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l .An exact solution of the Maxwell equations corresponding to 
the surface nonlinear H -wave, propagating along the x axis 
has been found in / I/ under the assumption that one of the con
tiguous dielectric media is optically unaxial and is speci
fied by the diagonal dielectric tensor 

cll(w) =c22Cw) =c1.(w)+a( IE1 12+ 1E2 l2 ), (33(<,J) =<u (w). 

It was also mentioned that it is expedient to study a stron
ger nonlinearity of Cij (w , IE I 2 ) to elucidate a qualitative and 
quantitative behaviour of nonlinear surface polaritons (NSP). 
In this paper we find an exact solution of the Maxwell equa
tion corresponding to the surface nonlinear H -wave for a more 
general dependence of q(w, IE ! 2 ) on the amplitude Ei and dis
cuss the modifications of the properties of NSP. 

As in ref _/ I/ we consider medium l, corresponding to z < 0, 
to be isotropic and linear with the dielectric constant < 1 (w) 
and optically uniaxial medium II to fill the halfspace z >O 
and 

CJ! (w), IE l
2

)=c22 (w, jE j
2

) = c1.(w)+a( IE1 1
2

+ 1E2 1
2
)+fi( IE1 1

4
+1~ 14 ), 

caiw) = < 11 (w) · 

The dependence of the electric and magnetic fields on the co
ordinates and time is: 

E ( i;- -iw t + ik x 
1 x,z,t) = ~ 1 (z) e , 

E3(x,z,t) = &/z)e-iwt +ikx, 
( I ) 

J{ ( ) -iw t + i k x H2 (x,z,t) = 2 z e . 

The field amplitudes in (l) satisfy the Maxwell equations: 

~~L - ik&, = i ~- J{ 2 , 
dz ., C 

--~~J- = i _6!_ ~ I 
dz C 

(2) 



I I I I 
~l'"fJ&J, ]3 =-£1 0 3, 

~II- l 0 11 , ]II 0 11 
1 - 11 l 3 .. f n 3 · 

Excluding J< 2 (z) and &3 (z), from the system of e~uations (2) 
we get the following equations for &: (z) and & : ( z) 

dz 5; 1 Z I 
c[z2L - k1 & l = 0 ' 

d
2 

&~
1 

k~ II Z 11 4 11 
---- - - [ f + a ( & I ) + R ( & J ) l & I • 0 dzZ c 1. ,_, ' 

II Z Z 
Z Z w 2 2 w where k 1 • k - - , 1 k2 "'k - -- ( 

11
• 

(3 ) 

c2 c2 
Note that for the case when fl 1 (w, ff.1 ) dependi on IE 

1 
I Zn, n ,2 

the procedure is the same, i. e ., we arrive at equations of 
the form (3 ) with the corre sponding func tion f 

11 
(w, &

1
). 

If fo r z < 0 , &f ( z ) , as in ref ./ 1/ , is given by the fo r-
I _f kl z 

mula & 1 ( Z) = &1 (O) e , then fo r z > 0 the exact solution va-
nishing a t z ➔ +oo has the form: 

&II 4r u l (z) = ( ___ .J,_ __ ) ,, 

I a I 
v = 1 _ ..!._6 fJc 1. 

3~-2-

I 
½ ( ,, 

v cos h [2k
2 

( _-!,__) '2 

f II 

( l 
- 1/, 

z-z o) + 1 I , 
(4) 

For /3 =0 (v= 1) we ha ve t he s o lution ob t a i ned in r ef / 1/ . Con
sider t he second eq ua t ion of (3) f o r t he most gene r a l fo r m o f 

Z N Zk 
t he dependence of r 11 on & 1 , £11 = L a k & 

1 
• For the so lu tion 

k=O & (z) ➔ 0 as z ➔ + "" we get 
N 

Uk 2( k+l) 1 
z - Z-0 = f ( q L --- & 1 ) - ' d & I 

k=O k + 1 

h . . r: 11 r: 11 ( ) w ere q is a constan t , t ha t determines 19 
1 

= 19
1 

z . 
Fo r N= l we get the r esu l t of r ef . . ' 1, · whereas for N=2 

our result is (4) ( see, for example , r e f. / Z/ ) • Sinc e 8 = B(w) 
and depe nds on medium, bo t h c ases /3 > 0 and /3 < 0 a r e possible, 
t he l a tt e r requi r es v > 0. In the c a s e when this cond i ti on i s 
v iolated othe r nonli ne a r cont r ibutions t o f ij (w , IE IZ) s ho u ld 
be taken into acc ount . 

2. Now we dis c uss the characteristics of t he NSP (4) du e t o 
the contribution o f the term R JE ii4 . The con t inuity cond iti
on at z ~ 0 f o r the elec tric f i e ld results in t he following 

2 

·) 

f 
l. 

equation for z0 

r: r:1 r: 11 4£ 11, [ ( 1. ½ - ~, 
\9 (0) • 191 (0) =- \9 1 (0) • ( .....::...

1 
I ) I l+v cosh 2kz (--) z 

O 
11 • 

a fll 
( 5) 

One can easily show that if f:3 > 0 (,, < ll.then I z
0 

({:3,a ) > I Zo (0,a) I 
and if /3 < 0 ( v > 1), thenJT-O (B,a) I < 1 zo ~0.a) I : "drawing in" o f NSP is 
po ssibl e in comparison with ref. • 1 1 ,the maximum value o f the 

II 2£ I ' 2 " 
NSP amplitud e & J, maxCfJ,a l 2 (1;f-l 2(--,} ' being at z = z 

O 
• 

II 11 l+ v 
For fJ > O( v< l), <q ,mu (/3,a) > &1,max (O,a and conversely 

for f3 <0 (v > 1 ), &/'. max (/3 ,a) < &f'. ma/ 0, a ). 
From the continuity condition o f the magneti c field at 

z- 0 and using eqs. (2) and (4), we derive the following 
dispe rsion equation w = w ( k. 0(0)): 

.!..L 
k l 

~~1.- ( II ) ½ k;··-
( .l. II 

sinh[2k .J ( - ) ' z
0

J 

------ -- - - f II - -- - - - - -

f .1. 12 J I 

(6 ) 

cosh [ 2k2 ( - - - ) z0 lw- ' 
( " 

It fo llows f r om (6) t ha t f o r r 1 > 0 (pa rticul a r ly when non-
l i near me dium is in contact with va c uum) , we hav e z

0 
~o: and 

f o r , 1 < 0 , z O < 0 . 

The r efor e for f3 < 0, & ;
1 

(z) has t he max i mum val ue a t the 
poin} zo which i s close r to the s u rface than in t he case of 
r ef. !/ ,However &/.'max ( /3,a ) < &j~ ma£0,a), i.e ., we have a certa i n 
"drawing in" of t he NS P t o t he s ur face . Fo r f3 >0 a nd f 

1 
>0,the 

NSP a r e "drawn in" insid e medium I I and having achieved t he 
maximum va lue a; z = zo vanish monotonical l y . 

As in r ef /
1 

using eqs . (5) and (6) , we can cons truct 
2 () k2c2 h" .. . b n w = - --2- - .In our case tis quantity 1s g i ven y w 

z ( i r c ( ' P > •i - f II I la I &2(oi {:3 &4 (0) 
n (w ) - - ------- 11 --------- • p - 11. - - - - - -- -- + --- ----- . 

(£ 11 p ) ' - f 1 2 3 
( 7) 

The exi stence o f NSP for £ 1 , c , '1. >0 (linear sur f ace 
po la r itons do not exist in t his case) r equires the fulfillmen t 
of the fol l owing inequali t ies : 

a) Fo r £1 > c 11 , p > ± ; for {:3 >0 t he cond it i on for &(O) (at 
f II , / 

fixed £ 1 , £ 11 , c ) is less c r it i cal than in r ef .1 11 whereas 
for /3 < 0 i t is 1.mo r e critical . 

2 
b) For £1 < c 11 , p<-/..l. , the situation is opposite. 

II . . -
The c oncre t e formu lae (3)- (7) and the characteristics of 

NSP coinc i de with the re sul t s o f r ef . 1 11 fo r {3 =0. 
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We are deeply indebted to Professor V.M.Agranovich for 
the discussion of the results of this paper and valuable re 
marks. 
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