Optoelectronic enhancement of the Sagnac effect in a ring resonator and

related effect of directional bistability
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A substantial enhancement {by orders of magnitude) of the Sagnac effect in a passive ring
resonator can be attained by using a nonreciprocal feedback. This feedback is based on the
nonreciprocal element controlled by the signal proportional to the difference between intensities
of counterpropagating waves, and is an optoelectronic analog of nonlinear nonreciprocity
proposed by us earlier. Under some critical conditions, this system can exhibit directional
bistability and directional switching of the counterpropagating waves.

PACS numbers: 07.60.Dq, 42.60.Kg, 85.70.Sq, 42.80.Sa

The Sagnac effect! is an underlying phenomenon for
optical rotational sensors (laser gyroscopes as well as passive
interferometers and ring resonators) which provide an op-
portunity to measure extremely small rotation rates®> and
could be applied for geophysical research, intertial naviga-
tion systems, and related techniques.® In our previous work,*
a novel way to dramatically enhance the Sagnac effect was
proposed which is based on nonlinearly induced nonrecipro-
city. (Under some conditions the nonlinear nonreciprocity
can result also in directional bistability.’)

In this letter we propose an optoelectronic analog of the
nonlinear system*” which imitates nonlinear nonreciprocity
by using the signal proportional to the difference between
intensities of counterpropagating waves in the ring resonant
(see Fig. 1) to control the nonreciprocal element (e.g., Fara-
day rotator®) which is incorporated in the resonator and
causes a differential change of total optical path lengths of
both of the waves. The Faraday rotator may comprise, e.g. of
a Faraday cell or Faraday mirror® (which might be even pre-
ferable because it does not disturb a wave propagation inside
the ring resonators) driven by an external magnetic field.

We consider a passive ring resonator {Fig. 1) which is
pumped in opposite directions by the laser beams having the
same intensity |E,, |* and frequency v tuned in such a way
that it is close to one of the eigenfrequencies v, of the resona-
tor. Then, in the presence of rotation, the Sagnac effect
causes an initial differential change of the optical paths of the
waves. In turn, this results in differential changes of the in-
tensities of both of the waves because of the splitting of the
eigenfrequencies seen by both beams (one of the beams
moves toward a resonance while another moves away from
it). This small intensity difference can be detected and ampli-
fied by differential amplifier. The output signal of this ampli-
fier is used to drive the nonreciprocal element (e.g., via con-
trolled magnet field in the Faraday cell) which provides
further splitting of the eigenfrequencies and further increase
of the difference between the intensities. In a way, such a
system is an optoelectronic analog of nonlinear-optic passive
gyroscope proposed in Refs. 4 and 5, i.e., nonreciprocal feed-
back could be considered as “artificial” nonlinear nonreci-
procity. Another system, based on the same idea of nonreci-
procal feedback, was recently proposed’ by us for a laser
gyroscope in which case the feedback signal is proportional
directly to the frequency splitting of oscillations in laser
gyro.
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Suppose that the nonreciprocal response (e.g., the non-
reciprocal shift of each eigenfrequency, 4v,,) provided by
the feedback is proportional to the difference between the
partial intensities of the waves:

Av, /vo=a(|E,|* — |E,|?), (1)
where a = const is a coefficient determined by the param-
eters of the amplifier, the Faraday cell, etc. (We assume as
well, that the detecting and amplifying system can distin-
guish the sign of difference between the intensities.) Then the
steady-state amplitudes E;(j = 1,2) of each of the two waves
transmitted through the output semitransparent mirror are

EJ,:

Ein Ye / Y
L+ iy~ v —vo+ (= 1) [0, + avy(|E\|* — |E4|)]}
Here E;, is an amplitude of the incident (pumping) field, 7. is
the empty cavity bandwidth (i.e., that caused by mirrors
only), ¥ is the total bandwidth of the system (y =y, + 7,,,
where y,, gives the linear losses of medium inside the cavity),
and

o, = 4Sw,vy/Le 3)

is the “Sagnac frequency splitting,” wheré w, is the rota-
tional rate, S'is the area of the ring resonator, and L is its total

(2)

FIG. 1. Schematic of ring resonator gyroscope using an imitation of nonlin-
ear nonreciprocity for substantially enhancing the Sagnac effect; the resona-
tor is pumped in both directions by laser beams with equal intensity and
frequency. Nr—nonreciprocal element which may comprise, e.g., of a Fara-
day cell or a Faraday mirror driven by an external magnet field; D—detect-
ing system providing measurement of phase difference between both of the
beams; A—differential amplifier. The signal proportional to the intensity
difference controls the nonreciprocal element.
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