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Abstract A defect state in the non-Bragg band gaps is investigated by introducing a straight tube into a cylindrical

waveguide with periodic rectangular boundaries. The non-Bragg defect state, containing the more complex high-order

guided wave modes, is quite different from that in the well-known Bragg gaps. The numerical simulation indicates that

the frequency of the non-Bragg defect modes relies on the geometric parameters of the introduced defect. It moves to

the low frequency region as the length of the introduced tube increases. But when the radius gets larger, the frequency

of the non-Bragg defect mode goes to the high-frequency side. These results will contribute a lot to the development of

the acoustical instruments.
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�����p2Ô�=�( BC á â �`#`�*)`- [23] �,+*-*.*�Þá â �*&*'`�*�
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����Í Ï øcbede8 # �e)gfh2 Ò�*ei2øca � r�T û�i Bragg

��.ÑÐ���^�_�T�j Bragg ��.%j%k%M%NÎÒ%�,��p%lm T�U���b�d�82Ô�= Ð���n�%�o2Ò�%�p2ørq�s���t��
i Bragg �%��pÎÒ�+%u��®û �%v $&%ÑÐ0a � òÎé�%
p��2Ô�=�_$w�x2Ò���n�%�o2ø�y�z��$f�2�{�0Èø�(�=õ�������p2Ò�|�.�}�����~����2ÆÈÒ�@ � ��k�P2ø��Í�� S�T Ò����ÈòÈóÈÍ�X��
1 � Bragg ���������
Ô�=ÎÍÎÏ�W%� 1

D%� ø,@%A%BÎÔ�=ÎÒ%�%�%��m
������y�z���!�� � [17], ]������ÈÆÈÇ

rw =

{

1 + ε, lΛ < z < (l + 0.5)Λ,

1 − ε, (l + 0.5)Λ < z < (l + 1)Λ,

l = 0, 1, 2, · · · , 10.

(1)

# Ð Λ Ý���!�� �ÈÌ�� � Ì�� Ô�= Ð Ò�\�|ÈÔÎÕ��
n pe−iωt � t W `�������� C������

∇2p + ω2p = 0, (2)

��nÈû�����@��������� �¡�¢�"��

£
1 ¤¦¥¦§¦¨¦©¦ª¦«¦¬¦­¦® £ ( ¯¦° Λ = 1)

±�²
Floquet ô2õ2ø Ì�� ì Λ(= 2π/k) Ò�³�´�hÔ�= Ð ñÈÇ

p =
∞
∑

n=−∞

AnJ0(kr,nr)eikz,nz, (3)

F%µ J0(·) ì%¶%·%¸%¹%º%�ÎÆÎø kr,n � kz,n %�aÎìÔ�= Ð m n ��» n ÒÈÔÈÆÈø®úÈñÈÇ
kz,n = β + nk,

(

−
k

2
6 β 6

k

2

)

, (4)

ω2 = k2
r,n + k2

z,n, (5)ù Bragg ��i Bragg >�? 6 rÈüÈû¼f½2
l(q, n) =

√

K2
q + (β + nk)2 (6)

Ò�¾Èé�¿ [18] � F�µ Kq À�Á ´��ÈÒ�i Ì�� Ô�= Ð ÒÂ
q Ã�Ä n p�q ( �ÈÛ�·�¸�¹�º��ÈÆ J1(·) Ò Â q Ã

¶Èé ) � \

β = −
k

2
(n′ + n)

[

1 +
K2

q − K ′2
q

(n′2 − n2)k2

]

(7)

� ø Â n Ã�Å�s�ÆÈÔÈÒ Â q Ã�Ä n p�q�j Â n′ Ã�Å
s�ÆÈÔÈÒ Â q′ Ã�Ä n p�qÈê�s�A���A�ÇÈø,´���|�>Ò2Ô2î�?2û2Ô�= Ð����2ø�^�r2ü�È�É m øvýÈü�| � �
.�� \ q = q′

� ør��A�l�Ê�Ä�n�p�q�Ë�Ì�Í�Î�Ï�Ð�Ñ
Ð�Ç�ÒÔÓ�Õ Bragg Ö�×�ØÔÉ�Ë�ÒÔÙ�Ú�Û�Ü Bragg Ö�×�ØÝ%Þ%ß

Λ = 1, ε = 0.1 à%á%â%ã%ä%å%Ê%Ü Bragg Ö
× [18], æ�ç 2(b) è�é�ê�ë�ì�ÒLí�î f = ω/2π Û�ï�ð

ñ
2 Λ = 1, ε = 0.1 ò¦óõô¦ö¦÷¦ø¦ù¦ú¦û¦üõý¦þ¦ÿ��¦þ
��������������	�
�� ø¦ù¦ú���
�� (a) Bragg �
��� ø ��	���� (b) � Bragg � ��� ø ��	��



204 � � � � 2011 �
����� Ò T = Pout/Pin Û���	���
 ��� ð���
�Ò Pin�

Pout ��� Û�ï�ð � ��� Ê���	���
 � Ø

2 �������������
Ý*Þ�� æ*ç 1 ë*ì*Ê*é*ê� �!�"*ï�#*Û L, $% Û R Ê'&)(�* � Ó�+�Û�,�-�Ø/. ß L = 0.5, R =

0.9 0�Ò � Bragg Ö�×�1�2�Ï�3�4�5�6�Ê ����7 ×�æ
ç 2(a) è/8 ê ë ì Ø/9 â;:;< Ê;= � Ü Bragg Ö
×¼è)>/1�2�Ï � ð�?�ê�Ò,æ%ç 2(b) è)8�ê�ë�ì�Ø/"
ï@,@-@A@B@C � Bragg Ö%× èD1@2%Ï@,@-@E%Ê � ð
(f = 0.4622), F@G � Ü Bragg Ö%× èD>@1@2%Ï@,@-
E*Ò,í�=�H�I�J�KML�N Þ�O�P <�Q*ã*Ê*Ø/F�G*ç èRTS �%Ý%Þ@U%ß Ê � Ó@V@
@W%Ò,Ü Bragg Ö%× èDX
1�2�Y�Z�,�-�E*Ò ��� � ��� 0.6481

�
0.6952 Ø

Ð'[)\�F�]�Ò Bragg Ö�×�Ê�,�-�E�Ê � ð ��^@_ 1,

F%Ü Bragg Ö%× è0Ê@,@-@E%Ê � ð �@`@a 3@b%Ò/cd Ê � ð �fe P 0.8 gfh�ÒiFfjf3fZfk � Êf,f-fE�Ê� ð � C � 0.5 g�h�Ølj�3�m�n�Òlo � ð � Ê'p½ê�qr Ò,Ü Bragg Ö�×�,�-�s�1�2�Ê � × `�t Bragg Ö
×�Êf6f5fu�Ølvxwfk � Êf,f-fE � ð � 5 a ÒiG�y �
×fzf6�Ò ëfHf{f|f} ` JfK f = 0.6481 0�Ê�Ü Bragg

,�-�s�Ø
ç 3 ~f1�Ï f =0.4622

�
f =0.6481 0 P ,f- �

Ó$è�Êf�f� �f� Ø�Ûf�fw�[x\�Ò�ç$è)�f���fyf��� Ê
c d 9@+%Ï@�@3@�%Ø/�T[0ç 3(a)

� ç 3(b), B��%Í
2�Ò � � Ó�Êf,f-f�f��Î�Ïf�f��Ê��f��Ò���Í�Ï��f�
s�ÒiofF �f�f� Ê�Ö�×$èx��Î�Ï ���f7 ×�Øiof��� �

ñ
3
��	�� ø¦ô�� ��� ñ

(a) � Bragg � ��� ø � (b) ��� Bragg � ��� ø

� ç@q%á@H@�@�@� r ã%Ò/�@� Bragg ,@-@s@�@=%Ü
Bragg ,�-�seÒ d�  Ê���¡  �¢�£f¤�¥ � ,�-f.gè�Ò§¦
vxwf�f��Êf�f�f+f¨f©fª�âf� � �f� Ö�×�«x¬f­�Ø �
ç 3(a)(Bragg ,�-�s ) è½Ò¯®�Ï�,�-�Ê� �!�°�Ò¯���
Ê %T± �@�@² {@=@	@³%Ê%Ò/F � ç 3(b) Ê%Ü Bragg

,@-@s è0Ò/�@�%Ê %T± ��� ��´ Z � Ó è ¢ P \ d
Ê@µ@�%Ò/¶%ì@·@k@¸@E@¹ � Ü Bragg ,@-@s%Ê@*@º
è)»�ã�Ï�B�á�¼�½�Ê�+�¨�Ø

3 ¾ Bragg �����
o@�@¿ �@� � r Ò,Ü Bragg ,@-@s@À P@Á ¬@Â

Bragg ,f-fsfÃfÄfBfÅ�ÊfÆfÇ �fÈfÉ ØÊyf*fºfË�Ì Á� Ó$è�Ê�Ü Bragg �f�f2fÍfÎfÏ�Ðf:�ØZÛfÐfÑ�ÏfÒ�Ü
Bragg ,�-�s�Ê�*�º�Ë�Ì ��È�É Ò Ý�Þ�Ó ��Ü Bragg

,�-�E�Ê�Æ�Ç�Ô�y � ×�µ���Õ�Ö�z�×�ï�Ê ��Ø Ø
3.1 Ù�Ú�Û�Ü�Ý�Þ

ÛfÕf3fß �fØ Ü Bragg ,f-fs�ÊfEf¹fÆfÇ�Ò Ý�ÞÓ@àTá �@�@�%Ê %T± �@� ß 1 � Õ@Ö%Ï%Ó � E�¹ �
Ø Ø ç 4 è½Ê'&)â � &)ã ��� = Bragg ,�-�s (f =

0.4622)
� Ü Bragg ,@-@s (f = 0.6481)

àTá �@�@ä� Ó@$ % Ê@µ@�%Ø,ÐT[D\@F@]%Ò Bragg ,@-@s%Ê@�
�@ä@$ % Ê@µ@�@B d Ò/F%Ü Bragg ,@-@s%Ê@�@�@µ
� SDå Á k@¸%Ó � E@¹ P :*Ø Ý*Þ%ß æ@W�E*å@���
� �f�fæfçfè Òõé�ê � 8�ê �f� Û Bragg

� Ü Bragg

,�-�s�é���� ����ç�è p½ê�Ø
p =

3
∑

n=0

anJ0(Knr), (8)

í�î n
ß

0, 1, 2, 3 ����ê R ² E�ë/3�¸�E�ë/ì�¸�E��í ¸�E*Ø/î�ï*Ï�z/k�¸�é %ð± E�¹�=�ñ*Û �*Ý*Þ
ëfòfófé �f� W�Òiyfôfõ�áf¼fö�Øi� Bragg ,f-fsfF
]�Ò÷yf�f� �f�fçfè �f
�Û a0 =0.9436, a1 =−0.2325,

ñ
4 øúùüû ��	�� ô���ý�þ�ÿ¦ø��������������¦þ

( ��	¦ÿ���
 ��� � Bragg ÿ�� Bragg � �����
	�� ø¦ô�� � ý¦þ¦ÿ��¦þ ��� ����
¦ø������¦þ¦ü )
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a2 = 0.0591
�

a3 = −0.0089, ç�è é�	�m�����	*Û
σ = 0.0004 Ø;v�
�á���Ò Bragg Ö�×�,�-�E�é�} ` º
� Û ² E*Ò/y�
*Û�3�¸�E�¹*Ø/z�k�¸�E�¹�é�ô�õ*á
H�¼�ö*Ø/F�G Á ² E*Ðð[ Ò/3�¸�E�éð[���5 a Ø/�
Ü Bragg ,@-@s@F@]%Ò/y@�@� �@�@ç@è �@
 �@� Û
a0 = −0.5495, a1 = 0.9072 , a2 = −0.1457

�
a3 =

0.0168, ç@è é@	@m�����	%Û σ = 0.0006 Ø,Ü Bragg

Ö%×@,@-@E@é@} ` º � Û ² E � 3�¸�E@¹*Ò/y��@k
¸@E@é@ô@õ@B d Ø,í Á Ü Bragg Ö%×@=TvDY@Z@B@Å%�± Ef¹�Ë�Ìf�f�f��Î�é [19]

P ÎfÏf:f��Ø � à�á Ó� E@¹@é �@Ø >�� ��� S Ï Á ¬@Â Bragg ,@-@s@B
Å�Ò�Ü Bragg ,f-fsfÀ P z������fé�����«���Ò��fé
��Î Á k�¸ %'± E�¹ P :�Ø
3.2 Ù�Ú�Û�Ü����

Û%Ï@Õ@3@ß%Ï@Ò%Ü Bragg ,@-@s@é É�� Ò Ý%Þ7@�� ´ ,@-@Æ@Ç@é�!�"@V@
 ��#�$ ,@-@s�é ��%&�' Ø (�)
Ò+*-,T&D(@,@-@é@$ % R = 0.9, .@µ@y@#/

L Ø Ý�Þ Í�2�.�,�-�# / o 0.1 µ���ã 1.0 0�Ò Ü
Bragg ,f-fEfé � ×fofk � ±�0 ��%�1 ÒÊy$è�2 �f�
é@µ@�%æ%ç 5 è@&Dã%ë%ì%Ø/.@,@-@# / L = 0.5, à3 �@# / Ë@$@0%Ò/,@-@E è�2 ����4�5 1@2 ��´ Z
Ü Bragg Ö�×fé$è�2�Øi,f-f# /�6fa Òiyf¡�7fô�õfé
� �f�f��6 k�Ò ñ�
fz/k � éf� ��¤�8 � ,f-¼è�Ò�F0 � é@� � vDw@y � #@\@#%á@H�9�:@��; � ,@-@¬
­�Ò ñ�
f,f-f�fyfôfõ�áf¼�ö�Ò B�X�*fº�,�-fs�Ø ë
H�Ò ,f-féf# / µf�f��<�Ïf,f-fE$è�2 �f� éfµf��Ò= /�6fd éf,f-�Òiyf,f-fEfé$è�2 �f� > 6 0 Ø � ,
-f# / µf�f0�Ò Bragg ,f-fEf> P�>�? ÈfÉ Ò:æ�ç 5

è�&)â�ë�ì�Ø
y�
%Ò Ý%Þ *-,@,@-@é@# / L = 0.5, ªT&D(@,

-�é�$ % R o 0.1 µ���ã 0.9, Ü Bragg ,�-�E�é¼è
2 �@� µ@�%æ%ç 6 è@&Dã%ë%ì%Ø/ä@·@,@-@$ % é�@d Òi,f-fEfé$è�2 �f� B�A ± k ��%�1 Ò � S k�¸fE
¹féfôfõfB�A�@���ØiF/�fw Bragg ,f-fEfFf]�Òlvxw
k@¸@E@¹@B�B@}%Ó@�@ %Ò,ë�H�y ��% C Á ,�- = /
é d@a P :%Ø/y@µ@� Á ç 5 èDä@# / é@µ@�%Ð _ Ò
ä = / é�@���F ±�0 ��%�1 ( æ�ç 6 è�&)â�ë�ì ) Ø
Bragg ,f-fE � ,f-f$ % @ d�C 0.5 Ë�D�E�F ±�0 �%�1 Òi=�vxw � a $ % 0�Òi$ % é�.�µf��� � ¡  f�� é�u�G�»�ã�} ` +�¨�ÒlF�.�$ % d w 0.5 0�Ò)v)w
,�Gfkf¸fEféfV Á Òi$ % éfµf��Ùfô�õfB d Ï�Ø�H�Ü
Bragg ,f-fE�I P ·fÃfÄfBfÅfé ��% ÈfÉ Ò íf=�vxw� Ü Bragg ,@-@E èD3@¸%Ó � E@¹�B@}%Ó@�@ %Ò/$% éfµf�f�fyfôfõf5 d Øiäf·f$ % é�@ d Òi,f-��f3

¸fEfé�J�K �f��L 0 Ò�àf�f3f¸fEfé�M�N�N a Ø�>�Ù
= � Ò/$ % 6@d Ù@¡�7 Ó�O�P z@u�k@¸�E@é�� ��¤8 ã@,@- è0Ò/F � é@k@¸ %T± E�¹@º � 6 u�>%Ù �S y �f��6 k�Øiñ�
�Òi$ % �fB O�P kf¸fE�é ² Ef�� Ff]�Ò yfôfõfB d�Q Ff��wfk�¸�Ef� � � � Ò 6�d
é�,�-�$ % y�¡ ¤�8 é�� ����� > 6 k�ØR Ë*Ò/,�-�!�"�V�
�é�µ�����,�-�s�é�ô�õ�5d Ò/F Bragg ,@-@s � Ü Bragg s@,@-@© P y@� �
é È ã%Ø/�@w Bragg ,@-@E@F@]%Ò;vDw@y@Æ@Ç@º �
é�S�T%ÒU!�" = / é@µ@�*Ù�V ^ ô@õ*ã@y ¤�8 � �
é � #�Ø = / µ d y � ðf?fé � ×�Ù ±�0 ��%�1 Ø�W
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