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In this w ork a new typ e of solutio n for T E Ùeld on a plane interf ace
of two nona bsorbi ng, optically self-focusing, nonlinea r K err- typ e media has
b een presented. N umerical results are obtained for the disp ersi on equation
and propagation constants of the Ùeld modes. T he p ower guided by T E w aves
in the nonlin ear interf ace was found and graphicall y illus trated.

PACS numb ers: 42.65.{k

1. I n t rod uct io n

T he elect rom agnet ic Ùeld pro pagati ng at a bounda ry between di ˜erent me-
di a exhi bi t s a numb er of interesti ng pro perti es whi ch are the subject of severa l
exp erimenta l and theo reti cal investi gatio ns.

In the case of l inear m edia thi s Ùeld can be represented general ly by di ˜erent
typ es of wa ves such as the latera l , surface or leaky ones [1{ 5].

In the nonl inear case papers of m any autho rs have di rected attenti on on
a possibi l i ty of exi stence of the nonl inear surface wa ves. The earl iest theoreti cal
study of the T E polarized surface wa veswas carri ed out by Li tv ak and Mi ronov [6].
R ecent studi es [7{ 16] give actual ly a com plete theory , determ ining properti es and
condi ti ons of existence of the nonl inear surface waves. The m odes are interesti ng
because, as i t is kno wn, the TE polari zed surf ace waves cannot exi t on the planar
interf ace between two l inear dielectri c media.

The pro blem of the exi stence of other tha n the nonl inear surface wa ves at
the bounda ry between two nonl inear m edia has not yet, however, been sati sfac-
to ri ly inv estigated. On the basis of Ka plan 's papers [7, 8] we kno w tha t when an
electrom agneti c plane wa ve is tra nsmi tted thro ugh a nonl inear interf ace, in some
special cases inhom ogeneous nonl inear wa ves perpendicul ar to the interf ace wi th
a vari able am pl i tude can be exci ted. Hence, the surface wa ve is not the onl y so-
luti on of the electrom agneti c boundary pro blem as in the case of l inear/ nonl inear
interf ace.

(87)
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The m ain purp ose and the to pic of thi s paper is to pro ve tha t the electro-
m agneti c bounda ry problem in a nonl inear interf ace is m ore com pl icated tha n i t
is presented in the exi sting l i tera ture on thi s subj ect. The nonl inear interf ace can
gui de also the electrom agneti c waves other tha n the surf ace waves wi th vanishi ng
am pl i tude on both sides of the interf ace.

2. T h e for mu lat io n of t h e p r ob lem

Two semi-inÙnite regions, x > 0 and x < 0 , separated by a plane interf ace
x = 0 wi l l be consi dered, respectively. Each of the regions conta ins a uni axi al
nonl inear m edium of the Kerr typ e described by a dielectri c tensor j b" ( j = 1 ; 2 )

j b" =

0

@
j " 1 1 0 0

0 j " 2 2 0

0 0 j " 3 3

1

A : (1)

The geometry of the pro blem is shown in Fi g. 1. We consi der the stati onary non-
l inear TE wa ves propagati ng in the z di recti on wi th z -dependence in the standard
form [7{ 16]

j E y ( x ; z ; t ) = j E ( x ) exp [ i ( k 0 hz À ! t ) ] + c:c: ; (2)

where k 0 i s the free space wa ve numb er, h i s the m ode index and ! i s the angular
frequency.

Fig. 1. Geometry of considered problem.

From Ma xwel l ' s equati ons, for TE gui ded wa ves tra vell ing down the z axi s,
the basic equati ons are

k 0 h j E ( x ) = À ! ñ 0
j H x ( x ); (3)

d j E ( x)

dx
= i! ñ 0

j H z ( x ) ; (4)

d j H z ( x)

dx
= i ! " 0

j " 2 2
j E ( x ); (5)

where " 0 and ñ 0 are the perm i tti vi t y and the perm eabi l i t y of free space, respec-
ti vel y. El im inati ng j H x ( x ) and j H z ( x ) f rom the set of Eqs. (3{ 5) one obta ins the
wa ve equati on for j -th reg ion

d2 j E

dx 2
À k 2

0 (h 2
À

j " 2 2 ) j E = 0 ; (6)
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where j E = j E y ( x ) : Assum ing the Kerr law nonl ineari ty , in whi ch the j " 2 2 i s given
by

j " 2 2 = j " 1 + ˜ j j
j E j

2 ; (7)

we ha ve

d2 j E

dx 2
À k 2

0 (h 2
À

j " 2 2 ) j E + k 2
0 ˜ j j E j

2 j E = 0 : (8)

In the latter expressions j " 1 denotes the l inear perm i tti vi t y, ˜ 1 i s the nonl inear
coe£ cient of x > 0 (1 " 1 ; ˜ 1 ) and x < 0 ( 2 " 1 ; ˜ 2 ) regions, respecti vely.

For a self-focussing m edium , ˜ j > 0 , and the Ùrst integ rati on of Eq. (8)
yi elds

˚
d j E

dx

Ç 2

À k 2
0

h
( h 2

À
j " 1 ) j E 2 +

˜ j

2
j E

4
i

= C j ; (9)

where C j i s an integ rati on constant.
In the previ ous studi es ref erred to in thi s intro ducti on, the electrom agneti c

Ùeld probl em at a nonl inear interf ace is reduced only to the surface m odes, whi ch do
not carry any energy along the x -axi s. For thi s reason C j then m ust be set equal to
zero constant for both sides of the semi-inÙni te nonl inear m edia (C 1 = 0 ; C 2 = 0 ).

Thi s paper f ocuseson inv estigatio n of soluti ons other tha n the surf ace wa ves.
Our stra tegy assumes tha t in both half -spaces of the nonl inear interf ace there can
also exi st m odes for whi ch C j 6= 0 on one or both sides of the interf ace. Such
predi cti on can be m ade on the basis of analysis of the phenom enon in the l inear
case, where apart f rom the surf ace m odes other wa ves appear (l eaky wa ves and
latera l waves).

In the presentl y inv estigated pro blem we seek such soluti ons tha t woul d be
oscil lati ng and periodic in the region x < 0 and vanishing in the region x > 0 ,
theref ore we put C 2 > 0 , for x < 0 and C 1 = 0 , f or x > 0 . In the theo ry of
pro pagati on of the electrom agneti c Ùeld in a semi-inÙni te medium , the condi ti ons
at inÙni ty m ust be deÙned. Since there are no sources inside the hal f-spaces x > 0

and x < 0 , the fol lowing condi ti ons have to be sati sÙed:

E ( x ) ! 0 for x ! + 1 ; (10)

E ( x ) ! const ² E 1 ( x ) Ñ 0 for x ! À1 ; (11)

whi ch are, essentially, the Somm erfeld radiati on condi ti ons (the absence of the
backwa rd- tra vell ing wa ve).

3. Th e solu t io n of t he equ at ion s

3.1. T he region 1, x > 0 ; ˜ 1 > 0

Accordi ng to the assumpti ons m ade in ch. 2, C 1 = 0 , and the Ùrst integra l
of Eq. (8) is

˚
d 1E

dx

Ç2

À k 2
0

( h 2
À

1" 1 ) 1E
2

+
k 2

0 ˜ 1

2
1E

4
= 0 : (12)
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Thi s equati on has an exact soluti on

1E = p 1 f ch[ q1 k 0 ( x À x 0 1 )] g
À 1 ; (13)

where

p 1 = [ 2 ( h 2
À

1" 1 ) = ˜ 1 ] 1 = 2 ; (14)

q 1 = (h 2
À

1" 1 ) 1 = 2 ; (15)

x 0 1 i s the locati on of the maxi mum of the electri cal Ùeld streng th.

3.2. T he region 2, x < 0 ; ˜ 2 > 0

The Ùrst integ ra l of Eq. (8) is presentl y given by
˚

d 2E

dx

Ç2

À k 2
0

( h 2
À

2" 1 ) 2E
2

+
k 2

0 ˜ 2

2
2E

4
= C 2 ; (16)

where C 2 > 0 i s an integ rati on constant.
Then the general soluti on of Eq. (16) can be expressed as

2E ( x ) = p 2 cn[ q 2 k 0 ( x À x 0 2 ) =m ] ; (17)

where cn is a speciÙc Jacobi ell ipti c functi on, x 0 2 i s a second integrati on constant.
Param eters p 2 ; q 2 , and the modul us m are given by

p 2
2

=
h 2

À
2" 1 +

È
( h 2

À
2" 1 ) 2 + 2 ˜ 2 C 2 =k 2

0

Ê1 = 2

˜ 2

; (18)

q 2
2 =

È
( h 2

À
2" 1 )2 + 2 ˜ 2 C 2 =k 2

0

Ê
1 = 2

; (19)

m =
˜ 2 p 2

2

2 q 2
2

: (20)

4. Th e con t inui t y co nd i t ion s an d t h e inte gr ati on co nst ant

The bounda ry condi ti ons at the interf ace x = 0 requi re the conti nui ty of the
ta ngenti al com ponents of E ( x ) and H z ( x ) . Theref ore we have, respectivel y

1E (0 ) = 2E (0 ) ; (21)

d 1E ( x )

dx

Ù
Ù
Ù

x =0
=

d 2E ( x )

dx

Ù
Ù
Ù

x =0
: (22)

Using Eqs. (12), (16), and (22) one can Ùnd easily the C 2 constant

C 2 = k 2
0

( 2" 1 À
1" 1 ) E 2

0
+ ( k 2

0
=2 )( ˜ 1 À ˜ 2 )E 4

0
; (23)

where E 0 i s the value of the electri c Ùeld at the interf ace x = 0 :
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5. Th e di sp er sio n equ at ion

The conti nui ty condi ti ons (21) and (22) for the ta ngenti al component give
the relati ons

p 1 [ch( k 0 q1 x 0 1 )] À 1 = p 2 cn( k 0 q 2 x 0 2 ) ; (24)

and

p 1 q1 th ( k 0 q1 x 0 1 )[ ch( k 0 q1 x 0 1 )] À 1 = p 2 q2 sn( k 0 q2 x 0 2 ) dn (k 0 q 2 x 0 2 ) : (25)

Equati ons (24) and (25) yi eld the general dispersion equati on

q 1 th (k 0 q 1 x 0 1 ) cn( k 0 q2 x 0 2 ) = q2 sn( k 0 q 2 x 0 2 ) dn ( k 0 q2 x 0 2 ) : (26)

Because the electri c Ùeld on the interf ace pl ane at x = 0 i s now given by

E 0 = p 1chÀ 1 ( q 1 k 0 x 0 1 ) ; (27)

E 0 = p 2cn( q2 k 0 x 0 2 ) ; (28)

where i t f ol lows tha t the dispersion equati on (26) can be wri tten in the form

p 2 q1 ( p 2
1 À E 2

0 ) = p 1 q 2 ( p 2
2 À E 2

0 )[ p 2
2 À m 2 (p 2

2 À E 2
0 )] 1 = 2 : (29)

Af ter som e simpl e tra nsform ati ons the last equati on assumes an elementary f orm
of the algebra ic equati on for the m ode index h

2 ( h 2
À

2" 1 ) 2 ( A 2
À B 2 ) + 4 ( h 2

À
2" 1 ) B C + C ( A 2

À 2 C ) = 0 ; (30)

where

A = 2 ( 2" 1 À
1" 1 ) + ( 5 ˜ 1 À 4 ˜ 2 ) E 2

0 ; (31)

B = 2 ( 2" 1 À
1" 1 ) + ( ˜ 1 À 2 ˜ 2 ) E 2

0 ; (32)

C = 2 ˜ 2 [ 2 ( 2 " 1 À
1" 1 ) E 2

0 + ( ˜ 1 À ˜ 2 ) E 4
0 ] : (33)

6. An al ys i s of t h e disp er si on equ at ion

The dispersion equati on is easily to solve, and we Ùnd

h = Ï

(
2 " 1 À

2 B C ´

p
2 A 2 C [2 C À ( A 2

À B 2 )]

2 ( A 2
À B 2 )

) 1 = 2

: (34)

Equati on (34) determ ines the propagati on constants h ( ! ) representi ng the wa ves
pro pagati ng along the nonl inear interf ace. As seen wi th (34), (31{ 33), the values h

depend on the gui ded wave power by interf ace. It is interesti ng to note tha t the
values (34) can be real or compl ex. Two ki nds of wave m odes can exist for thi s
reason. The conÙgura ti on considered here is ideal ly lossless. From the l i tera ture
i t is kno wn tha t in such a case the real values h must correspond to the guided
surf ace wa ves, the com plex values h corresp ond to the guided leaky wa ves.

W hen

2 A 2 C [ 2 C À ( A 2
À B 2 )] < 0 (35)

the roots of the dispersion equati on become compl ex otherwi se they becom e real
or im aginary .
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6.1. Complex root s

The sim ple consi derati on demonstra tes tha t the inequali ty (35) is sati sÙedi f
a)

C > 0 ; (36)

2 C À ( A 2
À B 2 ) < 0 ; (37)

2" 1 > 1" 1 ; ˜ 2 >
3 ˜ 1

2
; (38)

2 ( 2" 1 À
1" 1 )

˜ 2 À ˜ 1

> E 2
0 >

2 ( 2" 1 À
1" 1 )

2 ˜ 2 À 3 ˜ 1

; (39)

or b)

C > 0 ; (40)

2 C À ( A 2
À B 2 ) < 0 ; (41)

1" 1 > 2" 1 ; ˜ 1 > ˜ 2 ; (42)

E 2
0

>
2 ( 1" 1 À

2" 1 )

˜ 1 À ˜ 2

; (43)

and c)

C < 0 ; (44)

2 C À ( A 2
À B 2 ) > 0 ; (45)

1 " 1 > 2" 1 ; ˜ 1 >
2 ˜ 2

3
; (46)

E 2
0

<
2 ( 1" 1 À

2" 1 )

3 ˜ 1 À 2 ˜ 2

: (47)

6.2. Real roots

The condi ti on of the real roots of the dispersion equati on existence resul ts
from the inequal ity

C [ 2 C À ( A 2
À B 2 )] > 0 : (48)

It is easy to pro ve tha t such roots wi l l exist in the case when the below condi ti ons
are sati sÙed:
a)

C > 0 ; (49)
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2 C À ( A 2
À B 2 ) > 0 ; (50)

2" 1 > 1" 1 ; ˜ 2 >
3 ˜ 2

2
; (51)

E 2
0 <

2 ( 2" 1 À
1" 1 )

2 ˜ 1 À 3 ˜ 2

; (52)

and b)

C < 0 ; (53)

2 C À ( A 2
À B 2 ) < 0 ; (54)

2" 1 > 1" 1 ; ˜ 2 > ˜ 1 ; (55)

E 2
0 <

2 ( 2" 1 À
1" 1 )

˜ 2 À ˜ 1

; (56)

or c)

C < 0 ; (57)

2 C À ( A 2
À B 2 ) < 0 ; (58)

1" 1 > 2" 1 ; ˜ 1 > ˜ 2 ; (59)

2 (1 " 1 À
2" 1 )

˜ 1 À ˜ 2

> E 2
0

>
2 (1 " 1 À

2" 1 )

3 ˜ 1 À 2 ˜ 2

: (60)

As one can say, the soluti ons of the di spersion equati on are always com pri sed in
three interv als but in a special wa y:

| i f 1" 1 À
2" 1 > 0 and ˜ 1 À ˜ 2 > 0 , two interv als of com plex soluti ons and one

interv al of real soluti on exist ;

| i f 1" 1 À
2" 1 < 0 and ˜ 1 À ˜ 2 < 0 , two interv als of real soluti ons and one

interv al of com plex soluti ons exi st.

These concl usions are i l lustra ted in Fi gs. 2 and 3.
Presum ing tha t the Ùrst m edium (x > 0 ) is l iqui d crysta l MBBA whose

ref racti ve index has i ts l inear and nonl inear parts of the values [13] of n 0 1 = 1 : 5 5

and n 2 1 = 1 0 À 9 m2 / W , and the second medium ( x < 0 ) i s crysta l YAG wi th the
adequate valuesof the refracti ve index [13] as n 0 2 = 1 : 8 3 and n 2 2 = 3 È 1 0 À 9 m 2 / W ,
four rea l soluti ons of the di spersion equati on are obta ined, appro pri atel y: h =

Ï 1 : 7 1 and h = Ï 2 : 7 2 : These values were obta ined for E 0 = 1 0 5 V/ m .
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Fig. 2. The solutions of the disp ersi on equation w hen 1
" 1 À

2
" 1 > 0, ˜ 1 À .

Fig. 3. The solution of the disp ersio n equation w hen , .

Fig. 4. Propagation constant dependence on the strength of electric Ùeld on the

interf ace.
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The dependence of the propagati on constant h from the value of electri cal
Ùeld E 0 on the nonl inear interf ace for the above conÙgura ti on is i l lustra ted in
Fi g. 4.

Assum ing tha t the propagati on constant is of calcul ated value h = 1 : 7 1 ,
i t is possible to m ake a graphical i l lustra ti on of the electri cal Ùeld pro Ùle at the
nonl inear interf ace, adequate to the soluti on of thi s bounda ry probl em. The proÙle
is presented in Fi g. 5.

Fig. 5. ProÙle of T E electric Ùeld on the nonlinear interf ace.

The electri cal TE Ùeld of the wave guided by the nonl inear interf ace has
i ts maxi mum in the region of x > 0 . In the region of x < 0 the wa ve am pl i tude
oscil lates between positi ve and negati ve values whi ch results in the avera ge value
equal to zero in the period of oscil lati ons.

7. Th e p ower in r egion s an d t h e enti re p ower

The power Ûow for a harm oni c Ùeld is described by the Poyn ting vecto r

h S i =
1

2
R e[E È H Ê ] : (61)

For the TE Ùeld E y ; H x , and H z we have

h S i =
1

2
R e [i ( E y H Ê

z ) À ( E y H x )] : (62)

Hence, the power Ûow P tra nsported by the wa ves in the z di recti on is

P =

+

h i dx = P 1 + P 2 =

k 0 h

2 ! ñ 0 0

j E y ( x ) j
2 dx +

k 0 h

2 ! ñ 0

T

0

j E y ( x ) j
2 dx : (63)

The enti re power is the sum of the powers P 1 and P 2 from the regions 1 and 2.
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Fig. 6. Guided power dependence on the propagatio n constant ; 1 | power in the

region 1, 2 | pow er in the region 2, 3 | total power.

The power guided in the regions 1 and 2 as wel l as the enti re power depending
on the pro pagati on constant h are i llustra ted in Fi g. 6.

The i l lustra ti ons 5 and 6 shows tha t the nonl inear interf ace can guide TE
wa ves wi th speciÙc and new characteri sti cs. These waves, whi le propagati ng along
the interf ace in the di recti on perpendicular to the interf ace, are of vari able am -
pl i tude whi ch vani shes in the region 1 and periodical ly oscil lates in the region 2.
These wa ves can be guided for som e propagati on constants h and over the certa in
thresho ld of power. One can also see tha t the disti nct m inimum of power exi sts, for
whi ch the m ode of the Ùeld can be guided. Mo reover, two pro pagati on constants h

(upp er and lower) exi st, by whi ch the guided m odes are cut.

8 . Fl ow of pow er gui ded i n t he d i r ect ion p er p end icu lar t o t h e inter face

For a better characteri sati on of the wave described in the previ ous para-
graphs, the Ûow of power and the power guided by such wa ve in the di recti on
perpendicul ar to the interf ace should be calculated.

For thi s purp ose the m ore general f orm of TE wave is considered, ta ki ng
into account also i ts dependence upon the coordi nate x , i.e. the Ùeld wi th the
component E y ( x ; z ; t )

E y (x ; z ; t ) = E (x ) exp [i ( k 0 hz + ¢ ( x ) À ! t )] : (64)

The average Ûow of power in the di recti on perpendicul ar to the interf ace is deÙned
by the component of the expression (62) and given as

h S i x =
1

2
R e [E y ( x ; z )H Ê

z
( x ; z )] : (65)

Using (64) and (4) i t is easy to pro ve tha t thi s com ponent is of the shape

h S i x =
1

2 ! ñ 0

j E y ( x ) j
2

d¢ (x )

dx
: (66)
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The Ùeld TE on the nonl inear interf ace, investigated in thi s paper, is described by
the expression (2), for whi ch

d¢ ( x )

dx
= 0 : (67)

The above expression indi cates tha t the average Ûow of power in the di recti on per-
pendicul ar to the interf ace, whi ch is created by the analysed wave on the interf ace,
is equal to zero

h S i x = 0 : (68)

Such behavi our is speciÙc for surface waves. The standard surface wa ves on the
interf ace were investigated by m any researchers [10{ 14]. The characteri stics of such
wa ves are perfectl y known. Apa rt from the characteri stic tha t the Ûow of power
gui ded in the di recti on perpendicul ar to the interf ace is equal to zero, the other
characteri sti c is the fast vani shing of the am pl itude in the mentio ned di recti on,
whi ch can be observed on both sides of the interf ace. In the above context, the
here- investi gated wa ve can be qualiÙed as the surface wa ve or quasi-surface wa ve
because of the non- typi cal behavi our of am pl itude.

Co mparison of the expressions (66) and (67) indi cates for one m ore charac-
teri sti c of wa ve (2) gui ded by the nonl inear interf ace: the avera ge Ûow of power
gui ded by the wa ve perpendi cular to the interf ace di recti on is always equal to zero,
i rresp ective of the character of ampl i tude changes in thi s di recti on.

9. D iscu ssion of t h e ach iev ed r esul t s

The discussion of the achieved resul ts and thei r interpreta ti on, being the
to pi c of thi s chapter, wi l l be m ore clear i f som e results ta ken from l i tera ture are
m enti oned Ùrst:

1. Li near interf ace (of two l inear m edia) cannot gui de the wa ve of TE typ e
[10{ 16].

2. In the case of nonl inear interf ace and focusing medium the surf ace wa ve of
TE typ e can be guided, wi th the ampl i tude vani shing on both sides of the
interf ace. Nonl ineari ty creates then i ts speciÙc wa veguide guidi ng the wa ve
of the sol ito n typ e [6, 16].

In the context of the above, the results achi eved in thi s paper allow us to deÙne
the fol lowing concl usions:

a) The soluti ons (13) and (17) on nonl inear interf ace can be m atched in such a
way tha t the bounda ry condi ti ons on the interf ace are sati sÙedas wel l as the
condi ti on of radiati on in inÙnity . The further e˜ect is tha t the electrom ag-
neti c wave wi th TE polarisati on can be gui ded on interf ace, and penetra tes
wi th i ts am pl i tude in the characteri sti c way, the nonl inear m ediasurro undi ng
the interf ace.

b) The ampli tude of the wa ve in surro undi ng m edia is given by the functi on
vani shing in the di recti on perpendicul ar to the interf ace for x > 0 and oscil-
lati ng periodical ly for x < 0 .
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c) The average Ûow of power guided by the wa ve perpendicul ar to the inter-
face di recti on is equal to zero, i rresp ective of the ampl itude changes in thi s
di recti on.

d) The above-m enti oned electro magneti c Ùeld fol lows the known conservati on
of energy Ûux in the nonl inear medium [13, 14]. From the point of vi ew of
power Ûow, the wa vebehaves l ike the nonl inear surface wave, but at the same
ti m e i t shows another surface wa ve shape of am pl i tude. From tha t reason
the analysed TE wave on the interf ace can be considered as the surface or
quasi-surf ace wave.

e) A certa in cri ti cal m inimum and m aximum of guided power exi st, below and
over whi ch the wa ve of such typ e cannot be excited.

f) The wa ves wi th the am pl itude vari abl e perpendicul arly to the interf ace are
not a new phenomenon in the problem of nonl inear wa ves. On the basis of
Ka plan' s papers [7, 8] we kno w tha t in special cases inhomogeneous nonl inear
wa ves wi th the am pl itude vari able perpendicul arly to the interf ace can be
exci ted on the interf ace. They are described by the am pl i tude functi ons

A 2 = A 2
1

Ï 2 B 2

(
sin h À 2

cos h À 2

)

( B k 0 z + C ); (69)

where B and C are certa in constants, A 1 i s the value of ampl i tude in inÙn-
i ty . These waves are cal led longitudi na lly inhom ogeneous tra vel l ing wa ves
(LITW ).

g) The form al analysis of the dispersion equati on (34) al lows the propagati on
constant h to be com plex. From the physi cal point of vi ew thi s case corre-
sponds to the inho mogeneous wa ve wi th the am pl i tude whi ch is vanishi ng
to wards the di recti on of propagati on, i .e. to wards the z di recti on. The case
of losslessm edia is connected wi th the leak of wave guided insi de the media
surro undi ng the interf ace, l ike in a parti al reÛection of wa ve on the interf ace.
Tha t case wi l l not be however the to pic of the detai led analysis in thi s paper.

R ef er en ces

[1] T . Tamir, Opt ik 36, 209 (1972 ).

[2] T . Tamir, Opt ik 204 (1973).

[3] T . Tamir, 269 (1973).

[4] M. W abia, 861 (1990).

[5] M. W abia, 873 (1990).

[6] A .G. Litv ak, A . Mirono v, 1911 (1968).

[7] A .E. K aplan, 336 (1981).

[8] A .E. K aplan, 896 (1977).

[9] W. J. Tomlinson, B23 (1980).

[10] A .A . Maradudi n, , W orld
ScientiÙc Pub. , Singap ore 1983, C h. 2.



T E Waves at a N onl inear Int er face in Ker r Media 99

[11] G.I . Stegeman, C .T . Seaton, J . A riyasu, R.F. W allis, A .A . Maradudin , J . A ppl.
Phys. 58, 2453 (1985).

[12] T .P. Shen, A .A . Maradudi n, G. I . Stegeman, J. Op t. Soc. A m. B5, 1391 (1988).

[13] A .D. Boardman, P.E. Egan, F. Lederer, U . Langb ein, D. Michalache, N onl i near
Sur face Electromagneti c Ph enomena, N orth- H olland, A msterdam 1991, C h. 2.

[14] A .D. Boardman, P.E. Egan, T . T w ardowski, M. Wilki ns, N onli n ear Wa ves in Soli d
State Ph ysics, Plenum Press, N ew Y ork 1992, Ch. 1.

[15] E. W right, G. I . Stegeman, A nisotr opi c and N onli n ear Op ti cal Wa vegui des, Elsevier
Science Pub. , N ew Y ork 1992, p. 117.

[16] J.V . Moloney , Gui ded Wa ve N onl i near Op ti cs, K luw er A cademic Publish ers,
Boston 1992, p. 201.


