straight puncture filament 0.2 mm in
diameter; at higher energies, a cluster of filaments is often
produced at discrete angles (Fig. f).

millimeter thick, i.e., a small fraction not only of the
length of the discharge, but also of the initial size of
the focal spot. All this indicated focusing in the dis-
charge and concentrated conduction of the light in the
plasma,5"6 for which plasma concentrations ne»9zncr

«ncr=1021 cm"3 are sufficient in view of the small angle
of capture (9 « 0.1-0.05 rad). A single filament was ob-
served at low energies, an indication of capture of the
beam even as it turns with the motion of the lasing
wave.3 Lapses of capture and the formation of bursts at
several discrete angles were observed. Forward burst
velocities up to 5 • 106 cm/sec were registered on high-
speed photoscans. We note that the linear energy re-
leases amounted to several J/cm, which is definitely
sufficient for high temperatures and low densities of the
residual tracks.

This directional flash-discharge burst into the atmos-
phere, which we have named the "laser dragon" in hon-
or of the mythical flame-breathing creature, is not
merely of interest as a new type of light plasmotron. It
opens up a new field in radiation gasdynamics that des-
cribes the concentrated propagation of a powerful light
beam in an absorbing medium in which the beam self-
focuses as it heats up and expels the medium along its
path. The propagation of the intrusion front has much in
common with hypersonic gas dynamic flow around a
slender body.7

One of the important factors that enabled us to pro-
duce long discharge bursts and to elucidate and analyze
the structure of the discharge was the use of superlong
giant pulses produced by a new type of laser.3

These pulses have also made it possible to obtain11

long continuous light discharges in the atmosphere that
have ranged up to 20 cm in length (Fig. 2) and differ
from nonuniform intermittent discharges in ordinary
giant pulses (see Fig. 2b) in that they are continuous,

of long giant laser pulses? We addressed ourselves to
this problem after building a new type of laser3 which
produces pulses of duration from hundreds of nanosec-
onds to tens of microseconds.

A diagram of the experiment4 appears in Fig. la. The
beam 2 of a powerful neodymium laser was focused into
vacuum chamber 1 onto a thin (10 p.m) fast-puncturing
lavsan film 3 that covers the window and maintains the
pressure difference. The lens had a focal length of 1 m
and the focus spot was 1 mm across. The energy in the
pulse was Q^ 100 J. The length of the pulse in the las-
ing-wave mode could be varied from 0.3 to 10 jusec. A
normal 50 nsec pulse of the same energy was used as a
control. On evacuation of air from the chamber, we
immediately obtained a directional burst of flash dis-
charge into the atmosphere, the length of which in-
creased with increasing pulse duration T: from 3 cm at
TaO.3 jisec to 17 cm at T~ 5 nsec* (Fig. 1, b-f).

The small cross section of the energy-release channel
and the concentrated propagation of the light and the
leader initiating the rupture were quite striking. The
discharge filament was no more than a few tenths of a

Atmosphere

FIG. 2. Long continuous discharge in gas against beam, a)
diagram of experiment (1—laser beam; 2—target; 3—dis-
charge); b) beaded nonuniform discharge in ordinary giant
pulse ™ith T»50 nsec; c, d) continuous long sparks at dura-
tions T« 3 and 10 nsec, respectively. Scale of image same
as in Fig. 1.
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something that is highly desirable in various practical
cases. The length L of the discharge depends on the
pulse duration T very nearly in accordance with theory:
L-v^T-T2^ at a given energy Q.

The light discharges that have been produced can be
used to form channels8-9 of lowered density and plasma
channels in a gas with the object of guiding beams of
particles, radiation and fast particles, to create10

plasma antennas, reflectors, and guidance systems for
radio waves, to bring about directional puncture and
closure of discharges, to create plasma electrodes,
etc.
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G. A. Askar'yan, I. A. Kossyi, and V. A. Kholodilov.
Ray-jet engines.* The development of microwave power
engineering and the problem of radiative energy trans-
fer1 make it desirable to investigate new modes of radi-
ant-energy conversion. One of the possible objects of
conversion might be the jet that forms on the surfaces
of solids and in gases under the action of high radiation
flux densities. The high efficiency of plasma-jet
conversion of microwave energy to electric-current en-
ergy (efficiency 515-20%) was recently2 observed and
investigated. In Ref. 4 the present authors have report-
ed an investigation of the direct conversion of radiant to
mechanical energy with the aid of a jet formed by the
radiation in models of three types of engines: turbine,
vibration, and piston (Fig. 1). The radiation source
was a centimeter-band microwave generator that pro-
duces pulses with energy Q1~10 J, duration 60 /Lisec
with the repetition frequency adjustable from 1 to 100
Hz. A neodymium laser with an energy of -10 J per
pulse was used to investigate the light jet.

1. The ray turbine. A rudimentary turbine with blades
10 cm long and a moment of inertia / = 104 cm2 was
built. The turbine was set into fast rotation on focusing
of the radiation on an area situated away from the tur-
bine shaft toward the edges of the blades. Recording of
the rotation with interrupted light and motion-picture
and strobe techniques made it possible to study the ac-

FIG. 1. Schematic representations of turbine (a), vibration
(b), and piston (c) engine and turbine blade with chamber at-
tachment (d). 1) rotor; 2) vacuum chamber; 3) jet; 4) blade;
5) mount for vibrating rod; 6) radiotransparent window; 7)
piston; 8) combustion chamber; 9) chamber attachment.

celeration, the steady state and the damping of the ro-
tation when the jet was switched off in various regimes
with various repetition frequencies and various gas
pressures in the metal chamber enclosing the turbine.
The frequency / of the rotation decreased as the gas
pressure p was raised from 0.2 to 1 atm and increased
on an increase in the pulse repetition frequency (Fig. 2).
Using the expression F~ aP for the force F with which
the jet acts on the surface, where a-10 dyn/W and P is
the radiation pulse power, we obtain from the equation
of motion of the turbine /&= FrvL - (I/T)fl where T is
the decay time of the rotation (T~l/p in the pressure
range p~0.2-1 atm), we obtain nst = FrvLT/I. Since
the mechanical power A = F^v = F^Ltt = (Frv)2L2T/I
-P2, the efficiency is A/P-P, i.e., should increase
with increasing power.

Rotation frequency and efficiency were significantly
increased by fitting the turbine blades with chamber at-
tachments that ensured directional outflow of the jet gas
and eliminated the effect of the shock wave from the jet
on the preceding blade; the efficiency was ~1% with
these attachments. Synchronization of pulse delivery
with the optimum position of the turbine blade, increas-
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FIG; 2. Turbine rotation frequency / as a function of fre-
quency v of microwave pulses and of pressure P in chamber
(ati<=17Hc). 1) turbine without chamber attachments; 2)
turbine with chamber attachments.
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