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ÄuDÑÝ
{ïÄ
��Ø> Fibonacci aO±Ï(f¬N�DÑA5, '�
�� Fibonacci S�Ø>O±
Ï(f¬N��Ø>O±Ï(f¬N±9Ø>±Ï5(f¬N�ß�5. O�(JL²: �5ÅÏL��O±Ï(
�Ø>(f¬N��±Ï5(f¬N��¬k�Y�Ñy, �uyäkØ>5� Fibonacci S�O±Ï(f¬NB
�°Ýu)
Ð°. ?�Ú?Ø
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1 Ú ó

²;Å3EÜ(�á�¥DÂA5�ïÄ�
5�Úå<��,�. �5á�²1±Ï/ü
�/¤¤¢�(f¬N, ��5Å3ù«<óEÜ
á�¥DÂ�, ,
ªÇ��S��5Å¬�³
�, /¤(f�Y [1]. ±Ï5(��(f¬N®²
É�
2�'5, ¿�uy(f¬N�1f¬N
���3Û��!�¬�òU5!Kò�Ç�y
� [2−5]. O±ÏXÚ´0u±Ï���ÃSXÚ
�m��«;.(�, §�>f5�±91Æ5�
®�2�ïÄ [6,7], O±Ï(��(f¬N�5U
Cc5�Úå
IS	Æö�'5 [8−16]. duØ
>á�¥(|�>^|�mäk�ÍÜ�A, Äu
Ø>á��(f¬NU�(�'üX��5á�
kwÍØÓ [17−19]. ~Xù[�� [9,10] ©Û
�
� Fibonacci aO±Ï(f¬N�ß�5�, uy
O±Ï(�Ø=äk�°�B��Y��, ��
Y�\��Ýk'; Zhou � [11] ©Û
d�7Ú7
�¤��� Fibonacci aO±Ï(f¬N�ß�5
�, uyO±Ï(�¥B��Y©��ü�½õ�
�Y, Ó�k�UÑy�pª�½$ª�£Ä; o
Â²� [12,13] òØ>A5Ú\�(f¬N(�¥

�, uy�Ø>A53�½��S�ÅCz�²w
K�(f¬NDÑA5. ±þïÄý«X3�Ø>
A5Ú\�O±Ï(�¥���5�þu)UC,
�±¼��°�B�½Ñy#�B�. �©òØ>
5Ú\��� Fibonacci aO±Ï(f¬N¥, ©
ÛØ>5±9\��Ýé��Ø> Fibonacci aO
±Ï(f¬NB��K�.

2 ��Ø>(f¬NO±ÏS��.

duØ>(f¬N�ß�5Ø=É�|¤á
���5Xê!Ø>Xê�5��K�, ��
á��ü��ªÚk�^Sk', Ïd�©ïÄ
�O±Ïü��ª� Fibonacci({�� FB) S�O
±Ï(�, FB S�O±Ï(�®²�A^uc>
N [6]!O¬N [7]!1f¬N [8,9] 9(f¬N [10]

�+�.

FB S � � d S � ' X A→AB, B→A 5 �
). 1 1 � FB(1) l A � � m ©, c 5 � � S
� FB(1)· · · FB(5) © O ´ A, AB, ABA, ABAAB,
ABAABABA. ��Ø>O±Ï(f¬N Fibonacci
S�Xã 1 ¤«.
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ã 1 ��Ø>O±Ï(f¬N Fibonacci S�

^ F L« FB S���ê, R L« FB S��
�ê. 3 FB S�¥ A � B ��ê'TÐ�u�
7©�', Ø���mäkg�q5, ���m
�äkg�q5, ù´Ï���O±Ï(��w¤
´��±Ï5(�3��þ�ÝK [15]. ��O±
Ï FB S��,Øäk±Ï5, �§´�§½�k
S� [16].

3 ÍÜ�§9ÙÏ)

æ^ £|�>^|ÍÜ�§, �5Å3äk
Ø>A5��0��¥�DÂ1��±L«� [17]

c∇2u + e∇2φ = ρ
∂2u

∂t2
, (1)

e∇2u − ε∇2φ = 0. (2)

�Ä3 XOY ²¡SDÂ��CÅ, é R = N

Ø>(f¬NÙ¥1 j �, þã (1) Ú (2) ª(Ü�
�¤

∇2u =
1
v2

∂2u

∂t2
, (3)

Ù¥ v =
√

G/ρ ´�CÅ�Å�, G = (c + e2/ε),
(3) ª�Ï) (yj 6 y 6 yj+1) �±�¤:

uj = (A+
j
eikj(y−yj) + A−

j
e−ikj(y−yj))ei(ωt−kxx),

(4)

φj =
[
(S+

j ekx(y−yj) + Sj
−e−kx(y−yj))

+
ej

εj
(A+

j eikj(y−yj)

+A−
j e−ikj(y−yj))

]
ei(ωt−kxx), (5)

Ù¥ A+
j , A−

j , S+
j , S−

j ��½Xê, kx � x ��þ
�Å¥, ky � y ���Å¥, ky =

√
(ω/vy)2 − k2

x.

4 ��O(f¬NS��D4Ý


3��O(f¬NS�� j �Ú j + 1 ��>
.?÷v±eî� £!>³!AåÚ> £¥
þëY�^� [18], =

uj = uj+1, Tj = Tj+1, φj = φj+1, Dj = Dj+1. (6)

ÏL�½Xê�¤¥þ Aj = [A+
j , A−

j , S+
j ,

S−
j ]T, òþã� (4) ªÚ (5) ª�\ëY5^� (6)

ª¥, �n��±��:∣∣Aj+1
〉

= M (j,j+1)
∣∣Aj

〉
, (7)

Ù¥:

M (j,j+1) =


−∂+λxy− −∂−λxy+ ηfxy− −ηfxy+

−∂−λxy+ −∂+λxy− −ηfxy+ ηfxy−

(1 − γ)λy (1 − γ)λy −β+fy −β−fy

(1 − γ)λy (1 − γ)λy −β−fy −β+fy

 , (8)

107702-2



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 10 (2012) 107702

þª¥:

fy = exp[−kx(yj+1 − yj)] = 1/fy,

fxy∓ = exp{−[iyj+1k
j+1
y ∓ kx(yj+1 − yj ]}

= 1/fxy∓,

λxy∓ = exp{−[iyj+1(kj+1
y ∓ kj

y)]}

= 1/λxy∓,

λy = exp(−iyj+1k
j
y) = 1/λy,

α± =

1 ±
kj

y
cj
44

kj+1
y cj+1

44

 ,

β± =

(
γ ± ej

15

ej+1
15

)
,

η = i
kx(ej

15)
2

kj+1
y cj+1

44 εj
11

(1 − 1/γ),

γ =
ej
15ε

j+1
11

ej+1
15 εj

11

,

c44 = c44 + e2
15/ε11.

Ï L (7) ª � ± � � ß � X ê T =
|A+

n |
2
/

∣∣A+
−1

∣∣2.

5 (J�?Ø

O±Ï(��,Øä�á§kS5, �´Ù�
§½�kS5�/¤U�(�ME
^�. �©À
Jn«|Ü�¹?1©Û, n«|Ü¥ A, B á�©
Oæ^ PZT5H ���ä�, PZT5H (Ã4z) ��
�ä�±9 PZT4 � PZT5H, O�¤^Ø>ëêX
L 1 ¤«. z��þÝþ�� 1.2 mm, §�þ±�
G�U/¤ FB(9) S�, = F = 9.

L 1 ��O±Ï(f¬NO�¥¤^ëêL

PZT-5H PZT-5H (Ã4z) PZT4 ��ä�

�Ý
7500 7500 7500 1100

ρ/kg·m3

�5~ê
2.30 2.30 2.56 0.13

c44/1010 N·m−2

Ø>~ê
17.0 0 12.7 0

e15/10−12 C·N−1

�é0�~ê
3.13 3.13 1.47 0

ε11/10−8 F·m−1

ã 2(a) �±Ï�ê R = 54 �, äk±Ï(
� � Ø > ( f ¬ N ß � X ê T � ( f \ � ª

Ç f �Cz�, Ù¥ A, B á�æ^ PZT5H �
��ä�; ã 2(b) �O±Ï FB(9) S�(�, �
ê R = 55 �Ø>O±Ï(f¬Nß�Xê T �
(f\�ªÇ f �Cz�, Ù¥ A, B á�Ó
�æ^ PZT5H ���ä�, �±wÑá§ÃS
éuB�(��»�. éu±Ï5(�� N =
27 (o� 54 �0�) �ß�Ì¥wyÑü�²
w�B�, B� �©O´ 1.73×106—3.26×106

Ú 4.39×106—5.07×106 ªÇ��S, éu1Ê
� F ( � (0 � � ê)  ó F = 55 % k n �
B�, ©O u 1.68×106—3.31×106, 4.35×106—
5.09×106 ±9 5.32×106—5.47×106 ªÇ��S,
¿�cü�ª�°Ý�±Ï(�k¤Ð°, Ó�u
yÑyA����, ù«y�aqu�¬N¥Ú\
,��éÙ�Y�N!õU, ùp FB (��á§
ÃS5Òå�
¬N¥,���^.

ã 2 ��(f¬Nß�Xê T �(f\�ªÇ f �Cz�
(a) Ø>±Ï(� (R = 54); (b) �O±Ï FB(9) S� (R = 55)

ã 3(a) �Ñ
 A, B á�©Oæ^ PZT5H(Ã
4 z) � � � ä � �, � � Ø > O ± Ï ( f ¬
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Nß�Xê T �(f\�ªÇ f �Cz�.
l ã ¥ � ± w Ñ � � 3 n � ² w � � Y, © O
 u 1.76×106—3.27×106, 4.43×106—5.03×106 ±
9 5.34×106—5.46×106 ªÇ��S. ã 3(b) ¥ A,
B á�©Oæ^ PZT5H ���ä��, Ù¦^��
ã 3(a) O��¦^�ëê��, '��uyéuO
±Ï FB(9) S�(��(f¬N, äkØ>5� FB
S�O±Ï(f¬NB�°Ý�ÃØ>5��Ó,
�´B�u)
Ð°, ù«Ð°´dØ>5�Ú\
¦�á�����5�þUCÚå�; Ó�Ñy

A���ªÇ� £, ���éAu(f�p��
��\�Å-uÑ5, §Ø=�6u\��Ý, 
���(�k'.

ã 3 ��Ø>O±Ï(f¬Nß�Xê T �(f\�ªÇ f

�Cz� (\��Ý θ = 30◦)

éu FB (�ó, Ùß�Ì�3ØÓ\��
Ýe�kXwÍ�ØÓ. A, B á�©Oæ^ PZT5H
� PZT4 �, ã 4 �Ñ
äkØ>5� FB(9) S�O
±Ï(f¬N�ß�Xê T �(f\�ªÇ f �
Cz�, Ù¥ã 4(a) \��Ý θ = 10◦, �Y©O

ã 4 ��Ø>O±Ï(f¬Nß�Xê T �(f\�ªÇ f

�Cz� (a) θ = 10◦; (b) θ = 30◦; (c) θ = 60◦

 u 3.28×105—4.11×105 Ú 5.48×105—5.74×105

ªÇ��S; ã 4(b) \��Ý θ = 30◦, �YK
 u 3.38×105—4.29×105 Ú 5.60×105—5.91×105

ªÇ��S; ã 4(c) \��Ý θ = 60◦, �YK 
u 3.76×105—4.68×105 Ú 5.69×105—6.02×105 ª
Ç��S. lã 4 �±wÑ: äkØ>5� FB S�
O±Ï(f¬NB�°ÝÚ ��\��Ýk'.
ã 5 �Ñ
3�½ªÇ f = 3.4 × 105 ?��Ø>
O±Ï(f¬Nß�Xê T �\��Ý sin2 θ �
Cz�, lã¥��Ù/wÑ(fß�5�6u
\��Ý�À�. 3¢S�¹e, �±ÏLUC\
��Ý5ÀJÜ·�ÈÅA5, ��±3�½\�

107702-4



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 10 (2012) 107702

�ÝUC�þ�Ä:þ��Ñ½�ÈÅì�.

ã 5 ��Ø>O±Ï(f¬Nß�Xê T �\��Ý sin2 θ

�Cz� (f = 3.4 × 105)

6 ( Ø

nþ¤ã, FB S�´�«��O±ÏS�,
��Ø>(f¬N(�äk�\´L�ÔnS
º, ¤±ïÄ��Ø> FB S�O±Ï(f¬N�
DÑA5´k7��. �©ÄuDÑÝ
{ïÄ


��Ø> FB S� (PZT á�) O±Ï(f¬N, �
±�Ñ±e(Ø:

1) 3 FB(9) S�eØ>A5Ú\�B�°Ý
u)
Ð°, ¿��p�ªÇ��S (5.32×106—
5.47×106 Hz) Ñy
#�B� �, ù´dØ>
5�Ú\¦�Ø>á�����5�þUC
Úå�;

2) \��Ýé��Ø> FB S�O±Ï(
f¬N�DÑA5ké�K�, (JL²3��
Ø> FB S�O±Ï(f¬N¥(fß�5�
6u\��Ý� À�, (fß�5É�ØÓ�
�m� Bragg Ñ��pÍÜ�K�, ��m�
p Bragg Ñ��\��Ýk';

3) �±ÏL�OÜ·�\��Ý5��Ñ
½�ÈÅì�.
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Abstract

The transmission properties of phononic crystals in one-dimensional piezoelectric Fibonacci quasi-periodical superlattices are

studied using the transfer matrix method. The transmission coefficients in piezoelectric Fibonacci quasi-periodical superlattices are

compared with those of the phononic crystals with periodical structure and with non-piezoelectric Fibonacci quasi-periodical structure.

The results show that the band gap can also be found in the phononic crystals with both piezoelectric and non-piezoelectric Fibonacci

quasi-periodical superlattices, and the frequency range of the gap in piezoelectric Fibonacci quasi-periodical superlattices is larger than

those of periodical structure and non-piezoelectric Fibonacci quasi-periodical structure. Furthermore, the transmission coefficients

are studied as a function of the properties of the material and incidence angle of the wave. The results show that the transmission

coefficients in piezoelectric Fibonacci quasi-periodical superlattices are correlated with incidence angle of the wave.

Keywords: phononic crystals, quasi-periodical, piezoelectric
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