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In this report, symmetry properties of the equations describing spectral
hole-burning (SHB) ["2] ш ап optically dense sample are considered
and some consequences are analysed. The consideration of [3] is gene-
ralized to non-monochromatic linearly polarized light. SHB process
is then governed by the equations

dQ (X, t’ vi)/Õt':—'g (X, t’ Vi) f G(Viv VP)[(xv t’ 'Vp)de (la)
ol (x,t,vp)/ox=—l(x,t,vp) [ o(vi, vp)o(x, 2, vi) dvi. (1b)

Here @ and I are the distributions of impurities and photons, respectively,
o is the absorption cross section v; and v, (i — impurity; p — photon)
are frequencies of impurity transition and photon, resp. The impurity
transition dipole and the electric component of the photon are supposed
to be colinear. In (1), the SHB quantum vyield is supposed to be unity:
formally this can be achieved by a simple time scaling. (1) describes
SHB in a planar sample at a rectangular incidence of light (planar
wave). (la) governs SHB kinetics at a certain distance x from the front
surface and (1b) — the attenuation of light in the sample according to
the Beer’s law.

System (1) can be represented in an integral form:

Q(x’ t’ vi)‘=‘Q (х› 0› vi) ехр {—ff G(Vi, VP)I(x) t,9 VP) de dt, } (28)
0

Г (х, #, Ур) == Г (0, 1, ур) ехр {—fxf o(vi, vp)o(X, £, vi)dv; dx’}. (2b)
0 .

In (2), 1(0,¢, vp) is the distribution of photons at the front surface of the

sample and ¢(x,o,v;) is the initial distribution of impurities in the

sample. In a general case, (2) can be solved numerically by iterative
methods (sce [®] for a particular case).

In what follows, a more implicit form of the absorption cross section
is assumed:

0 (vi, vp)=oox (Vi — vp), (3)

where % is the normalized homogeneous absorption spectrum. х is suppo-
sed to be a symmetric function of its argument: %(vi— vp) =%(vp — vi),
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which holds, e.g. for the Lorentzian x. The spectral inhomogeneity is
supposed to be manifested by different shifts of homogeneous spectra
without any shape distortion.

It is easy to prove that systems (1,2) are invariant under the follo-
wing transformation:

о->/, I—o
Ё—>Х, х—>{
ViV ; (4)

i py Vp—>Vi.

As a result the following statement holds.
Геё о(х, #, у:) апа /(x,{,vp) be the solution of system (1) under the

initial (boundary) conditions о(х, 0, у;) and /(0, ¢, vp). Then

o(x, ¢, vi)= I(t, x, v:)

Т(х› t, \’р)‘=9 (t, X, Vp)
(5)

is also the solution of system (1) under initial (boundary) conditions

(%0, vi) =1(0, x, vi)

Т(0, #, ур) —0 (#, 0, ур). (6)

Note that in the case of non-symmetric %, the above-made statement is

modified: ¢ and 7 are solutions of system (1) with %(v) changed to

%(—v).
Whereas for impurity dipoles such constraint does not apply.
Let us now consider some special cases.

A. Monochromatic burning in case of a broad (as compared to the
width of %) inhomogeneous spectral distribution of impurities [3]. In the

sense stated above this case is equivalent to that of burning with a broad-
band (white) light in the absence of inhomogeneous broadening, and
vice versa.

B. System (1) ((2)) is analytically solvable in case %(vi—vp)=
=o(vi—vp) (no homogeneous broadening). Following [%], one obtains

I(x,t,v)=l(o, t, v) et [eQt:V)f-eDx¥) — 1]! (7)
о (х, &у) ==o(х, 0, у) ер[eA%+e — I]-1,

where

Qt, v) =OO[ 1(0, F, v) dF
0

D(x,v) =OO[o(¥, 0, у) а'.
0

Symmetry properties of this solution are obvious.

Author is indebted to K. K. Rebane for interest and valuable remarks.
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