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o] FollA °]x E%Ei ARG AL Q= ol FAl A Sl v 2dlE AY o FAINS ARGt dAE SHET(d

Ad, 71Ee 259 Z2p o] AYdds F)S S50l oF 2,500m/sec FE=7F "oy, E]al v aE AY

Az FAE FEE 71l 7Fe(machining) & &3l o eHA 7Fed & Sl FA= AL oF 6melnz,
l?

2 L o] T 4wzt ®rk. olel atwl, x&ok ZrHB(100)e] FE FoE, = BF 22H130)00A L

AN Qs 2ete] Faks A oF 1MHz7E HH, 2 o)) e FukR F5A17]7] oHTh
Brge] o AAldel ejstw, 2gHuk ZRHE(100)= ALAER AR50 S MRS 2SR AT
AR 36m EE owow}ﬂ sltlgs 17z o] el e Fapdld A 5 dREs @
shupabdl, ¥ 2w ArdoA e Adade ARF(15H)S 71Ee] AFS 2R AY o FAe} T2
Bel Ardel me Adus AR

o ZA] FANHT} o] & BAZ PAsy] witoltt, EE, E
(154)2 a75H+E A4 S8 d9gdx, = 2 ~ dlrayl S 7HAe AL G,
olde 21S WEs] ok, £ dwe] HAAJooA = o EA] EA(epoxy base, 154a)dl mlolAZFE H
E(micro-glass bubble, 154b)S |2 Z33 ZAES AL&dle] AUy s FeE=(154)S FAgg. o=
o ZAl EAJ(154a)2] FFol= 5WHE Agto] gldl, HladlE AY AFA], JFlRou= 4

E(154b) 2 FH ez ool gR2 2] AEE AxHo] o] W Hl*ﬂf& T
E | olstd, mlolamIels HEL EEd] 1 T R

ot oft
oX o
ro 1o
o —H

O

o?L‘
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[0044]

SE£46] 10-1616510

A o, dArlFolY vAA T3 2 g F4E M 5 vk, 18d mlo|laRdus HES
2l H2AYA0E F8l(soda-lime borosilicate glass) T3 728 Azl f#¢ MBI} 2182 5 9
tl, 7w FAHE AL ofyrl. o3 mpojmgrIFala BELS Lol Hlo] goji WEIF <k 0.12 ~
0.60(g/cc)el Welel e, Hof A71= oF 15-135m BEY = Aok, AW A7 wlo|azaets HE o
T B A= AAE AR, gAaA A4 ASels TP Aozt 71 el Holg sHE 4 vt
Adad s AEF(154)s A7l fste] olFA EA(154a)0l] ez F7iEe BE mlolazgers HE
(154b) REEA] TU3E FAbeluy 715 7Hd Favt glow, bekst 279 348 71 4 .

o

2 %ﬂéﬂ @A]oﬂlg} ol ol F Al mA(154a)0] wielaZZehk~ HE(154b)S Fel2 F7He 2AES o] &3

o A, FrEE wolaRZuks WE(154b) S FE FTMIAA AQdEd
E 7@?&%(154)4 %%-% Y g dn. 2o AR oR, o FAl EAj(154a)dll FHrHE vholARads HE
(154b) 9] &S F7HA71A 24 U= Zasit, st mlola 2 3aks B E(154b) 8] YR} o A
HA(154a) ] iRt o s7] wjZo|ty, Ziejar, olo] webA o] 2AES o]&ste] AT Advdx A
(154)9] &2 nlolaz el WE(154b) 9] TS T7MAAN 7L F ATt

293 A EA BAl(1542)0] Thol AR T WR(1540) S B2 FAhE 2ARE olga] AAAW: AFF
A% Ao, FEE vlolaaaeis BB Fe 2dste] AYMEs FFE(154)9
o Avdas AE FAE dolz 24T 5 Atk dhfslw, Feshs Ad dHolHE F
i vheh gel, o FA EA(154a)el T vhelamFers ME(154b)el g wWstel uwhebd,

= o2 olgalel WAHE AYMHa ARF(50 &%, &8 MY, W AE 44 5 2L
E4o] APH o WHy] e,

T 2a WA E 2dE oZA] A -rﬂﬂ wto| A2 Zets HE] o] Wsle] e AAdFA~ AFS(154)
| 2AEY EYAQ §A4E o F= agzey. By FAFSR, & 2av 2AES WA FId o nf
olaRgErs WEe HIo Wsld mE xAdE9 UXk(density) WIE E_C’% F= a¥To|a, ® 2be 2A
o] A —,——J—]Oﬂ gk mlolaz et HEe] Huo Wl mE ZAES 4 (sound speed) WSHE Ko F
v agzeli, & 2ce 2AAES HA pr:qoﬂ gk mtelaR et HEY] o] ¥l e 2AHES 3
oJ.J]ﬂ’\(somc impedance) ¥ 3lE Ho] T I¥Zoln, = 2dE 2AEY HA Fyo uigh nlolmrFes
B Ee Huo] Wil @E FAE A 7L4H(attenuat1on) HE Ho F= agizolr)t. a1 & 2a U
A = 249 aEE BE B9V 571 38ColA SHE grEolvt. Add AFERH A FA] EAl= HAHE A

& o ZAo|n | mlo|gRFEA WELS 1 7|7} oF 20ume] i, WEE 0. 46g/cm olt},

i)

12 do

£ 228 FEFE, A 2ABANA FoEe vlolazdes MBel o] FAFE 2R UE, F olF
AHEs0) WEDE AFon gadvhs A4S & 5 A, E 229 s

I~
M A= BED)= v 74 12 fA1E & U

= 0T ¥ (If/I 1+1.173

A7, Vs ez F7bE vlolamZels wEe Ry, Vi A4 AR FHE dehdri(Set 2 gA)

:Lﬂﬁ = 2bE Fxetd, A 2A=dAM FrhEE D}Oliila‘r* HEo o] FUMEFE i““ﬂ =5,

o5 o]&3dte] AxE A2 FPF(154)9 %(Sound Speed, S)& Ol FA] A & (Ve/V7F 021
) ool WA AFow Frtdte AS & vk = 2b9] 2 IA 2PES] FH(9)S e
o2 2% FAIE 5 UTh

-y ot
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54 2

3>

5 = 809.9 < (V;/V,)+2434

Y5 E 208 FEAW, A 2ARAA FHE vle|anTehs nEe do] FAUFH 2HBY &
ez, = o)z olgald Az AANEE AFE(150) F AIDADE A mAe] $F A
(Vi/VZF 020 79) olshe] eloll Agom gadehs 2¢ & 4 vk, = 209 adiZeln 248 &3

Z= —1.016 x (V;/V,)+ 2.850

wE w208 FEsW, A4 ZABNA FAHE vlelamdes Mie g FTABLE 2B U5
W, 5 0B olgdlal Az AUV AYE(5H) A5 AA(Attenvation, AE WO FawTE
A% & & Atk % 2co TAEAA 2B AE FAWE e Fu 42 BAE F Aok

784 4

A = —2.650x (V,/V,)+2.321

olg} Zro] B o]l o AAldo] mE Z&u 2B (100)0] FIHE AYIEUA ATE(1654)L oA A
(154a)0l vlol|a=Zelx WE(154h)S Fe A 3

Y2 F7He 2AES o83l FAHEY. Ela olgA FAE A
Iyl s AYPF(154) 50| F7hE e vlolazFes v E(154b) 2] ol mldste] ol 7] wjio], =4
o= Az 7bsgr FAEAY, F 36m o)) E ZUEE olF X s 253 ZEHE(100)F 17MHz o]3ke]
Aol F2E k. aEa FrhEE wlelazFEls WE(164b) 9] ¥ 2HE AdIds A
S(154)9] & s /s A5 s doj2 2He= 3lo] bz, Adds FFS(154)0] &

T
[e} -
=249 BAL AR e SHom REE o] et

% 3a WA & 3cE oEA A -’?7}3*‘5 wtol A2 Zets HE] o] Wsle] e AAdFUr AHF(154)
& ZAES] EYAY BAS BY Fe vE 2HEEA, AR bgE 254949 o EFZQl 549 Aol B
o] 7] 9% Ao|t}. HT} -TLZJVQOE % 3a WA = 3ce= Z47ZF #9171 %7 38T 9 20.5ColA] =4 ES]
HAA Foo] digh mlolaRZets HE] o Wl e 2AAES % (sound speed) W3}, &3 I~

o FAl B

(sonic impedance)®3}, L Al3F 7Ff(attenuation)Q] W3tE Ho] FE T Zolt}, Ao AL&F
b ook ?

Ae vzdE AY dlFAolH, wolARgws Blae O A7)

T 18 Fxehd, 27 9E(160)E AEE(150)2] AFHo2M 283 ZT2H(100)9] FZol Hix|
= o 253 TR H(100)2] T 2AH130) oA A &9 ARS(150)S 5393 o5 27 9=
(160)E Zall A ] AA HF-2 ZAREC o]dh ~71 = 2Sd EWNAFA(110~150) 2
k= 2 53] AT (150)0] A IFA@AAL] EH AMEe] dFd FEFAY Lo o4

% o 299 E AL WAstE So 9Es st xSy TEHE(100)9] FH wElA 2%

B0 %73 59 4% 1 AR
(160)% @8] 23 ZEn(100) WP-e] 7155 245 nEsts 150e FY(o] 35 2238 7
SA7)E A= JSe AFFA0Y B4 B AT FE JhaAY EE A=FRAY J5E F7b



[0054]

[0055]

[0056]

[0057]

[0058]

[0059]

[0060]

w azgeis WEE Belm Frhd 24
22 olgalel WAT F A, AT oYld £4ER YA 21 ART60)E &% AMHA} oF 1.4 ~
15 Nrayls A5 744 4 otk oleld £ dudal A4 A% 249 98 Yudag 4dHo F9
@ glolth. olsh o], QA A AW BFAT 3T AYRAE 2 2YER FHE 27 ARF(160)E,
QAske] AAWANA Zgshel WA AL Lojuhx] @7] wite] olo] ool &t EAHE AL WA
SAG Hasd 5 Ak, 2 odd QvHs AL Fael du Pe BE 293, 53 aFos A4
2o 2o3e A% AF FoR $4w ovAe dAe Fud ok Wi ek, 47 ZABE o %A
A BAZ AEH7] wFe] ARF(150)3 FARS AAHow St BF AY 5w 47A e}

SlEA wAlo] nlolaw Zels MBS Bz Frleel AT 2B £F AMEAZ 1.4 - 1.5 Mrayls
A d7] P F A WP FoRE vlolaw Faks wBe] AL FAAE Ao E 2 B 5
sh4) 33 = 3b BE). AW, ¥ 2 D % 3pol EAE wlel o] WEsb o 0.46g/cm Q wlo] AR
B8 A8 9o, 24T &F AuEs) Gaks W14 ~ 1.5 Nrayls) olul7h 5 o] daAe
2 WAsEAY lh ), = 2
waul 7} oF 0.9 ol4bo] Hojof A Eo]
WebA B we] Anolel o, olFA 2ol el FhuE volazass wEe dudon Wwwsl
e 83, AT o log/en ) Wlol Aok FHE AGATE. o A%, mlo|AnIs wBe Uw
of mekA eRgk Afol7h YA, AA EAEE] R (Vo] the vholZmIebs ME(V)O] Ruu7F oF 40~50%
Apolel Ag-olm 1 2AE &3 duua: Qe WO (1.4 ~ 1.5 Mrayls) o7} € 4= 9},
% 42 B % 4bE 47 270 9E9-(160)
He g% 9 5 9

24, vlelmazgels WEe dwrl Zhzk 0.12

s ot A=l R FUHE e vlelaRads HEe] de
AT A4S Bo] FE aYEolth. E 4a P % b E9)7] =7} 38T S4W 2

oft

5 g/em (o] 7], vlolamIals BlEe] A7])E 65molT F
AgEo] BT (Ve/V)E 43.1%), 0.46 g/em (0] 7S], vlola2Zals wlEe] A7 20moli FAEe] 5y
B (Vi/Vo)E 44.8%), 2 0.6 g/em (vho] Az Zal2 vlEe] Z7]= 16molT 2AE] Huu|(V,/V)E 44.1%)1
Aotk E dagE W, 2AFES FIH[(V/V)7F Hsitka stojete wpola R Feks HEe] "Ev) v
. ZAEC] FIR(V/V)7F v

Softhal stjets wlolamIds wWEe] "Mt Wess Y] 2% dydak d2 Zs 4 5 ok
=
=

o
r
f

%
N
N
o,
il
lo,
dlo
b
o,
flo
o
ftlo
n2
+
3o
o
R
[
i)
K
!
&
ot
Y
N
ol
6°)

3], whelaRgers HES Werk F 0.125 g/em % Boll, 2 2AES 5F dydaE oF 1.6Mrayl =A
A QN 2Ae] $F AvHag AdHon BArh AL & ATHE 4b FF)

of o], B o] d Ao wE 253 TERHE [ EA] BAo] wlo]lA2FE}
A A mAle] &% olgelx AFHoR v

[e) i =29
IR S

p
2

Mo

ool A i o] Aol w3t o] AAjdel ofste] e 7]
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[0061] 110 = w3 A 120 @ Al A=HF
130 : 5% 27 140 : A2 ATFE-
150 : A% 152 + a2 d s AR
154 @ Ao~ FIh= 160 @ =71 =S
=02
EH]
— e 1154
Q_J__J_o_;u__JA_;LL“%\15461}154}150
\\~152
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120
— 110
EWH2a
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Sound speed (m/sec)

7Z(Mrayl)
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Attenuation(dB/mm)

Sound speed (m/sec)
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Velocity(m/sec)

7Z(Mrayl)

3000
2800
2600
2400
2200

2000

3.00
2.50
2.00
1.50
1.00
0.50
0.00

0.1 0.2 0.3 0.4 0.5 0.6 0.7
Bubble density (g/ci)

0.1 0.2 0.3 0.4 0.5 0.6 0.7
Bubble density (g/cm’)
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