Frastfahesdti
7 & BN P 4

AR
b FIELF

EEARMNEEETETE
E 7Y ¥ 2 4 H-1& EDAADB:A-PPPH: B




A R Becfing flaotony University
/& Tustitute of Engineening Wechanies

— ) AEMREGEFT DA

=) HaZEF ok (BRMRF RAH)
=) BT B FAFAE— T

) SRR

£) FIRiAE—FIRIAE

X)) FREMGEAESE

N feir s R B B ik

) R#

RBR  Wang Yue-Sheny




A ‘ASY Becjing Yiaotong Univernsity
-E%Hb%fi‘m?ﬂ; E‘_l 7

Tnstitute of Engineening Mechanics

—— kT Bl R%s s T GERD #Hig

ekt TS T (R, Bravaistg 1)
R —R/NAMIEIT (SR

MR: R=la +la,+/a,

g - ER . 6
@ S %}{_ﬁ: , E%ﬁ Primitive Cell
r=r,+R

VBHRE  Wang Yue-Stheny




A %r-, 23 BN 3 Becjing Yiaotong University
'%—] 44‘ At };- TIustitute of Engineening Mechanics

VHBEESLE B EAPE:  V@e)=rV@e+R) = Fourier#
Bk FREER:  G=nb,+nb,+nb,
a,-b, =275,
b.b,,b, — BIFTEREK, [KE]!
Vm=;n#*
) v <ear

BRI . o .

RBR  Wang Yue-Sheny




[
[
TT1

i Fizz)] GERD

Schrodinger T FE(ER): {—%Vz + V(r)}y/(r) = Ey(r)

> V(r+R)=V(r)

Bloch#Z(EH):  y,(r) =1y, (r agiiti

> u, (r+R)=uy, (r)

Wy (l‘ + R) =Wy (r)eik'r

Vi =Vic (kS=k+GR)

VR Wang Yue-Sheny




A SAL Y2 Becjing Yiaotong Univernsity
-E%Hb%fi‘m?ﬂ; 6_4 ™

Tnstitute of Engineening Mechanics

BrillouinX (ZF—~, fA41~) : BHMNEAHEREKEK
3 545 1H B B 1 X 3

| /]

‘

NN
@ » - g B e«
ol A - o S
AN “ vy B=K B v
A <& A e
o — M Bk B s
__ _, < Bl #AK O #xx
K A )
=a, s -
: B sax 1 | REINS
) A M six Bl s
5 7 : B st

¥ .

RHRE  Wang Yue-Sheny




A 7 ~ Becjing Yk Uaivenoc

Y b

Sl LR kick

Vir)=0
l E (@) E (b)

Wk (r) — Q—l/Zeik-r /

!

E()=hrkK /2m B(CYBRR — 4k B e TR R AR GELL)
@F BXTE;: (b) ARG

Anxfa 2nfa -mla 0 mla 2mla dwia k -tla Tla i;

HEIRE KR!

VR Wang Yue-Sheny




BE A T b AL S —

Tnstitute of Engineening Mechanics

T H AT AR A

I
v,
? i l —37zl/a—27.r/a—7zl'/a 0 7la27la 3nla Kk —la 0 7xla k

—4EIT H R ) R R B
@F BXTTHE; (b) WARXITTE

FE

L, F ik £k%E AEBrillouin X F@ LB, BP 4%k & AkégBlochE &K K% T
Bragg&AHad, RHFEZ B RBGERM, BRSNS EBEAMT, FIREK
AR T, HaIiik, MdmikaeiEd BAEF, BPEAFR, FEsi
REEH ., TARFTRBAENS %%&:é’JBrag,g%i%ﬁ A X

RHRE  Wang Yue-Sheny




Becjing Yiaotong Univensity
Tnstitute of Engineering Mechanice

=4

AEEMDOS): HBAAFIFBA RE R
5] FB(E~E+AE) N A K% B (A42)

Energy (eV)

. \ . AZ
DEERE: NE)= hmﬂ

. Valence bands

Ly =

I 15 10 05 oL r X r

BR ob e

| dAv=dSdk SHEEDOS) He'T
/// (B R)
ds <dk
(27) 7| V.E |

RBR  Wang Yue-Sheny




4 Ay T o AL

Becjing Yiaotong University
Tustitute of Engineening Wechanies

RORG AR

b oA LA R enRET, BRTFZ 694
YR, RERIRZHFE—RAT BAGRF,
HIMEE BT R BER A ¥R, BT EeYE
HE A BERANBTEZRGERARE, 3%
Pl 1A

R A SR B RETFAINHYRALEE
MWM%T BeyRiE, AR ELE
BT RTFARGETFE, sTEMEEBREE
AR R, XU, 2469 B Bk AR R
A RS i

' 1/a
J5T [EEEEN

BOR A B AR R SR T
RERT FE A HEHT

YRR Wang Yue-Sheny




A Ba k% (Kronig-Penney i ).

E
=N 4P’ -
\ ’
V@) V, N bd /!
\ "/\' /
v N s
\ /
\ :’\ /‘: /
NS
-d, 0 d, Z a xld wld ala
. 045
d (_d1+d2) > a 040K,

0.35
0.30f

0.25F

HERRE eV

0.20

0.15

0.10

0.05f

GaAs-Ga, Al As

s 3 e omt
B0 22 Y 9w /nm

VR Wang Yue-Sheny




L SA N2 Becjing Univensc
-E—] 47‘,& ﬁb % }VE'L/E}'P}LIJ‘:Q_H e 7

Tnstitute of Engineening Mechanics

R (RE ) IS - R TH A ZR LA -

Rey(z) A

Vaccum

R TH] - J& 39 1 O BB

1D: W, (r)= Ae*
Im(K)=0KF, ¥ A
Im(k)>00}, JRBAEE L) /

3D: v (X,2) = 4, (X)eikguxeikzz ‘ o IR

R E WL
Im(k//)=0ﬁ‘j" X-YSIZEV‘]F@%%;
Im(K,)>08F, zJ5 [ R GE &)

7% i ---- X S B R - SR A (R A )

VR Wang Yue-Sheny




M E ARG B PLAT |,

Becjing Yiaotong University
Tustitute of Engincening Mechanics

ol }_...
T F--—-Anderson 5384 ; ; T “?E:

AERBlochifi, E(RHER, ATHEHEE.

TP K LLBUNE, &R AN BT RS
TP 2B KA, 8N EBE.

SIS T T B> B- G R =57 Sk (Mott)
(Anderson#%7Y)

R GERLE. KEERE, B <> TH)
T RA < EAS > g8s

DOS
’“% 1 VI
-E\ 'E
. AN
\ /
/N

YRR Wang Yue-Sheny




a Becjing Yiaotong Univernsity
-1 3 Tustitute of Engineening Wechanies

Optical phonpn branch waal, i Lo ® ofpites
&

[x3
=3
v

S
=)
SJA
>
w2
>

IR R meV)

n-3 7n-1 In+1 2043 Acoustical phgnon branch

2
o
=
[
=] A A i
i
305
! %
B
.
=
+
3
]
in
=
=
2
e
/i//
=~

m]m
S
NS
Q2

(10,0 (1. 1.0 00 ey

TG (R = J6T ik (1987)

Py MR 22?2 (1993, Kushwaha, et.al. )

YRR Wang Yue-Sheny




)] B T SRR A TR R s s

ﬁﬁﬁﬂﬁ%ﬁ(ﬁ%ﬁﬁﬁ%&?@’%, o P VB 2R3 )
— MR EH N EEAREELN FERECCE TR)

— M EHE SR
4, 24, 34 [E-FE. EH-#%. FE-X)

RHRE  Wang Yue-Sheny




P T aih—tTFahth—aF (dk

) Becjing Yiaotong Univernsity
Tustitute of Engineening Wechanies

i 4

il TR

== Jtltirrr’f“fi

A JB 4 1l

CH#R

f'rFi' |tirrr’|'“1‘=:
ok E oy )

EEES AN o R TR Z
£ Rk ) 355 A B

P A o L b e R A
2H R 11 32 5 A iR

ey
[

Wil R L e

e, JR
|

P EH G T v H B

o EH G v Ji aa s BE HIR
PE A E (ol P i )

i 1~ 54 0.1 pum—~1 cm -
(=] sulda gL .-ﬁ-..llI 3 Jil
St R AR, ) €A A T 2 ) ITREER
R, de Broglie i# e e CER L ) i gL e
I AT T x e
CHEF) (P~ u

1t e

_““— r.l"“_—

g "~ [
e

T )t

(1) u

~ T\

W) i
(‘J{b‘—)’xurﬁ'ﬂ'}

"

"w—!:q-——)_f AR

n” 2 - —T!;E':'quf
ean ke | Tam VTVEW o Lee(r)ae, , + 10, D1, +
) -2
o g Ty, A = oSt
=ik v =M, =7 [ = =2
: |{i1:'-’ 4 W =h_k_ CHL- =) = ck CRE 1) (i) = L_.ﬂ,' a1 oy = ol CRE-)
F B 2 m JE
B (5% 45 3 18 1 i 18 Bifd J52 = Jo B 2 | M, — M, | BT L F A | s, — 55 | Bl o B FE 2 | o, — o |
Hr Bt - (265 i 1 A, SR TR (T 265 v 465

K, LW FEALFE

P R o

TV EAFTE

T & e

W4 10 [

Foek ruiny . flciee .
et H X ek

or =1 GH=z
TG S 5 ) 4 FH e S A
E IR i G g (M

fiide . i

=1 GH=

Kushwaha, et.al. PRL, 1993

RHRE  Wang Yue-Sheny




B SRAEAE BT FE A I S Sty Uiy

~ Juotitute of Engincering Wechanics

Bragg i A1 2

BB

7 e B35 ) Bragg U

uw
[=1 N
w
[+
=1 —
[=]
L — H
= . F SEE TR m i a
[ T e S S T - N (N R B i M .:-.:-.. :-."-. r:'“
] F ¥ L]

EEEEEEEEEEEEEEEEE

4,

AN

/

Kushwaha(, %/21% )PRL, 1993 I o T

KT s R (SRR FEER)

RHRE  Wang Yue-Sheny




Y] Beipiny Jeaotouy Univeracty
= Dustitute of Engineering Mechanics

Smm

Helmholz Ft3E iz
KRR
Liu, et.al. Science, 2000 BT B KRR
(BE IR B ERIFAED B> g R ~T

RHRE  Wang Yue-Sheny




g Becjing Yiaotong University
~ Dustitute of Engineering Mechanics

— NE B ST SR AR SE

PHIEF DR A3 ERRESE — 2 2h b e s

e
-

ey e T 7

=

Sound attencation (dB)
1 1

i ! .
Sound frequency (kHz)

Martinez-Sala et al. Nature, 1995.

RHRE  Wang Yue-Sheny




P R ATAE— IR R ARG s Foior Vs it

Tnstitute of Engineening Mechanics

transmission (dB)

frequency (kHz)

R B,

Khelif, et. al. PRB, 2003
(Steel/Water)

350
300

250F

200+ .

150F

100E.
50(

0

= ; , . 5 |

malc

25

20F
158 F

10F

L e i
05 .

Yan, et. al. AMSS, 2008

RHRE  Wang Yue-Sheny




P R ATAE— IR R ARG s Foior Vs it

Tnstitute of Engineening Mechanics

transmission (dB)

0
10 F
-20
-30
a0 A s, it
-50 Dot ek ARITDE
oo liis . EEASES
220 240 260 280 300 320 340
Frequency (kHz)
I

Khelif, et. al. APL, 2004
(Steel/Water)

350 =
400
250)
200k

150 F

frequency (kHz)

501

Yan, et. al. AMSS, 2008

V3 2 Rt

Wang Yue- Skeny




Becjing Yiaotong University
Tustitute of Engincening Mechanics

A

R PALAS

u (r, t) — ei(k// 'x_a)t)eikzz Z u, (G)eiG-x
G

| —real number (Imk, >0) : R (SAW)

i W It
. material B

k, =k, (1+ig) (Imk, <0): HREH(PSAW)

surface SAW Amplitude
PSAW
Y Z

(PSAWs become bulk waves asymptotically)

YRR Wang Yue-Sheny




Becjing Yiaotong University
Tnstitute of Engineening Mechanics

Wu, et al. JAP, 2005

Zn0Q

g
§
5
g
WAL R £

----- with phononic crystal (set 1)
— — — with phononic crystal (set 2)
120 T T T I T I T
120 ™ qe0 "™ a0 9 ae0 M 2g0
Frequency (MHz)

B =

SR

NEVHE SR

f Yan, Wang, PRB, 2008

YRR Wang Yue-Sheny




Becjing Yiaotong Univernsity
Tustitute of Engincening Mechanics

Receiver

e/ /s 1 /5N

=
h,
j’: Substrate
. Gao, et al. APL, 2008
h, C
I _ Input Qutput
’le B Transducer PC  Transducer
hy D ¢

Normalized frequency (@ a/C))

Mohammadi, et al. APL, 2008

Reduced wave vector

RHRE  Wang Yue-Sheny




> ~ N2 Becjing Yiaotong Univernsity
r ]léj éﬁ }l‘-z }ﬂ F]'J ‘%_1 72:5:: of Eazgc‘nemm;:::;mm

TR < RERE, FiRikKE

filtered filtered

000000 Silent outside in frequency regions of
000009 Pandgaps

RHRE  Wang Yue-Sheny




IR R R

Becjing Yiaotong Univernsity
Tustitute of Engineening Wechanics

7E [e) 4R 5

150

Front crystal

LB N

L L L

$HitHEaL dases
o

‘e

T: - e 8

(N N ]

[ N N ]

[ N N ]

*ee e

tritel Back crystal

i
=10 0 10
x'a 200

L L N N
LR N R
LE N NN
LA R R B

LA N
[ N KN
*e e e

Pulser/
Receiver

-
L]
L BN N

...g
LN KR N

[ B R ]
L]
L
L]
[ ]
L ]
[ ]

LR R N NN N N N
LA R NN NN NN}
L R N B N N N K

sEEEEN HESS

Pinducer

0.008000
0.01200
001600
002000
002400
0.02800

Ke, et al. APL
2006 (Steel/Water)

0.03200
0.03500
004000
L4400
|M4800
005200

D.O5500
0.06000
0.06400
00800
007200
CLO7E00
008000
008400
0.06800
0.06200

0.09600
L1000

YRR Wang Yue-Sheny




PR SRR e

Tnstitute of Engineering Mechanice

RiRfE < KRBt o MIEiRE

transmission {dB)

A A A A B A A |
. NN Y .
‘\__.:I v I\h/l .

transmission [dB}

transmission (dB)
o
I

V)
(=1
T
.
- a
]
L=

150 200 250 300 350 400

Frequency (kHz} 00 Lr [ T ——— !
I]ﬁ }_?_\Z'i,% (Steel/Water) Wave vectorak
%
Khelif, et. al. PRB, 2003 @ EF, N LmkER, 2010

RBR  Wang Yue-Sheny




> > ) Becjing Jeastong Universé
E‘b@-‘" J l’ij éﬁﬂ}ﬂ ﬁﬁ-%_4 7@525%@%&2@

ZZE < EREt © BES

TRANSMISSION (dB) TRANSMISSION (dB)

l’n -10 20 530 <40 O -0 -20 -30 —1111

Fa T T ! — = e
TIITTTTT T T I r - o r 110
T T I T Y] .
asseeasaDERE N
000D DOBD T <L 2 L lg
SEDHEAABBBDS =
TIII IS TTT
eSS EIRROED E
SRS FEREERGRRRE " _ : 1

—l SRRSO EEEOONE D E b 6
asseesasRGEROEBREE o
asddadElOBDBOBEDE =4
SEPGFEDO DRI BDOE 4k o 4
TITIIe LTI o
SO O DR DEEDED ]
T I T E YT ITE IR 1Y ] e
eSO R RN ER AR ORD s [ ] === 5
@ SEROeAORDRRRRDRRDD - | = &
asseasdsOGEEOORRGE — T —_—
s —
|| i L I — ta
I
WAVE VECTOR
TRANSMISSION (dB) TRANSMISSION (dB) &" band
[+
I20 -5 -10-15-20-25 -30 o -5 -Iﬁ-IS-20-2S-3ﬁ2 06

'E )N
15
-h 121

[TUREIEENE R LR TS

(] e 8 b
_H\’ —

FEEETEE R EEEN TR

e i 16 ™ band

000138 30 AT5 200 615

/
)

FREQUENCY (kHz)
ok (=21

\

1 i i i 1 D il

X
WAVE VECTOR .

PVC/air Vasseur, et al. Z. Kristallogr, 2005

RHRE  Wang Yue-Sheny




LI : 22 B Becjing Yiaotong Univernsity
}’ l%] éﬁ}i}ﬂ ﬂ'.] N 5 %«:Z of Engineening Mechanice

Torres, et.al.
Ultrasonic

2004 (Hg/Al)

Khelif, et. al. APL
2004(Steel/Water)

Zhang, et. al. SSC, 2004 (Water/Hg)

XXXEKXX
IXEXEERY
@6 0000
ok X KoK X Xo
0000 ® @ ®
©® 060060
€0 2660686

© 0@ @

RHRE  Wang Yue-Sheny




Becjing Yiaotong University
Tustitute of Engincening Mechanics

10

ot

F/ TR
ZN e 1IN R S af
% a0 Iy 2-

vl VAN 52 g

1|=| / J] JitVﬁ == s0f (@ 1
B0 _

-0

250 260 270 280 290 300 30 320 330
Frequency (kHz)

0
5+
-0 |
a 15+
=
S 20t
8
g 251
=
o
= 35
‘40 -
‘45 -
250 260 270 280 290 300 310 320 330
Frequency (kHz)
0
-10 F
g 2f : g
g 5]
= o
Benchabane, et al. " ol £ ©
c
R0k
EPL, 2005 (Steel/Water) -
-70 L L L L L L L _m L L L L L L L
250 260 270 230 290 300 310 320 250 260 270 280 290 300 30 320 330
Frequency (kHz) Frequency (kHz)

RHRE  Wang Yue-Sheny




)

Becjing Yiaotong Univernsity
Tustitute of Engineening Wechanics

!

Port 1 Port 4

-
o .=.='*_==.
stubs w:. % 4 ';z‘/ ='— stubs
0000
o8 ™ & & £ 000

52 s

Port 2 Partt 3

Pennec, et al. APL
2005(Steel/Water)

Sun, et al. PRB

sasisiannnny 2005(Steel/Epoxy)
(©) /=121 kHz
------ o
******* L
280 Frequency (kHz) 300 Frequency (kHz)
0 250 300
0 L1 11
o )
D 10
2 10 3 (o4
2 E i Port 2
E 4 [ 1} . Port3
: : -20- ANE W
= 20 ﬁ J!r . ]{ . ‘ i
& & =ﬂ,{{‘u§ ]‘:

301

-30 -




Becjing Yiaotong University
Tustitute of Engineening Wechanies

T ERS
=15 Pennec, et. al. PRE, 2004 (Steel/Water)
A 0000000000000
sescasss 2000000000000
Soeeesssssce, 0000000000000 i) =)
NSRS 0000000000000
Teasgeiesese eletelel =) 0000000000000
e et eeeccccecC00e
eeetste’s , 90000000880 O O ki ==
I 000000000COC0O0®
i 0|o.ooooooooooo
Z® Y
Input signal Input signal
158 AP 15 A 8L
o 4
. 3
- -h+
L e
o
g0 8 ;-f,‘ w0 -
05— : 105 —
Torres, et.al. Ultrasonic, 2004 (Hg/Water) S ———. ———
YRR Wang Yue-Sheny




O] FrEeERTE,

Becjing Yiaotong University
Tustitute of Engineening Wechanies

G o BEMRE < FRER

j o0

100 50

100
200

150
300

200
400 250

Torres, et.al.
Ultrasonic, 2004 (Hg/Al)

image

Li, et al. PRB, 2006
(Wu/Rubber/Water)

(@) l‘/ Pinducer (b)

i e P Crystal /\ d,

Substrate

bHydrophone

Yang, et al. PRL, 2004 /2

145
150
155
160
165
170
175

Distance from the sample / 4
¥/ d[dures ay) wroxy 2duESI(]

180

08T 09T O¥I 0TI 00T 08 09 OF OC O

YRR Wang Yue-Sheny




6 B T e

line source

*%thﬂ?raaﬂ-‘ R =
S B P

’
(3 « = slale l'.'.‘.‘..l o : (] ’o'. l‘c - s s &
o o o o o o oWelhe l‘l‘l‘."..‘. f‘. : * s s »

e e o " 0 0 00 o'n'o'-‘..ofo!_.l.-. o e o0

. % & & & & & 5 8 % 0 0 " 88BN
& & & & & & &5 & & & % 5 & B B B B B B BB

............... line source

! ' *i .

-
T
a
Hl"
f; |

BA AR EBAERRBERAENDS
LR E R R L L RS R LRI ]

Lin, et al. PRB, 2009 Lin, et al. JAP, 2009

RHRE  Wang Yue-Sheny




AN S . . Becjing Yiaotong Universé
@EE& ‘f—baéﬁLEZﬁﬂiﬁrg%Jl %;ZiQZ;M%QZa

3

i =

I
I
=i
2k
| |
4
R

< wer |z ce
Water |‘_ Superlzttice _'I |'— ML _"| Water

adfei R
" EE@@aGJ@{33@@GEQG@@@B‘_;@E@@&@@@QQQQQQK

+ 000 0 6 0 0 0 0 0 6 0 8 0 8 e & —=(f{= =

609 90909.0.0.0 008 '3@?."’. . Transducer Transducer
90 00000000800 E,

2000089 000000 6

0 000 0 0 0 0 0 0 0 00 90 @

0%6%%%6%:%0%5%5%:%° 1;»@'

%6%:0606%: %5800, 0, @@. '. . .

5% @@@@@e@%@@%@@?%’. o000 Water L g iperiattice —| e NLM ——]  WVater — k
2090 0 0 0 0 0 B AL

©,0,0.0 G.A.a.0.a ® . S

oo o o atransmitted ed

e’ele’e’e @/ <
28089

%)

ST e ee sy Ak A
5000000006 O Liang, et al. Nat. Mat. 2010

&)
P
;ﬁ‘..........r

1000000000000,
> <

i )
scle
Siele

O

Junction diode

A XU T dn AR 5t
Cicek, et al. APL, 2012

11.0 kHz

m 1m0 W 1w m CEEC]
Simulation Experiment

Tanaka, et al. JAP, 2012
Li, et al. PRL, 2011  F 38/ = 5

RHRE  Wang Yue-Sheny




Becjing Yiaotong University
Tustitute of Engineening Wechanies

—~
O
~
\
11

=Lt

S EL VAN 271 I (VAN

EiRay . 2R, e, PEiE

YRR Wang Yue-Sheny




> : =22 e Becjing Yiaotong Univernsity
}’ l’ij éﬁﬂ}ﬂ A T 13 7;2%/5@%@%%%@

5 BEHR) R B
_ f mﬁ o] S“\s” T (p=a) Lo &

| T
e SAMPLE p=a
i el e s
9:— dl ﬂ\
* - mﬂ mu
Incidence at Incidence at
0 degrees 45 degrees \-/ﬂ\/ \/\’ L\} IHE

Figure 1. A body centred fish school unit.

Alvarez, ICES_JMS, 1999 ' Martinez-Sala, et al. JSV, 2006

Jiang, et al. APL, 2009

R Wang Yue- Stheny




Becjing Yiaotong University
Tnstitute of Engineening Mechanics

HRUEELE . S S RE S

P HEAR . SRR R T

HET AR TEAR | iE?Ett

HEME (ERIA

MRS <&}#/®% /75 BEBT)
G LR ...

ARREG TR — AL

BRI, NSNS E = FEHEmR
— BB AEE = B R

VBHRE  Wang Yue-Stheny




j o Becjing Yiaotong Univernsity
) Dustitute of Engineening Wechanico

o7 e

3

AL H T A IR AR (24 E/E) ¢ g{g

— @ p(r)uy(r) = [koA(r)ug g(r)] o + {(r)[uy 6(r)
+uge(r)lt s a.B=xy. FHIEBEERES

- @°p(r)u (r) =V[ar) Vu(r)]  RAFEBEBELS

_ ]._, I Qg
p(r) = 0 ;
pilpy T E L) Cril Cp=v\(y/ m2)/ (py/ ps)

N/ha=(py ) (e 1a) ke =2w/(1-2)

L e 21/ 2= (1) 12) (1 / o)

) = {ﬁl’##za reQ, |HEWplp,, BERE c/Cc,
| B2/, BEF 7,/2,,
AL v, & v,

I, rel),

i(r)—{

RHRE  Wang Yue-Sheny




3
<3
oy
)
o
o8

Becjing Yiaotong University
Tustitute of Engineening Wechanies

A AT &

) P
impedance IGE[T]
ratio = | N A

xﬂ\\

£
#
&

'\\ 7

» #
L
£

N A
LY
’ by

LY

I

T-wave-{elocity
ratio = |

=1+

7B 3 B AR & R L (o, / 0,) T

= U (uy /) BV R R IE O, BRFE$T
L (z,,/2,) IR RTTE E (¢ /Cyy)

RANRIIEDL, HRA L

E)RE AN K

= X
0.4
0.2

5

N
s

Zhou, Wang, Zhang, JAP, 2009

RHRE  Wang Yue-Sheny




Becjing Yiaotong University
Tustitute of Engineening Wechanies

H%“
N

it ) Piosson LU X 7 BiR B8 S e ¢
N, B BR 5 B

Ma, Wang, Su, Phys. B, 2012

RHRE  Wang Yue-Sheny




Becjing Yiaotong Univernsity
Tustitute of Engincening Mechanics

M

X
2.7/2.5; =0.6

7 BH BT LG KW
7tz [ 7Tz
TR HERAS 5 H IR T

Yan, Wang, PRB, 2008

[38la 1=0.78 [

w

..7

SAW

50
145
a0
435
430 c%_
158
2
T ettt
T L [ ]
...“. [ ] I 215
*» W
| SAN 410
X ]
i -1 cﬁ
XS ?_
=0.175
L i ®©
X I

4.7/4.3

M

walc,

[e}

- 'ﬁ -
- e
o0

1 1 "
M r

15.25/18.6; f=0.4

21.9/17.7; 1=0.4

RHRE  Wang Yue-Sheny




Aﬂl

Becjing Yiaotong Univernsity
Tustitute of Engincening Mechanics

o,

LA B SR B G TR BT

At AT . BUATEAR

O U D g XepeEire
0o 0O 0858800008297 )

QQEEQD{DD@D
ﬁﬁaa&@@@@@

Min, et al. JP_D, 2006

0.25
- lower gap Ni/Al
0.20 N
[=] L
< s b
= 0 F
L= -
g 040 squate ~ tri
& [ q g
0.05 | :
000 L y o
0.0 0.2 0.4 0.5 0.8
filling fraction
Kushwaha, et al. APL, 1994
s
== (b) / ] ]
[ . ot [ozE) O
[ [t — e (TR
itk ___-i-""-'--'- DA .
f———— o sl
aul um T L
) - o4l
I o Foust k)
ALY +_____.__-——"‘" £ aml % .
p——— " s ash
[ - El' E ninf ‘qal L
&, Ejl T ..CEE\ a1l
SR e T
w 25 50 75 T : - " p = = o
retation angls [ ratation angle |

f

R Wang Yue- Stheny




)
Al
o
N |

Becjing Yiaotong University
Tustitute of Engincening Mechanics

06 |

0.3

Reduced Frequency
Y
1]
(=)
w0

P — —
09 |
N -

06 | - _/_ ;;T \\
:t;@sg@: NS
| , B

Reduced Frequency

0.0 e

—

Wang, et al. JAP, 2012

=]
w©

Reduced Frequency

Reduced Frequency

=]
@

0.3

0.0 =

VBHRE  Wang Yue-Stheny




. . Becjing Yiaotong Univeroity
. ‘__’ |
;}-I‘ -8 Tustitute of Engineening Wechanies

09 '
i 03 :
08 071
o g 06 ' :
§ 06 z . . .
=05 B : .
. 5 04
g 04 - =~ . :
g‘ E 0.3 1 I
g 03 I | |
“ 02 0l :
01 0l . |
I S - n
. 0o 3 r X M T
60 s0f .
4 a0 0t
0 ot - ol
70 g0} %40
R g 20 ! | gl
g R 20
u .
a4 R 2 U [,
g 40 E'ﬁﬂ . E
N =l A
A0 100} - |
o 01 02 05 0405 06 07 08 0 mru 0102 0304 0506070809 10 0001 05 07040504 07 05 09 10
0 010203040506070%009 10 0 01020304050607080910 000102 03040. .Hz- & 0. 0010 _F 410 (MHZ) .
Frequency (MHz) Frequency (MHz) Frecuency (WHz) TEUENCY

VR Wang Yue-Sheny




Becjing Yiaotong University
Tustitute of Engineening Wechanics

ST AR MRS i IR A gk [ 25 69 1 41

——d=2/3h ;
—=—T=0.2. r,=1.8cm,the first bandgap —d‘=_9n E
—e—T=0.8. r,=1.8cm,the first bandgap 23 d=5 . i
=== =08, r,=1.8cm,the second bandgap y = - i i
1.51 === -T=0.8, r,=1.8om,the second bandgap = L, _____—_____:___---—-"“ \ : i
“ . ..,x.-n..r__‘w 2 T i ;
T - H | .
. d| \& . f | .
g / " S
'g & & " ’ i i
5 ot @ o N
- X T T T T T |" T T
0 u . * e . o
0 10 20 30 40 50 60 ¥0 &0 90 100 filling fraction
Fotatiomal angle  Lo)
A2 3 7 K A L\ BT
— ——T———c—
lBj ; E{ %JL“\ % o8 = —————
—>F
Tk j 1 =k 2
52 Degenerate modes | I
. . . . 48 — ~— s asl Spitfordegenerate modes ]
44L a sk D.S- h
- o
g 40F S T Single mode 2 r
C | E 26 S oal % 04
HE n g
32¢
3
HE m oL
'y ”__.—.-__.__‘___.‘_—4——"
24
20}
16 BT 1 1 L L il 1
I 4 8 12 1® 20 24 28
LxILy

Wu, et al. PRE, 2004

V3 2 Rt




,\
.10 Tustitute of Engineening Wechanics

RN ;}r,, Becjing Yiaotong Univernsity

V4
<
O

A B 2R %) W R W 5 3 FE 37

RIS Z BT 41

Peridic
2.0 A ===== disordered

=== === quasiperiodic

Localization factors

) = oy opy

1-D, Pb/Epoxy

@ k

Chen, Wang, et al. SSC, 2007 RPN R BB IR+ XK

VR Wang Yue-Sheny




sl

;}9—?
X _11

Becjing Yiaotong University
Tustitute of Engincening Mechanics

Radiation power

Y ' ]
'y L
AT ;-] h
W r'-" Ly h—rhh Jf ,r" ! lﬁ |r *‘1“1,1\## J Iy
) 'I.'[ IJ[ l \ |
W ) ‘J LJ
) |
if S b
i [k
Y i
5 | ]_i |
/i |
- — I
. " " . JI'
. e I j
sV 1 ]
oM i I
meEa R
..y' . il :'I
i o . |I 1
N
H u“\f
0.2 0.4 0.6 0.8 'i 1.2 1.4 1.6 1.8 é

Reduced Freguency

square

triangular

Lai, et al. JAP, 2002
W, 12ERES

RHRE  Wang Yue-Sheny




Becjing Yiaotong University
Tustitute of Engineening Wechanics

The kthunit cell

& Pl

204 % 1.0 — =0 \f
! 3] 4 ]
= N 5=0.05 f
8 08 il
@ = o H
1.5 1 B i
g E I': ::
& 8 06+ : :
c i
o2 = b 1
§ 101 2 b
o 0.4 . i
g 3 ' !
3 E ' d
| r
03 2 nz4 i
g §
2 11, J
oo T 0.0 T T r ~ T T T —
0 1 2 3 4 & g ro 8 0 1 2 3 4 5 & 7 8
=i, Oy = oo

SRR AL A BEEE

B RES= 05 Chen, Wang, Physica B, 2007
(Pb/Epoxy)

YRR Wang Yue-Sheny




< ‘i T ;} 2o Becjing Yiaotong Univernsity
N V¥ I._l 3 Tustitute of Engineening Wechanies
RIExT 7 IR Ao bk 14 2 69 17 4
(a) 084 (b) 084
0801 0804
076 _ 0764 B =
~ 2 B
'}E, Eﬂ-‘ 0.724 gﬁ, 0.72 g e \‘«._\H
3 § os] ¥ 068 location disorder S
064 0644
. 0604 060 _ . e —
- 0.5 0.56

15 - H R

]

z

et/ 2w,

0.84
0.804

0.76 1

w-plane mode for

0.72
T
0.64—-
0.60—-

0.56

1 radms disorder

0.00 005 0

10

0.

15

0.
d

20

0.25

030 035

(a)

000 005 010 015 020 025 030 035

0.85 2

0.80 &

———r—Tr—— T
000 004 008 012 016 020 024 028

075+

*0.72 4—

1 location disorder

b g

0.60

0.56

)

000 004 008 012 016 020 024 028

(b)

mal{ 2me -

070 E

065 F

0.60

0.55

D1

1n-plane mode for

location disorder 6=102

()

Chen, Wang, et al. WRCM, 2010

B

RHRE  Wang Yue-Sheny

(Pb/Epoxy)




Y W 4t 44 —+= = Becjing Yiaotong Univernsity

Z, TV, )

AN N PR Rl T Dusttete f Engieening Mechanzs
Bazan, etal. APL, 2007

Ramprasad, etal. APL, 2005

b) 3DILT

a) IL Exposure

i) Cure in dark

| i} Infittrate

i} Flood expose
i} Develop Il
—

d} 30 Elastomaric Metwork/Air cj 3D Elastomeric Metwark/ILT

Jang, etal. Nano L, 2006

v N
http‘;g{/pl_lysicsworld.com/

9 cvgs/artiqe/pri'nt/2367l Movchan, gtal. PRB, 2004
. Y ‘

ﬁ _ . cce
ccc

- cce

Vertical lifting deposition Dry wmm@lmeng, et-almiiN-at_Mat, 2006 o? excess liquid Infiltrated colloidal crystal Hus etal. PRE, 2 005

@

Tommaseo, etal. JCP, 2007

R Wang Yue- Stheny




*E}E A~ EI/J ;J;E B Becjing Yiaotong Univernsity

Tustitute of Engincening Mechanics

LS, TR, 2008

1
I Trenguar X

RHRE  Wang Yue-Sheny




<=
IV
=

sl

;}7‘?
X _14

Becjing Yiaotong University
Tustitute of Engincening Mechanics

— — ____ ____ ___ ___ S
N N :
/& o,/ JE R AF . a
~ 08 =
g 0x el |
25 . . . . . . g " —=— U= SEPAL
N 2 _ = . ;
——eﬁ.):U,-' TTes =3 ‘s ]9 ot . —=— L.0x "-‘”Il:] R4
- . R R ) B ¥ R LN 5 A——a O - | |
..:) 2 .I. f‘-‘l" e|5 = i \‘I ."f . ‘I_ E 0 6 - "'f-_l\ " I..
s SN fla=10ies N z B riay=045 |
E 156 I,'ll-‘ 4, ; l'I: J,' \\IC’/C’l =2 I."' l: ':I | ELI' ’
= voiang, =450 L -
= y I : = g
g 1 0=0 | 2 03 AN
= - - . N ]
m ’y ' ..
g s - PZTSH/Polythene = N
- 1 i o nh E \r\_\\l""\&
DD E h-] \.L
(a) 1 1.2 1.4 1.6 1.8 2 2.2

Q

Normalized frequency, wa/2mc,

Reduced wave vector

Lattice constant ratio a. /a,

Reduced wave vector

Wang et al, AMS, 2009 (PZT4/Polymer)

Wang et al, MRC, 2009
(BaTiO,/Polymer)

RHRE  Wang Yue-Sheny




,\
X.15 Tustitute of Engineening Wechanics

;}r:, Becjing Yiaotong Univernsity

sl

o

W/ RAMA . —

—— P wave
0.6

— -7 ----8Vwave o= iy
] L}
B | ]
| 1
0.4+ | |
| ]
4 | I
1
0.2 '
]
4 il

1 J
u FE Teri
0.0+ T |L |"_J T T

Pang, SMS, 2010 ~
(BaTiO,/CoFe,0,)

T T T T T T T T T T T T T
S T R - A -

Displacement transmission coefficients

o = M & tm o@m =~ @
PR [T NI [T NI T I S

3 ; SEHD’E—EODUUD
oﬂs Sg

DRO060

_ﬂ:gmff Wang et al, 1JSS, 2008

2 g 4 .
i ;mwﬁwgm&aﬂ_ (BaTiO;-CoFe,0O,/Polymer)
1.5 'DDG ununﬂEEBE GDEHE BEB unnoaoooﬂﬁggggz EgEBOE

tﬂwﬂ'm‘aﬁaﬁoéocowmmmmwﬁﬂf g‘ng . _E;I_‘&EE‘: @/Eﬁﬁ&&&

037 MUM&& JlE‘I\ II{_?:: n_;\m%EE EE‘/EE‘%)‘&F_‘
’) X M T

Reduced wave vector

Normalized frequency, wa/2mc, ©

RHRE  Wang Yue-Sheny




sl

e

;Jb;!? Becjing Yiaotong University
X~ _16 Justitute of Engincerning Mechanics

%8 ML 7) &) %5

b o
; —a— Experiment- OMPa
2.0 v T -5 Ji —s— Experimeni-10MPa
0y _ gl ; —a— Experiment-20MPa
R loz| =0 -10 1 1:"“ :"“ —v— Experiment -30MPa
' | i e T T ] — =154 Ant-g9ap  The sacond
~ 20 / % - == |oy| =10 MPa & ) et i
= Y 0 2 204
b / & - |} =20MPa z V]
3t 15 ¢ 6 =0 * [ E g -25+
i - = - 'i-‘ == |g;| = 50MPa o | [
= Ca =05 E -304 LI
= -354 E/( :
% 10 r ¥ lg {The edge of %
= i -40 4 the high iz The third
v The fourth
The j-thunitcell i 1frequenc The edge
'E -45 4 d 2 the high frequency band-gap band-gap
o E 0 S0 100 150 200 250 300
0.0 | — - . Frequency (KHz)
4 42 43 + 45 46 47
Non-dimensional wave number Feng et al, PhySB, 2012 ( Al/Epoxy)
(v 15 o
- T T - 2 M T -
V" The central —#— Experiment- 0MPa —B— Experiment -30MPa
ang et al, AMSS, 2008 fraquency —.—Thenry-ﬂMF'a _zu_. » '... l +Theory-30MPa
¥ b L]
(PZT/Epoxy) = 204 i b g | The central
z Ea‘ -254 ) o
c k=) L
L2 =
8 251 g 1
£ 2 |
= E .35 L
5 2
~ -30- @
[ [ Bl
-— 33.54 o— 9334
35—l I E— -45 ; , : .
0 50 100 150 200 250 300 0 50 100 150 200 250 300
Frequency (KHz) Frequency (KHz)

VBHRE  Wang Yue-Stheny




FRALGFAES S,  TOIITO

(1) BB SRR )

e~k X%
« B Brillouin X #) 3 #R 4 f=> TR F @ F IR
- ERTRAMAL
E m/a M
& 0 fa_k
fa I X
:

ﬂ‘u LLLLLPaAPLIIRLI Irlllll;;;u 1 UIE_L DJ4 | G|E

REDUCED WAVE VECTOR  REDUCED (K | Kushwaha, et al. PRB, 1994 (Ni/Al)

YRR Wang Yue-Sheny




A .: . W J2 Becsing Yk Univensi

(2) ZF B (DOS)
— BT AR R RN SR E M F X w 0 f'”;‘”"a‘é&"‘}m

FREQUENCY

REDUCED
=]
&

- | E!
dV:dek AR REL TR TaA] 1 | I | 1
/ 0.0 00 02 04 06
ds <dk REDUCED WAVE VECTOR  REDUCED |F |

\/ ke Kushwaha, et al. PRB, 1994 (Ni/Al)
N(w)= 0, J‘ dS
2z) Y|V, 0 ERTRAHEAER A%
iso-frequency surface . Z::é E 7‘5‘ @ 'J'Fg‘ F,‘%'

R Wang Yue- Stheny




7 FAFAE G RAESSL

Becjing Yiaotong University
Tustitute of Engincening Mechanics

3) FEHKE (JREMLE )

HEER: e or ™
n— ELITHY, n=x/a

A — R F (< H&/PLyapunovig %)

| — R E, 1=a/ 4
RERY. F X H S

[ J—

e ——
(— .,

K, K K,

Chen, Wang, Phys.B, 2007

L.

The transmitted displacement &
oefficient

m | iis00;
‘ 1t

The &kth unit cell

RHRE  Wang Yue-Sheny




Becjing Yiaotong University

GRS

Intensity (a.u.}

Tustitute of Engineening Wechanies
TRANSMISSION (dB) TRANSMISSION (dB)
(4) 1§%iﬂéﬁ (:@ﬁj‘/}iﬁﬂ‘) o o 'i”{"fl 0 10 -20 :m{__’mu
10 :w‘\'\——-._,_‘r :'l — 10
y S A -
¢ ﬁ{ﬁ‘xfl—'ﬁ. i 5 F + ls
e o 5 Compu,
S Ay — -3 1 ]
o LIS 2 7 :
g tF 4
M g )
! E‘%: o ]
: WAVE VECTOR 5

Vasseur, et al. Z. Kristallogr, 2005

20

0

-20

Emitﬂrjlg

CET

rans

®|
40 b

-60

Transmission(dB)

-80

=) esesese

100

-
-
-
-
-
-
-
-

Pulser/receiver

120 a1 AN = T T T
0 100k 200k 300k 400k 500K GO0k TO0K 800k

g - l\‘ | Frequency(Hz)
£

Tt s, mie, 2011

YRR Wang Yue-Sheny




Becjing Yiaotong Univernsity
Tustitute of Engincening Mechanics

(c)

PROBE
LIGHT
PULSES

PUMP
LIGHT

PULSES

WAVE NUMBER ky (1/um)

2D PROBE
SCAN

F382 MHz

L L4 L

DavaRaR

S/ (A0nmEE E)

Profunse, et al. PRE, 2009

RHRE  Wang Yue-Sheny




7 S AFAL B R AR

Becjing Yiaotong Univernsity
Tustitute of Engineening Wechanies

(5) TLAS 5341 (B3 R 40 A)
B E S i u, v, p, ...

~ (X,y,Z)
O o o © © @ o
O ® FQ @ Q

Chen, et al, AMR,
197-198, 2011

1.2

09| -
. —
B | ——
= L
@ - -
% M10
£ ospn 810
-

a
g
o
©
o
?':__-_-__.-r).,.___f""

M10
Wang, et al, JAP, 110, 2011

e

YRR Wang Yue-Sheny




e S e A F ik T

PP — R B
BEBESEAEHRE . EME IR
PRSI IEANF]

i

PR- T AA VR B (BT I - 1)

R Wang Yue- Stheny




RE il 45 A A SAE T

Becjing Yiaotong Univensity
Tnstitute of Engineering Mechanice

VSR G B R A

(1) “FHEBEFIZEPWE)***
(2) /DEEEREEIE(Wavelet)*
(3) AT /K THI % B v+

— ZHUEFE(MST). DNBRE -

(4) FEIBFFEE(TMM)***
| B HUOT V]

5) H

6) H

(R 2 7015 (FDTD)* **

(R IGIE(FEM)***

(7) AFICEBEM)*
8) HEFH HEIE(LMM)*

RBR  Wang Yue-Sheny




(1) & & Fr % (PWE)

Becjing Yiaotong University

Vustitute of Engineering Wechanics
- F Fourier 7 [f) 75 o000
0800
P r=xyz2 Q0000
orem) '

H u(r)=¢*"u, (r) (Bloch the

(V+ik)-[C:(V+ik)®u, (r)]=—p(x)@’u, (1)

u,(r)= Z u, (G)e™"

(p,CHr)=Y {5,CHG)e "

V

A . 2 A
M-u, =w'N-u,

(Fourier expansion)

A standard eigenvalue problem

YRR Wang Yue-Sheny




(1) F @ #RTF 5 (PWE)

Becjing Yiaotong Univernsity
Tunotitute of Engc‘neeu'azg Wectanics

B &
00000000000 (00000000000
00000000000 (00000000000
ny (90000000000 00000000000
TE 00000000000 (00000 i s
Fii 00000000000 00000 06006
Z% (00000000000 00000 R4
7 00000000000 (00000000000

%833333

|

k- 50

000000
000000

l

....0
A2 Jie

..... Born von-Karman
periodic condition

VBHRE  Wang Yue-Stheny




D) (1) FE@EEFEPWE) Tl

BR

o B % M it Foat A &

« B 2 GibbsI % fn d 6K %

o 3L B IR AR RS E / RIE A
o« B EFRAK RIS E
o« ML BT EE £ 7

unphysical flat bands

\_‘W' N F T ]
Modified PWE method %\/ & I ]

520 x /\/ 420} 4
2 F 1 P - .
£ 15 15 .H . i 3
% 5+ 15 wm= = = 7
] L ] L " . . . J
u ||

1.0 | 10} l.- - -.' g

3 E 3 -.l == 1

05 F w dos5fF - .

.

m) @Y
ool ™V, oo Tl Um0 T,

M r X M

Water/Iron

R Wang Yue- Stheny




(1) &

Becjing Yiaotong University
Tustitute of Engincening Mechanics

BT i%(PWE)

1@]_:5@41‘@]% &3:&
— X FLaurenti# % 3¢
Laurent/€ ¥: h(x) = f(x)g(x)
oo M

Laurenti¥ & . = =M

£ f0) T g(x) 723 MR “EAME W, W% R A h) AT

EEWT R, T2

hy=> [1/f ];m g, [1/f] is Toeplitz matrix

RHRE  Wang Yue-Sheny




(1) F&@ KR EPWE) it

ou, (X)

Cu (X) (¥) —*stress”

n

fEFLE B ES: - FidsEA e B 8 WA
T HR#E Laurenti¥ 2 ¥ DA

0.B050
139 —e— new formulation 02,6045 1
1 —-—ecld formulation E-Eg;g ] [I/C ]'1 4"§§C
12 06030 1] | ki |Jk| °
] 1.B025 1
1.1 0,6020 ]
| 080159, .
X 1( - e T e R —
01 R NI
- - 2,500 0+ ——————————————r
E 0.0 4 & 8§ 10 12 NH 18 18 20
g E transverse relative error <1%
k] 0.8 I|||
_ |
0.7+ B-0-g II \ 1
i SO0 O~ O —O—0—0—O o .
DEF 808880090 000800008 - -
0.5 _ . -
J lognitudinal relative error =7%
o +—r—r—v—""r7T"—T"T"T""
4 G & 10 12 14 16 18 20 22 24 26 PR30 CaO et al. PLA, 2004 (Steel/Epoxy)

RHRE  Wang Yue-Sheny




f

i) BT i (PWE)

Becjing Yiaotong Univernsity
Tustitute of Engineening Wechanies

RCp,)

7

mal(

1.0

0.96

SR HIRBRER AR E R K ]
[H1 R G 45 AT R A K g | o1

modified PWE
ordinary PWE
averaged PWE

---- tmit-cell

0,84
Chen, PhD D., 2008; Chen, Wang, ©
et al., WRCM, 2009 (Pb/Epoxy, . 0.76
B@, & Tx7 ﬁﬂ@) D_?E—_ R
0.68 | T T
2 4 &

0.8 =

0.6 1

1.0
O o

- 0.8

supercells

(MPWE)

- 0.6

wal(2n t‘?z)

- 0.2

0.0

VR Wang Yue-Sheny




. (2_) , J\,g:i,éiﬁ%,%(Wavelefﬂ%%%zm

2R AN G RS DR

Fourier £ & 2
= SRk A&

(‘%%'&9 Eg‘fia }é%%...)

Detalls:
Yan & Wang, Sci. in China G, 2007 for 1D bulk waves

Yan & Wang, PRB, 2006 for 2D bulk waves
Yan & Wang, PRB, 2008 for 2D surface waves
Yan, Wang & Zhang, AMSS, 2008 for defect modes (BW)

RHRE  Wang Yue-Sheny




(2) B EBESEI F(Wavelet])? 7

o) 39 B8 B0 A 93/ O R T T

2J0 ] 2/ -1
1D ()= Y 8@ 0+ 2 Y d i (), xel0.l
k=0 jeZ k=0
JZJo

wavelet series at J, scale
Complementary part at

a finer scale

¢: REHH; v DNEGREK

2 D:
2001200 212/
. eriod () period
f(x,y)= Z Z Xkl,k2(P2,k1,k2 (x, )+ Z Z Z Vs Visg (6V);
k1=0 k2=0 Jj€Z Kk1=0 k2=0
J2Jo

A=L12,3, x,y€[0,1]

YRR Wang Yue-Sheny




Giaotong University

(2) IR BE T = (Wavelet)”

Engineening Mechanico

Mok &E (8] 1) — Haar wavelets
~ 3% — Bior3.9 wavelets

bior3.9 primal and dual scaling functions bior3.9 primal and dual wavelet functions
T T T T T T T

blor3 9

(SR N — R S (P ----------------------

K | | | | | | | | |
i 2 4 i i m 12 1 1B 1| D

Haar scaling function

Y S-S

o e
H
15 1 1
1— rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr
.
o] \l] H#ar ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
Lol
o7 R B

o(x,y) =p(x)p(y) v (x,») = o(x)y(y)
v (x, ) =y(x)o(y) v (x, ) = y()w(y)

RHRE  Wang Yue-Sheny




Giaotong University
of Engineening Mechanics

(2) I B IR T % (Wavelet)”

(V+iKk)-[C: (V+ik)®u, (r)] = —p(r)o’u, (r)
B

(v, (V+ik)-[C:(V+ik)®u,(r)]) =-0" (v, p(r)u,(r))

or

[C:(V+ik)®u, (r)-(V+iK)vdr = o’ [ p(r)u, (r)vdr

V—ERF I AT B R

/NIRRT

w (r)= > 4.b, v=>b, (MEEERE)

b E\PJ'o J

YRR Wang Yue-Sheny
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(2) I B IR T % (Wavelet)”

1) Gy

of Engineering Mechanics

b b dr

K,p~p~q

C:[(V+ik)®i, b 1-(V+ikb dr =’ j o(x)d
Q

j [(V+iK)b,]-(V +ik)b, dr
Q

(P@),C)= Y B.-Ci,)d,

dm < \Pjo v

ijeriOd’Haar (r)(V +ik)b, -(V +ik)b,dr — Numerical evaluation

Bertoluzza et.al. ANM (2000)

RHRE  Wang Yue-Sheny
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of Engineering Mechanics
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« & T E R SR A&
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Yan et al. PRB, 2006
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(2) B EBESEI F(Wavelet])? 7

o jﬁﬂa ?%E% Amplitude
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(2) ')N /}i@léﬁ%ﬂ“ ,f-(wavelgﬁw ing Qeaotong Untseraity

of g"‘?“"mm? ectanics

« HFAEF B R (NEFRD)
EUFE ERBMEBWHER
e solid/fluid = “fluid”/fluid (F 5 B AARH =)

VMM WangYue-Sheny




(3) A/FRIE BT H-MST /oo™

% ¥4t (MST)

K e BE T JIFKKREW K A

(A+21)V(V-u)— iV xVxu+ po'u=0

FE/BRARBR 2R )T A
— A THI/BK TH 3 8 T 2

u(r) =) [4,,],,(X) +5,,h,, (1)]

(J,.. h ) ~cylindrical or spherical wave functions

o=1,2,3~P, SV, SH waves

YRR Wang Yue-Sheny




(3) A/FRIE BT H-MST /oo™

1 MRGEE (2D): 7 b
\ SC(r) sz hl (l' Qm

:ggﬂﬁgﬂ‘iﬁ no no
SRS

BASZ: w'(r) =) a j. () .0,

2 A N r.=r,.—(R,-R))
HMER N 3 PN BB U

w ) = a i, () 22 b () =ul () —u (r)
no j#i n'c’

= Z tfwn,a,a;,a, T = {tmn _} + Mie scattering matrix

YRR Wang Yue-Sheny




(3) 4=

[3R K B RTT i -MS

T ) UL

dute of Engincening Mechanics
ij j 1(0)
Z (51] 5’1” 5 Z Gno_nﬂo_ﬂtnﬂaﬂnlo_l )a ! [ a
e 9 (vector structure constant)
FFERRAS:
» SC
u"@ ui
ij J _ L
det 51] 5’1” 5 Z Gno_nno_ntnﬂo_ﬂnro_r —_ O | vf ]/l , 01)
RSt r,=r,—(R,—R))
SS ab HE
det|5,.8,,0, = > G o (K)o | = 0 = BETHT S5
n”U”
—ik-R
I’ZU}’Z”O'” (k) Z no_nﬂo_” - OS + R)e
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(3) AR B FEF FH-MST oo™
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T AR, s (E S #H4E)
o EH FARERESARL
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c T HRREEENEF
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e RiE F T B AFRKHHIIK(?)
e REFTEGRHA(?)
« REF FREEQ?)
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Dirichlet-to-Neumann (DtN) BS54 7 7%
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(3) AE/BR ) é@%J&ifﬁbIﬁNiZﬁzzZZZm

SHYZ. D477 s ”
pu Vo, (r)+pou,(r)=0, reD, j=0,1 Dy P
FEUE SR T " T,
00 . —l =l
u(x,y)=> C@,. (r0), @, (r0) =4, (re" I
A J (kr), r<r,
9, (r) =
B J (ky)+Y (k,y), r>r
U1k G
ou_ (r ou_,(r
()= (), 2ty Bt
= A, B,
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DtNHH&E{I‘ ou I
Ul =—
teooon|. Dy
Z2
HRAARES: (7,6) 1=0~4N F: S,
> [ —
A=AAT (A, =D,(,6) NI R
(Ay)y, = 0D, (1, 6)/on (1) NN B A
of 321 5t b N F Bloch & 2 -
ou ou ou ou
u|r3:au|r19 u|r4::Bu|r29 —| =a—| ., —| =0
oy r oy o ox |, OxX |,
_ eikxa/2 ,B _ eikyﬁa/z
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(3) AL/FRIE B F R T iE-DIN. i%%zm

KB T FE - ry
D,
—_— T J : r.
U—(urlaurz — muatl
N {[ J
BZIX U5 LAFEAE T RE LML
15 EREE T R St AL N RS
A 0[V] [B Cl[V "
A + =
{0 J{U} {-I 0}{U} FL
X
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VB Wang Yue-Sheny
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Li et al. Phys. Scr., 2011
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Zhen et al. AMS, 2012
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« AT EARAT . AL, AR
B TARERESAL

o T AT B SRR K 7] 64 B

- T RRDEEG LR, HIES B RN

BR:

« RiEF] T B AR HAHKR(?)
« REF FEARIHEAR(?)
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4) FFFEMEZR(TMM) oo

EEEI I I4E RS, FrHPIRZS ) 22 18] i A

F1L ¥z

(k) _ y k-3 2 (k) _ v (b
X J;'-EV1L VzR - VIR _VZL

SBKAELH:

VISV Ve =T

V(k) T Vl(Lk) (Tk _ Tz'Tl’) The kth unit cell

Vz(l;) = Tsz(]I‘;_l) (T, is the same for periodic systems)

Vz(l;) _ e—ikxavz(;—l) |:>> ‘T _ o hay

=0/| (eigenvalue eq.)

Response: V =T V, (T = T T =T")

total
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(4) #£ 3% 4B 1% 3% (TMM) S pg T

N=F

o St FAE A ME ik B SRR B T

- & F T B #/3F B 3

cE R TFEEmFE. REFBDERE
o & | T R-ERAK A

204
E 154
% 1.0
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0.0 r

0 1 2 3 4 ] 6 7 ]
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Localization factor K, b (@)

for randomly disordered system  Chen, Wang, et al. Phy. B, 2007; SSC, 2007 (Pb/Epoxy)
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ig=E

 REATI4Z %A
- i€ T RE K
. B3R T AT

e it BRI B R T %
Delta Matrix Method
Scattering Matrix Method
Global Matrix Method

Stiffness Matrix Method
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Becjing Yiaotong University

Tustitute of Engineening Wechanics
R TIrH24:403% R Ly Ve 2
— T T R IT B A% R s
u(x,y) = e Zu r, (G)e’Gy e’
G
y'4 X T Y, Ky, PWE
00Q9; 2
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¢ 1877 ]
OOO% LT % ko
X’ Transfer matrix
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| FE 8 TS T 98 R T A A a2 R B YR TH B B ) SR O 24E R ¢
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(5) A F £ 935 (FDM) S

1A R 2= 4301 (FDTD)

P B T R .

{p(r)ﬁ(r,t) =V -o(r,?)

G(l’, t) =C: Vll(l’, f) (Tanaka, et al. PRB, 2000
TT Wu, et al. IEEE, 2006)

(*)
‘ r)vir,t)=V -o(r,t?
gl |0V 0= Vo)
G(l’, f) =C: VV(I’, f) (G Wang, et al. APS, 2003
XX Su, et al. PhysB, 2010)
THER R

(v=i)
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(5) A F £ 935 (FDM) S

BlochZZ#/ 23,  u(r,f)=e"
v(r,t)=¢™ \(’%E}ﬂ H5AF)
o(r,t)=¢"

p(r)U(r £) = (V +ik) - S(r, )

i R 7 R A
S(r )=C:(V+ik)®U(r,?)
€3
SR R p()V(r,t) = (V +ik)-S(r,t)
TS, )=C:(V+ik)® V(r,?)

YRR Wang Yue-Sheny




(5) A F £ 935 (FDM) S

LN
2)— - 2
() _ SO AID = f(=AeID) |y o
dx Ax
iigi;‘7l$ m+1. v ®
o
m+1/2
A A v ;Sf;”E’m
A Sﬁ,mHIE
"o v ® M
/| 1+1/2 /+1
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(5) A F £ 235 (FDM) S

B 1) i 4 / 34X

% /& Courantfa & P 414

1
\J(A) 2 +(Ay) 7 +(Az) 2

(c: AR B BB KBGE)

At <

BRBUEBR: Ar<T/12

Ax,Ay,Az < 1/12

(T, 2: EHIAFRBEK)
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(5) A F £ 235 (FDM) S

4 EAF

Fo KRR B A AT BKIEYR, e IR T B RS I o
(*) = HIEEEH A2 Bloch 444

(**) : KR EURhw £ 8 B2 AF -
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(5) A F £ 935 (FDM) S

e B ROER B I B 5 A HE T ik

BORRIEE I R R

oaafctB
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(5) A FR £ 4% (FDM)

S R U,
Tustitute of Engincening Mechanics

PR BIAR (CFT) -
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-------
aaaaaaaaaaaaaaaaaaaaa

nnnnnnnnnnnnnnnnnnnnn

100000

T X M r T X M r

0.62

b6F

/7K

Su, Wang. PhysB, 2010

£
0.58
z

0,568

.54

0.62

[LX75

£
0.58F
z

fa’

0.561

0.541

TS B B FDTD RIS AR5

VR Wang Yue-Sheny
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B2

V-(C(r): Vu(r)) + p(r)o’u(r) =0

BlochE#: u@r)=¢*“"u, (r)

B R B A “
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5 _EXT N 5 I Bloch 4544 o )éa kx
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(6) A P77 iE (FEM) S

SR AR EE T
1. FIAREAHComsol: XFFEHIEH, HEKE

2. FHEBENEMSAbaqus: AN FEEEEE,
SEERRE SR o FFR AR, X9 B IR
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u,(r)| [cos(k-a) sink-a)|[u,(r+a)] o
u,(r)| |-sin(k-a) cos(k-a) || u,(r+a)
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kB IR SE i FE BEUS PRI BN S5 M) A
— N HRI3% =39 £ Bloch € #:

(K—o*M)U =0 GENERENEHEE

. T
_ 1 2 (N
U _[u(),u( ) eon? u )}

I K11 K12 KIN | [ M11 M12 MlN |
K = K21 Kzz KzN M = le Mzz MzN
_KNI KNz ) KNN a _MNI MN2 T MNN ]

g = kD) 9

WEBA T ILLI, et al, J. Compu. Acoust., 2012,
DOI No: 10.1142/S0218396X12500142
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(6) A FRTFH 2 (FEM)
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Tk
SEEsSsssssenna4sERaE
WA V-(Cr): V) + p()o’u(®) =0 "~ A :
BlochEH:  u(r) =™ u, (r) J S

(V+ik)-[C(r): (V +ik) ®u, (r)]+ p(r)o’u, (r) =0
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