
Ô n Æ � Acta Phys. Sin. Vol. 61, No. 15 (2012) 150701

ÄÄÄuuu{{{...111^̂̂ººº���ZZZ���...111nnnDDDaaaXXXÚÚÚ   ���
���   DDD(((AAA555ïïïÄÄÄ*

�ï� �% Ûö �³†

( I��E�Æ, 1>�Æ�ó§Æ�, �â 410073 )

( 2011 c 11 � 21 FÂ�; 2011 c 12 � 5 FÂ�?Uv )

 �p�&ÒPáy��³�´Z�.1nDaXÚ�'�Eâ��. �é{.1^º (FRM) {³� �p
�&ÒPáEâ�í3 �� D(¯K?1
�\�nØÚ¢�ïÄ. $^ dÝ
{ïá
Äu{.1^º
�Z�.1nDaXÚ �� D(�nØ�.; ©Û
K�XÚ �� D(�Ì��Ï: {.1^º�^1�
Ý �!\�1 ��N�Ý!Z�¤ü:1nVò�; JÑ
�A�³� �� D(��{. �[�ý©Û

\�1 ��N�ÝéZ�.1nDaXÚ �� D(�K�, �ý©Û�Ñe{.1^º^1�Ý ���
�ó²�EØ� 1◦, �\�1 ��N�Ý� 1.84 rad �, XÚ�UÑy��� �� D(� 0.0815 rad. ��,

�ï
Äu M-Z . ��N�ì� �� D(ÿÁXÚ, ÿÁ
3DÑ1nÉ�	. �6Ä��¹e, Z�D
aXÚ�3� �� D(, ¢�ÿÁ(J�nØ©Û(JÄ���, kå/y²
T �� D(nØ©Û�.
��(5.

'�c: {.1^º,  �Pá,  dÝ
,  �� D(

PACS: 07.60.Ly, 07.07.Df, 42.81.−i, 42.87.Bg

1 Ú ó

 �p�&ÒPáy��³�´Z�.1n
DaEâuÐ�'�Eâ��. �)ûù�JK,

IS	Æö?1
2��\�ïÄ, JÑ
�X�
| �Pá��{, Ì��):  �©8�Â [1,2]!
1´�� �Y [3,4]!Ñ\ ���� [5,6] Ú{.
1^º (FRM) { [8,9] �. �'uÙ¦A«| �P
á�Y, |^ FRM ?1Vò�Ö���{(�{
ü, ¤�$í, ���ûÐ�| �Pá�J, Ï
3�5�1nDaXÚ¥��
2��A^.

� FRM �^1�Ý�Ð� 45◦ �, nØþÒ
�±���Ø&Ò� �Pá. �3¢SA^¥,

du FRM ��EØ�, ¬N^1�Å�A5!§
ÝA5±9¬NáÂ�Ñ���A5�Ï�, éJ

î��y FRM �^1�Ý�Ð� 45◦, ùÑ¬K
� FRM �| �Pá5U. Ïd, 3¦^ FRM {
�Ø&Ò �Pá�, Z�.1nDaXÚ¥Ñ¬
�3í{ �� D(, ùò4�/K�Z�.1
nDaXÚ�¢Só�5U.

± ��Ü©ïÄ�Xúu©Û ��Cz
éZ�¤�ÀÝ�K� [10,11], ¤)û�:Ê3
3�yZ��Ä��¦, ?�y&Ò�½)N
þ. �k�ê©Ùé �� D(?1
ÐÚ©
Û [12],���\�ïÄ��. XÚ� �� D(
Ì��33$ªã, ,, $ª&Òuÿ3(�Ä
åÆïÄ!/�9°Liÿý´!/�t&!#
Umu!Ê�ÊU!I�A^+�!Ä:�Æ
ïÄ+�Ñk2�A^ [13]. 3ù
AÏA^�¹
e, XÚ�í{ �� D(ò�8I&ÒÜ,

J±«©m5. Ïd, ïÄÄu FRM �Z�.1n
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DaXÚ� �� D(9Ù³��{äk�©
��¿Â.

�©|^ dÝ
ïá
Äu FRM �Z�.
1nDaXÚ� �� D(�., �\ïÄ

3 FRM �3^1�ÝØ��XÚ� �� D(,

X©Û
\�1 ��N�ÝéZ�.1nD
aXÚ �� D(�K�. 3dÄ:þ©Û
K
�XÚ �� D(�Ì�Ï�: FRM ^1�Ý
Ø�; \�1 ��N�; Z�¤ü:1n�Vò
�. Ó�, JÑ¿&?
�A�³� �� D(
��{. ���ï
Äu M-Z . ��N�ì�
 �� D(ÿÁXÚ, éZ�.1nDaXÚ�
 �� D(?1
¢�ïÄ, ¢�(JéÐ/�
y
nØ©Û��(5.

2  �� D(�.

1Å ���L«�{��kn« [14,15]: )
Û{!�\¥ã«{Ú dÝ
{. �'u)Û
{Ú�\¥ã«{,  dÝ
{$�'�{B, í
�'�î>. Ïd�©A^ dÝ
{5ïáÄ
u FRM �Z�.1nDaXÚ� �� D(�
., du�ïÄXÚ� �� D(¯K, Ïd3
�.ïá¥�Ñ1n9�ì���Ñ.

FRM { �   � P á E â ´ 3 Ê Ï ü � 1
n Michelson Z�¤ü:�\�� FRM, � FRM

^1�Ý� 45◦ �, ��1� ��Cz�Ð-�
\�1� ��Cz, Z�¤��ÀÝ�±� 1[6].

Äu FRM �ü�1nZ�¤(�Xã 1 ¤«.

ã 1 Äu FRM � Michelson Z�¤(��nã

�âÍÜ1ÅnØ, ©å'� 1:1 �n� 2 × 2

1nÍÜì� dÝ
� [15]

J13 = J41 =
√

2
2

 1 0

0 1

 , (1)

J14 = J32 =
√

2
2

 j 0

0 j

 , (2)

ª¥, Jmn(m,n = 1, 2, 3, 4) L«1Ål1nÍÜ
ì m àÑ\ n àÑÑ� dÝ
.

� FRM �^1�Ý� θ, K1ÅÏL FRM q

���£5�� dÝ
� [17]

T =

− cos 2θ − sin 2θ

− sin 2θ cos 2θ

 . (3)

¢SA^¥, FRM �3�½�^1�Ý �,

� FRM �^1�Ý �� ∆, K θ = π/4 + ∆, �
\ (3) ª��

T =

 sin 2∆ − cos 2∆

− cos 2∆ − sin 2∆

 . (4)

��Z�¤��:�ü�1n�Vò��A
�w���ý�ò´ì, Ù dÝ
�L«� [18]

−→
R =

 a −b∗

b a∗

 =

 cos(ξ/2) + i cos 2α sin(ξ/2) i sin 2α sin(ξ/2)

i sin 2α sin(ξ/2) cos(ξ/2) − i cos 2α sin(ξ/2)

 , (5)

ª¥, * ���Ý, a, b �1n�Vò�A5k',

α�ü�1n��¯¶�ë��IX X ¶�Y�,

ξ �ü�1n��¯ú¶�m�� �. \�1
² FRM ��, ��DÑ1n�w¤����ý�
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ò´ì, Ù��DÑÝ
� [17]

←−
R =

 a −b

b∗ a∗

 . (6)

d (1)—(6) ª�±�� Michelson 1nZ�¤
Z�:Úë�:ÑÑ�1|rÝ

Eouts =

 Eouts x

Eouts y


= J32 ·

−→
R s · Ts ·

←−
R s · J13 · Ein, (7)

Eoutr =

 Eoutr x

Eoutr y


= J42 ·

−→
R r · Tr ·

←−
R r · J14 · Ein, (8)

(7) ª, (8) ª¥eI s, r ©O�L Michelson 1nZ
�¤�&Ò:Úë�:, Eouts, Eoutr ©OL«&Ò
:Úë�:�ÑÑ1r, Ein �Ñ\1r, Ù8�z
 dÝ
�L«�

E =

 Ex

Ey

 =

 e iδ(t)

1

 · e i(ωt+σ0). (9)

δ(t) ´\�1 Ex, Ey �� �, ØÓ� δ(t)

éAØÓ�\�1 ��, ω �1ª, σ0 �\�
1�Ð©� . Michelson 1nZ�¤ÑÑ�Zo
1r�

I =Ix + Iy =
∑

n=x,y

(Eouts n + Eoutr n)

× (E∗
outs n + E∗

outr n). (10)

b�XÚ¥ü¬ FRM �^1�Ý �Cq��,

= ∆s ≈ ∆r = ∆. K�±��Z�¤ÑÑ1r�

I =Ix + Iy

=
1
2

+
1
2
·
√

c2 + d2 · cos(β + ∆ϕ), (11)

β =arctg(c/d), (12)

d =sin2 2∆[cos ξs cos ξr

+ cos(2αr − 2αs) sin ξs sin ξr] + cos2 2∆, (13)

c =cos δ sin 2∆[(sin 2αs cos ξr sin ξs

− sin ξr cos ξs sin 2αr) sin 2∆

+ (sin ξs cos 2αs + sin ξr cos 2αr) cos 2∆]

+ sin δ sin 2∆[(cos ξs + cos ξr) cos 2∆

− sin(2αs + 2αr) sin ξr sin ξs sin 2∆], (14)

ª¥ ∆ϕ�Michelson 1nZ�¤ü:�� �, β

�Z�¤� �� D(. d (11)—(14) ª, �±w
ÑK� β �Ï��: FRM ^1�Ý � ∆; \�1
 �� δ; Z�¤ü:1n�Vò�ëê δr, δs.

Ï~�¹e, ∆���þ, Ïd�±�Ñ��
�þ sin2 2∆ �K�, ò (13), (14) ª?1{z�

d ≈ cos2 2∆ (15)

c ≈ sin 2∆ cos 2∆[cos δ(sin ξs cos 2αs

+ sin ξr cos 2αr) + sin δ(cos ξs + cos ξr)]. (16)

d (15), (16) ª��
c

d
=

√
m2 + n2 cos(δ − γ)tg2∆, (17)

m = sin ξs cos 2αs + sin ξr cos 2αr, (18)

n = cos ξs + cos ξr, (19)

γ = arctg(n/m), (20)

∆���þ, Ïd tg2∆ ≈ 2∆, XÚ� �� D
(��ª{z�

β = arctg(c/d) ≈ 2∆
√

m2 + n2 cos(δ − γ). (21)

3¢SA^XÚ¥, δ(t) �L«�

δ(t) = δ0 cos ωnt + δ′0(t), (22)

ª¥, δ0, ωn ©O� (9) ª¥ Ex, Ey �� ��	
.6Ä�N�ÌÝÚN�ªÇ, δ0 û½
\�1
 ��, ¡� �N�Ý, δ′0(t) � δ(t) �ú¤�.

- δ′′ = δ′0(t) − γ, �Äüª6Ä��¹, ^ Bessel

¼êò (21) ªÐm, ��

β =2∆
√

m2 + n2

{[
J0(δ0)

+ 2
∞∑

k=1

(−1)kJ2k(δ0) cos 2kωnt

]
cos δ′′

− 2
∞∑

k=0

(−1)kJ2k+1(δ0)

× cos[(2k + 1)ωnt] sin δ′′
}

, (23)

ª¥ Jk(δ0)�1�a k � Bessel ¼ê.

d (23) ª � �, � \ � 1   � � É � ª Ç
� ωn, ÌÝ� δ0 �N��, XÚ¥ �D(¹
k ωn �"ª9ÙÃ¡pgª�, ���ª��Ì
Ý��� FRM ^1�Ý � ∆! �N�Ý δ0!
ú¤� δ′′ 9 (m2 + n2)1/2 �ëêk'. �6��
ÏLÈÅ�Ø, Ïd�Ø�Ä�6��K�.

150701-3



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 15 (2012) 150701

3  �� D(©Û

(23) ª�Ñ
� FRM �3^1�Ý ��Z
�¤XÚ� �� D(�L�ª, e¡ò?�Ú
©Û��Ï�éXÚ �� D(�K�.

3.1 FRM ^̂̂111���ÝÝÝ   ���éééXXXÚÚÚ   ������   
DDD(((���KKK���

d (23) ª��, � FRM Ø�3^1�Ý 
�, = ∆ = 0◦ �, XÚ� �� D(ð� 0, Ï
d FRM �Y3�nþU
���ØXÚ� �P
á; � ∆ 6= 0◦ �, XÚ� �� D(� | ∆ | ¤
�'.

3.2 \\\���111   ������NNN���ÝÝÝéééXXXÚÚÚ   ������   
DDD(((���KKK���

éu (23) ª¥� (m2 + n2)1/2 �, ��±eØ
�ªC�

0 6
√

m2 + n2

6
√

2[sin ξs sin ξr cos(2αs + 2αr) + 1 + cos ξs cos ξr]

6
√

2(± sin ξs sin ξr + 1 + cos ξs cos ξr)

=
√

2[1 + cos(ξs ∓ ξr)] 6 2. (24)

���¹e, )��û�½� FRM 5U�I
� | ∆ |6 1◦,�
��XÚ¥�UÑy��� �
� D(, b½ | ∆ |≡ 1◦, Kd (23), (24) ª��

β 60.07
{[

J0(δ0) + 2
∞∑

k=1

(−1)kJ2k(δ0)

× cos 2kωnt

]
cos δ′′ − 2

∞∑
k=0

(−1)kJ2k+1(δ0)

× cos[(2k + 1)ωnt] sin δ′′
}

. (25)

ã 2 �Ñ
3 |∆| ≡ 1◦ ��¹e, XÚ�U
Ñy� �� D(�\�1N�Ý δ0 �UC
Cz��¹. ã¥ Ak(k = 1, 2, 3, · · · ) ©OL«
XÚ �� D(¥ ωn ���ª©þÌÝ� δ0

�Cz�. ã¥b� cos δ′′ = ±1, sin δ′′ = ±1,

(m2 +n2)1/2 = 2, �,3¢S�¹eùn�^�Ø
�UÓ�÷v, �ã¥©Ûóê�ª�©O?Ø�

UÑy��� �� D(, ù��b�´���.

ã 2 XÚ��ª©þ �� D(�UÑy����

�òã 2 ¥�î�I©� A, B, C, D, E Ê
ã. 3 A(0 6 δ0 < 2.6) ã X Ú � U Ñ y � �
�   � � D (� ωn � ü ª © þ, Ù � � Ì
Ý A1(max) = 0.0815 rad; 3 B(2.6 6 δ0 < 3.8)

ãXÚ�UÑy��� �� D(� ωn � 2

� ª © þ, Ù � � Ì Ý A2(max) = 0.068 rad;

3 C(3.8 6 δ0 < 4.9) ã X Ú ¥ � U Ñ y � �
� �� D(� ωn � 3 �ª©þ, Ù��Ì
Ý A3(max) = 0.060 rad; 3 D(4.9 6 δ0 < 6.0)

ã X Ú ¥ � U Ñ y � � �   � � D (� ωn

� 4 �ª©þ, Ù��ÌÝ A4(max) = 0.056 rad;

3 E(6.0 6 δ0 < 6.3) ã X Ú ¥ � U Ñ y � �
� �� D(� ωn � 5 �ª©þ, Ù��Ì
Ý A5(max) = 0.052 rad.

dã 2 ��±wÑ, � δ0 = 1.84 rad �, XÚ 
�� D(�ü�ª©þ����� A1(max) =

0.0815 rad, d�XÚÑy�� �� D(. ã 3

�Ñ
� δ0 = 1.84 rad �, XÚ¥ �� D(�
�ª©þ����. dã 3 ��, �X �� D
(�ªê�O\, ¤éA�D(Ì�Åì~�, � 7

�ª©þ�D(Ì��C�".

dc¡�©Û��, � FRM �3^1�Ý 
��, \�1 ��N�Ý δ0 éXÚ �� D
(äké��K�.

± þ ©Û¤ � Ñ � ( Ø � k 3 A ½ ^ �
e (| ∆| = 1◦, (m2 + n2)1/2 = 2, cos δ′′ = ±1

½ sin δ′′ = ±1) âU
��¤á. 3¢S�
¹e, ù
^�éJÓ�÷v, Ïd��â¢S
A^�¸éXÚ� �� D(?1�½�?
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� (^ dBL«)

β = 20log10(Ak) − H, (26)

Ak = 0.14Jk(δ0)/
√

2rate/length, (27)

ª¥ Ak �c¡©Û�éA, L«XÚ¥�UÑy
���ª©þ��� �� D(, rate, length ©
OL«¢SA^¥¤^êâæ8küÏ�æ�Ç
Úæ��Ý, H L«��� ∆, (m2 + n2)1/2, δ′′ �
'�Ø�u"�?�þ. d (26) ª��XÚ¥Ñy
� �� D(´ò Ak éA���ª�� ��
 D(�÷p�I�e²£ H ���, H �À
¢SA^�¸½. ¢�(Jò?�Úy²ù«b
��Ün5.

ã 3 δ0 = 1.84 rad �XÚ �� D(��ª©þ��
��

3.3 ZZZ���¤¤¤üüü:::VVVòòò���éééXXXÚÚÚ   ������   DDD
(((���KKK���

d (23) ª��XÚ �� D(� (m2 +

n2)1/2 ¤�''X,  m, n ���� Michelson

Z�¤ü:�Vò�A5ëê δs, δr, αs, αr k
'. � (m2 + n2)1/2 = 0, =Da1nØ�3V
ò��A�, XÚ¥vkí{� �� D(;

� (m2 +n2)1/2 = 2 �XÚ�UÑy�� �� 
D(.

3.4    ������   DDD(((³³³������{{{

3 FRM �3^1�Ý �±91n�3Vò
��A��¹e, Äu FRM �1nZ�DaXÚ
¬Ñyí{� �� D(, ùò4�/K�Da
XÚ�¢Só�5U. dc¡�©Û��, FRM ^

1�Ý �!1nVò��A±9\�1 ��
N�´K�Äu FRM �1nZ�DaXÚ ��
 D(�n�Ï�. �â�Ï���)Ån, �±
l±eA��¡XÃ5~�XÚ �� D(, J
pXÚ�ó�5U.

1) ÏL�½�ÿþ�{ [19,20] é FRM ?1ç
À, ÀJ |∆| �Cu 0 � FRM lòZ�DaX
Ú� �� D(���v
�.

2) N � Michelson Z � ¤ ü : 1 n V ò �,

¦ (m2 + n2)1/2 ¦þ�. ~X, 3,
AÏA^
�¸¥, �±3Z�¤ü:�\��ÉN��Ø>
>b (PZT) �, ¢�N�éA1n�Vò�.

3) ~�	.�¸CzéDÑ1n� �6Ä,

¦þ~�\�1 �N�Ý δ0 ±ü$ �� D
(. ~X, �±ÏL3DÑ1n	Ü�K°��ä
k��õU�á�5~�	.Z6éDÑ1n�
���^.

3¢SXÚ¥, 3À½ FRM ÚDa1n�
�¹e, XÚ� �� D(Ì�5guDÑ1n
� �6Ä (=\�1 �N�Ý�Cz), Ïdï
Ä\�1 �N�ÝéXÚ �� D(�K�
äk��¢SA^¿Â. e¡òÏL¢�éÙ?
1�\ïÄ©Û.

4 ¢�ïÄ

4.1 M-Z ...111nnn   ������NNN���ììì

¢SXÚ¥, XÚ� �� D(Ì�5gD
Ñ1n� �6Ä, p5U �N�ì�ïÄ¤�
ïÄXÚ �� D(�7�Ãã. �÷vpN�
Ý!p½5��¦, �ï
 M-Z .1n ��N
�ì, Ù(�Xã 4 ¤«. Ä�°1n-1ìÑÑ
1²å ì�?\�� 1n M-Z Z�¤, å ì
���±�Z�¤� 1n¯¶²1, � 1nÍ
Üì 1 �©å'� 1:1, Z�¤�:�Ø>>b�
 N�ì, éØ>>b�\N�&Ò, ò A :?�
ü�� 1n²1Å�, B :?ü�� 1nR�
é�, �¦ü:��ÍÜì 2 ÑÑà1r��, ù
�Ò�¤
�>1� N�. �N�ì [21] �n
��� M-Z .1n ��N�ì. A, B ü:?�
é¶Ø�¬��N�ìS�þ�í{Z�, ¤±A
�¦þJpé¶°Ý±~�Z�é �D(ÿþ
�K�.
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�
�� M-Z .1n ��N�ìN�Ý δ0

� PZT ¤\N�>Ø U �éA'X, é ��N
�ì�\ 1 kHz �N�&Ò, UCN�>Ø U ��
�, N�1²u ì?\1>&ÿì, ²O���
� ��N�Ý δ0. ã 5�ÿþ��� δ0 � PZT

¤\N�>Ø U �éA'X, dã��3ÿþ��
S δ0 � U ¤�5'X, ¿� δ0 = ρU , Ù¥ ρ�'
~Xê, Ù��� 1.28 rad/V.

�
;�d �N�ì�Ø½5��� 
�D(ÿþØ�, �¦ÿÁXÚ¤æ^� ��N
�ìäk�p�½5. é�ï� M-Z .1n 
��N�ì?1
½5ÿÁ, ÿÁ¥ PZT N�ª
Ç� 1 kHz, N�>Ø� 1.5 V, z� 30 s ÿþ�g,

��
 δ0 ��m�Cz�, Xã 6 ¤«. dã
��3ÿÁ� 20 min ST �N�ì�½5�
Ð, ÅÄ�u 0.8%, y²
T ��N�ì�OÚ
���Ün5, ÷v �� D(ÿÁXÚ�A^
�¦.

4.2    ������   DDD(((ÿÿÿÁÁÁ

��[	.�¸Cz¤Úå�DÑ1 ��
�UC, ¿ïÄdd�DaXÚ�5� �� D
(, æ^ M-Z . ��N�ì (PSM) é1ÑÑ
�� �1?1ØÓ§Ý� ��N�, �ï
�
@ �� D(ÿÁXÚ, Xã 7 ¤«.

ã 4 M-Z .1n ��N�ì(�ã

ã 5 δ0 � U �Cz'X
ã 6  �N�Ý½5ÿÁ(J

ã 7 Äu FRM �Z�¤ �D(ÿÁXÚ(�ã
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Ä�°1n-1ìuÑ�1²1�lì?
\ PSM ?1 ��N�, N���1²ÍÜì 1

©�ü å, � å ² u   ì � ? \ & ÿ ì D1, ^
uiÿ PSM �N�Ý δ0; ,�å²ÍÜì 2 ?
\Äu FRM ��: Michelson Z�¤, Z�¤¤
^ FRM �ÅÀ�, Ù^=�Ý �3 1◦ ±S. Z
�¤�:\k PZT, ^u PGC	N�)N, ?\Z
�¤ü:�1� FRM ����£ÍÜì 2 ¥, Z
��?\&ÿì D2, ² PGC )N�ª��XÚ�
 �� D(.

¢�¥ PSM �N�ªÇ fn � 1 kHz, PGC

	N � ª Ç f0 � 25 kHz, æ 8 k ü Ï � æ �
Ç rate� 200 kHz, üÏ�æ��Ý length� 32768.

¢ � ÿ þ 
 PSM N � Ý 3 0.12—4.02 rad C
z �, Z � ¤ �   � � D (, ÿ Á ( J X ã
8 ¤«.

ã 8 �Ñ
XÚ �� D(�co�ª©
þ, � PSM N�Ý���, Z�¤ �� D(�
p�ª©þìv3XÚ�µD(¥ØU�&ÿ
�. �X �N�Ý�O�, p�ª©þ�ÅìC
�. ã¥�nØ�´�â (27) ª� H = 31 dB ¤
���.

dã 8 �±wÑ, Z�XÚ �� D(�
�ª©þ�ÿþ��nØ©Û�Ä�ÎÜ, �
´� δ0 ?3 2.02—3.28 rad ��S�, ¢�ÿþ�
�nØ ���, �ânØ©Û(J�íÿ�U
3ÿþL§¥Z�¤1nVò��	.�¸u)

âC, H ���u)
Cz. � δ0 > 3.4 rad �
¢�ÿþ��nØ�qUÄ�ÎÜ, `²²L
�ã�mZ�¤1nVò�qÅì¡E�Ð©G
�. �
�yíÿ(J, #N� H �¦#�n
Ø��ÿþ�3 δ0 = 2.02—3.28 rad ��S��
§Ý/ÎÜ. ã 9 ´ �D(co�ª©þ3T
��SÏLN� H ����nØ��ÿþ��
é'�¹, dã 9 ���öÎÜ�Ð, d��©þ
 �D(nØ�éA� H ©O� H1 = 21 dB,

H2 = 28 dB, H3 = 23 dB, H4 = 27 dB (eIL«�
©þ��ªê).

d (26) ª � �, 3 ? Û � ¹ e   � � D
(Û!ó�ª©þ�g� H �AT´���,

= H1 = H3, H2 = H4, du·�´ÏL�[
Ü��ª5íÿ H ��, �¢S��'¬�3
�½� �, �´[Ü� �¿Ø�, �Cq@
� H1 ≈ H3, H2 ≈ H4.

ã 8 XÚ �D(ÿþ��nØ�é'ã (H = 31 dB) (a) ��ª©þ; (b) ��ª©þ; (c) n�ª©þ; (d) o�ª©þ

150701-7



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 15 (2012) 150701

d ã 8 � � ± w Ñ, �0 6 δ0 6 3.15�,

X Ú ¥ � �   � � D (�ωn� ü ª © þ,

�δ0 = 2�, ÿÁ��
XÚ��� �� D
(�−39.8 dB(0.0102 rad); �3.15 < δ0 6 3.77-

�, XÚ¥�� �� D(�ωn���ª©þ;

�3.77 < δ0 6 4.02�, XÚ¥�� �� D(

�ωn�n�ª©þ, ù�nØ©Û�(JÄ�Î
Ü. nØ©Û(J�ÑXÚ3δ0 = 1.84 rad��U
Ñy�� �� D(, ù�U34à^� (| ∆ |=
1◦, (m2 + n2)1/2 = 2, cos δ′′ = ±1½sin δ′′ = ±1)e
¤á. ¢S�¹e, ù
^�éJÓ�÷v, Ïd3
¢�ÿþ����� �� D(¬'nØ��.

ã 9 N� H ��nØ��ÿþ��é'ã (a) ��ª©þ; (b) ��ª©þ; (c) n�ª©þ; (d) o�ª©þ

5 ( Ø

$^ dÝ
{ïá
Äu FRM �Z�.1
nDaXÚ �� D(�nØ�., ©Û
X
Ú¥ �� D(��)Ån, ÏLnØO�!�
ý©Û�Ñ
K�XÚ �� D(�Ì�Ï�:

FRM �^1�Ý �!\�1 ��N�Ý!Z
�¤ü:1nVò�. ¿ddJÑ
�A�³�
 �D(��{: ¦þÀ�^1�Ý �¦þ�
� FRM; N�Z�¤ü:1nVò�; ~�	.
�¸é1n����^. X?Ø
\�1 �
�N�ÝéZ�.1nDaXÚ �� D(�
K�, ÏL�ýO��Ñe¤À FRM ^1�Ý 

����� 1◦(d�Eó²û½), \�1 ��N
�Ý� 1.84 rad �XÚ�UÑy��� �D(
� 0.0815 rad. �ï
pN�Ý!p½5� M-Z

.1n ��N�ì^±�[	.�¸éDÑ1
n� �6Ä, ïá
Äu M-Z .1n ��N�
ì� �� D(ÿÁXÚ, k�/ÿÁ
�DÑ
1nÉ�	. �6Ä�, Z�DaXÚ�3� 
�� D(, ¢�ÿÁ(J�nØ©Û(JÄ��
�, kå/y²
T �� D(nØ©Û�.�
�(5. �©�ïÄ�ÝºÄu FRM �Z�.1
nDaXÚ¥ �� D(�A5Jø
�ë
�, é?�Ú³�XÚ �D(9JpZ�DaX
Ú©EÇäk��¢Sd�.
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based on FRM∗
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Abstract

One of the key technologies of interferometric optical fiber sensing system is to overcome polarization-induced signal fading

in interferometric fiber sensors. The theoretical and the experimental investigations of the residual polarization-induced phase noise

(PIN) in single-mode optical fiber Michelson interferometer based on Faraday rotation mirror (FRM) are conducted in this paper. A

theoretical model of the residual PIN based on Jones matrix is developed. Three leading influencing factors of the residual PIN are

educed: the rotation deviation angle of FRM, the state of polarization of input light, and the birefrigent effect of the optical fiber. And

three methods are proposed to overcome the residual PIN. The maximal PIN with its amplitude of 0.0815 rad possibly exists in the

sensing system when the polarization modulation degree equals 1.84 rad. The correctness of the theoretical model is proved by the

experimental results.
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