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Broken symmetry is a usual approach in physics of imperfect
crystals. This approach presupposes that the function 6p (¥)
which describes the electron density deviation of imperfect
crystals from a certain ideal distribution p“(?) has Fedorov-

Schtnflies space symmetry, that is a subgroup G)Gpc.mp of the

symmetry group of undisturbed crystal.

In this approach I. M. Lifschitz [1]) was the first to develop
the theory of the isclated impurity atom in crystal. Since then
this theory has been applied to different physical situations:
The impurity influence on the electronic spectra of metals [2],
on the crystal lattice vibrations [3], on the spin perturbation
spectra in ferromagnetics [4], on the dielectric and unelastic

relaxation [5] etc.

In every case there was discovered a general law: impurity

atom in crystal with the quasicontinuous spectrum of the ele-
mentary perturbations brings local perturbation, the latter lea-
ding to the appearance of discrete lines out of the band of the

ideal crystal, that is so-called quasilocal or resonance levels.

It is expedient to use the broken symmetry approach when the

symmetry decrease mp::mp, removes the degeneracy of the physical



states of the system. In general case when there is an addi-
tional (unaccidental) degeneracy which is not described by
the group mp or when additional coordinates (or degrees of
freedom) of the physical system are taken into account it is
necessary to apply the approaches of the preservation or ex-

tension of the abstract symmetry group [6,7].

Let us suppose that the electron density deviation function
Gp(;) has its pyoper symmetry group ndp which does not coin-
cide with any of the classical space groupsbut may have the

Fedorov- Schinflies subgroup © Dg_n It follows then from the

8 §p”

equation
p(X) = po @) + 8p(F)

that the classical space symmetry group of the imperfect crystal

with the electron density distribution p(¥) will be

| = Eb,n thg 0]

e © x oD —> o(E)

which means the common part (or intersection) of both groups

0 and @ (see Fig. 1). It constitutes in fact the broken

dp
symmetry approach.



Fig-‘l Euler Diagrams show the relation between symmetry groups of
imperfect crystal with electron density function p(f)=pe (F)+6p ().
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approach of symmetry conservation na P mp_ (h=p,g,w_,w_).
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In that of symmetry extension np=s°am;h) where the proper sym-

metry of the function p(¥) at the fixed point T is characterized
by appropriate symmetrizer Gc[S,T]. In every case
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L= ﬂéplmp. or npcﬁnﬂpawp¢'nﬁngnﬁp'mpommmﬂd}l.

In this approach one neglects the additional symmetry proper-
ties of the function p(¥). If such an admission turns out to
be too rough for the physical system under consideration it is
necessary to construct the direct product of two groups

~ =
b, ® mpo or the wreath product Qﬁplmmodm‘ In the latter case



it is convenient to restrict the space groupmp, =mmodN on
modulo N where N is a big figure:
® [
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As is known the direct product of two groups is well defined
without restrictions, but the wreath product exists only in

the case when N- fold direct product g ﬁﬁp forms an invariant
-1 _ o~

sp%1 = Ugpr qnodN‘

If necessary the symbol () of the semidirect product may be

subgroups of ﬁ;plqﬁ which means that ¢i§ o€
replaced by (% to receive an other useful construction free

from such a restriction.

Now the symmetry group of the composite function p(?):dp(})+pv(§)
may be defined as the maximal subgroup 90=950m o, of the wreath

P
product Hs{\“%- which preserves the function p (%)

~

Qﬁpmp.(6p+p°)=960'69+mp°-p =Sa+p°=p,np§_9691mpo +Qts € 9

[ P

Which of the subgroups of wreath product becomes the symmetry
group np depends on the model of imperfect crystal under consi-
deration. As a first approximation to np it is convenient to
choose a junior group Qp‘-* Wp’ isomorphic to mga according

to the law of conservation of the abstract symmetry group of

the isolated physical system, under which the summary symmetry

of such a system is never lost: One kind of symmetry is transfor-

med into another [6,7]. The effect of this law can be observed -










































