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ANOMALOUS BEHAVIOR OF AN INTENSE LIGHT FLUX IN A
MEDIUM WITH TWO TYPES OF ABSORPTION

Yu. I. Lysikov and I. A, Shamsutdinov UDC 535.343

A study was made in [1] of the behavior of the spatial distribution of an intense light flux in an amorphous
medium with two types of absorption — absorption by impurities with a subsequent rapid transfer of energy to
the medium through radiationless processes and absorption by the medium itself, The latter type does not oc-
cur initially but as a result of heating of the zone around the impurity centers there is a temperature shift in
the absorption edge and the corresponding parts of the medium start to absorb, This form of absorption eventu-
ally predominates for sufficiently large intensities. The details of the radiationless processes and of the tem-
perature distribution around the impurities have been considered in [2, 3]. The situation studied in [1] corre-
sponds to times by which all the populations have reached a stationary distribution and spatial zones far from
the front of the light flux.

It is impossible, without making simplifications, to get an analytical solution to this problem for the ini-
tial moments of time when the nonstationary nature of the intensity distribution and of the populations are ex-
tremely important, We have therefore derived numerical solutions, The calculations showed that the behavior
of the light intensity in the transient region is very peculiar. As in [1], we consider the propagation of a plane
parallel monochromatic light flux which at the instant t = 0 is incident from the left on the surface of a medium
which occupies the first half-space, The equations which describe the process are

oU !9t +— coUloxr = — Nyeol” — Ngeo,U - aN o, U,
AN/t = coUN; — Ny Ny = Ny =Ny 1)
ON, /Ot = — NyolU + Nyit; Ny + Ny = N}

Uz, 0) = 0; UQ,8) = Uy Nylz, 0) = N Ny(z, 0) = No(z, 0) == 0.

where U is the density of quanta in the light; N is the concentration of impurities with photoabsorption cross
section ¢; N; and N, are the concentrations of impurities in the ground and excited states, respectively; Ny is
the concentration of absorbing molecules in the medium with photoabsorption cross section oy; N3 and Ny are
the concentrations of these molecules in the ground and excited states; T is the radiationless relaxation time
of an impurity; and c is the velocity of light in the medium. The quantum density U is related to the light
intensity I by I = ceU, where € = hw is the energy of one quantum. The factor « in (1) is introduced to allow
for the fraction of quanta reradiated by the medium in the direction of the original flux, The diffusively scat-
tered quanta are assumed to pass outside the zone under consideration and to play no part in (1), The equation
for N, takes into account the absorption processes and the rapid radiationless deactivation. In order to deter-
mine Ny we utilize the exact equation (2.3) of [1]. We get

Ny - (4°3)(BecoUl8avpy)* *(1 = 3ecol Sardpy(t — x/e)*)—4 V.V .

where N, is the density of molecules in the medium, pg is the threshold oscillation-energy density at which
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absorption by the medium begins, and v is a quantity which characterizes the velocity of heat propagation in the
medium, In the calculations we introduced the dimensionless quantities

u="U/Uy ny=NyN; t'= Noet; z = Nox;

b == (4r/3) (Becoll o /Bavp )" Noy by == e NP jco V.

The numerical solution of (1) was found on a BESM-4M computer by means of an algorithm which had been
checked for stability and convergence, The following parameter values were chosen: N = 10" em™, ¢ = 2 -1010
em/sec, o =107* em?, 0= 1071 em?, 7 = 1.25-1071 sec, & = 1,78 eV, o= 0.5, and b; = 10.

Figures 1 and 2 show the results for U; =4 -10% (b = 31.6) and Uy = 4-10!% cm~? (b = 1), respectively.
The numbers against the curves denote the values of the dimensionless time t', The asymptotic {t' = =) value
of u was derived from (1) under the assumption of stationary conditions by a numerical calculation based on
the Runge— Kutta method, It can be seen from Fig, 1 (where Uy =4. 10% e¢m™3) that there is a clearly defined
intensity peak on the front of the light flux, The intensity then decreases somewhat and finally increases near
the surface to its boundary value. As the front moves away from the surface into the interior of the material,
the strength of the peak is monotonically reduced, When the front has moved sufficiently far, the spatial distri-
bution of u reaches a minimum value; it then increases again slowly, tending to its limiting t' = « value,

The slow increase in the solution after the time t* ~ 0.3 is determined by the delaying relaxation of ny and
n, to their limiting stationary values (when t' =< we must have n, = ny/2, and for t' ~ 0.3 we have n, < n; over
almost the entire range of x'), Figure 2 shows the resulis for Uy =4- 101% em™3, Whereas in the first cose the
absorption by the medium predominated over the given region of x!, here for Up=4- 10% cm™ both types of ab-
sorption are equally important, It can be seen from Fig, 2 that the peak near the front is smaller and the gen-
eral level of the curves is higher than in Fig, 1. The fact that the general level is higher can be explained by
the ability of the model [1] to regulate the absorption in the surface layer against variations in incident intensity
in such a way that the value of U at large distances from the surface remains almost constant in the stationary
state, Thus the value of u = U/U,for sufficiently large t' must increase as U is reduced. We might note that
calculations on the stationary system (1) by the Runge— Kutta technique give the value 1 :3 for the ratio of the
values of U at x' = 1 corresponding to Ug equal to 4-10" and 4.10'® cm™: this confirms the property we have
described,

The existence of the peak near the front and the behavior of this peak can easily be explained from phys-
ical considerations, The absorption due to heating of the medium up to some threshold temperature cannot
act immediately after the flux arrives at some particular point but is subject to some delay caused by the finite
rate of heating, Thus the absorption at a given point is initially due rainly to the impurities and is weaker
and linear, After some characteristic time, determined by the parameters in the expression for N, the regions
around the impurities heat up to the threshold temperatures and the stronger, nonlinear absorption of the medi~
um comes into play and causes a reduction in intensity behind the front of the flux, The magnitude of the reduc-
tion depends on how far the absorption of the medium predominates over that of the impurities and thus the intensity
peak at the front is much more pronounced for Uy = 4 -10'® cm™ than for the case U= 4-.10"1 cm™,

This nonmonotonic decrease in flux intensity that we have calculated for the transient state is very inter-
esting from the point of view of practical applications both in the sense that the flux intensity at a given point
can be maintained between certain levels as the incident intensity varies and in the sense that it should be possi-
ble to derive specially shaped light pulses,
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In conclusion, the authors wish fo express their gratitude to 8, I, Anisimov for his interest in this work
and to O, A, Ponomarev and T, M, Martem'yanova for a useful discussion, ’
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NEAR FIELD DIFFRACTED AT A DIELECTRIC WEDGE

A, A, Aleksandrova and N, A, Khizhnyak UDC 538.566+621,371

The integral equations of macroscopic dynamics [2] are used in [1] as the basis of a solution to
the problem of the diffraction of a plane electromagnetic wave with a known polarization at a
rectangular dielectric wedge, Expressions are given in this paper for the total electromagnetic
field both inside a dielectric wedge of arbitrary flare angle and outside the wedge. The method
used is the same as in {1},

1, Field Structure inside the Dielectric Wedge

Suppose that a plane electromagnetic wave is incident on a dielectric wedge of arbitrary flare angle o,
The dielectric permittivity € and the magnetic permeability 4 of the wedge are in general complex and of
arbitrary value, Without loss of generality, we can choose the polarization of the incident wave so that the
field has the nonzero components

E; = (Ex, 0, 0), H = (0, Hyy, Hoy),
~ where

Ezy (0, §) = Eqge 0077,
@, is the angle of incidence reckoned from the face ¢ = 0 (Fig. 1.

Then the field inside the wedge will have the same polarization and nonzero field components E = (Ex, 0,
0) and H = (0, Hp » Hy), where Hp, Hy are cylindrical field components. The field can be represented as a set
of plane refracted waves and an edge wave in the form of a Sommerfeld integral

E.(p,9) = 2 Aje”""""?“" @y -+ jeiksl’"s?moswﬂv F(m) dn;
7 &

Hy (o, ¢) = — V“f‘; {E A;e™OVEREOSO—93) o5 (h; — ) - | o0V EHos®—M cos (14— ¢) - f (n) dn}; {1.1)
3}

Go

Hylo, ) = V%{*‘;S AgeltV IO ip (i, — @) - [ eikeVTReoso—m sin (n — g} - £ (n) dn.
Go

Khar'kov. Translated from Zhurnal Prikladnoi Mekhaniki i Tekhnicheskoi Fiziki, No, 4, pp. 174-181,
July-August, 1976. Original article submitted May 22, 1975,

This material is protected by copyright registered in the name of Plenum Publishing Corporation, 227 West 17th Street, Nex‘v York, N..Y. 10011. No p.»art
of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, electronic, ~mef:kame:af, photocopying,
microfilming, recording or otherwise, without written permission of the publisher. A copy of this article is available from the publisher for $7.50.

594



