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Attention is called to a new class of surface electromagnetic waves, the very
existence of which is due to allowance for spatial dispersion. The dispersion law
of such surface solutions is obtained for the contact region of the “right” and
“left” modifications of crystals of symmetry C,, and D,,.

PACS numbers: 71.36.+c¢, 77.90.4+k

The presently investigated surface polaritons are realized on interfaces of media whose dielec-
4qc constants differ in sign (in some frequency interval or another) (see, e.g.!" where the
onditions for the existence of waves in anisotropic crystals are also discussed). Although the
patial dispersion for the aforementioned waves can lead in some cases to the appearance of
dditional solutions,!!! on the whole its role is of little importance in this case.

It is of interest, however, to search for such media in situations wherein the very appearance
f natural surface electromagnetic waves is due only to spatial dispersion of the dielectric tensor. It
ppears that greatest interest can attach here to a discussion of the conditions for the existence of
urface polaritons on the interface between media whose dielectric tensor differ only when spatial
ispersion is taken into account. This can be, in particular, the boundary separating the “right”
nd “left” modifications of a gyrotropic crystal (e.g., quartz) or of a gyrotropic liquid crystal that
as under certain conditions coexisting “right” and “left” phases.”) We confine ourselves here
recisely to the case of gyrotropic media with account taken of only the terms linear in the wave
ector k in the expansion of the dielectric tensor.

To find the surface waves we shall use for the fields the interface conditions obtained inl). We
ssume that the “right” (a=I, Z<0) and the “left” (a¢=Il, Z>0) nonmagnetic media are
sparated by the plane z=0. Followingf® we represent the equation connecting the electric induc-
on D and the intensity E of a field of frequency o in each of the media (e@=L1II) in the form

D; =5ijEj "ieijmgmz(r)gc—lEj (r)—%eijmgx—l[gml(r)Ej (r)l, (1)

here €,{w) is the dielectric tensor without allowance for spatial dispersion, g(r) is the gyration
seudotensor, g/,= —gl, and ¢, is the fully antisymmetrical unit pseudotensor. The surface solu-
ons for fields that decrease as z—+ « and propagate along the x axis will be sought, as usual, in
1e form

E*(r)=E= exp(i7or), He(r)=He exp(iF er), 2
K oe=(k,0,k3), Imki<O, Imk§> 0.

‘or from the boundary, the dielectric tensor is

€5 =€2(0)—ie;8is ¥, Df=ex0 X )ES (3)
nd for fields (2) satisfying Maxwell’s equations
rotE"‘(r)=i9-H“(r), rotH“(r):—i—alD“(r) 4)
¢ c
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we can obtain the boundary conditions in the same manner as used in® for volume waves.

By way of example we consider here crystals of class C,, of the rhombic system and uniaxial
crystals of class D, of the trigonal system, where (the crystallographic axes are oriented in the
same way as in¥ and the twofold axes are normal to the interface) the gyration tensors are
determined by a single parameter only (see!”).

85=8%esn), g'=-g'=¢>0 (5)
and, in addition, for uniaxial crystals we have

elo)=¢€(w)d;, ea=e=¢, &=¢.
The boundary conditions at z=0 for the fields (2) take in this case the form:

€.F\—igkE\ =€, E +igkEY, H'=H", E. =FL, (6)

On the other hand, the use of Maxwell’s equations (4) leads for each of the media I and II to linea
relations between the amplitudes of the fields (2). An elementary analysis of these relations shows
that they, as well as conditions (6) are satisfied by solutions of the type (2), for which only E, anc
H differ from zero in both media, with

B-m=Es,  H-my=-",

Di=—DU=jgkE, Di=DV=0, ¢
2

Di=D!=¢,E, k= —k3—1g( )

The dispersion law for the obtained surface waves is
k2 =(0*/c)e)(w), (8
and consequently corresponds to the frequency region where €;(w) > 0.

Thus, the obtained surface wave is transverse, and its dispersion law (8) does not depend o1
the parameter of the spatial dispersion. At the same time, this parameter enters in the relation
between the field amplitudes, and also determines the rate at which they decrease with increasing :
(see the expressions for k;). It is interesting that as c— o0 we have k{"'—0. This means that th
obtained solution exists only when retardation is taken into account. Their penetration dept]
L=k '=¢*/w’g is much larger than the lattice constant. In the frequency region where €,(@) >C
generally speaking, there exist also volume electromagnetic waves. However, the conversion of th
discussed surface waves into volume waves may turn out to be possible only if scattering is take:
into account, i.e., outside the scope of linear electrodynamics. Comparing the spectra of the surfac
and volume waves, we confine ourselves, for simplicity, to the case of uniaxial crystals. In addition
inasmuch as in these wave-transformation processes only the tangential component of the wav
vector is conserved, we consider the dispersion of volume waves with wave vector F=(k,0 ks,
where k; is a real quantity. For “ordinary” waves (E,=E;=0, E,70) the gyrotropy does not ente
in (3). In this case the dispersion law takes the usual form k2 + k3 =(w*/c*)¢€,(w). The spectrum ¢
these waves overlaps the spectrum of the surface waves only at €,(w) > €,(w), but the decay of th
surface polariton is forbidden because the fields are orthogonal.

The spectrum of the “extraordinary” waves (E,=0,E,70,E;=0) is defined by the relation
(w*/c?)e (w)g () — €y (@)K} — e (0)k* = (0"/c)gk".

It is easy to verify that the function o = w(k) obtained from this ratio does not cross the dispersio
law of the surface waves w,=w, (k) [obtained from (8)] at any real value of k,.
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The obtained surface waves can be investigated by the usual methods of surface-polariton
spectroscopy (ATIR, Raman scattering of light, and others, seel'!). Since these waves can appear

also far from absorption bands (i.e., at ¢ (w) > 0,¢,(®) > 0) they cannot be confused with hereto-
fore known waves.
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