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1f¬N1n¥(Å�� £ÅÄ�§; ïÄ
"ËÅ�±9n�ò�Çé(Å�ª�K�; A^�=
�Î�.ïÄ
��»1f¬N1n¥n��»éÙp�(Å�ªÚÑ�K�. (JL²31f¬N1n¥, p�
(ÅÚî�(Å�Ó�^�)�:(|, üö�pÍÜò�)·Ü(Å�ª; �±ÏLUC"ËÅ�½1f¬N1
nn�ò�Ç5UCë�Ùp�Ñ� (BS) L§�(Å�ª�DÂ~ê; �X1f¬N1n (PCF) n��»�O�,

(Å�ªÍÜ§Ý��\r, ��Ý¥~�ª³, �Ó�DÂ~êe, (Å�ªê¥Oõª³; �X"ËÅªÇ�O
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1 Ú ó

1n¥�É-Ùp�Ñ� (SBS) �±Lã�
"Ë|�d÷�d|ÏL(f|u)���5
p�^ [1,2]. du1n¥ SBS äk$K�!Ùp�
OÃ�°Ä!(1�p�^«�!ö�(¹!´
u¢y�A:, ¦� SBS 31nú1!1n-1
ì±91nDa�+�äk2,�A^cµ. �
ÊÏ1n�', 1f¬N1n (PCF) (¹#L�
(�A5¦Ùäk�p���5A5±9Ùp�
Ñ�N�Uå, Ï¤�1Ï&ú1+��ïÄ
9: [3−7]. PCF (��O(¹, Ïd�±ÏLUC
�(�ëê5��N�Ùp�Ñ� (BS) �8�.

Russel � [8] ÏL¢�ïÄ
 PCF ¥�(f�Y;

Enomori � [9] Äuk��{nØ©Û
 PCF ¥Û
��(Å�ª; Dainses � [10] ÏL¢�ïÄ
��
» PCF � BS Ì�õ¸(�, ¿é PCF ¥�(Å�
�ª�
ÐÚ�nØ©Û; �Á� [11] ÏL�=�
Î�.nØ©Û
��» PCF ¥�É~ BS V¸

(��"ËÅ��§Ý�üz5Æ.

Äu��K|kc�ïÄó� [12,13], �©í
�
 PCF ¥�(Å�� £ÅÄ�§, $^��ò
�Ç�., ïÄ
��» PCF n�ò�Ç!BS "
ËÅ�±9n��»é BS (Å�ªÚÑ�K�.

(JL² PCF ¥�p�(ÅÚî�(Å�Ó�^
ò�)�:(|, üö�pÍÜ�)·Ü(Å�ª;

ÏLUC"ËÅ�½ PCF n�ò�Ç�±UCë
� BS L§�(Å�ª�p�DÂ~ê; (Å�ª
ÍÜ§Ý�X PCF n��»�O�\r, �3Ó
�p�DÂ~êe, (Å�ªê¥Oõª³; (Å
��Ý�"ËÅªÇ�O�~���X PCF n
��»�O�~�.

2 nØ©Û

1n¥� BS L§´�"Ë1|ÏL>�� 
�A�)�5(Å|, ¿±Ï5/é0�ò�Ç?
1N�/¤$Ä�1», lÑ�"Ë1. TL

* I[g,�ÆÄ7 (1OÒ: 61167005)![��g,�ÆÄ7�8 (1OÒ: 1010RJZA036)!=²nó�ÆÆ¬éÄÄ7Ú2À�g,
�ÆÄ7 (1OÒ: 10451170003004948) ]Ï��K.

† E-mail: houshanglin@gmail.com

c© 2012 ¥¥¥IIIÔÔÔnnnÆÆÆ¬¬¬ Chinese Physical Society http://wulixb.iphy.ac.cn

134206-1



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 13 (2012) 134206

§�±²;�£ã�"ËÅ�d÷�dÅÏL(
Åu)���5p�^. (ÅÅ� ΛA d"ËÅ
Å� λ ±9 PCF n�ò�ÇL«� [14]

ΛA = λ/2n, (1)

Ù¥ n �n�ò�Ç.

1n¥�(Å´�«�5Å, 31n¥DÂ�
-å0�¥��:÷(Å�DÂ���Ä, Úå0
���Ý¥Õ��m��OCz, lÚå0�ò
�Ç�±Ï5Cz. b� PCF �n��5á�, K
d±en|�§�í� PCF ¥�(Å�� £Å
Ä�§:

1) $Ä�©�§

∂σ11

∂x
+

∂σ21

∂y
+

∂σ31

∂z
+ ρX = ρ

∂2u1

∂t2
,

∂σ12

∂x
+

∂σ22

∂y
+

∂σ32

∂z
+ ρY = ρ

∂2u2

∂t2
, (2)

∂σ13

∂x
+

∂σ23

∂y
+

∂σ33

∂z
+ ρZ = ρ

∂2u3

∂t2
,

Ù ¥ σ11, σ22, σ33 � � A å © þ, σ12 = σ21,

σ23 = σ32, σ13 = σ31 �}Aå©þ. ρ �á�
�Ý, u1, u2, u3 ©O�÷ x, y, z ¶� £©þ, X ,

Y , Z �Nå¥þ3�I¶þ�ÝK, Ù¥Nå��
5NSü NÈþ¤É�	å.

2) AÛ�§

ε11 =
∂u1

∂x
, ε12 =

1
2

(
∂u1

∂y
− ∂u2

∂x

)
,

ε22 =
∂u2

∂y
, ε23 =

1
2

(
∂u2

∂z
− ∂u3

∂y

)
, (3)

ε33 =
∂u3

∂z
, ε13 =

1
2

(
∂u1

∂z
− ∂u3

∂x

)
,

Ù¥ ε11, ε22, ε33 �{�AC©þ; ε12, ε13, ε23 �
��AC©þ.

3) Ôn�§

σ11 = λe + 2µε11, σ12 = µε12,

σ22 = λe + 2µε22, σ23 = µε23, (4)

σ33 = λe + 2µε33, σ31 = µε31,

Ù¥

e =ε11 + ε22 + ε33

=
∂u1

∂x
+

∂u2

∂y
+

∂u3

∂z
= ∇ · u,

λ Ú µ �=0~ê.

òþãÔn�§�\$Ä�©�§¿�ÑN
å, �ª�z{�� PCF ¥(Å�� £ÅÄ�
§ [8,9]

(λ + 2µ)∇(∇ · u)

− µ∇× (∇× u) + ρω2u = 0. (5)

éª (5) �ÑÝ, �|^ e = ∇ · u,
∂2

∂t2
= −ω2, �

�pÅÅÄ�§

ρë = (λ + 2µ)∇2e, (6)

Ù¥ ë =
∂2e

∂t2
, = e é�m����ê.

éª (5) �^Ý, �|^ ω = ∇ × u,
∂2

∂t2
=

−ω2 ��îÅÅÄ�§

ρω̈ = µ∇2ω, (7)

Ù¥ ω̈ =
∂2ω

∂t2
, = ω é�m����ê.

3 PCF ¥, ∇ · u 6= 0 � ∇ × u 6= 0, dª (5),

(6), (7) ��, 3 PCF ¥, p�(ÅÚî�(Å�Ó
�^�)�:(|, üö�pÍÜò�)·Ü(Å
�ª [15].

3©Û��» PCF ¥, ·��Ñ���í�(
�, 3gd>.^�e, òÙCq�ý�¥��=
�Î [11]. dª (5) ����=�Î. PCF ¥ BS (
Å�ª�ÚÑ�§ [11,16](

V 2
P/2V 2

S − 1
)2

J1(ha)

=(V 2
P/V 2

D − 1)[V 2
P/2V 2

S − J1(ka)], (8)

Ù¥, VP �(Å�ª���Ý�¡�(Å�ª�
��(�, L�ª�

VP =
ω

β
. (9)

ω Ú β © O � ( Å � ª � � ªÇÚ � £ ~ ê.

VS � � = á�� î Å ( �, VD � p Å ( �.

Jp(x) = xJp−1(x)/Jp(x), Ù¥ Jp(x) �1 p ��
l�¼ê. a ��=�Î. PCF �n��», h Ú k

©O÷v h2 = ω2/V 2
D − β2 Ú k2 = ω2/V 2

S − β2.

3 ê��[9?Ø

dª (1) ��(ÅÅ��n�ò�Ç±9"Ë
ÅÅ��Cz'X, Xã 1, 2 ¤«. lã 1 �wÑ,

�"ËÅ�� λ = 1550 nm �, (ÅÅ�� PCF
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n�ò�Ç�O�¥�5~�; dã 2 �wÑ,

�n�ò�Ç n = 1.44402 �, (ÅÅ��"ËÅ
Å��O��5O�, ÏdÏLUC"ËÅ�
½ PCF n�ò�Ç�±UC(Å�Å�, lUC
ë� BS L§�(Å�ª�DÂ~ê.

�âª (6), ·���
 BS (Å�ªÚÑA5
�n��»�Cz�¹. ·��Ä
n«�S�
�. PCF(TIRPCF) �ëê±9LK�=�;.�,

¿À�Xe (Ü©ëê�g©z [17]): n��»
©O� 1.4 µm, 1.8 µm Ú 2.2 µm, VS = 3.764 km/s,

VD = 5.968 km/s.

ã 1 (ÅÅ��n�ò�Ç�Cz�

ã 2 (ÅÅ��"ËÅ��Cz�

ã 3 �ØÓn��»e��Ý��£~ê�
Cz�. lã 3 �wÑ, �X�£~ê�O�, �
�ÝoN¥~��ª³, ��X PCF n��»�O
�, Ó��£~êe, (Å�ªê¥Oõª³.

ã 4 �ØÓn��»eªÇ��£~ê�C
z�. lã 4.1—4.3 ¥�±²wwÑ, ØÓªÇ
�(Å�ªm�3�ªÍÜ. lã 4 oNw, �ª
ÍÜ§Ý�Xn��»�O���\r, ��n

��»�O\, Ó��£~êe, (Å�ªê¥O
õª³.

ë� BS L§�´�pÍÜ�ü����(Å
�ª, ù��(Å�ªÍÜê�õ, K3 BS OÃX
êÌ¥�)�¸Ò�õ. éu��» PCF, K� BS

OÃXêÌ�Ì��p�(Å�ª, 3ã 3, 4 ¥,

éun��»��� PCF, (Å�ªêþ�õ, �
3Ó�ªÇe�ª©Ù;�, ¤±3��» PCF ¥

ã 3 ��Ý��£~ê�Cz� (a) n��» dc =

1.4 µm¶(b) n��» dc = 1.8 µm¶(c) n��» dc = 2.2 µm
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ã 4 ªÇ��£~ê�Cz� (a) n��» dc = 1.4 µm;

(b) n��» dc = 1.8 µm; (c) n��» dc = 2.2 µm

´ÑyÙp�OÃXêÌ�ü¸(�; 3��
» PCF ¥, ë� BS L§��(Å�ªm�ª��
�, �î�(Å�ª�K�Ø��Ñ, ¤±¬Ñy

î!p(Å�ªÜ¤#��ª�y�, (JE¤

��» PCF � BS OÃXêÌ�õ¸(�.[10,18]

ã 5 �ØÓn��»e��Ý�ªÇ�Cz
�, lã¥�wÑ��Ý�ªÇ�O�~�
ÌÝO�; ØÓn��»� PCF, Ù��Ý�3�
�ªÇ, ã¥n��»l 1.4—2.2 µm � PCF, Ù
��Ý���ªÇ©O� 14.282 GHz, 11.11 GH

Ú 9.09 GHz, �3Ó�ªÇe, ��Ý�n��»
�O�~�.

ã 5 ØÓn��»e��Ý�ªÇ�Cz�

4 ( Ø

±�5åÆ�£�Ä:, í�
1f¬N1n
¥(Å�� £ÅÄ�§; �é PCF ¥� BS, ïÄ

"ËÅ�±9n�ò�Çé(ÅÅ��K�; ï
Ä
��»�=�Î. PCF ¥n��»éÙp�
(Å�ªÚÑ�K�. (JL²: 3 PCF ¥, p�
(ÅÚî�(Å�Ó�^�)�:(|, üö�p
ÍÜò�)·Ü(Å�ª; "ËÅ�±9 PCF n
�ò�Ç���Ñ¬éë� BS L§�(Å�ª�
DÂ~êE¤K�; �X PCF n��»�O�, (
Å�ªÍÜ§Ý��\r(Å��Ý~�, �3Ó
��£~êe, (Å�ªê¥Oõª³; �X"Ë
ÅªÇ�O�, (Å��Ýò~�. ù
(Ø�©
z [10] ¥�¢�y�´���.
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Abstract

The effects of optical fiber parameters, pump wavelength and the fiber core refractive index in small-core photonic crystal fibers

on characteristics of acoustic modes and the dependency of the acoustic modes coupling are investigated by the effective index method.

The results indicate that both the mixed longitudinal acoustic mode and transverse acoustic mode jointly produce the acoustic fields,

and their coupling forms the mixed acoustic mode; the propagation constant of acoustic mode can be changed by tailoring the pump

wavelength or the PCF core refractive index in the process of SBS; the acoustic mode coupling increase and the phase velocity of the

acoustic mode decreases with the increase of the PCF core diameter, and there is also a growing trend of the number of the acoustic

modes at the same propagation constant. The velocity decreases with the increase of the frequency of the pump wave.

Keywords: Brillouin scattering, photonic crystal fiber, acoustic mode
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