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GAS-DYNAMIC THEORY OF THE EFFECT OF LASER EMISSION ON CONDENSED
SUBSTANCES

Yu.V. Afanas'yev, O0.N. Krokhin

Introduction

The problem of the interaction of optical quantum generators
[lasers] with a substance includes a wide range of questions,
beginning from the elementary quantum processes (multiphoton ab-
sorption) and ending with the study of macroscopic phenomena
appearing with the action of the laser emission on the absorbing
or translucent media. Belonging to the macroscopic phenomena,
besides the nonlinear optics, is, first of all, the phenomenon of
the breakdown of gases under the effect of the focused laser
emission ("flash"), the formation and heating of the plasma up to
thermonuclear temperatures, and also the dynamic effects which
appear with the action of powerful flows of laser emission onto
condensed substances,

The indicated phenomena up to the present time are the sub-
Ject of numerous studles, both experimental and theoretical. The
interest in these studies 1s caused mainly by the possibility of
studying the behavior of different substances in conditions of
powerful electromagnetic fields (up to 107-108 V/em) and high den-
sities of radiation fluxes (up to 102_3013 W/cmz).

There 1s great interest also in a number of practical ques-
tions connected with the use of laser for the industrial treatment
of metalls and with their use in chemistry, thermophysics,
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biology, and medicine.
Up to the present time from the listed effects, the most com-

prehensively studied has been the phenomenon of the breakdown of
gas, i.e., the formation of a "flash" in the focus of a laser

beam. Examined in detail in a survey article of Raiser [1] are

the different mechanisquf the appearance of a flash, and theoreti-
cal and experimental results are given. In this article there are
references to practically all the known works in this direction.

The idea of the possibility of the obtaining of a high-tem-
perature plasma by means of a focused laser emission was first
formulated in the work of Basov and Krokhin [2]. Later the in-
dicated possibility in a somewhat more exapanded form was investi-
gated in the work of Dawson [3].

Much experimental material has also been accumulated in the
field of investigation of processes appearing with the action of
powerful emission of 1lasers on condensed substances. Works in
this field have essentially been developed in two directions:
studies of the effect of laser emission on translucent substances
(dielectrics) and the study of effects taking place with the inter-
action of the laser emission with greatly absorbing substances,
mainly metals.

It should be noted that the physical processes in these two
indicated cases are fundamentally different only in the region of
relatively small densities of flows of the incident radiation.
With an increase in the density of the radiation flux, the dielec-
tric also becomes opaque, and the phenomena appearing in both
cases prove to be close in their physical nature.

In this work we will be interested in the processes which are
observed with the action of the laser emission in a wide range
of densities of flows on the opaque condensed substances.

As was already indicated, there is a great number of experi-
mental works devoted to this question. We will examine some of
them in detail below (see section 1). However, i=n this case the
rate of the experimental works considerably lags the theoretical
studles. Leaving the discussion of the published theoretical
works prior to section 1, let wus note that at the present time




only several such works are known [4-7]. In all the indicated
works the investigation 1s conducted within the framework of the
nonstationary theory of thermal conductivity in a condensed sub-
stance.

As it will be shown below, the use of the equation of ther-
mal conductivity with radiation of the process of the interaction
of the laser emission with the opaque solid substance prowves to
be a good approximation to the processes actually appearing in
this case in the region of relatively small densities of the flows
substantially lower than 10°-10° Wiem*.

With an increase in the density of the flow of radiation
falling onto the surface of the condensed solid, there occurs a
4 sharp change in the aggregate state of the substance which absorbed
] ? the radiation with the subsequent surge of the new phase (the
1 formation of the "flare") owing to the appearing pressure gradi-
ents. In this case the final state of the ejected substance de-
pends on the mean free path of the incident radiation in the con-
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j ! ] densed solid and on the magnitude of density of the radiation flow.
] It is physically clear that i1n this case the model connected with

the mechanism of thermal conductivity is insufficient for a des-
cription of the examined process, and the problem must be solved
by taking into account the motion of the substance which absorbed
the radiation.

Furthermore, at sufficiently high densities of the flows,
the magnitude of the energy of radiation transmittable in a solid

] owing to the thermal conductivity proves to be, as will be shown
5 below, negligible as compared to the energy which 1s carried away .

by the ejected substance. %

1 Thus the problem being considered in the region of densitiles

1 ; of flows of radiation greater than the magnitude of 106 W/cm2 is

5 purely a gas-dynamic problem on the evaporation of a substance

' under the effect of radiation.

Let us note that similar problems appear in the case of the
evaporation of the substance under the effect of radiation in gas-
discharge lamps [8]. Furthermore, a similar situation takes place
in MK-generators when as a result of the finite conductivity of the
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material of the cylinder compressing the magnetic flow, a consider-

able role 1s played by the "surface explosion" of the layer of
metal due to the release in 1t of Joule heat, which exceeds the
energy of sublimation [9]. This phenomenon, as is indicated in
[9], can be examined on the basis of the solution of ga8-dynamic
solutions.

This article i1s devoted to the theoretical study of the gas-
dynamic processes appearing with action on the condensed opaque
substance of the laser emission in the region of densities of
flows greater than the magnitude of 106 W/cmz.
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