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Fig. 1 Experimental system diagram
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Fig. 2 Outline drawing of the prototype machine
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M5, 45 R AN 3 5 R BRI 4 Spun Fiber A9 fi 3% 25 &

22 XWAFESHIE
2.2.1 FIMHEA A
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%1 1.2 m Spun Fiber 7£ 1 284~1 318 nm i RN B2 & R
Table 1 Measurement results of 1.2 m spun fiber in the 1 284~1 318 nm wavelength band

Stokes parameters wavelength/nm S, S, S,
1284 0.142 —0.052 0.989
1291 0.041 0.038 0.998
1295 —0.116 —0.081 0.990
1 300 —0.105 —0.130 0.986
1307 0.042 —0.193 0.980
1318 0.145 0.025 0.989

1.0r
0.5
% .
N
-0.5
-1.0¢
-0.5
%
-f}d.)

0.5

0
0.5 y-axis

B3 1.2 m A k3 A R O A0 T 3 &
Fig. 3 Measuring the fixed point of a 1.2 m spun fiber

R 20 B E S 06 2R 45 ) R M B DN o 4t L 0 1 M X R — AR DG AR AR 0.53 m A1 0.46 m K AT T
Ik, MRS R N 7(0.53m)=[0.0400 —0.0795 0.99601,7(0.46 m)=[—0.0395 0.1012 —0.9940 1,

2) FAK A it

SR T YA R A e R AN A AR, SR AN TR AP RO S B 1) AE B R G A A e A — A O
P 28 ) i L R0 0w B A TR AR RS B R S B AU 5 2) IR Y A S 1 D AR 48 T L 08 D 0 3Bk T 8RB
A B SR 2 B AR IE F 5 3) IR 1 AR B A A O PR 2 58 ot i — A IR D 5 A K TR 7 e A A
B, BVRT AR AT I O R Ge A . H S 45 R Nk 2 K 4 FTUR .

Ry E— 20 B S B 2R 48 1 RS M R 45 R A M X [A] — AR DG 2F AU 0.53 m 1 0.46 m K EE AT T
FA M, MK R 56 s
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%2 0.8 m Spun Fiber 7£ 1 284~1 318 nm;E RN E & R
Table 2 Measurement results of 0.8 m Spun Fiber in the 1 284~1 318 nm wavelength band

Wavelength/nm S, S, S,
1284 —0.349 0.832 —0.430
1291 0.008 0.935 —0.355
1295 0.457 0.845 —0.278
1300 0.968 0.052 —0.248
1307 0.830 0.507 —0.237
1318 0.933 —0.227 —0.277
1.0
1.0y
0.5F
0.5r -4
50
R N
g0
N 05}
-0.5
-1.0
0.5
~10 0.5
05 ey o 0 0.5
Yaxi 0 05 0.5~ yax® s 70315 05y axis
B4 0.8 milE ik SRFLE MK B 5 0.53 m i [ fm 4k & 4 3L 4 T 48 K
Fig. 4 Measuring the beat length of a 0.8 m spun fiber Fig. 5 Measuring the beat length of a 0.53 m spun fiber
1.0
05F
N 0
-0.5
-1.0
03 0 -0.5
(Ka«\’is -0.5 05 g .

y-axis

K6 0.46 m i B % ¥k A 7 L5041 Kk
Fig. 6 Measuring the beat length of a 0.46 m spun fiber
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i AN T B A A e PR S R RO R OR A K B R AR A R IR 2K i 4 i O m(1.2m)=
[0.0151 —0.0621 0.9980 ],2(0.53m )=[0.0400 —0.0795 0.9960 J,n(0.46 m)=[—0.0395 0.1012 —0.9940],

AR 15 000 2t 45 380 094 D I 2 Sk ) RS TR KT S 4R O B O e 7 AR Ak L AR 2K (7) 75 B2 4 (B D
P B ARAFFOL A A K BT WA 8 S84 409 8 L,(0.8m)=91.516 mm, L,(0.53 m)=92.781 mm,
L,(0.46 m)=90.876 mm, # 4 i% O6 £F % fw ¥k & & 31 5 45 1 18 40 K 45 9 A L.(0.8 m)=93.457 mm,
L.(0.53m)=94.247 mm, L,(0.46 m )= 92.338 mm, £k 41 K 4> %} L,(0.8 m)=451.39 mm, L,(0.53 m )=
528.176 mm, L,(0.46 m )= 512.787 mm, —. & Z L4l A 4.829 9.5.604 2.5.553 4. X KA MHE RS
B, ZOEEFAE 1310 nm i B T 1 B W D 63~125 mm , — 410 i 45 SR B AT .
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Wil , 45 R RS 3 5 5 ELI B Spun Fiber A9 41 25 &
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Measurement of Polarization Vectors in Spun Fiber
Using Fixed-point Principle

LIU Jia', ZHANG Liangliang', LIU Lanlan’, ZHANG Cunlin', WU Chongqing’
(1 Department of Physics, Capital Normal University, Beijing 100048, China)
(2 School of Physical Science and Engineering , Beijing Jiaotong University, Beijing 100044, China)

Abstract: This study establishes a high—precision measurement methodology for determining the
polarization vector and the circular-to—linear birefringence ratio of Spun Fiber, addressing the critical need
for accurate parameter decoupling in Fiber Optical Current Transformers (FOCT). By leveraging the
fixed—point principle within the framework of quaternion polarization optics, the proposed method identifies
the intrinsic rotation axis of the fiber on the Poincaré sphere, thereby circumventing the systematic errors
induced by polarization axis misalignment and the complexities of prior axis calibration. The research
focuses on the 1 310 nm wavelength band to provide a robust physical basis for optimizing FOCT
sensitivity and stability through the precise quantification of residual linear birefringence and inherent
circular birefringence. The methodology is centered on the application of quaternion polarization optics,
where any polarization-dependent system is characterized by a Jones—Mueller Quaternion (JMQ) whose
vector part defines the polarization vector W.

Utilizing an experimental configuration comprising an eight-wavelength discrete light source (1 284~
1 318 nm), an electric tunable Polarization Controller (PC) with 0.01 V resolution, and a high—accuracy
Polarization Analyzer (PA) , the measurement process exploits the invariance of the output State of
Polarization (SOP) when the input SOP is aligned with the fiber's polarization vector. During the direction—
finding phase, continuous wavelength scanning is performed while the PC iteratively adjusts the input
SOP; the polarization vector's orientation is confirmed when the output SOP trajectory on the Poincaré
sphere converges to a stationary “fixed point”, minimizing the rotation radius to near zero. Following the
identification of this vector, the magnitude of the birefringence is determined by shifting the fixed point to
the Poincaré sphere’s pole and moving the SOP to the equator via an output PC. By recording the angular
displacement A¢ of the SOP along the equatorial plane during subsequent wavelength scans, the total beat
length L, is calculated using the variational phase-shift formula L, =(L«AX)/(2,+(A8/2x)), where L is
the fiber length and A¢ is the phase change derived from the trajectory arc. The circular beat length (L.)
and linear beat length (L,) are then extracted by projecting the synthesized polarization vector onto the
Z-axis and the equatorial plane, respectively, enabling a direct physical separation of the two birefringence
components. Empirical validation was conducted using Fibercore SHB1250 elliptical polarization—
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maintaining Spun Fiber across multiple specimens with lengths of 1.20 m, 0.80 m, 0.53 m, and 0.46 m to
ensure consistency and repeatability. For the 1.2 m sample, the polarization vector was precisely located at
Stokes coordinates.

Across the experimental trials, the average circular beat length was measured at 93.347 mm and the
average linear beat length at 497.451 mm, yielding a circular—to—linear birefringence ratio of 5.33. These
results are highly congruent with the manufacturer's specified circular beat length range of 63~125 mm,
verifying the accuracy of the fixed—point detection. Comprehensive error analysis indicates a systematic
error of approximately 0.063, primarily stemming from the discrete resolution of the polarization controller
and the intrinsic measurement uncertainty of the analyzer. The random error was restricted to 0.002,
demonstrating the method's superior immunity to environmental perturbations, such as thermal drift and
mechanical vibration, facilitated by the trajectory—fitting approach.

The fixed—point principle offers a physically intuitive and mathematically rigorous solution for the
characterization of complex optical fibers, providing a significant advantage over Mueller matrix
decomposition by eliminating the need for coordinate-dependent calibration. This methodology facilitates
the high—precision decoupling of birefringence components, which is essential for suppressing zero—point
drift and improving the long—term reliability of FOCT systems in high-voltage sensing applications. The
ability to directly output the polarization vector and beat length parameters under varying environmental
conditions establishes this approach as a candidate for the standardized testing of complex polarization—
maintaining components. Furthermore, the robust performance of the fixed—point identification under broad
wavelength scanning demonstrates its potential for broader applications in the standardized detection of non—
uniform birefringence in advanced optical waveguides.
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Spun fiber; Birefringence; Beat length measurement
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