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It was shown in s e v e r a l  pape r s  that the p r e s e n c e  of e l e c t r o s t r i e t i o n  and the dependence of the d i e l ec t r i c  constant  
e on deformat ion  lead to changes in the acous t ic  c h a r a c t e r i s t i c s  of d i e l e c t r i c s  with a l a rge  d i e l ec t r i c  constant ,  s i tuated 
in an ex te rna l  e l e c t r i c  f ield E 0 (see ,  for  example ,  [1,2]). In this paper ,  we show that an ex te rna l  e l ec t r i c  field has an 
effect  on su r face  waves .  It is found that the ra te  of propagat ion of sur face  waves  is apprec iab ly  influenced by the 
magnitude of the e l e c t r i c  f ield and its or ienta t ion with r e s p e c t  to the sur face  of the medium and the d i rec t ion  of wave 
propagat ion.  In suf f ic ien t ly  s t rong  e l ec t r i c  f ie lds  of a spec i f ic  or ienta t ion ,  the o c c u r r e n c e  of sur face  waves  may prove  
to be a l toge ther  imposs ib le .  

The s y s t e m  which d e s c r i b e s  the coupled osc i l la t ions  of the medium and the f ield is composed (for an i so t ropic  
e l a s t i c  medium) of the fol lowing equat ions:  
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where  u i is the d i sp l acemen t ,  Uik is the s t r a in  t ensor ,  p is the densi ty ,  X and # a r e  Lam6 coeff ic ients ,  ql,2 a r e  
e l ec t roop t i ca l  coef f ic ien ts ,  and ~0 = e for Uik = 0. 

( ~ )  

The boundary condit ions for  Z = 0 have the f o r m  

EO 
ziknk = 6ik~ + ~ [qiE26ik + qo.EiE~] n~ = 0 (2) 

where  n i is the unit v e c t o r  of the no rma l  to the su r face ,  and a~k is the s t r e s s  t ensor  for  E 0 = 0. The tangential  
e l e c t r i c - f i e l d  component  and the normal  induc t ion-vec tor  component a r e  continuous,  while div E = 0 beyond the region 
with e >> 1. 

By se t t ing u = u I * u t, where  the subscr ip t s  1 and t denote quanti t ies  which r e f e r  to longitudinal  and t r a n s v e r s e  
waves ,  r e s p e c t i v e l y ,  and taking into account  that for  su r face  waves  al l  quanti t ies  a r e  propor t iona l  (see,  for example ,  
[3]) to exp (~z  - ia~t + ikx) (for a wave propagat ing  in d i rec t ion  x; the medium with e >> 1 occupies  a region Z < 0), 
f r o m  (1) we obtain 
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~,z~ = k~ So~2 ._k s~ cos~ O~ sot2 + s~l cos2 e• (3) 

• = k~ - -  ~ [sot~ + s~t cos "2 Ou]-' (4) 

s~  l eoEo 2 (ql + q~)~ eoEo2q~ ~" 
- ~ v  ' ~ t  = s~,o (5) 

Here ,  s0/t a r e  the speeds  of sound for  E 0 = 0, and Ok, 0x, and 0u denote the angles  fo rmed  by d i rec t ion  E 0 and the 
axes  X, Z, and d i rec t ion  u. 

With the aid of (2)-(4) and d i v u  t = r o t u /  = 0, the d i spe r s ion  equation for  

( 0  

can be wr i t ten  in the f o r m  

~s_ ~+8(3_2cr 4-i6~ 2( i -a~)+i6( i -~)=o 
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~ = [s~ + PEz cos~ Ok] [~oz'~ + sE l~ cos2 0• (6) 

To the  s u r f a c e  w a v e s ,  t h e r e  c o r r e s p o n d  the  r e a l  r o o t s  of (6), w h i c h - - a s  can  be seen  f r o m  (3) and ( 4 ) - - m u s t  

s a t i s f y  the  double  inequa l i ty  

0 G ~2 ~ rain [1, ([~/c~p] (7) 

F o r  E 0 = 0, i nequa l i ty  (6) r e d u c e s  to the  o r d i n a r y  b i cub ic  equa t ion  fo r  w/ks0 t .  

It  m a y  be s e e n  f r o m  (5) tha t  fo r  su f f i c i en t ly  s t r o n g  e l e c t r i c  f i e l d s ,  SE/ , t  >> So/,t can  o c c u r  in m e d i a  wi th  e >> 1 
( s p e c i f i c  v a l u e s  of the  f i e ld s  and t y p e s  of m e d i u m  can  be  found in [2]). F r o m  h e r e  it  fo l lows  tha t  ~2, f12 >> 1, ~2, 
f12 << 1 can o c c u r  fo r  v a r i o u s  m a g n i t u d e s  and o r i e n t a t i o n s  of the e l e c t r i c  f ie ld .  L e t  us  a n a l y z e  the  so lu t ion  of (6) fo r  
various ~2 and f12. 
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The  r e a l  r o o t s  of Eq .  (6) tha t  s a t i s fy  inequa l i ty  (7) w e r e  ob ta ined  on a c o m p u t e r .  It  was  found that  such  r o o t s  do 
not  e x i s t  f o r  a l l  a 2 and fi2. F o r  f12 < 0.85, such  r o o t s  do not e x i s t .  F o r  f~2 = 1, Eq.  (6) r e d u c e s  to a b i cub ic  equa t ion ,  
but  as  d i s t i n c t  f r o m  [3], a 2 v a r i e s  a l m o s t  down to z e r o  fo r  E 0 ~ 0. It can be s e e n  f r o m  the t ab le  tha t  f o r  the s a m e  
v a l u e  of f12, the  r o o t s  need  not  depend  m o n o t o n i c a l l y  on a2. The roo t s  ex i s t  a l w a y s  f o r  fi2 > 1, p r o v i d e d  ~2 > f12. V a l u e s  
of the  r o o t s  f o r  v a r i o u s  a 2 and f12 a r e  t abu la ted .  
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