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Abstract: The  stability characteristics of non-linear surface waves
propagating at a lateral antiferromagnetic non magnetic superlattices (LANS)
substrate and a non-linear dielectric cover have been simulated numerically
by using the perturbation method . LANS are linear frequency- dependent
gyromagnetic media, described with an effective- medium theory [1]. The
growth rate of perturbation is computed by solving the dispersion equation of
perturbation. We found that the nonlinear surface waves are unstable because

their growth rate of perturbation ¢ is real with the existence of the magnetic

matter of permeability tensor ,ue . This means that the stability of nonlinear

surface waves is magnetic fractional dependent. The variation of the nonlinear
surface waves energy flow [2,3] along the propagation axis as a function of

the effective index N, for different values of the saturation parameter
has been studied. It illustrates that the energy of the non-linear surface waves
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increases with increasing Hy o The spatial evolution [4] of the steady state

field amplitude is determined by using computer simulation method [5,6]. The
calculation shows that with increasing the n, at fixed 4, , the field

distribution is sharpened and concentrated in the non linear medium.

1.INTRODUCTION

Nonlinear surface waves propagating along the interface of linear and
nonlinear media have a number of novel extraordinary properties which
attracted attention of many investigators[2-7]  Understanding the stability
of nonlinear surface waves is essential for the exploitation of these waves in
optical devices. Up to date, this problem has not been solved completely,
where there are numbers of approches to the problem by using both
numerical simulations by Akhmediev et. al. [4] and Moloney et. al. [2] and
analytical methods [3]. These methods have been based on steady-state
solutions to a nonlinear wave equation which contains an intensity
dependent refractive index. This paper concerns the stability of nonlinear
surface waves propagate along the boundary of linear magnetic supper
lattices, we solve this problem by using computer simulation method [8].

2.BASIC EQUATIONS

The guiding structure to be considered is shown in figure (1). It consists of
a non-linear semi-infinite cladding contacts everywhere to a linear, semi-
infinite superlattice at y = 0 planar interface. The coordinate system is such
that, the y axis is normal to the interface and the wave vector is directed
along the x axis. The magnetic field H, is applied parallel to the interface

and perpendicular to the direction of propagation of the waves. H, and
magnetization (m,) of the superlattices are in the direction of the z-axis.

Since the wave propagation is in x-direction then, the Maxwell equations
for S-polarized wave (TE) are reduced to the following equation [4]

VZE + 2y, [E]' )JE =0. (1)
The dielectric constant of the linear medium in the region y <0is &, , while
that in the region y > 0is @)
e =g, + a|E|2.

Assuming that the nonlinear medium is self-focusing the solution of the
wave equation which is po]a}rjzed along the z-axis is @)
E.(xy)=a™ A(xy)e' ™™
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Where A (x,y) is a slowly varying field envelope, n, is the effective
refractive index.

Substituting Eq.(3) into Eg. (1), the equation for the slowly varying
amplitude A(x, y)is then [2]

aA 0* A
ot 2y
i denote to v—1and  k2(y)=n?—g,, is the decay constant of the
nonlinear medium, &,is the linear dielectric constant of the non linear
medium, the coordinates xandy are normalized by the factor w/c, and the
fields are normalized by the factor af’where @ is the wave angular

(4)

2in, = JA+-Z|AA=0,
xo

frequency, cis the light velocity in free space and «, is the non-linearity

coefficient.

The investigation of the stability of nonlinear surface wave (NSW)
propagation along the interface between the linear and non linear medium
has been focused in looking for the steady-state solution A(x,y)= A, (y)of

equation (4) for our structure as:
1
25 k2 _ﬂZ 1/2
Aoly)= 1( )

22k, sech(k,(y - v.)),y >0, for nonlinear medium
L is the decay constant of the linear medium, it is given by

e’V y<0, forlinear medium (5)

B =t Ly IS =&, (6a)
with
Hyx = [1/ (fl + fz:u)] [(flz + fzz),u+ f, f, (1+ﬂ2 _:ui)]

(6b)
Hyy :/U/(fl"' fa :U)
where the expressions of x and u are:
u=1l+w, a)m{[w coo—a) T [a) coo+a) ]‘1}, (6¢)
’n =a)aa)m{[a)r — a)o—a) T +[C()r — a)o +C()) le
with

wm=4”7m0’wa:7Ha’w0=7/H0’
and
o, =y 2H,H, +H’
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where, H, represents the an isotropy field, Hc the exchange field, and y the
gyromagnetic ratio, mg is the sublattice magnetization, ¢,is the dielectric
constant of the layers, w, is the resonance frequency. At the same time, the
effective dielectric constant is expressed [1] by
e =fe+f, ¢ (6d)

and yo is the integration constant, that actually gives the position of the
maximum E, in the upper nonlinear half space.

At the interface between the two media y =0, we assume the condition that
the dielectric constant of the linear medium &, >¢,

To determine the stability criterion for (NSW)s, we numerically stimulated
the steady state solution of Eq. (4) with small perturbation as in[4] :

A% Y)=As (¥)+ 4, T (xY), (7)
where f (x, y)is a perturbation function of the steady state solution, s, is
the saturation parameter.

Substituting Eq. (7) into Eq.(4), we can obtain

of o°f p . (8)
Xa—l—ﬁ_k;(y)f “ra—Aoz(y)(Zf + f )=O,

2in

we shall consider the z dependence of the perturbation function, so that the
function can be written in the form [5]

f (X, Y, z)=%[(u +V)e(‘5x””) +(u* —V*)e("’* X*”Z)] 9

where uand v are functions of yonly, we take the case r®=¢5"for

nonlinear medium.

Substituting Eq. (9) into Eq. (8), we obtain the set of differential equations
of eigenvalue 6. o'is either real or imaginary. The solutions of differential
equations decay as y — oo for self focused waves in nonlinear medium of

the form
u :cle‘”[—i§+2ptanh ¥ + 2tanh?® 7]

+c2e””[+i§+2p*tanh7+2tanh27], (10)
v=c,e P'[2+i&-2ptanh V] —cze’p*V[Z—ig—Zp*tanhy]
WhETE £ —2n,5, 7 =k, (Y- Yo) E= K]
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where p:(1+i§)]/2, c,,C, are constants to be determined from the

boundary conditions
and primes denote the derivatives with respectto y.

In a linear medium, the solutions decaying as y — —o, are
u=AeV+AeY, v=AeY-AeT, (11)

L)
where s {F_ igj ,and y =Kk, y, A, A, are constants to be determined(12)

2
from the boundary conditions. For a surface wave &is either real or

imaginary, suppose that £=¢&,  is real thus by a bit of algebra we can
obtain a dispersion relation for determining ¢ of the form [4]

p+ig)-2igt-3pt? +2t° ~s(p-t)| ~(-t2f|p-2t+3] =0,
where t=tanh (k, y. Jwhich implies
_ﬁluyy + nx luxy

0 <t<land tanh (k.k,y,) =

/'lyy /’lv k2
If the applied magnetic field H, equal to zero, the dispersion relation for
NSW is /8= u,k, tanh(k, y, ) leads to t:( ’Bk j (13)
/uxx 2

Eg. (12) may be solved analytically by expanding each of the two
expressions under the absolute value in terms of & up to the fourth order and

calculate the absolute values of these expressions, one obtains that [5]
£2 =0.533(1- 2t), (14)

when t<%, £ >0=¢&, isreal, the growth rate §is related with & by

kZ .
[4] 52%72 which cause the NSW to be  unstable. When

X

t>%,§f <0 leadsto &, is imaginary where ¢ becomes imaginary and

NSW is stable. At tzé, nx in this case is the critical refractive index. The
evolution of the perturbed field amplitude A(y)at the propagation distance

(15)
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X, is calculated by determination the constants c,,c,, A, A,through
applying the boundary conditions aty =0 as [4]:

1) E, =E, itis found by substituting Eq.(5)and Eq.(7) into Eq.(3)

2) B, =B, , Bisthe magnetic induction of the system[1] ,

where

oE
:ﬁJ, B, =u,H, +iu H, (16a)
U, ay | I I

XNi

_ﬂﬂyy+nxﬂxy nx:uyy_lgluxy
- E,, H, =—-2 "0

O H, fh iy, O p, Jyfy,

H

X

Since the wave function u vanishes at the boundary, say y =10 then

3)uy, =0aty=10 4)u, =0aty=-10. (16b)

At the initial perturbation where x=0 . Its convenient to take
c,=c, and A, = A’, then by solving the two equations (15), (16) , we can
obtain the values of the constants c,,c,, A, A, By numerical simulation
method its easy to study the evolution of the steady state field amplitude
A(x,y,z), atx=0, x, =2.9, and x = 3.

The variation of the energy integral of the nonlinear surface waves versus
the mode index n, is also  calculated analytically for different values of

the saturation parameter x, , and different values of the magnetic

fraction f, through the integral of square perturbed field amplitude in linear
and nonlinear medium as [4]:

I=IM&xyldy+ﬁﬁﬂ&yldy

where A (x,y), A, (x,y) are the perturbed field amplitude in linear and
nonlinear medium respectively.

17)

3.COMPUTER SIMULATION AND DISCUSSION:

In this paper some numerical calculations are presented for the simulation of
the stability equation (7) of the proposed structure which consists of a
lateral fef, /znf, superlattice and a nonlinear dielectric cover. fef, is ferrous
floride which is antiferromagnetic film and z.f; is zinc floride which is
nonmagnetic film. The parameters are [1] as follows: the applied field Hy =

140



M. M. Shabat and H. M. Mousa

0G, m,=056KG , H, =200kG, H, =540kG, and & =55 for

antiferromagnetic layers. Fig.(2).shows the nonlinear surface waves energy
flow versus the n, for various values of x, . For propagation length x =

0 and applied magnetic field H, = 0, the nonlinear surface waves are
always unstable and its nonlinear energy increases by . Fig.(3) illustrates
the variation of the nonlinear surface waves energy flow with n, for
different values of the magnetic fraction f,. It shows that as the power
varies with n, also varies with t which is less than 0.5. These values are

strongly dependent on magnetic fraction f,, they are shifted to higher wave
index as the magnetic fraction is increased. This dependence is shown as a
shift in the curves. The increasing of f, leads to a decreasing of growth rate

of perturbation and nonlinear waves of higher energy have low unstability.
For increasing values of n, Fig.(4b-a) displays the spatial evolution of

steady state field amplitude A (x,y) as a function of the normal to the

interface y for increasing the propagation distance x . This spatial
evolution of perturbations leads to a shift of the field energy into the
nonlinear medium, with the subsequent excitation of the nonlinear surface
waves of the unstable branch. Also the calculation shows that with
increasing n, at fixed u, the field distribution is sharpened and shifted in

nonlinear medium as shown in Figs (5a-b-c) at x=3..
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Fig.( 1) Coordinate system guiding TE surface
waves along the interface.
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Fig.(2) The energy flow of the nonlinear

surface waves as a function
of N, for(1) 1, = 0
, (2),up =04 (3 My =08, x =0, f

=0.8
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Fig.(3) The energy flow of the nonlinear
surface waves as a function N, for f;=0.8

(2) fi =0.82, #,.G000
=997.3x10'’rad/sec, H ,=0, x = 0.
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Fig.(4a-b) The unstable branch of nonlinear surface waves (a) n,= 7.1, 1 =2.38,
and for (b) n,=3.5] =725, [ =997.3x 10" rad/sec, x, =03and(1)x=0,
(2) x=2.9, (3) x =3.
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Fig.(5a-b-c).The field distribution A(y,z) for(a) n,=5.2, [ =1.493 (b)) n,
=4,01 =.9554, (c) n, =3.5] =.725 for M, =03,1=038, 1 =997.3x10"

rad /sec, x =3.
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