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Table 2 Comparison of theoretical and experimental values of Verdet constant for spun fibers

Theoretical calculation results

Experimental measured results
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e i w /(rad'-mm ) Ad/ !/

Ve (without FRM) /' V., (with FRM) / Improvement /

(rad-mm ") (radT 'm ") (rad-T "m™") (rad-T 'm™") %
1.0 6.28 0.0959 0. 8689 0.8304 0. 8631 3.94
1.5 4.19 0.1918 0. 8688 0. 8268 0. 8658 4.72
2.0 3.14 0. 2876 0. 8681 0.8233 0. 8582 4.24
3.0 2.09 0. 3835 0.8654 0. 8146 0. 8605 5.63
oo — 0. 8690 0. 8029 0. 8480 5.62
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Influence of Faraday Rotator Mirror on Measurement of Magneto-Optical
Properties of Spun Fibers

Zeng Jiawei, Wen Jianxiang , Shi Hao, Wu Yan, Chen Wei, Zhang Xiaobei, Pang Fufei,
Wang Tingyun
Key Laboratory of Specialty Fiber Optics and Optical Access Networks, Joint International Research Laboratory of
Specialty Fiber Optics and Advanced Communication, Shanghai University, Shanghai 200444, China

Abstract
Objective Due to the advantages of high sensitivity and electromagnetic interference resistance, the fiber-optic current
sensor based on the Faraday effect has received extensive attention and is one of the research focuses in current
measurement. However, there is high random linear birefringence inside the sensing coil, which seriously affects the
sensitivity of the sensor. The spun fiber is widely used in the field of current sensing to overcome the influence of random
linear birefringence on sensitivity. Moreover, the method of adding a Faraday rotator mirror (FRM) to the end of the
sensor’s induction coil can also be used to analyze the effect of random linear birefringence. An FRM induces light
reflection and polarization rotation of 90° so that the outgoing light is orthogonally polarized to the incoming light.
Polarization modulation can be eliminated when orthogonally polarized light undergoes reciprocal birefringence. To
remove the influence of random linear birefringence on the measurement of fibers’ magneto-optical properties, we prepare
spun fibers with four helical pitches and unspun fibers and build an FRM-based testing system for magneto-optical

properties of fibers.

Methods

the fiber preforms are rotated at 1000 r*min~ ', 667 rmin ', 500 r*min ', and 333 r*min"

The optical fiber samples used are homemade low-birefringence spun fibers. During the fiber drawing process,
', and spun fibers with a pitch of
1.0 mm, 1.5 mm, 2.0 mm, and 3.0 mm are obtained, respectively. The wavelength of the light source used in the
experiment is 1310 nm. A magneto-optical property testing system based on FRM is built to accurately measure the
extinction ratio and Verdet constant of fiber samples. Specifically, the extinction ratio characteristics of spun fibers with
different helical pitches and unspun fibers without and with the FRM are measured. Afterward, the Faraday rotation

angles and Verdet constants of spun fibers with different helical pitches and unspun fibers without and with the FRM are
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tested and compared with the theoretical values.

Results and Discussions In the case of no FRM, the extinction ratio of the spun fibers with different helical pitches is
greater than that of the unspun fibers (Fig. 3). It is shown that the circular birefringence introduced by the spun fiber can
suppress the partial random linear birefringence in the spun fiber, and its extinction ratio increases as the pitch decreases.
When the FRM is applied, the measured extinction ratios of the spun fibers with different pitches are relatively stable. The
introduction of FRM can significantly offset the random linear birefringence effect in the spun fibers, thereby improving the
stability of the extinction ratio test. When the light source is 1310 nm, the Verdet constant of the spun fibers without FRM
is larger than that of the unspun fibers, and a shorter pitch of the spun fiber is accompanied by a larger Verdet constant. In
particular, when the pitch of the spun fiber is 1. 0 mm, the Verdet constant is 0. 8304 rad-(T-m) ' which is about 3.43%
higher than that of the unspun fiber [0. 8029 rad+(T-m) ']. When the FRM is added to the testing system, the measured
Verdet constants of different fibers are improved to a certain extent compared to those of the fibers without FRM (Fig. 5).
For the spun fiber with a pitch of 1.0 mm, it is improved by 7.50%. In addition, the mean square deviations of the
measured Verdet constants of different fibers without and with FRM are 0. 99% and 0. 61%, respectively. This indicates

that the introduction of FRM improves the measurement accuracy and stability of the Verdet constants of spun fibers.

Conclusions In the case of a light source of 1310 nm and no FRM, the Verdet constant of the spun fiber is larger as its
helical pitch decreases. In particular, when the pitch is 1.0 mm, its Verdet constant [0. 8304 rad+(T-m) '] is about 3. 43%
higher than that of the unspun fiber [0. 8029 rad+ (T-m)™']. When an FRM is applied, the measured Verdet constants of
different fiber samples are improved to a certain extent, especially for the spun fiber with a pitch of 1. 0 mm, whose Verdet
constant is improved by 7.50%. In addition, the mean square deviation of the measured Verdet constants of different
fibers with FRM is 0. 61% , which is less than 0. 99% in the case of no FRM. It is indicated that the introduction of FRM
can cancel the random linear birefringence in the fiber and improve the measurement stability of the Verdet constant of
fibers with different helical pitches. The FRM measurements of the Verdet constant for spun fibers with pitches of
1.0 mm, 1.5 mm, 2.0 mm, and 3.0 mm are improved by 3.94%, 4.72%, 4.24%, and 5.63% , respectively. The
addition of FRM can reduce the influence of random linear birefringence on the measurement of the magneto-optical

properties of doped fibers and further increase the measurement accuracy of the Verdet constant of doped fibers.

Key words measurement; Faraday effect; magneto-optical properties; Faraday rotation mirror; Verdet constant;

birefringence
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