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SWAGE GUIDED ELEGTROMAGNFEIC WAVE 
DIFFRBCTION ORDERS IN CHOLIBTERICS 
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All-Union Surface and Vacuum Research Centre, 
Anckeevskaya mb.2, 117334 Moscow, USSR 
(Received October 10, 1991) 

surface gulded electromagnetic 
W ( S G  EVical of the second order diffraction In 
Abstract 
cholesterics are examined in the framework of dynamical 
diffraction theory. The dis ersion equations are 
obtained and analyzed. Allowe8 SCEW frequency band and 
dlrections of propagation (relative to the orientation 
of dlrector at the cholesteric surface) are found. The 
dependence of SCEW penetration in cholesteric on the 
fie uency and rop tion direction is investigated. It 
the second diffraction order have unusual polarleation 
pperties changing with the SCEW frequency. 
is %I s own that P T  wo o the four different SGIR modes or 

INTRODUCTION 

Surface guided electromagnetic waves (SGEW) at an 
interlace of homogeneous and periodic media are due to 
total internal reflection at the boundmy with the 
homogeneous media and diffraction reflection from the bulk 
of periodic media. SCEW at cholesteric surface8 for the 
ftirst order of dirtfraction were Investigated by several 
authorsi-’ . In the cited papers restrictions on the SGEW 
ppagation directions (relative to the orientation of 
dlrector at the cholesteric surface) and its unusual 
polarization (elliptical In the general case) were found. 
However, the mentioned results were obtalned by the 
numerical methods because or mathematical complexity of the 
problem. 

In the present paper SCRR of the second order 
diffraction In cholesterlcs are examined and an 
approxlmate solution valid in the problem is found in an 
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56/[342] V. A. BELYAKOV AND G.  I .  SHILINA 

analytical form. This solution simplifies general an&lys'ls 
or the pblem as well as analgsis of specific cases. The 
simplicity of the solution for SCgw ln second (and hlgher) 
order diffraction is explained by decoupling or linear 
polarlzatlons (of correspondlrg equat1ons)ln the elgemodes 
ror the hlgher orders diffraction optical problem ror 
cholesterics* . 
BASIC EQUA!l!IONS 

We examine SCEW at an Interface of a homogeneous media 
and a planar cholesterlc texture due to the second order 
Bragg diffraction. We use a coordinate system ln which a 
seml-lnflnlte isotropic homogeneous medlum with dielectric 
constant E %  lies ln the regton for z>O, the seml-lnflnite 
cholesterlc medlum In the region for z<O, and their 
Interface colncldes with the x-y plane. The cholesterlc 
dielectric tensor is glven by the formula: 

h 

E =  

where 

E n ,  81 
tensor, T 

I 

s -  ; & =  
2 En + €1 

are the prlnclpal values of the dlelectric 
is the reciprocal lattice vector or the 

cholesteric structure, which is connected with the p'ltch p 
by the relation T = 4 d p ,  # is the angle between x-axis and 
the director at the cholesteric surface, 6 1s the 
dielectric anysotropg. 

The approximate SGEW field valld ln the present 
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SURFACE GUIDED ELJXTROMAGNETIC WAVES IN CHOLESTERICS [343]/57 

problemill be in the form (the factor exp(-iot) is omitted 
below): 

2 i q x  -Y,Z - - o  E = E,e , z>o, y,= Js. - “ * E Z  

2 f (t,-7 )Z i(t, t T ) Z  fqx 

zco. 
E = C CJC EOJ e + EZJ 1 e I (3) 

where In (3) the sumation Is carried out over the optical 
elgemodes in the nelghbourhood of second order diffraction 
condition ‘, G, are the coefficients to be determined 
together wlth the SGBW polarization and wave vectors q and 
the dirfraction corrections t o  their z-component tJ. 

Note that there is a threshold frequency w 

SGm, which for  the second order diffmction is determined 
by the formulae o rnt n = CT/(+ ) . SGEW or frequencies 
below a,,, does not exist. 

It 1s known ‘ that the optical eigenmodes f o r  second 
order diffraction are practically linearly polarized and 
EOJ , E,, almost colncide with llnear u and n polarizatlon 
( Q and 1~ correspond t o  llnear polarizations In the plane 
of diffraction scattering and perpendicular to th i s  plane, 
respect ively ) . 

Therefore four possibilities exist ror the elgemode 
polarization structure : 

1. E,, and E,, both are Q- polarized 
2. EOJ and E,, both are n- polarized 
3. E and E,, are Q- and n- polarized, respectively 
4. E,, and E,, are IT-- and Q- polarized, respectively 

J=1 

for mLn 

1/2 

*J 

Q- AND 77 - POLBRIZmI SGEW 

The simplest solutions for SGEW are f o r  the cases 1 
and 2, In whlch each of the elgemodes is excited In the 
cholesteric. In each or these cases, SGEW are either U- o r  
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5 ~ 3 4 4 1  V. A. BELYAKOV AND G. I. SHILINA 

TC- polalWd. 
gramlne the case 1 of 0- polarieed SGEW. In this 

case the expression (3) reduces to (tj=iy are purely 
imag-1: 

2 H P  2 w  
i- - ( y + i T ) %  -i- - ( y - i T ) Z  fqx 

Eu= C (e 2 e  + e  'e )e (4) 

The parameter wB is determlned by the relation 

2sAq = 6_' nz Ctlf?PBCOS P 

2TU = s f  ?e2 ctg%nsln P , 

4 u  

-n < 0 < 0 
4 f f  

where cow detemlnes the devlation from the Bragg 
condition In two-wave approxlmatlon' and is analogous to 
the parameter a ln the clted work. 

The dlsperslon equation for SGEW 1s obtalned from the 
contlnulty conditions for tangential components of the 
electric and magnetic fields at the cholesteric boundary 
(z=O). In %em approximation at 6' the dispersion equation 
for a- polarized SCEW takes the form: 

2WP 7 l  
Q2=-- T 
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SURFACE GUIDED ELECTROMAGNETIC WAVES IN CHOLESTEFUCS [345]/59 

where 

In the analogous way, one obtains the 
equstlon ror 71- polarized SGEW 

- 
2 w 3  

2 
tg----=-- = yi( 1 - COS'W,) 

2 8 7  

(1 0) 

dispersion 

B 

FIGURE 1 Calculated 8llOWed EglOnS Of SGEW 
n- polarization - 0- polarization, - 

- 
L = 1.5 , c,= 1.0 , 6 = 0.05 

 raph ha or the allowed regions III coordinates h - 9 (A 

b e m  the wave length and 9 the an@e between the 
propagation direction and the director at the cholesteric 
surface 1 for Q- and n- polarized SCEW are presented In 
Plg.1. The 0- and n- polarieed SG'BW of second order 
dfffraction lire describd practically in the same way 89 

SGEW in scalar periodic medla5-7. 
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60/[346] V. A. BELYAKOV AND G. I. SHILINA 

Note that the role of the phase of dielectrlc constant 
modulation In the case of cholesteric plays the angle 
between the propagation direction and director at the 
cholesterlc surface (see Flg.2). For any allowed wave- 
length , the Q- and a- polarized SGBW in cholesteric 
propagate ln an angular sector equal to -12 the posltlon of 
which relative to the dlmctor orientation at the 
cholesterlc surface depend8 on the frequency of SGEW. 

r / rb2  
a0 -, 

0.0 - 

4.0 - 

20 - 

9.0 i 
1.0 L O  4.0 

O / T  c 
0 

FIGURE 2 Calculated frequency dependence of 
aamplng of the 0- polarized SGM fleld for  
different ppagatlon riirections. 
- 
.s = 1.5 , bi= 1.0 , 6 = 0.05 

SGBW OF MIXE3 POLBRIZBiPIONS 

If the elgemodes corresponding t o  elther case3 or 4 
are excited In cholesterlcs, the solution for SGEW is more 
complex. In each of these casea, two elgenmodes are 
included ln the sum glven by Eq.(3). Now the parameters t, 
and Aq are connected by the followlng relations: 
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SURFACE GUIDED ELECTROMAGNETIC WAVES IN CHOLESTERICS [347]/6 1 

In zeroth order approximation at 6' .ln the same way as 
above. one obtains the fol1.owln.g disper8ion 

The graph of the allowed region f o r  the SGEW of 
mlxed polarizations following f r o m  Eq.(13) Is given in 
F2.3. In this case there are two SCElR modes of different 
polarizations. Each of these modes f o r  any allowed frequency 
propagates in an angular sector equal to n/2. The positions 
of these sectors relative to the dlrector orientation at 

T c/w 

9" 

FIGURE 3 Calculated allowed regions of mlxed 
polarization SCIiws. E = 1.5 * .s,= ? .O 6 = 0.05 

-- 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

4:
38

 1
8 

Fe
br

ua
ry

 2
01

3 



V. A. BELYAKOV AND G.  I. SHILINA 6 W W  

the cholesteric surface change with the flquency but the 
corresponding sectors are complementary toone mother so 
that their angular sum is equal to  ZI for all frequencies, 
pertap with the excepton a close nei(l;hbourhod of the 
mlnlmal frequency urnin . It mans that, In the sum for both 
modes, all the directions relative tothe director &re 
al.lowed for SCEW ppagation. 

The mlxed polarization SGH mdes are 1lneml.y 
polarized but the* polarizatlons are different from CY- 

andn- polarizations and change with the SCIM frequency 
(llnear Is the polarlmition of the field in homogeneous 
medum). The angle t which makes the plant? of polarization 

c 

4 7  c 
1.0 4.0 6.0 0.0 7.0 

FIGURE 4 Calculated frequency dependence of the 
angle 1 between the plane of polarization of SGIB modes 
and the normal t o  cholesteric surface for the mixed 
polarization SCm. Z = 1.5 , E*= 1 .O , d = 0.05 

with the normal to the cholesteric surface is detemlned 
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SURFACE GUIDED ELECTROMAGNETIC WAVES IN CHOLESTERICS [349]/63 

by: 

The dependence of the angle t on frequency for the both 
modes is shown In Fig. 4 

Note that the SCIM fields are strongly dependent on 
the angle between the propagation direction and the 
director at the cholesteric surface (z=O). The dependence 
of Aq on 9 I s  shown ln Pig.5. The dependence of damplng ( Y )  

of the SGEW field on 9 is chown In Pig.6. The values of 9 
for which Y reduces to zero correspond to points on the 
boundary of the allowed region of SGEW. The frequency 
dependence of Y varies also with the SGEW propagation 
direction (see Fig. 7 ) . The dependence of Aq on frequency 
for the mixed polarization SGEW modes are shown In Flg.8. 

Aq/.rcSZ 
0.6 I 

0.0 

-0.6 

-1.0 

I 9' -1.8 J 
-m -5a 4 0  0 m m m 

FIGURE 5 Calculated dependence of Aq (correctlon to 
the SCIW wave vector) for the mixed polarleatlon SGWs 
on the direction of SGEW propagatlon for different 
frequencies. 2 = 1.5 , ei= 1 .O , 6 = 0.05,~ = W / T C  
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64/[350] V. A. BELYAKOV AND G. I. SHILINA 

CONCLUSION 

The analytical lnvestlgations of SGFH of second order 
dlffraction In cholesterlcs carried out above reveal some 
peculiarities or these waves. First or a l l ,  they relate to 
their polarleation properties. There are four different 
SGHV modes which 8fe llnearly plarLeed and reasonably 
accurate expresslons of the SGIW flelds for the present 
calculatlon.. ltspo of them are 0- or m- polarlzed SGB? for  
whlch allowed pmpagatlon dlrectlom relative to the 
director at the cholesteric surface mikes an angular sector 
equal to d 2 .  thus forbidden for propagatlon of these SGEW 
modes directions exist. The other two modes are llnearu 
polarieed at an angle to the normal to the cholesteric 
surface. The allawed propagation sectors for each of them 
are also d 2  but are complementary toone another, so 

34 I 

9" 

FIGUflB 6 Calculated dmplng of the mixed polarization 
SGEW f i e l d  in the depth of cholesteric versus the 
SGXW propagatlon dlrectlon f o r  dirferent frequencies. - 
6 = 1.5 . si= 1.0 . 6 = 0.05. X=W/TC 
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SURFACE GUIDED ELECTROMAGNETIC WAVES IN CHOLESTERICS [35 11/65 

PIGURB 7 Calculated frequency dependence of the 
rnlxed polarization SCBW field aamplng in the 
cholesteric depth f o r  dlrremnt propagation directiorrs. - 
E = 1.5, el= 1.0, 6 = 0.05 

thatall directions of propagation relative to the d-ctor 
at tbe cholesteric surface are covered by these two modes. 
Note that the orleritatlons of the planes of polmizatlGns 
of these two SGFM modes rare changing wlth the frequency. 
The relatlve changes of the wave vector q for a l l  these 
four modes are of the order of 6. All the parameters of 
SGEW of the second order dlffTactlon except 
forpolarizatlons are strongly dependent on the SGEW 
ppagat ion  direction. 

The rich vwiety of propertles of the SGM or the 
second diffraction order in cholesteric together with the 
possibility of their analytkal descrlpt-lsn me, them m 
lntrlgulng object f o r  experbental inventigatlm. 

The properties of the mixed polmlzat,ion SGEV mode3 
deserve speclal attenfirm. Slnce l t  Is po,sslble t o  change 
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Aq/.r6' 
aa 

0 1  

4 9  

-0.m 

-3.0 
1 

FIGUKE 8 Calculated frequency dependence or A q  

(correction to the SGW wave vector) for the mixed 
polmieation SCEWS ror different propagation directions - 
t = 1.5, si= 1.0, 6 = 0.05 

the cholesterlc structure easily by a weak external force, 
the SCBW in cholesterics appears to be promising f o r  the 
appllcations, but here again the last words should come 
from the experlmentallsts. 
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