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B WEHEE TR T 2 2 AT & 5.

3 RICFEE TN OFEFANT T, (EEEE IR0 VR & BAL KN L. iR
EHIEROBL LB/ L TB Y, —HIICITHELOBI IR RS 2. £~ FERN
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ETNICBVCTINS DHEY ZE Lm0 TT b T b, AT, HREEE
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x=%L/2, y=xLJ2IZBEA D=V AEETAERNDH LD LT L. BHNEOEE R T
YU N (ayz) kT HE, 0B AREEE L THERRT 2B, HFED yz), WT

p (xy2) = jood (xy.2) (1)
vieyz)=—Vé (xyz2) (2)

ZIT, PR3ZEAEETH L. ¢ (x32) T 5 3 RICZEMICBIT 2 HIEEE) R EEE
ELTRATEENS.

Vi (x.y.z)+ (%)2¢ (xy.2)=0 (3)
72720, VARERERATIEROMEE 2 KT
_0* 9*, 9°

2 &~z 4 Y 4 Y
v _3x2+8y2+8z2 (4)

SRS B R D & KT 720120 (oyz) A E vyz (ZH L TR EE S B (x),
$2(y), ¢s3(2) D,
¢ (xy2)=d1(x)P2(y) s (2) (5)

EFal, hi(x)d(y)ds(2)# 0DBAITIE, ROMBEIESNS.

1 dPélx) | 1 d*$e(y) | 1 di¢s(z) .,
b)) A’ ) A ez dE k (6)

SITC, R EERKk=wlc THDH, i) ICEHT S &,

1 d2¢1(x):_k2_ 1 d*¢y) 1 d*¢s(z) (7)
$1(x) dx® $2(y)  dy? $s(2)  dz*

B, (7)) WERESHEINTWLOT, Al vz ICEBRRERE R D, Ihr
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EOL) =0 (8)

L BHDT, ar, beZBIRFMPOET HEME LT,

@1 (x) = axe”™ +bre 7 (9)
b, K (9) I, S1(x)=0 OBGAEICHPEHEX (3) 2T, 6:200), :(2)ITBHL
THBRICROBPIES NS,

b2 (y)=aye™? +bye 7 (10)

¢3(2)=a.e™ +b.e 7" (11)
INHDfFEA (3) IAT L L, ROMBRIELNS.

YE+yi+yi+k®=0 (12)
BT (2 ) NOEER . 1, v, n ICXDVRENLIEDSA.
2.3 BALE-4 X280 TRTEHORR

BHAHXx-yWHET, 2z ZREEL, FELHFEED X FRETe: (yz) 2 RD D L, K
(1), (2) &,

D (xy,2)=jwp (axe™ +bee ) s (y) ds(2) (13)
Vx (xyysz) = - a¢ (axx’y,Z) = —Yx (dxe“" 7bxe 7xx)¢2 (y)¢.} (Z) (14)
b, BNEILESAEZ 2 FIICE LU CHEB%E 2285 (WE-F) LA (FE-
R) E%BBaIC5TnE, x=01CBVTRDEIICETILENTES.
BE—F
% =0, 2F Yo (xy2)],_,=0 (15)

x=0

X (4) 2ba=bbBbhb, XKANEOLNS.
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P (xy,2)=72wpax cosh (y:x) ¢ (y) és (2) (16)
vr (x9,2) = — 2yrax sinh (y:x) ¢2 (v) ¢ (2) (17)

GE—
b (xp2)],_,=0 (18)

X (13) 2bac=—b: B bhb, XANELNS.

b (xy.2)=72wpax sinh (y:x) $2 (y) ps (z) (19)
v (x,9,2)= — 2yrax cosh (yxx) 2 (y) ¢3 (2) (20)

EOREEIC BT AIRBEMIIEE HNCOMEL S T 5 &, BEEICBIT L EE &R EED
BRGSO E U CHARRS 72 ) OFEA v E—F v A (UTFHIZHEES VE—F U A
EER) NERTEDL. Yy 2 HOFHOFES VYU A% Z T L, HE-FNEHE
— FOZNLIIZDOWTERE (v =£L:/2) TOEFRFEMHE, KDL HIZEKIND.

2T, ¥x=—LR2TIIBHOER S I E &b EITERT 5.

BE-F
_payz)| b (xyz) | < Lx>
Zx_Ux(xyZ)LC:I __Ux(x,yz) 7[:7‘,_ Vx 2 <21>
ZE—D
xyz | _ b ayz) | _ cup < Lx>
Z = (x3,2) |X __Ux (xy,z )}1:7%_ i tanh LA (22)

B2ZoNEA V= A3 LT, TORREZMZT = NERGE W THE R 5.
IR EXNT A =5 L3 5 BMHEEBORMEICE Y, » OR G EITERICH 5. W&
DA (Ze > 0) 1%, meFEH (me =0,1,2,-++) Dy & vem & F 5L, meDBZFDIH AT D
BE—-F, FE-FNHELTRDE )RS,

Yxme = j T (23)
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5. BALRET F 15 v AY %,

- pc
Ye=" (24)

LB &, tanh& =tanh(§+jnr),cothé =tanh (§+7/2), (& IMEBOMHEL, »3EH) OBRK
HwT, X 21, 22) 2ROLHICHSHET.
BWE-F

kY r = jyr tanh <%+/’nn> (25)

k?x :j}’x tanh ()’x Ig +] <7’l +%>7T> <26>

WH, BEA V=5 ADOKE S EEBROENA v ¥ — 5 v Roc (= 40.3[g/(cm?-s)]) £ D
_ 7x L«

FHIERE VDT, [Yel<12 LT, 6 =kLY(|0:]< ) BX, S512, g = 42
&, A (25) 13,
0 = —jmq: tan (%6]:{ + n7r> (27)
D, lodl<1%ZELT,
Jox \ _ Jor.
D) qx +nx = arctan < PR ) ~ 0 (28)
EET L. HEoT, axlF,
I
qx = . (29)

—ni<n+]8x2> ln|=1
nm

D, = 1O THEHSDIEHFSICOWTIE, FHED x FIICET 5 22Mamrx (16) &
‘/) ’

cosh (7xx) = cosh <]Lq > cosh(— nfrxL x> ~1 (30)
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4 =2n+£;2,n: 1,2,3,--

Mme =20 L LT, me (WIS B @ %, TNEN, Q7o &5 &

. e [2kYx _
_]”qx,mx _ e L: me =0

Yeme = =1 . —
L | 2kLY s i
I <M/Zx +7 g ) mye = 2,4,6,

FE—FIzowTiE, KX (26) 123 L THEMICEZ T,

z 1), _ e\ 8
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ERBH, me=2n+1L LT, EmAIWILT B @7 &, TNEN, qon,vom ET 5 E, BT

—FOGELFEUBETRDO L) IZETS.

I me T NIINE _
Yeme = L. I <7’ﬂx +7 P ),mx 1,3,5,

(35)

oT, me=0,1,2,3, - DETHOHEE—-FEHFE-FIHLTRDE I IZEL I ENTE

5.

oiaT /ZIEYZ e = 0

ﬂ<zfm +]'42kL"};X> me=1,2,3,-
mxT

(36)

E— FEFHRECIEE, Vo 7o CRIFTHESNERDIEHDDE. Ta=0 0L

SEHBEDSETH S,

=z WOERMOHMEILET KI5 %2 Y, L3258, y—z HE AL TROBBRIES
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N A

i 2kL,Y, _ L
T <my +Jj p— ) my =1,2,3,

(37)

Yymy =

A (12), (36), (37) &b, E— F&E5 (e, my) 24 258510 OIEHEER 7: DSKD &
INTRFES.

Yz = Q: +]Bz = \/7(71?,%( + yfmy +k 2) (38)

@, B:1%, = NG One,my) OWREER EMME L 5. €= F (0,0) 2FHEE, Th
PAHMEERE— F2RT. HBEOHAICIZ Y. =Y, =0 20T,

= Sy () <39>

EBN, ve =0 & 7% B EWEIE — F(me,my) O RSB ES onemn & 72 %

2 2
IR O A IS B ERITE (e =0 @ﬁ%’?%— K) ER (B =0 DLty by b E
—F) Lnnds, HRZEA Y E—F Y A0 DD cun®%ﬂ<ﬁﬁmﬁ> B (oA
B LB ;mtbﬁ&$ﬁwﬂﬁﬁimﬁféﬁm# EEFNEL

THERDESITIBMEEET FI 5 Y ZADREED/NZ DT, WEEDOEATRD 72K (40)
OMEWAR I L VB HERCTEHRE— FOLBEIEL L L EZ LI LD TE S,

3 EEH

BRE— FOBREEH ECHEEH

HEES Y= U ADEIZA V¥ —F Y ARFET 5 FER G L LEIC Lo T, #£
DR VIECHBOMEIRE SN TVEY Y, CRLEDEEBZIZLT, A v E—
AZuw=2+=Zy =R+j(0L—Klo) DRL% N5 X =% & LT, %£E— FOKERE KD
72, B, WEHEWEERCOFMEAENL LTWE2OTK OBFIZEH L. K21,
L. = 1.5[cm], Ly = 5.0[cm] D4 E D E— F (0,0), (0,1), (0,2) IZxTBHMEDHZ2) D
WEFERE20loge #FE L TWAH. HERIE, HIBEECGE L7z & & DK T — N0 E IS onem)
AT, FHEBLUERE= FOWTIIK L TOLOZEIIC L 2B KE VT L5550
B, BRE— R L TR, EREEROEE THRINKRELZTHRERL Z>Twb. X3
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K1 HEEREA VY —¥ L AZu =R+j(wL—K/w) DIH.
R[g/(cm?-s)] L [g/cm?] K [g/(cm-s) ] Remarks
Flanagan" (1965) 6, 500 0.4 — stomach
Ishizaka, et al.” (1975) 800 2.1 84,500 relaxed cheek
Suzuki®® (1978) 1, 400 1.6 —
Lunde (1985) 650 1.38 —
Suzuki and Nakai'” (1987) 1,600 2.12 154,900 3 subjects
1, 150 1.96 127, 200
1,170 1.87 142, 800
Kamiyama, er al ¥ (1990) 700 0.5 — < 325[Hz]
1, 900 0.3 — = 325[Hz]
Dang, ef al " (1992) 266—15,100 1.40+0.12 182,000+15,300 average

0.1

0.08} R=0.5,1.0,2.0,4.0.,8.0[kg/cm’s] 1
£ | [=1.0 [g/em’] |
£ 0.06f | | ‘ 1
g 0.0) ©.1) ©0.2)
2 0.04 ]
L
b
0.02 1
\R&
4000 0 8000 10000
Frequency [Hz]
(a)
0.1 —
0.08f | | ‘ R=1.5[kg/cm’s] 1
E | | 1=03,0.6,1.2.2.4[g/cm?]
2 0.06 \ \ ]
& V00 | o.1) 0.2)
g \ |
£ 0.04 \ \ 1
g \b% \
< \ ‘
0.02} | 1
0 2\4 - S
0 2000 4000 6000 8000 10000
Frequency [Hz]
(b)
2 . E—F (0,0, (0,1), (0,2) oFFEmE. (a) WHKIFRIZLDZEA (b)

1t.

feo) = 3539[HZ], fe0.2)

Wi 1 4 4 A Le = 1.5[cm], Ly = 5.0[cm] ,

= 2f{,[0,1)-

RS LICE 2%
it O W #E MEAR R O By & o W I K
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5 1] ' 1]
1 1 \‘
I I l
4t ! A
1 |
1 [
s 3 Voo 02
E [ l \
- o\ |
= [ 1
3 2 \ q
rF : \\\\ : _
l T |
| [
1t +
| |
| |
| |
0 L | - L 1 L
0 2000 4000 6000 8000 10000

Frequency [Hz]

¥, Zo =1900+700.3[g/(cm?-s)], Wi+ A XL = 1.5[cm], Ly = 5.0[cm], #EDO B3 ME4E2E

DA OEW W E S0 = 3539[Hz], fuon =2f o0,
&, P (0,00 1S9 5E—F (0,1), (0,2) OWMEEHOLERLZLDOTHS. nk
E— FNERDERE— FIHT 2L, FHE (E—F (0,0) 1S3 2HELVHICKE
WZ EDG . 40, MHEHZRLEZDDOTH A, RLOFEIIIE/NS W, BRE
— NI LCThH, MEEERE LG IZIZFR CREEE 2 5. 51, REEDGE DO IEE
WK LT, B Y E— Y U AR ZE LIZGEONMEROZENFEER LB TH L. FFIFE
METHLHE—F (0,0) Ti&, B THENRZELRIKE {, e TRV B EHR % B
THNMHEBDSREEDLE LNV /NE{hoTWwh, ZNUE, ZOFEEEISICHIREREHN S
L&, WEEDLEIZH AR THIRFEREAENT 5 2 L 2R L TWwab.

3.2 {4
MRS (B &L =17[cm]) OWEH O —ICIREIEH Us 2 5-2, B2 S s & b
BN — Well DWW CEE SN A{mES Y E—F 2 AW

7= KZUE:, K. : const. (41)
DB FHAEEZ B 6 1R $. R=1500[g/(cm*-s)] & L, Lofii%0.3,0.6,1.2,2.4[g/cm*] & 24,
97z, 1 [kHZ] LT ORI H 2 ¥ — 7 fil & SR L 1Chh < B SN A, BRENE %
W2 L CIESFRICIRE L TV A DT, ERE— FAMEH|TE— F & 4 A53.5kHZL ETEH D ¥
— RN DLD, BEA D E—F U ANERE— FIZL D=2 252 5B/ E WV, FHiE
TEROWNEAL BT A2 b 0L LT, KEXBOWEZEZR-7-F F, HMfiE2x—yHANT
ZALS B, # i X OMEIE O HCE AL E (0, yi) 2 WEIALE (o, yio) 22 H R L) T > 87
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Phase constant [rad/cm]

Phase constant [rad/cm]

R4 :E—F (0,0),

it Wi 4 A L =1.5[cm], Ly = 5.0[cm] ,
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1=1.0 [g/em’] |

0.1)

R=0.5,1.0,2.0,4.0,8.0[kg/cm’s]

©0.2)

2000

4000 6000
Frequency [Hz]

(a)

8000 10000

(0,0)

R=1 .S[kg/cmzs]

1=0.3,0.6,1.2,2.

N

0.1)

[g/em’]

0.2)

2000

feoy = 3539[Hz], foon =2 0.

LINEL S %

4000 6000
Frequency [Hz]

(b)

xi =xio+eL i R[—1,1]
yi =yio+elyR[—1,1]

8000 10000

0,1), (0,2) ORAEE. (a) TEHRSRIZE B2 (b) HREESLIZK H%
HE o W AL R T o 3 A o S IR U

(42)

ZCC, LaLild, i KEOWHSTE, edRkKEHEZRT/NT 2 —%, R[-11]1F
[-LlJo—#KEHTHL. 712, K1OBROEEE
KONy HIANS T ¥ & DA INER) S 7255 OImE R TH 5. e=0.08L L T100E v b
EFVEERL, ZOEEREZERTHCTH L. RIHO ¥ — 27 IEFMLEOLHICITE A
CRBINT, BA Y- AL D WEIEE AT 5. 0, B Y- 2 13EED
EENHETH Y, MEEORALRAREOH WY -2 2B LTV,

(36[X 1) D FIX M OE AL EZ «
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R=0.5,1.0,2.0,4.0,8.0[kg/cm’s]
L=1.0 [g/em?]

(0,1) (0,2)

Diff. in phase const. [%]

4000 6000 8000 10000
Frequency [Hz]

(a)

[kg/cm s] |
0.3,0.6,1.2,2‘4[g/cm ]

/| T o) | 0,2)

Diff. in phase const. [%]

4000 6000 8000 10000
Frequency [Hz]

(b)

5 HIEED & ﬁ?‘%“\t_ F (0,00, (0,1), (0,2) OfAHEEDZEALE. (a) HWIUKITRIZL S
AL (b) Em By Zﬂrﬂ.’, Wri 3 4 X L. = 1.5[cm], Ly = 5.0[cm], o il 13 48 2k
DY O)‘E[iﬁ}—](&’%(ﬁ oy = 3539[Hz], foo =2f 0.

4 HBBbYIC

KfgTlE, T— FEMEZHVWZ3RTEEETVICBOWTEA Y E—F Y 2O EEEAT
b hHERRL, TORBIZOVTRA ., R EREEORTIE, SRR & 80RO BEE 75 1
Kez), 1 REEBEEETTNVTHONLERLE —HT 5. RETHWEAS V-5 2
DETIX, W TOWBIEORKNE — 7 2 RECHESELIROEBEIRON o7, B

S 2EORMEA V¥ =8 ¥ RMEHE R 7= (ICRILBIS 2 DT, SER B T
BIEWICREREE 2D, WEST K37 v 2 0 DEREEEEIC X AEEAT—F 7727 b &k
HBIEVLEZONLDT, SHEHT NI AT 2MEILEERbNS, £/, FHEN
WOEI L LT, FEROBIMIE S BVt BIC L 2HEPWMKRT LI E00, ZNHD
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30 RigiE :%ég 7777777
251 £=08
[=217 -

20}

m15t

S,

o010}

E

£ 5]

£

< O}
5|
10} §

-15 . " N . N - 8

3 4 5
Frequency [kHz]

6 MY —EO(mERYE. Ly =1.5[cm], Ly =5.0[cm] ,L, =17[cm], Zv = R+jolL,
R=1500[g/(cm?-s)], L=0.3,0.6,1.2,2.4[g/cm?].

30

n
o
T

—
o
T

—_
o
T

Amplitude [dB]
o

n
o
T

Perturbation of axis position: 8
‘1

-30

2 3 1
Frequency [kHz]

7 (36K BETF M LTEEIC8 N—t Y NDF Y F LEFE S 272100k v O
TROAEZEREE. Zo = 1900+ jw 1.2[g/ (cm?-s)].

THAEB LI ET IS LEL I 5.
HHEE

AWFFED—E01L, L FRRFNA T 7 ) —F ¥y — “Bl - vy reTfhed
B ARG RO EN A - BT O BISs L7, R OEHEZE i Bh 4 (18300069)
ORI X VAT b2bDTH 5.
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