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Optical dispersive bistability in media
of forced anisotropy
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In the paper, results concerning optical dispersive bistaility in media of forced anisotropy (due to
electro- and elasto-optical effects, for instance) are presented. Radiation transmitted through
a nonlinear Fabry-Perot cavity is shown to reveal bistability of intensity, of both the total field and
each of its Cartesian components, as well as bistable states of polarization. If the electrical vector of
the incident wave is neither parallel nor normal to the direction of optical axis the transmitted light
possesses the elliptical polarization. That elliptically polarized radiation changes bistably not only
the value of proportion of the polarization ellipse semiaxes but also orientation of its major
semiaxis.

1. Formulation of problem and simplifying assumptions

In the paper a Fabry-Perot resonator, bounded by two parallel mirrors extending to
infinity and orthogonal to the vector ez, is examined. It is filled with medium which,
in absence of any forcing factor, appears to be isotropic and to have nonlinear
third-order electric susceptibility. Influence of the forced anisotropy on the light
transmitted through a cavity is studied under the assumption that external factors
change only linear susceptibility leaving the nonlinear tensor unchanged. The linear
susceptibility is described by the following tensor:

gk = Sjk(e+ dikAe) 1)

where Ae is caused by the external factors.

The intensity reflectivities R = 1—T of the mirrors differ for waves of different
velocities of propagation. It is assumed that:

1 There is a plane monochromatic wave incident from the outside of one of the
mirrors

EO = [cosa,sina, 0] EOexp —k 02~ )

where Kkl = co2c2.

2. Waves propagating inside and outside a cavity are independent of variables
X and vy.

3. Wave inside a cavity is composed of two components of slowly varying
amplitudes and phase functions both propagating in mutually opposite directions.

4. Components of the nonlinear polarization vector proportional to exp [i ot
are the only ones which are taken into account.
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2. Nonlinear polarization

When incident field approaches a suitable big value, a nonzero nonlinear polariza-
tion vector appears in the cavity. It has the following Cartesian components [1]:

P?L= X(ExExEx+E,E,EX),
P?L = X(EXEXEy+ EyEyEY),
P'L=0
where x denotes one of the elements of the nonlinear tensor

X XK Xy XZZ

Having represented real functions as sums of complex functions and their
complex conjugates:

E, :-1{|§, +E),

E,=\(£,+£i)>
the components of the nonlinear polarization vector PN_can be rewritten as follows:
p2L= 1 {B B 12 £
......................................... 6)

3. Differential equations describing the field
inside a Fabry-Perot cavity

The Maxwell equations comprising both the tensor (1) and the nonlinear
polarization vector (5) imply the following equations for wave field of the frequency
a) inside the cavity:

jp E x+fi0D£1a)2Ex = [3 \EX\2+2 ¥ex+£yEYEn,
d2_~ = ©)
J" E y+n0f0£2a)zEy = [(2\EX2 +3|E/ £X

where: e0 —electric permittivity of vacuum, = £n/eOand e2= e2/a0 — relative

electric permittivities for the directions Ox and Oy.
In general, £x and e2 may be complex numbers:

§=H)-ief, 0 =12). ™
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It is assumed [2] that the wave field inside the Fabry-Perot cavity consists of two
waves propagating in two opposite directions:

Ej= exp - kig]+ exp +kjiz)], (;=1,2
where:j = 1=x,j =2=yand §" are slowly varying functions of the
variable z, i.e, such that
d2 .
dz <2K dz
o (&)
a2+ 2K 57
d¢=F B, k] =KIEf. (80)
The assumption (8a) leads to the following system of differential equations:
dz J
dz = -VSV \m 2+6\(j \2+2\&3-iY +2\&3-jY'\,
f-4>V= +y [6Ne Y + 31@ 12+ 2|83 I£b “ "1 ©
where:
~ &oHo(Dlef
Q=
(%)
£0 F0 a>2X _
_ : 7=1,2.

The rapidly varying components of the nonlinear polarization vector are
eliminated, but it causes loss of symmetry of Maxwell equations. Hence, it must be
assumed that

<\k,-k2\ (10

Equations (9) imply that the waves propagating in the direction of positive
z-coordinates are damped when z increases, while the backward waves are damped
when z decreases:

=mo)exPi-ejzi,
S'(z) =™y (Oexp [Qjz], /=1, 2. (11)
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Equations (9) allow us to define:
ADI@) = + 0)-7(0)]

= -Vii {91 @2+ M (2)1 + 4[I5 3"+ [*--">[} iz, ;=12 (12
0

4. Boundary conditions and solutions of the equations
for the wave field inside a cavity

When light is incident from the direction of negative z-coordinate the continuity
conditions for the Cartesian components of the electric vector E within the space
limited by boundary mirrors (contained in the planes z =0 and z = L) give the
formulas:

+ exp [/4V(0)] = a/>(0)exp[i*j/>(0)],
W (L)exp[i(4tf (L) +~L)] = J rJQ>L) x exp [i(*JP(L)- kjL)], j =1,2, (13)
EQ = £0&@7cosa+ &sina), | =1,2. (13a)

The Cartesian components E1 and Ey of wave field transmitted through the cave
and the intensities Ixand Py of planes x- and y-polarizations are stated as follows:

E? = «Neexp [V(#Ne )-*,L)],
E'=V 722U)exp UO0?>{L)-k2m , (14
2V Po
1?7 =L fc T 2\Ne(L)\2. 15
L (L) (15)
Defining
tij = exp[—QE], j=12, (16)

and taking account of the fact that the functions: ftp, ftp, &P, (=1, 2)are real
one derives from (11) and (13) the following equations:
f No — - " V/S/Tj Eq_ (17&)
(1 Ej)2+4t]j Rjsin2 EEI_fc‘ L

My/TjEQ)

- - (170)
tf>(0) {1- ~ expl[i(dgy- 2fc,L)]}’

exp[i® (O] =
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® (0) = 1y/RiTEq) (17¢)
(I-Rjtlj)2+4rijRjsin2

Ao = Vi\VTiRiEoj_
exp 1" (O =27 ) cexpli2kiL - A@)- Rivij} (17d)

where A = d~(L) are defined by (12) and with the use of Egs. (11), (15) and (16)
can be described as follows:

Acp”™ -yl {9ril“+4r2lI'},

AP2= -y 2{4ril“+9r2I;} (18)
where

j= [AN=A(1_+nji for sf # 0

U=y Chrifnglyy  forsf#0,

Uu=1.2) (18a)

r,=2/—@+R)4, foref=0
J \VA: i)} Iy

Conditions determining 7¢ and 7 can be also deduced from (15), (17) and (18):
7L T\ 70cos2a
7r =
(I-i/? R)2+ 4 ~ Risin: NO9rl/?2+4r2/™)+ /Ll

W _ 7012T 2sin2a (19)

(1-122R22+ 4i/iR2sin: ~(9r2/"+4rii")+ I:2L]

Expressions (19) indicate a bistable dependence of each of the intensities 7 and
77 upon the intensity 7( of the incident light. These two intensities are mutually
dependent. However, the mutual dependence disappears when the electric vector EO
of the incident wave is oriented at either the angle a = O or a = n/2 with respect to
the axis Ox. In those cases, the classical formulas describing bistability are obtained
[3]-[6] and the transmitted light is polarized linearly in either the plane y —O0 (for
a=0)or x=0 (for a=n/2).

When 0 < a < rc/2, both the intensities 7¥ and 7r are different from zero and there
exists the following dependence between them:

Ix
vi\ T2cos2a

v
N\ T\ sin2a I

J(1—4i f*i)2+4'li Risin2 ~(9r1,n,+4r21?)+ fcll |

1 —lR22+4tj2R2sin2 (4 ri/"+9r2/m+/2L | =7, 20
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5. Polarization state of transmitted wave field

The state of polarization of the wave field can be determined by means of a matrix of
coherence [7]. The matrix of coherence M of the transmitted light takes the form

Mxx Mxy
MY M_.

Ft7 FDMIT, T2exp [i(&D)-  d+i(k,—kIL], [FA(LN2T2 "

The determinant of the matrix M is equal to zero. The parameter of polarization
P is given by the expression [7]

b= > 22)
where |M| denotes the determinant of matrix M.

In our case, the parameter of polarization P = 1, which means the full
polarization of transmitted light. It is an elliptic polarization. The ratio of the ellipse
semiaxes [7] may be expressed by tanO = xa/b. The tangent can be determined
taking account of the following expression:

ijMyx- M x,) = 2y/Ix ly sin [@A)(L) —F L) + (k2—/c,)L]

. (23)
Mxx+ My p;+i’;

Numerical calculations based on formula (23) together with (17) and (9) show (see
Sect. 6) bistable changes of the ratio b/a. The angle » between the major semiaxis of
the polarization ellipse and the axis Ox is given by the formula [7]

VIiy7?2cosW (i.)-"U)+(*2-*i)«
ta"i V[ = Sememmmemmmeeeee- m  --mmmemmmommee- u (24)

That quantity can be also estimated by means of numerical analysis which is
presented in Sect. 6, and shows bistable changes of the angle if.

6. Interpretation of received results

Numerical analysis of received formulas has been carried out on a computer
compatible with IBM PC/XT. For the calculations the following assumptions have
been made: The material constants are those characteristic for GaAs [8], [9], the
width of the Fabry-Perot cavity L= 0.005 m, the angle between the plane of
polarization of the incident light and the Ox-axis a = #/6 and, if assumed to be
constant, the forced difference of relative permittivities Ae —0.0001. The medium has
been assumed not to reveal any damping.
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Fig. 1 Bistability of the intensity It of the total
transmitted

The relation between 7tr = Pf+1y and 70is shown in Fig. 1 Bistability of 7tr as
a function of 70, i.e., 7tr =/ (70) is incontestable. Figures 2a and 2b show similar
dependences for 7* and ly. Figure 3 being an illustration of the formula (20), shows
the bistable relation between 7L and 7* Figure 4 presents the proportion of
polarization ellipse semiaxes tan 0 as a function of the incident intensity 70. Figure

Fig. 2. Bistability of the intensities 11 (a) and 11 (b) of the Cartesian components of the transmitted field
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5 illustrates the bistability of orientation angle iff between the major semiaxis of the
polarization ellipse and the axis Ox.

As Figures 6a-c show, it is possible to modify the parameters of bistability
hysteresis, i.e., the width of the hysteresis cycles A10 = /0| —I0i (Fig. 6a), the value of
the upward bistable jump A I[J] (Fig. 6b) and downward bistable jump A I\P (Fig. 6¢c) —
as functions of Ae.

tan(8)
0 1% I* ij 20"

Fig. 4. Bistability of the proportion of the polarization ellipse semiaxes tan#
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Fig. 6. Parameters of bistability hysteresis cycle as
function of the difference Ae between the relative
electric permittivities for the directions Ox and Oy (for
details see text)
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7. Summary and conclusions

The results presented above are indicative of possibilities of interfering in a course of
intensity hysteresis cycles by means of electro- and elastooptical effects.

It has been pointed out that an anisotropic medium located in a Fabry-Perot
cavity may exhibit the bistability of polarization of transmitted light (Figs. 4 and 5)
provided that the incident intensity reaches a suitably high value.
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OnTnyeckasa AWCMEPCUOHHAA OGUCTabMNbHOCTL B cpefax
C BbIHY>XEHHO aHW30TPONMeN

MpeAcTaBneHbl pe3ynbTaThl, OTHOCALLMECS K AUCMEPCUOHHON GUCTabULHOCTU B cpedax, o6nafarLymx
BbIHY)XEHHOW aHM30Tponuein (Bbl3BaHHOM, Hanpumep, 37eKTPO- WUAW YNPYroonTUYeCKUM 3((HEKTOM).
BbiN0 MoOKasaHO, 4TO CBET, MNPOLUEALNIA 4epe3 HenuHeliHblli pe3oHatop Pabpu-Mepo, obnagaet
61CcTabAbHOCTBLI0O MHTEHCMBHOCTM 1 Nonsipusauun. B cnyyae, KOrfa anekTpuyeckuii BeKTop najaroLero
nons He fABNAETCA NapanfenbHbIM WA MNepneHAMKYNAPHbIM K OMTUYECKOW ocu, Mpolleawunii CcBeT
obnafaeT ANAMNTUYECKOM nonspusaumein. STOT 3NAUNTUYECKM MONAPU30BaHHbIA LBET W3MeHseT
61CTabnbHO He TOMbKO OTHOLLUEHWe Manoli U 6ONbLIOA Monyocei NOASPM3aLMOHHOIO 3AAMNCKca, HO
M NPOCTPAHCTBEHHYIO OpMeTauuto ero 6o/bLIONA nonyocu.



