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----- Theoretical result

Real(kg/m®)

oh N o N s

2000 3000 4000 5000 6000

-=-=- Theoretical result
+ Experimental result

Imaginary
(=T S B N

]
L*]

7000 2000 3000 4000 5000 6000

a7 6 YIEA REE ol RE WY 5WY

(=] [ —y
© - L v

Nomalized frequency

o
©

0.7

086
1000 2000 3000 4000 5000 6000
Frequency(Hz)

a2 7 el BYlel Fakeel Aol G2 S48
T AU o] A2 ] o] I 7 FZ(local
resonance)ol| &J3F A0 2 o] Fu4 I =
HIALE] = S8F ol A 7F A S3F Al =] el tf
8l 9ol ¥t =9 ?——l‘%ko] —'—Zﬂ otal A=

_IO
"2 o
ok oo o
=4 2
yo L
ﬁqﬁ
&32
s

>,
S
Ir o
T
i—i
RO
© (o
U
=
Auiiby
gl

2 o2 A5t WEo]
210] 314000 Hz= ©9] Al o] Fu7} Fu
5402 A5de] T8 Aot}
62 ol ol ¥l el vlol 22EL 7}
5o 249017 f8 A%S
© | %]:

ol I 1 o &2
o ral ot x|

4
i

°l
=2
ﬁﬂ#ﬂ%i%%@ﬂﬂﬂ%%ﬂﬂ

24 o v &l

.
Ly -NE

October 2014 43

ﬂ%ﬂﬂ%ﬂﬁéﬁ-$ﬂiﬂﬂﬁﬂmdﬂ
=g PEFRA TulE A 253 5
8 TR ol 789 % sl 23

T &719] 9] A E normalized frequency 2 3%
]
AR

or o] % 557t 2HE W B & %3
Gl

4.1 BX2 vl (Analytical Method)

S EEE P REEE S EREE
o= FAAAT G4 Aelo] AgHes
TEo] st A A A -8d Al v
stek. of del7h 28 wolol 4 gr 9l 2]

AstzRE 54 A S fAeA 29 % B

£8 4 2 W2 9 ARy A 75
A EA BEr) e d o2 shaE

o AFANE £44 WYL o]
IH(flexural wave) 2] 7|
T4 60l A H npel Zo
o B2 kA & RIE 7}
2ol 9k ghe Be ALeSTh
Byt HH S Mty &4
#2 YA . o
& R2Q vlEl=2 & A9A 9l
Wb Al o Algin e vix| 23 7te
ol 2z WA HIX 9} A7 JER
92 g

¢

|

oo

oft

ol

£

SO

ol ox 4o &L pob

QL
£l
& oF 2

— iy
flo o
ar 2 afo ¢

N of
2 nfy
ofl

e
o
>~
-
L)
=2

by ot X 2

l—d
£—|J”>‘2m
ox o & 19 O
Eﬁrloﬂ
o 4

Mo of

(
=

4.2 EtAAE ol 23 2 &) Ao}
29 6@ Fol A S %2 FA57} ¢
A S el AurE el 5HE §4S LhER A

|tk 3237} AYsteisk AAY Fekel Gof
BS IS o) AR 325k Mas n dvE




.
Ly %

M24¢ bz, 20144

— T =] Yo BatEE A5 o8 %
"ﬁﬁ?t Un-Gesin eSS A A0 84 % 2 607
-:r\g\az-ci‘r;g Uﬂ E]r%?—,l.i ET@ %xﬂ:‘:.;_’— %ﬁ—% ”H-O/] -‘4’% ‘53}2}
R, < B ¢Ro] 2AvE velRA o) wx 2
7ol wtel Wslshs A ES /M Hef &
Avprt AgS F2 gm APsE AL L 5

k.

olg g dE 5& 7 vEted & 26t
a7 ate A S AT R FA e S
QA £4& Y8lA L BEel HEle &
e 7HAAl At ol gl A A H A
Ao WA 532 7= W] gl 24 24
Ao} 278 JER BE4XE Rdy i
7Feotth. BEA| &3 Zh ol whebA W stele ©
e e 7 Sy @Al JidEn
[¢]

W 2x2 02 x| Ay} AR o] o] & 75

eIV
o L pd N, i
O

X : HEt2H (Metamaterials)
N

(wlyjBuajaanm

- 712 BEY 5 ) fRe] FA Fokl % f-8
S AT S Q5 S U AT A
i EAE FUE 59 A4 DT 29T A
o] SlE ARE o] 23 71 &E AL 4 HE U
0% 3ol Yotz Qg FARRRE AFE 2
FRFYENER BT+ YS AR BT
=]
5. ¥5%

= b
o)A L9 §& B4 (negative effective index
A& B FAT 71 AT =
AN REU $E7|E 23 ek Al =HldA 4
AH8-3ka gl
glo] 4% A st

BuojoAbm
o

(uny

2 do
™~
[y

-4 -1.5

wavelengthim)

T2 10 olEEER ZH¥de el 5240} Mot £4

i

dlo
lo




ol
-
[¢]
2
ol
-

o of
QE
=)
o 11

N,ooxl g
2 o
t
e
=
ful
il
N

w2 ¥R e

2 v
oo 2w &K

:E

ES

=

:(I)_L:

N

2

& e

o, I Hr md

(o]
'~
o> 1R

ofk

o

=)
o
2 K

=,

o%
e
o

2 9 o2 & o o
~~
i

1o
)

ST
3
oo £ 2 do i

>
SO
AT
10 mwy
il
X
o Ho,
B
A oyo
H
oi‘% o,
T =2
rlr
ok =
)
3 o
~ R g

oy 0 oox o o A 2 N oW

lo &
i

g2ed

(1) Veselago, V. G., 1968, The Electrodynamics of
Substances with Simulaneously Negative
Values of the Permittivity and the Permeability,
Sov. Phys.-Usp., Vol. 10, 509-18.

(2) Pendry, J. B., Holden, A. J., Robbins, D. J. and
Stewart, W. J., 1999, Magnetism from
Conductors and Enhanced Nonlinear
Phenomena, IEEE Transactions on Microwave
Theory and Techniques, Vol. 47, pp. 1~12.

(3) Smith, D. R., Padilla, W. J., Vier, D. C., Nemat-
Nasser, S. C. and Schultz, S., 2000, Composite
Medium with Simultaneously Negative
Permeability and Permittivity, Physical Review

.
Ly -NE

October 2014

Letters, Vol. 84, pp. 4184~4187.

(4) Schurig, D., Mock, J. J., Justice, B. J., Cummer,
S. A, Pendry, J. B., Starr, A. F. and Smith, D.
R., 2006, Metamaterial Electromagnetic Cloak
at Microwave Frequencies, Science, Vol. 314,
pp- 977~980.

(5) Farhat, M., Guenneau, S., Enoch, S. and
Movchan, A. B., 2009, Cloaking Bending
Waves Propagation in thin Plates, Physical
Review B 79, 033102.

(6) Farhat, M., Guenneau, S. and Enoch, S., 2012,
Broadband Cloaking of Bending Waves via
Homogenization of Multiply Perforated
Radially Symmetric and Isotropic Thin Elastic
Plates, Physical Review B, Vol. 85, 020301.

(7) Park, J., Park, B., Kim, D. and Park, J., 2012,
Determination of Effective Mass Density and
Modulus for Resonant Metamaterials, Journal
of the Acoustical Society of America, Vol. 132,
2793-99.

(8) Song, B. H. and Bolton, J. S., 2000, A Transfer
Matrix Approach for Estimating the
Characteristic Impedance and Wave Numbers
of Limp and Rigid Porous Materials, Journal of
the Acoustical Society of America, Vol. 107, pp.
1131~1152.




