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Abstract

maintaining fiber optic gyroscope (PM-FOG) with non-skeleton coil is presented. It is found that the transverse

An investigation of the temperature dependence of transverse magnetic error in the polarization

magnetic error changes with the temperature, which can result from the temperature dependence of linear
birefringence and Verdet constant of polarization maintaining fiber (PMF). Based on Jones matrix method, the
relationship between the transverse magnetic error and temperature in PM-FOG is deduced, and the experimental

verification is carried out. The experimental results show that for the non-skeleton coil with length of 1 km, radius
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of 6 cm, linear birefringence of 2027 radem !

error changes from 26.51 (°)+h™' to 30.43 (*)+h ',
range of —40 C to 60 C.

, and maximum twist rate of 0.382 rad*m "~

', the transverse magnetic

under 1 mT transverse magnetic field and the temperature

Key words fiber optics; fiber optic gyroscope; Jones matrix; magnetic field error; Faraday effect; temperature

dependence

OCIS codes 060.2310; 060.2800; 060.2420; 230.2240

1 5l =

JEEFFEIR(FOG) & — Rl 5 T Sagnac &L HY £
R A SRR 3 e A N 7 D't £ B v A 1 A ) R
S AR B S EARRE R M M . th THHEA 2
EIROS S 42 W = RoIR /AN € S FOieN NS PR T
RE BT T T A% i A T e R P S A 40
WU, 2k VT DY AR R R OL AT BE SR AT R 12
A R HET B ST T AR A A N BT AR AR
ARE B B SRR R R R A DT T . A IR AR

KRB 2017-06-19; K RIEKFmEHEI: 2017-09-10

R JCLFBE IR, 7 2%t 2 Wy B Y G L #E 3% L
ST OGERBE SR A 1R 25 ) R AL AT TR AR T

LRI 0F B — A 1 L ) B 37 00 O 21 BE R B 52
Wi A R GE . 03707 1) 5 G 4T U R
I, DRl ' 25 DR LA 5 32 3 2 200 5 | A S [ U3 A5
A5 DI 904 Py 2 Ml 91 285 9 2 Sy A I i 4R 28 L 2 T B
R R S 1R 22 7 A R T 1R 22 5 DB T B ZR AL
Prih AHEe Il Verdet W 8L KEESGESHEC, W
UL TR 18] 1 0 DR 22 A 1 D7 58T AL LT RSN S I B

E&WE . o EEp R H (A0420132202) (E K 1 R34 (51309059)
YEE BN : K964, B 4, #42, EENFOLLFFEIR DL EHE AR PR . E-mail: lixuyou@hrbeu.edu.cn

* BISEK & A . E-mail: liupan003@hrbeu.edu.cn

0106006-1



g,
¥

b

{5

n
¥

AR B E A DR D D' 27 3 0 R Ol -l BB £
USIAMESCLR SR AR AR A EE L DL B e 2 b g
G, Sy — 7, Y BEIR EE R AR S A TR DR G £F Y
PrfRa kAT, BT 35T Shupe 50
DL B2 0] T1 B G A BE R s 7 A T B VR AR
TE S B 82 FH o WG 37 5 T R S 6 O 1 PR AR Y 5
Wi 2 [ B AR . BFSE 7R S 7 —20~60 “C
I S T LR 308 28 500 21 A RL I #UIE I R B0
[F] BRI 7 5 BRI D't 25 19 2 XU AT 5 722 Ak {8 AT 38 3
500 radem ', FE 1T B LR BE WA 1A ) WG 4 1R 2% bifi
T B AR AT AR AR Y R A B 3 [ B A A B
B YOG EF B B Y v G 3 15 2 A A T R O

H =

B b8 TN AR BRSO Bl A A Y
IR T, 2 OGEE P B8 ) R I n] DU, - S A A
TCATBOCET IR . W TETCAT BROG LT B0 v B 17 1 3 1 22
5l JBE ) G AR 0T i v D' £ B MR ) B A 3 P B AT —
SE WY BIE 18 5  S o AR SORIFH B3l A 1 19 07 3k 57

light source

coupler

detector

feedback
signal

MIOC

T I BOLLR BE IR B ) 0% 51 25 5 R A 5 R AR
B IR SEEG SR TR R RS B . BESE R TR
B 2T b R A R [ % 37 0% 22 23 BE A T E AR AS TR T 42
AR A, 7 A S R B G2 Y D DR S R D G 2T 18 2 03T
SEAN Verdet H HUE AT B9 B HOBE 2

2 HWHGAE

PR ICLFRE IR R GG TR 1 7R . XS5 H0 H
FEar G 3 dB FV G & . 2 IR BOLF S (MIOO) |
TR PG LR B8 S L T 8 1A 5 38 ] ik 1R P 56
JEUE BB 23 MIOC Hh i 7 g 2 38 i ) 1 1
G3 SUAR A R P SRR ) A% O HE AR IR, LR
BRJiE S I, G 2T B N 9 I IS A R0 D ) AL % Y
PR RO I 22 ) 77 A — A 5 18 2 o 3 38 0O L 1) AH A7
25 UM O IRIE A R S AR R AT, T
P T 1A 3 3 R I g B A Ry LA S O 2R 0 o i
V%) 8 ) e R B 2B AR DR AE S

fiber coil

signal process
circuit

————> rate signal

B 1 ImLerpe

BRARGH A

Fig. 1 Schematic configuration of polarization maintaining FOG

JCET PRS2 G 4T B R v 7™ A 1 7 R 22 A Rl BE T
o F BRI, W 2 () Frs % TR AL 2F
W EWAEERS B, /T LUK B o i o 56 £F 3%
i AR AU T ELA B 10 #E 3 B WL SR AT IR A
AR AT AR R G By B RES B X
PR S OCEF AL = ARG, W 2(b) B,

W1 #5355 B+ W 43l Ry 5500 B AL B 1) 2 1Y A3 i
B MG AL R I m AT & By, FAT O i
Wil%h By =DBrsin(z/r —0) . r AL H2EAL.0 Ik
W3 B+ 5 bn il > e M. SPAT RS B )
x| VL S 5 S, T il ) W3 B o RN TE 4y i WG
Y1 B | WA 255 | VA L 20 2800

() o (®) Y
B
S 1 )
I _-- - i BA P BT
! By
| i .’ ’
s
| | s B,
I 7/
| 7/
|
N x
x )
| /
| _
| Br
<
sensitive axis Yy fiber coil

Bl 2 (a)zs [E B3 AE TR B G T 2R 5 (o) B8 19 3% 7 it

Fig. 2 (a) Fiber coil under the effect of space magnetic field; (b) decomposition of transverse magnetic field

01060

06-2



% {5

il 3 Fras 28 1) BE S VR AR G LR 2R i, w]
BN L WAL R n B B0 B 7 ik
TG A b i rp i 22 W O L R

BB de ) BOSR JEET HHL I S 50 5 A B
U i B 85 o L 618 W 9 35007 4 e T e
A

cospdz —j ZAisin 7 dz

7+
&+t

7+

U+:

siny dz

&+t

yE

siny, dz
s @D)

——siny, dz

cos7y dz +J

K g =0AB/2)"+ (& 417 %7, ABRRICEF B A By L XA 4T &, AN t,ﬁt’]m%?ﬁ?ﬁ%?ﬁ@ﬂ&?ﬂ%%[@ﬂg
B AT, & =VBrsin(z/r—0), V&L H Verdet #HL,

[l FF 55 @ BERloor oc s

A Ol I ) BaUT o 1 T o

cosy dz —] A7ﬁsin77, dz T tisinn, dz
_ 29 7
U_= ey AB ) (2)
d ‘sinp_ dz cosn_ dz +j——sinn_ dz
p 7 7 27 7
Heh g =[(AB/D (& —1)? ],
PP R
o MIOC : ——
input dz B,

P 3 R I 7 A0 L 48 R B 2F 3R

Fig. 3 Fiber coil under the action of transverse magnetic field and temperature field

M 0 # AGTHOE I B A AL — )5
PR 02 G5 . A S0 B I B O Y L
Sy E S EOCE R e E L, R
B4 B0 v A T 41 R 398 e 4 6 ik 43 A () SR
(OAXEKRE  FE A ERN

1 074 1
E.— U
N [o O}H +[o
1 074 1 0
E[ }HU[ }Eo, 4

0 0 0 0
K g=¢.+2¢4 ), ¢.F/R Sagnac B0 5| #L 1A
BL2E A () J2 87 AR R GE R AR AL, E 20 2F
It B L 3 (A A5 U T A 2, BP0 R e 2% 2
AARMHEGI, (D 2R 2) 2 rh 5y JOxt 1 90 28 X

0
O:|E0€Xp(j¢)v (€D

ST B MR B RS ) 7 370k E WOR PR A e, R,
e H BRI 2 B A I AF 5 T s DA S S 4 0 56 B
W= A A ) WG S AR AL 25 ¢ P RN N
IdeZEg((}S—i_(ﬁF)s (5)
4VB+ (L
br = AB Jot(z)sln(r ﬁ)dzo (6)

Xt L BB 18] R 3R 22 Qe T RN N

_MVBTJ" inl[ % —4)d:
QF_nrAﬁL Ot(z)sm(r (9jdz, 7

o A RO, ¢ SO Uk AR LS I A B
(c=3X10° m/s), 1 (7)X A5, 627 b 42 1Y 1)
WEmiR 25 SHLEL  Verdet W 8. LU 26 XU S A1 55
TERIE G MGG LR B ik B2 rh 51 A W1 5% 2 B AL
[ PRI AN [ D' 21 B 1) A 1) i 37 15 22t LA B AL
X T O BCRY B OGER I S 0 — 1Y PR G )
WETEEERE T 5 m e E 24 MEXLR,

5 BE A FHAE G LR R R L RE S AUG 4 i 41 5
AR BB RTS8 X T A2 1 N ) 4 bl 4 ek B AR Ak, F
1M BOCEF X G5 An B EE 3G 0 i 26 2w h
LW AB=2nAn/A TERFEIRE T F L
18 £ LT 5 1T R e

AR = A,B(To)erAB(T Ty, &

o AB(T,)=2027 rad*m
—2.838 rad=(m+C) ',
AP SEEFIY Verdet 38505 LB 126 2 1] Fem gt

dv
V—V(To)—i—d—T(TfTo), M

', Ty =20 C.dAB/dT =

0106006-3



% i

XPVTH=6X10 " rad* (memT) ',dV/dT =
4.2X10" % rad*(memT+C) ",

Fe£F B £ XA S A1 Verdet 50 AY T 5 4 # 1:
WP 4 TR, FE—40~60 °C i 3 FE A L 2 W3
A E A F] 283.8 radem ™!, Verdet % 7% fb1E ik
F| 4,.2X107° rade(memT) ",

6.02

[\
Do
(=3
(=]

6.01 2140

6.00 2080

2020

o
©
®

1960

Linear birefringence AB /(rad - m™)

5.97 L L ! ! 1900
-40 -20 0 20 40 60

Temperature 7'/°C
Bl 4 Verdet & 505 2 0T 5 Y T B AR08 M

Fig. 4 Temperature dependence of Verdet constant

Verdet constant V/[10~* rad - (m - mT)*
A
3

and linear birefringence

He (8) A o) A A 7O AT H, O £ B
WA R ) W 7 R 2 A 2 B R R S AR, T HL R
XA 565 ) it JBE A P X 3 b B R Y AR R
YR . FIRT kR Sz WA 1) 1 3 R 2 B i 2 1 72 4k
R

L :QF(T)—.QF(TO)

T—T,
X F ¥ A 1550 nm, KJE LR 1000 m, 42
r 4 0.06 m. KM@ o I 0o 0° 5 40 R
t1,=0.2sin(z/r)t.=0.3sin(z/r).t; =0.4sin(z/r)
BOCEF A, 75 1 mT BYBE M @53 BoAE T 6 ) %

(10)

Uik ZESHEEMNLERWME S U, hE S A,
] 1 b7 1% 25 23 B A SR AT W HLFG R AR AR A oAb B
i) o 17 1% 25 I 25 Tk 3 184 0 i 18 o L VR A T L S R
PEXZR, MTHEE N 0.4 sin(z/r) B9 JCH 48 &£
IR —40 °C ETHE] 60 °C i 48 [ i 37 1R 22
M 27.67 () «h BAINE] 32 () oh L XA AR AL R
k=0.043 (*)+(heC) ',

W
a

W
(=}
T T

[\
ot
T

[\S)
(=]
T

—
[
\

Magnetic field error Q,, /[(°) -h™']

—
(=)

1
-40 -20 0 20 40 60
Temperature T/°C

Bl 5 BEmmE iR 2 S5RE R LR
Fig. 5 Relationship between the transverse magnetic field

error and the temperature

3 AR

R T B UE RS S B A A B R 1 R
G T RMOCT IR RS, RERMME KN
1550 nm. 4 584 70 nm K A & 5 5 (ASE) )t
P, REH AU LR A G £F K B S 1000 m, (12 HAR A
80 pm, XYt A 2024 radem ', JELFFRR Y
e —F X6 Bk % 1 2% il I L AE 2% i i B S5 0 A7 B
ZRAE PR, R 6 () TR . JCE RO IR F B A
K6 cm, F S8R BB I PR A A

6 LW ARGEE. () LHHENFIH; (D IEA; (¢) Helmholtz £& JBl 5 47 27

Fig. 6 Experimental system. (a) Non-skeleton coil; (b) temperature chamber; (¢) Helmholtz coil and fiber coil

WA 6 (b) A6 () iz » &) 58 G 3% 76 Helmholtz
2l v XS0 A L O 4 B RO R O 0 X,
It HOGLF R4 f o R O 5 G 3 O e e L, 6
21 3R 1 Helmholtz 2k B8 #% & 76 IR 46 9 IR A8 ) ik
EIREE 7 oA L TR . BOE B IR AR R

£0.5 Cemin ', Jf H 433 #E — 40, — 20,0, 20, 40,
60 °C 6 MNRE SRR 3 h, SCbid R L ad R AL
TR R S I ARG S £ 2 3 1T 17 30 3 1 R 3 A AR 1
B AR 7 P AL @SR TR . AR IR R
FETECE Y 6 /NI 2 ST, 38 53 9415 Helmbholtz £k

0106006-4



ot 2 2 it
PR L I AR R R L I SR AR B B A A S _ 31
D simulation results
80 = i
X ~ 30 ¢ experimental results

60k setting value &
—— testing value =
2

g 40 7 E: 29
S H g

<]

E < 28
£ 0fF) &

£ ‘ 2 27
S -20 ii;

-40 = 26 1 1 Il 1
-40 -20 0 20 40 60
-] 1 1 1 1 1 1 1 T t T/uc
0 200 400 600 800 1000 1200 1400 emperature
Time /min § 7 DI A TF 0B o R 1505 52 0 2 A

7R E E T W
Fig. 7 Setting and testing temperature

i T BR Helmholtz & P& 1% it B AROH %, — 4>
A il JBE D2 Y 1 37 A B A I R S IR AR I O 47 3R
JE B W 75 . 75 1 mT B G E R R . Jeer
BE B2 A0 1) S iR 22 S IR B OC RN IAT 8 P
8 el (B S RIS M2k L i (R T AR S
Brah . A 8 AT, WL 5 AN AL I A 19 R 7
bR 22 B R A S IS 0. R 20 CC L )
WiiR2E R 28.78 () +h ', MIEEEH —40 C 1Tt
F 60 CIF, B 1) B3R 25 h 26.51 (°) «h ' 44 N F)
30.43 () eh ' XN HYAEALF £ Ry 0.041 (°)/(he"C).
S A TS OCLT IR R RS %40 0.382 radem ',
S A5 R 5 ER WO AR A

H1 T b S T AR S [ il R R AT il
AL G| R A il BE R RS T BE 2 X S B 45 R AR
Wi o S H SR DU A 5 X Bk S8 3 1A O £F 3L O
HL AR R Al R A D R ) % 37 1% 22 i JEE 8 Ak
HZEIRIA 0 Cemin™ '), FH I Shupe LN 51 AL #Y
B2 IEAS AT L2200 . B AL 1B 8 v B R 1) 3 1R 22
JEAECET PR I BE AR E IOCET FEIRTE 1 mT #3798

JEEAE T 0 A I 7 ek 4 i 1 A 2 22 5 TR e AR
60

55

50

45

Temperature 7'/°C

40

35

1 1 1
300 400 500
Time /min

K9 R SRS

1 1
0 100 200 600

Output /[(°) -h7]

Fig. 8 Experimental results of transverse magnetic field
error under different temperatures

o | R P I TR AN S 5 e B ) WG R 25 . ZR BT
W ek G B S T TR IR R N 23 B B 5] 8
H ) S 2 R

R T I UE T B A X R 8 S G 2 R R 2
A BETE T 2 S . KOG EF P R 1 R BRI
FEH 59.4 °C BRI 10 h & 39.7 °C . I ¥ 1L & 4s
FGETBE 2 0% S H 43 5 P 9 Cad A 9 (b)) i, [ v
AIFR IR R 1 min, HEL 9 Ca) AT, 56 2 2H 50 0%
A R R R AE —0.06 C e min ' E
—0.02 Cemin™ "JEFBIN, KTH 1 45256 I 4 5%
[0 1 7 B 1 L B2 A8 A %, 5 2 4 P 1Y Shupe
RN RZEW S KT 1 ALK+ Shupe RV R 2% .
M9 (b)) T LLFE H, Y il B B 59.4 °C K BE F
39.7 “CH, i1 Shupe W FER N T 85007 51 6 1) i B
ER/NT 0.05 (O eh !, LA AHEW L FES 1 4l
SCE R EE th 40 CARMEE] 60 °C B, LT g iR = AR
MR E SR /NTF 0.05 () eh', HIE 8 Al Al 7E
40~60 °C ik FE 5 B N, 8w 03 R 25 AR A
0.77 ()=h™', DR b ik B2 V52 A o A o) i 17 1 25 A AL AHL
J A R e AT DL 20

10.85
(b)
10.80 -
10.75
1070 1 L 1 1 1
0 100 200 300 400 500 600
Time /min

o Cad TR BE i i 5 (b) G LT Be R i

Fig. 9 Experimental results of thermal-induced bias drift. (a) Temperature output; (b) output of the polarization maintaining FOG

0106006-5



{5

F1 LA B 9 23 Bl 6 2R G SO 45 35 1 £ i
JLET B MR B R ) WG b R 22 A7 L BE AR M. X
KL 18 Jv i Hh % 1) 1 7 R 22 4 il 2 AROR P 7 22 L I
JECET I 5 AT BB L[] A8 RN g 7 AR B 2 XU
¥ o WA R R A AR A, AR S B e BRI DG 2T Y
ZEXUIT S A Verdet % 8 /Y 3 B2 4 1 o i
OB 1) 1 vk 22 B IR ARUE . oAb, 5 A0t
EFERAHLL 7 B 2RO 2T B A 4 XU 5 0 I 2 A Al
.

4 ok 1w

OrHT S RESE T OG0 AR G O £ FE MR 1k iR
220 R AR E . T OR DR O 2T 2RI ST A
Verdet F I A 1l BEARMEE , 25 3558 I BE & A AR
PEIRE G2 B SR S 1] 1% 57 1R 25 4 W A I A2 i
AR . AE 2 RS [6) 1 7 5% 2 A A0 1) 1 e I 1
FIMEE TGS AN 27 3045 , o 75 2255 18 3 3 B 0 A
Ii] i 39 0% 22 04 B2 W b S A T A R B, D3 A LA
PEAT il JBE PR Ak b B I, S DN 3 1R 25 B R
Wi, 42 AN AR L SR IR R — b R R 1
TR 25 P 5 i 4 O 2T B2 R 7 I RE AR AR B TS B0
AT3 8% FIE 8% e 200 M 400 i A 1) 1 3 R 22

s £ X #

[1] Zhang G C. The principles and technologies of fiber-
optic gyroscope[ M]. Beijing: National Defence Industry
Press, 2008: 1-4.

SREEA . DGRBS HEORIM] . dbat: EBF Tk
HRREL, 2008 1-4.

[2] Wang L H, Xu XS, Liu X X, et al. Investigation on
modeling methods of axial magnetic field error
characteristics in small fiber optic gyroscope[J]. Journal
of Chinese Inertial Technology, 2012, 20(1): 84-89.
FAME, R, XU, S5, /NALE G ET BE R A B
I 1% 37 D8 22 R M A W AR I LU b R R
2, 2012, 20(1): 84-89.

[3] Sanders G A, Sanders S J, Strandjord L K, ez al.
Fiber optic gyroscope development at Honeywell[C] .
International Society for Optics and Photonics, 2016:
985207.

[4] XuHJ, Zhang W Y, Xu X B, et al. Polarization
bias error model and simulation of fiber-optic gyroscope
with double optical length[J].
2014, 34(10): 1006002.
WRA, oCH, /g, 5. SOCHE 6L B 12 R IR
PR 5 (7 JT]. St 4R, 2014, 34 (10):
1006002.

Acta Optic Sinica,

[6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

0106006-6

Lefevre H C. The fiber-optic gyroscope: Challenges
to become the ultimate rotation-sensing technology [J].
Optical Fiber Technology, 2013, 19(6): 828-832.
Hotate K, Tabe K. Drift of an optical fiber gyroscope
caused by the Faraday effect: Influence of the earth’s
magnetic field[J]. 1986, 25(7):
1086-1092.

Li] T, Fang ] C. Magnetic shielding method and
experiment study of inertial measurement unit based
Acta
Aeronautica et Astronautica Sinica, 2011, 32 (11):
2106-2116.

eV, AR SREEOLL IMU W ®E B 7 2
JEWEFELI] . A M, 2011, 32(11): 2106-2116.
Wen H, Terrel M A, Kim H K, e al.

Measurements of the and Verdet

Applied Optics,

on high precision fiber-optic gyroscope[]J].

birefringence
constant in an air-core fiber[J]. Journal of Lightwave
Technology, 2009, 27(15): 3194-3201.

Liu J, Xiao C, Pan X, et al. Research on inhibiting
radial magnetic sensitivity of fiber-optic gyroscope[]].
Chinese Journal of Lasers, 2015, 42(3): 0305005.
XN, HARR, WK, . DG EE R IR 8 UK
W1, R E#OG, 2015, 42(3): 0305005.

Zhou Y, Zhao Y, Tian H,

compensation method of axial magnetic error induced

et al. Theory and

by axial magnetic field in a polarization-maintaining
fiber optic gyro[J]. 2016,
55(12): 126106.

Optical Engineering,
Hu Z F, Jiang R Z, Zhou J. Magnetic error analyzing
and suppressing on a polarization-maintaining
interferometric fiber optic gyroscope[J]. Acta Optica
Sinica, 2014, 34(6): 0606003.

BASAR, ZIHE, 8. PR G LT T BB IR 1 #E
WRZ D HT G Ok [T, Jb2EA 4, 2014, 34(6):
0606003.

Liu P, Li X Y, Guang X X, et al. Drift suppression
in a dual-polarization fiber optic gyroscope caused by
the Faraday effect[J]. Optics Communications, 2017,
394: 122-128.

Liu P, Li X Y, Guang X X, et al. Bias error caused
by the Faraday effect in fiber optical gyroscope with
double sensitivity[J]. IEEE Photonics Technology
Letters, 2017, 29(15): 17012677.

Song N F, Guan Y M, Jia M. Analysis of multi-
parameters effect on Shupe error in fiber optic
gyroscope fiber coil[J]. Journal of Beijing University of
Aeronautics and Astronautics, 2011, 31(5): 569-573.

REEST, W], B G REIBOL LR 35 Shupe 1225
SO S A i N T I B =0 o 1 AP NN e
#, 2011, 37(5): 569-573.

LiJ L, XuHL, He]J. Temperature compensation of



ot %

n
¥

{5

[16]

[17]

[18]

start-up drift for fiber optic gyroscope based on
wavelet network[J]. Acta Optica Sinica, 2011, 31(5):
0506005.

BR&, VHMEIE, fluE. BT /N M4 1L LR RE IR S 2l
R AME ] JbEsE i, 2011, 31(5): 0506005.
LiuY Y, Yang G L, Li S Y. Application of BP-
AdaBoost model in temperature compensation for
fiber optic gyroscope bias[J]. Journal of Beijing
University of Aeronautics and Astronautics, 2014,
40(2): 235-239.

XIJGIG, Wik, 228 H. BP-AdaBoost 158 75 56 £4F
R B O Ut 2 v A O 0] BB &S i R K
24, 2014, 40(2): 235-239.

Li XY, Ling WW, XuZL, et al. Design of a new
spool for fiber coil based on cross winding pattern[]J].
Acta Optica Sinica, 2015, 35(6): 0606002.

ek, BTIMA, iR e, 5. BT A OL SR RO
AR T]. e dfi, 2015, 35(6): 0606002,
Zhang D W, Zhao Y X, Fu W L, et al. Nonreciprocal
phase shift caused by magnetic-thermal coupling of a
polarization maintaining fiber optic gyroscope[J].

Optics Letters, 2014, 39(6): 1382-1385.

[19]

[20]

[21]

[22]

[23]

[24]

0106006-7

Del R E, Zenteno L. A, Starodumov A N, er al. All-
fiber absolute temperature sensor using an unbalanced
high-birefringence Sagnac loop[J]. Optics Letters,
1997, 22(7): 481-483.

Williams P A, Rose A H, Day G W,

Temperature dependence of the Verdet constant in

et al.
glasses[J]. Applied Optics,
1991, 30(10): 1176-1178.

Zhao H, Chen M, Li G. Temperature dependence of
the PER in PM-PCF coil[J]. Chinese Optics Letters,
2012, 10(10): 100603.

Andronova I A, Malykin G B. Physical problems of
effect[J].

several diamagnetic

fiber gyroscopy based on the Sagnac
Physics-Uspekhi, 2002, 45(8): 793-817.
Xu X, Teng F, Zhang Z,

simulation of a fiber optical gyroscope with Shupe

et al. Analysis and
error compensated optically[J]. Journal of Modern
Optics, 2014, 61(11): 931-937.

Kim D H, Kang ] U. Sagnac loop interferometer
based on polarization maintaining photonic crystal
fiber with reduced temperature sensitivity[ J]. Optics
Express, 2004, 12(19): 4490-4495.



