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Is it possible that noise added to a periodic input signal 
can actually increase the signal-to-noise ratio at the out

put of a physical system? The proposition appears at first 
glance to be totally counterintuitive. This, though, is ex
actly what happens in the phenomenon of stochastic reso
nance. Benzi et al. first invoked this concept to explain the 
observed periodicity in occurrence of the Earth's ages.1 

The 100,000-year period of the Ice Ages coincides with a 
secular variation of the eccentricity of the Earth's orbit; 
this variation is by itself, however, too small to cause the 
global temperature change that accompanies an ice age. 
Benzi et al. modeled the Earth's climatic system as having 
two stable states, and showed that stochastic perturba
tions of the climate could enhance the effect of a small 
periodic variation in the eccentricity, and lead to large 
scale changes in global conditions. This effect was demon
strated on a bistable Schmitt trigger by Fauve and Heslot, 2 

and until recently their experiment was the only observa
tion of stochastic resonance in the laboratory. 

The first test of this theoretical concept on an optical 
device—a bistable bidirectional ring laser—was recently 
performed in our laboratory. 3 , 4 The output of the laser in 
a given direction can be made to switch between two sta-

Signal-to-noise ratio in the laser output versus noise in
put. There is clearly an optimum input noise strength 
necessary to optimize the effect of the periodic modula
tion signal on the output. The solid line is obtained from 
the theory of Ref. 5. 

ble states (ON and OFF) by changing the asymmetry of 
the gain or loss of the two waves. A quantitative measure 
of the effect of a periodic modulation input is provided by 
the signal-to-noise ratio at the modulation frequency in 
the power spectrum of the output. Stochastic resonance 
was demonstrated by the observation that addition of 
noise at the input could cause an increase in the signal-to-
noise ratio at the output. The asymmetry of the gain for 
the two counterpropagating travelling waves was con
trolled by an intracavity acousto-optic modulator. If the 
modulation of the asymmetry is sufficiently small (com
pared to the width of the hysterisis loop associated with 
the bistability), the laser does not switch its direction of 
operation in response to the signal. As noise is added to 
the periodic modulation, the output of the laser responds 
to the modulation, and an increase in signal-to-noise ratio 
of about 12 dB was measured (see figure). Very reasonable 
agreement between experiment and theory was ob
tained. 4 , 5 A n optimum amount of injected noise is neces
sary to obtain the maximum enhancement of the signal-
to-noise ratio; too much injected noise eventually sub
merges the signal. Theory indicates that the effect is quite 
robust and not critically dependent on the particular bista
ble system. It should be observable in a wide variety of 
bistable nonlinear devices. 

This intriguing phenomenon is peculiar to nonlinear 
systems; it illustrates the fact that rather counterintuitive 
effects occur in nonlinear systems driven by noise and peri
odic modulations. We are investigating situations where 
an application of this concept could result in enhanced 
performance of optical bistable devices and ring lasers. 
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W e have studied the mutual interaction of two coun
terpropagating laser beams in a sodium atomic va-
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