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- I. Introduction 

The Kerr effect causes a nonreciprocity between the two counterpropagating lightwaves in the fiber 
coil of a fiberoptic gyro, thus resulting in a spurious rotation signal.14 For interferomeuic fiber gyros, a 
power difference as small as ten nanowatts gives a rotation error which is too large for inertial navigation. 
In this paper, we describe properties of the Kerr effect as observed in a Brillouin fiberoptic gyro (BFGG). 

II. Description of the BFOG System 

Figure 1 shows the schematic diagram of the experimental Brillouin fiber-optic ring laser gyro. It 
consists of three 1.3 jtm-wavelength fused-type directional couplers constructed of non-PM single-mode 
optical fiber. These couplers am spliced together at points S. Coupler C1 splits the input light into two 
parts, Pl and P2, with nominally equal power, while Cz and Cs have weak power coupling (-a few 
percent). A laser-diodepumped 1.32 pm N&YAG ring laser is the pump source. 

By means of polarization controllers PC1 and pc2, the polarizations of the pump waves Pl and 
P2 within the cavity are adjusted to coincide with an eigen-polarization of the cavity. Two Brillouin waves 
B 1 and B2 are produced by Pl and P2 inside the cavity as long as the circulating power levels of Pl and P2 
are above the Brillouin threshold Here only first or&r Brillouin waves are assumed to be excited. The 
Brillouin beat note appears at the output of detector Di. Because of reciprocity, little pump power is 
received at Di as long as Pl and P2 excite the same eigen-polarization mode in the cavity with well- 
balamdpower. 

The coil diameter is - 20 cm. The total fiber cavity length is -27 m including the parts wound on 
the two PZTs. The finesse is 75, free spectral range is - 7.6 MHZ, and cold cavity (i. e. below Brillouin 
threshold) linewidth is - 100 kHx. We limit the pump level to values below the second-Stokes threshold 
so that only first-Stokes waves are excited. The first-stokes pump threshold at the entrance to the cavity is 
- 0.376 mW. The frequency of the first-Stokes waves is measured to be down-shifted from the pump 
frequency by 12.8 GHx. 

III. Intensity-Dependent Beat Frequency in BFOG 

In the ring laser cavity, the effective index for either Brillouin’wave Bl or B2 is perturbed by the 
presence of both Brillouin waves and both pump waves through the Kerr effect. When all waves in the 
cavity are in the same eigenpokuixation mode, the index perturbations &z for the two Brillouin waves are 
found from the basic field equations to be 
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hn = aQPBl + 2P,, + 2Ppl + 2P,,)lA, 

6ul,2 =q(2P,, +P,,+2P, +2P,,)/A# (1) 

where AM is the effective f&r-core area, n, is the nonlinear-index coefficient. For linear and circular 
polarizations, CX = 1 and a = 2/3 respectively, and for elliptical polarizations, a ranges between these 
limits.5 The P’s denote power levels of circulating waves inside the cavity with subscripts denoting the 
various waves. Equations (1) can be interpreted as follows. The terms in PBI and PB2 are the well-known 
self modulation terms (coefficient unity) and cross modulation terms (coefficient 2) for two oppositely 
propagating waves (in the absence of Ppl and Pp,) as found, for example, in the interferometric fiber gyro4 
and the passive resonator gy& which have no waves corresponding to the pump waves here. The terms in 
Ppl and Pp2 behave as cross modulation terms for both Brillouin waves, and therefore they all have 
coefficients of 2. From Eq. (l), a power imbalance MB = PB2 - PB1 between the Brillouin waves causes 
a differential index perturbation f@ = &tB2 - 62,, between waves Bl and B2. If fel and f,, are 
respectively the clockwise (CW) and counter-clockwise (CCW) cavity resonant frequencies, a beat frequency 
bias &i = fm - fm occurs due to Kerr effect, where 

and can, 
’ = A,p,Ad 

where fs and & are respectively the average optical frequency and vacuum wavelength of the Stokes 
waves, and n, is the refractive index. 

IV. Kerr-Effect-Induced Beat Frequency Bias and Nonlinear Scale Factor 

It can be seen that, in a BFGG system, a beat frequency bias will be induced by any input-pump- 
power imbalance because unbalanced Pl and P2 lead to unbalanced Bl and B2. As a result, the beat 
frequency response to the rotation rate for a BFGG will be shifted. The amount and sign of the beat 
frequency shift respectively depend on the amount and sign of the input-pump-power imbalance. 

For the BFGG shown in Fig. 1, the beat frequency response to the rotation rate is not only shifted 
but also distorted because of the asymmetrical feedback arrangement for the cavity stabilization. Since this 
resonator cavity is stabilized by monitoring only Pl through coupler C3 so that only the CCW resonance 
in the cavity coincides with the pump frequency. As rotation rate increases, the resonance frequency of the 
unstabilized CW cavity mode moves away from the pump frequency, decreasing the circulating cavity power 
of P2. This adds a component of pump power unbalance inside the cavity and a shift in beat frequency due 
to the Kerr effect, which increases as rotation rate increases. Thus this ‘pump walk-off’ leads to a nonlinear 
scale factor. 

Fig. 2(a) describes the behavior of beat frequency vs. rotation rate in the presence of Kerr effect due 
to both initial pump-input imbalance plus pump walk-off. The straight line corresponds to an ‘ideal’ case 
in which there is no Kerr effect. With Kerr effect, the line is shifted down ( Ppl,k > P,,,) or up ( Ppl,i. c 
Ppa,in), and also becomes curved. Since CCW and CW gyro rotations introduce beat frequencies of 
f& C 0 and ws > 0 respectively, the Kerr-effect-induced biases due to Ppl,irr > Pp2,i, and PPl,ir < 
P PZ,h are equivalent to CCW and CW rotations respectively, in terms of Eq. (2). The ends of the plots 
bend towards the CCW rotation direction, showing that PB2 becomes smaller with increased rotation rate. 
The beat signal disappears when the rotation rate reaches the value for which the circulating power of P2 
becomes lower than the Brillouin threshold. Some experimental measurements with different input-pump 
power imbalances have been done at our BFGG system. The unbalanced input-pump-power levels-were 
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introduced by setting bending loss at points Al and A2 (Fig. 1). Pm,,, and PPZ,h wete measured using a 
non-invasive clamp-on microbending coupler (courtesy of Raynet Corp.). Figure 2(b) shows the difference 
between the measured beat frequency and the ‘ideal’ beat frequency as a function of rotation rate, which 
coincides with the expectation shown in Fig. 2(a). 

V. Kerr-Effect Coefficient q 

The Kerr-effect coefficient 7 determines the dependence of the Kerr-effect-induced bias on the 
power imbalance between the two Stokes waves inside the cavity according to Eq. (2). From Eq. (3) the 
theoretical values of q for our BFGG system are 76.1 Hz/mW for a linear eigen-polarization, 50.7 Hz/mW 
for a circular eigen-polarization, and 50.7 Hz/mW < q < 76.1 Hz/mW for an elliptical eigen-polarization 
where we have used n, = 3.2 x lo-l6 cmz/W,6 and Ad = 7t x 4.5652 pm2 (taking the fiber core radius 
as 4.15 lt.m and the V-number for wavelength of 1.32 pm as 2.29). 

Experimental measurement of ?J requires a determination of ws and Ms. However, the latter is 
difficult to measure directly inside the cavity, without degrading the cavity finesse. Instead, we measure 
PP1.k and pP2.a and calculate the absolute circulating Stokes powers PB1 and PB2 through the formula7 

P, = Pp’y J P. 
--1) p% 

P.iR 
(4) 

where ‘(rh)’ denotes pump threshold for first Stokes. We have ignored the position-dependence of P, along 
the ring cavity, which is reasonable as long as the loss in one round-trip (including the coupling loss) is 
low. pp,$#(*) and Pp(u) in our BFGG system are 0.376 mW and 21 mW respectively. 

From the experimental dependence of Ms on Ms. invoking Eq. (4), we obtain the slope of the 
fitting line of us on @‘s, i. e. the average Kerr-effect coefficient ?‘J to be -68.5 Hz/mW. This is in 
good agreement with the theoretical expectation, as the state of eigen-polarization in the resonant cavity is 
generally elliptical. This large Kerr coefficient implies a requirement on the power balance between the two 
internal Stokes waves to an accuracy in the range of a fraction of a mW for a low grade gyro to a few nW’s 
for a high grade gyro. 

This research was supported by Litton Systems, Inc. 
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Figure 1. Schematic diagram of &he BFCKi system: Pl and P2, pump waves; Bl and B2 Brillouih waves. 
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Figure 2. (a) Dependence of beat frequency on rotation rate under Kerr effect; 
(b) Difference between measured beat frequency and ‘ideal’ beat frequency vs. rotation rate. 
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