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Coupled optical bistable systems

G. S. Agarwal and S. Dutta Gupta
School oj Physics. Uni 1 ersi 0' of' Hp derabad,

Hyderabad 500134, Andhra, India

(Received 3 May 1984)

The coupling of two bistable systems is considered. The coupling is shown to modify the behavior of the

output such that it exhibits multistability. Moreover, the resulting system is shown to exhibit bistability for
parameters for which the uncoupled systems have monostable behavior.
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where S;,D;, and e; refer, respectively, to the polarization,
inversion, and the field in the ith cavity, cup is the frequency
of the incident field, and ~; is the atomic transition frequen-

Optical bistability continues to occupy a very prominent
place in optics, ' and one is discovering newer systems that
exhibit bistability as well as new phenomena in the behavior
of nonlinear systems contained in cavities. However, most
of the work'2 to date has been on the nonlinearities of sys-
tems in a single cavity. In this Brief Report we present the
results of our investigations on coupled ring cavities. In

particular, we show that the coupling results in the multi-
stable behavior of the output as a function of the input ~ An
important characteristic of the coupled system is a bistability
threshold that is lower than that for a single cavity.

e schematically show, in Fig. 1, our coupled bistable
system —the two bistable systems are contained in another
ring cavity which provides the overall feedback and which
couples the two bistable systems. The dynamical equations
for single-ring cavity problems are very well known from
the work of Bonifacio, Gronchi, and Lugiato. ' The dynami-
cal equations for our coupled system are
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cy in the ith cavity. The boundary conditions, in terms of
the transmission of each mirror and the detuning factor 0;
of each cavity, can be written as

(tOr) = Tt F(f) +R te~(L [, 2 51~)e

6 (2) = Ti'i2e i(L i, r)

e2(0, r) = T2' 'G (r) + R e 2(2L2, 2
—hr2)e

0(1)= T2 'e2(L2, t)

F(t) = T3 &j(I) + T2 R3E2(L2&l AE3)e

e, (i) =- T3' 'H(i); Al; = (2i, +L;)/c

(4)

(6)

The boundary conditions (5), (6), and (8) provide for the
mutual coupling of the two cavities. The above dynamical
equations are expected to yield a very wide variety of
phenomena, which should be much richer than one had in

the case of a single cavity. ' Therefore, in this Brief Report
we concentrate on the simplest, but remarkable aspects of
coupled bistable systems.

We use the mean-field approximation' for each cavity and
take the steady-state limit. Thus Eqs. (1) and (2) are
solved for S and D in terms of the local electric field. These
solutions are used in (3), which is then integrated, and
resulting solutions are substituted in the boundary condi-
tions (4)-(9) to obtain the output field. A long calculation
then shows that the transmission of the coupled system is
related to the input by
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a; represents the absorption coefficient for the atomic sys-
tem in the ith cavity. The parameters y and x are related to
the incident field e; and the transmitted field eT by
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It is easy to verify that (10), in the limit o. iLi=0, T3=1 FIG. 1. Schematic diagram of the coupled bistable systems.

30 2764 1984 The American Physical Society



30 BRIEF REPQRTS

X
100-

2765

05-
10-

0.5
010

I

20 Y 10 20 Y

FIG. 2. The transmitted amplitude 1

c y lbldb h I f LQT= L
p i u e ~x ~ as a function of the incid

T2=~ L QT~T3=o.2LQJT2Tq. The dashed
arge va ues of the output field.
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FIG. 3. (a) Sam) arne as in Fig. 2, but now 9= 1I. ; 5&
——5 =2. (b T p"

2= T3= O.O1.
i e amp itude as a function of the incident field
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= Ti (u)L2 0 T2 T3 1), leads to the standard result

for the single cavity.
The details of the results that follow from (10) for a

number of system parameters are given in Figs. 2-4. For
nonzero () and 8, x is complex —x=]x]e '4. The result

for the purely absorptive case is shown in Fig. 2. Assuming

identical cavities with otLt=o. ~L~, T~= T~= T3=0.01, we

find that the present coupled system can exhibit a wide

range of multistable' behavior. In fact there is the possibili-

ty of tristability. ' A remarkable aspect of the coupled sys-

tem is the existence of bistability for otL/T = 7. Thus, bis-

tability can exist even for txL/T values, which ~re less than

those for which bistability exists for a single cavity. This
could be quite significant for materials like GaAs, where

purely absorptive bistability has been difficult to see. '
When there is no overall feedback (T3= 1), then the output

of the first cavity feeds the second cavity, and in such a

case, the behavior of the coupled system is simple —the out-

put of the total system shows bistability for the cavity 1,
while the second cavity remains on the lower branch. When

the first cavity is switched to the upper branch, then the
second cavity again shows bistability. Therefore, for T3 1,
the total system would exhibit double hysteresis loops.
Results with cavity detuning are shown in Fig. 3. The mul-

tistable behavior of both amplitude and phase is to be not-

ed. Here, one has the possibility of the system switching

from the uppermost branch to the lowermost branch. Note

that the condition on otL/T for the occurrence of bistability

in single cavity' is
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FIG. 4. The transmitted amplitude ~x] as a function of the in-

cident field for Ti ——T2 ——T3 001, aiLi/T —=—n2L2/T =40, 83=1.
Here, curve (a) [(b)] occurs when the first cavity exhibits absorp-

tive (dispersive, 8& = 1, 5t = 2) bistability and the second cavity exhi-

bits dispersive 02 = l, 52 = 2 (absorptive) bistability.

and thus f'or otL/T =[0, ()=1, 5=2, no bistability is there
for the single cavity case. However, for our coupled sys-

tem, we obtain bistability for these values of the parameters.
For comparison we also show the results for the case when,

say, the first cavity is empty. Finally, in Fig. 4, we show

how the multistable behavior of the coupled system changes

when one cavity exhibits absorptive bistability and the other
cavity shows dispersive bistability. In conclusion, we have

shown how the coupled bistable systems could lead to new

features that can have interesting applications.

'See, for example, the proceedings of two recent conferences on

this subject: (a) Proceedings oJ the Internation'al Conference on Opti

cai Bistability, Asheville, North Carolina, 1980, edited by C. M.
Bowden, M. Ciftan, and H. R. Robl (Plenum, New York, 198l);
(b) Proceedings of the International Conference on Optical Bistability,

Roches(er, New York, l983, edited by C. M, Bowden, H. M.

Gibbs, and S. L. McCall (Plenum, New York, 1984).
2A recent paper [J. S. Satchell, C. Parigger, and &. J. Sandie, Opt.

Commun. 47, 230 (1983)] discusses a different type of coupling

between bistable devices and obtains results which are different
from ours. For example, these authors find only bistable

behavior for the output as a function of the input.
3Cf. R. Bonifacio, M. Gronchi, and L. A. Lugiato, in Ref. 1(a),

p. 31,
4Within the mean-field approximation, the branch with the negative

slope is expected to be unstable.

~Tristability has also been reported in a single ring cavity in situa-

tions (such as those in the limit of large aL), where the spatial

structure is important and where both absorptive and dispersive

effects are included [H. J. Carmichael and J. A. Hermann, Z.

Phys. 8 38, 366 (1980)]. Similarly, lasers with saturable ab-

sorbers, and with injected coherent signals also exhibit tristability,

cf. P. Mandel, Z. Phys. 8 33, 205 (1979).
H. M. Gibbs, S. L. McCall, T. N. C. Venkatesan, A. Passner, A. C.

Gossard, and W. Weigmann, in Ref. 1(a), p. 109.


