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Fig.2 Scattering wave transfer functions Hg as a function
of frequency for selected value 6.

A
A 180 (deg)
A
A
A\
AN
g A
< “ 90 (deg)
w_
\/‘\——\
———
-02  -01 [) 01 02 03 04 05 06 07

ct
Tea ()

B93 #ELE ORREER
Fig.3 The scattering wave transfer functions hs as a
function of time for selected value 6.
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tion for & = 0°. (a) Waveform, (b) Magnitude,
(c) Zeros, and (d) Group delay.

TEz oh, EFRAEKFE LT3 2 ORI
&L 7z
1 2
T'T
RERPER I NS, BAEREOF AN, EE
FRE 0FZ & ERELED S BN IERIMIMBDOE
HOBEEST S, FHB LU group delay XV, HREE
%5 Tk 0Hz 0F Rk &/IMIME, 1/T (Hz) LIED
ERRFER/IMIETH 3.
BRAEREOZ A, BAEBEROFTICHAERE
FaEhoot L CESEL TB Y, BELEERPRT 5 ETX
DEEZKS B> TS, CThiZEZEER2ITEHT
RATHE 1KLL, B 2EOEIFTED 2V
F—PRE&RBH AT S, HL, 0HzicB 1T
5 BER DT S IEEMA R L R/MIEREA (L
M) ICHFEET S, ED XS REELETHYEFIERS

3
0, 7, 5 75 (H2) (14)



X/ R BELE S O AR

Yy
)<
@ g
o4 ; ; R S S T
-0.1 0 0.1 0.2 03 0.4 0.5 0.6 0.7 0.8 0.9
ct
2r a (Vrad)
r x
+- 0.4
. 0

@ incldent wave 03 ]

a
= 02
dos | ®
" R
|

(@creeping wave

~0.1! L L L L f i i L L
-0.1 0 0.1 0.2 03 04 05 06 07 08 0.9

C t
ZTra o

K6 #iFEELE oK/ NMIMERK S
Fig.6 Minimum phase components of the scattering
wave for 8 = 120°. (a) Original waveform, (b)

5 EENEEITROKKEZER

Fig.5 Time difference between the incident and creeping

waves.
Minimum phase component.
B0TH50DT, 0Hz DEREHM ELOFHIFECF 045
ET 5, o1 (@)
o 005
4. HEELE OIS OFHE < 4
-0.05
BELEE Ho(w) 13, BYMIAIRS Humin(w) & IR/ S L
0 o1 02 03 04 05 06 07 08 09 1

(IHERR S Hap(w) I BEL TERT &,

Hao(w) = Hap(w) i () o
— | Hinin () e~ 10min(©)+0ap ()] °r ®
min ) e 0.05-
|Hap (w)| = 1 (15) i,
-0.05}
DEX3wEREINS[9],[10]. 6, 7T B3EELEOR 0.1 . . . . . . ‘ . ;
. 0 o1 02 03 04 05 06 07 08 09 1
FEr 7R LM L > TRAMIMER S 2R L 72 .
. O S BEIS E COERY 15 e
BITHS ‘ﬂ?foEF' L,M B = : ‘EE%’ a/lcm e
&Lg, 6 BRIARTTT 6 = 120°, 7 ERGERT Fig.7 Minimum phase component of the scattering.
0 =60° DEBELE L B/IMIMBRAS 2R, 6 DOBR wave for 8 = 60°. (a) Original waveform, (b)

Minimum phase component.

R ABELR S R/MIAER S & F L <, R/MIERHE

B35, BT o®mABEERIE, RMIMERS TIRE

TT&ET, RIMMAETIE 20, FolDb 2RMBAT B LIk > T, MiERHEDORT
AL O R/IMIARFHME 2 BELE He(w) ot L ilE=g: ]

7z. all-pass 53D §-FA»SDIESDEDT RN N .

F—Z ko TFHAT 5. FFETRELT all-pass f5 i3, T, {Z Rap(n) — 6(k)] ‘

BELB SR MIE R H T 5 72 5 SBEO AR & T R e

K& 10D 6By, FRIMIBSEEET 5% N N

SIXRAEBN L FEET 5 Z L2 & 5 T all-pass K3 Z hep(n) = Z 8*(n) =1 (16)

5B SEALT 5. BELE X D i & hore FER/ME =0 =0

MRS E CDBER2EHDREZ 1 OT VY EEE & 3%, ZOERE v 3EELEIR/IMIABES TH 55

1815



BT EHRERSFEEWIGE '97/11 Vol. J80-A No. 11

osk ()
osf
o7}
06}
>o0sky
oafli I
o.s-j: ::

o2fi v

01p;
v

0

B8 WUER (M=F a) eI BT 2 #ELE o frHE R T
Eit: ]
Fig.8 Index v of the all-pass components as a function
of » for a hard sphere (radius a). (a) overview,
(b) for selected values of a.

BRFERY, B v B 0Sv<2 LB,

B4 8(a) i33X (16) i & 2 MIBREEL B O GLABFr % T
HBE v 2R LbDTH S, 8(b) ix, BIHIERE
T XU AE 6 Z X2yl L TR T &
BRUIZBITH 5. BELEIZERERT S i3 B/IMIMEE
5 (=0 ThH, REERHFTHRERLID 5
BAHZRBEONT, BELER/IMIERER2ET 5.
X9 13X 8 kIFAkkIC, EERIC X ZEELED v BRL
72bDTHB, BELFHOEE I CHELE S R/IMIE
FHEEET 5.

5. HELKARESHEOTER

5.1 THEDOIEEL

R (6) R (D EHELE 2 HK T 2 T HTEK
BETE %, L»L, MRO/BONY 7 IVEOH
BB LN 7 VBB DMEIHEIZ R k o THEFEI

1816

-10 -10

yia x/a

B9 #ER (YR a) MEIC BT 2 EELEE O LrAE R iE TR
Eit::]
Fig.9 Index v of the all-pass as a function of r for a
soft sphere (radius a).

WAL, kK OEBERCIARIZTEZ L 5%, o
T, ABOFE, TbbBELEOBIFEET, &
BEREBLHOAI L > TEEREN S,

Z 2T, BELEOMEFE BT T 570, BELEK
CEBBOZH*ERVFHELCHNTT 5. SARIHEGEL
BOLEBBEFT LBV LEDRTH 5.

Hs(w) = Hy(2) =0,z = &*T, T = 1/fs (17)

B/MIBRE R, EEBBOT RTOFEDK 10 O
) BEFRFELE (s ¥HE) OE¥FHERIZEET 5.
Ho(2) 1 z 8 TH 5. R@SLOEAHEFTE 3 BES(E %
ARTWwaDT 2 E#XY, Hi(w) 2KD7-, FEEH
ik, BELEORRIIGESIGRL Tw 3 AT AR T
YIDED, JHEOE® 120 L UCEHFEL R, B 11 &
BIHIAE 0 DS 0~10 BB 2BEEOES Y 1ED
ERERTHOWIEAGRTH S, LY FEmsR/IMIE
BT, THFESFHERIMIBRETH 5. BRI
DERGEEEZS (0=0°) »6ER (0 - #K) T3
DN CEADUBESERAEKEACLAMICEE T
5, ¥, BRAGEASICRI1FY, NWAEDOHE
Hisss (0 < 90°) ¢, FER/IMMIMERS DFHLR/AN
AR S DT IR T 5. #-C, REDOF Tk 28
BHEZBNT, BEEFEE2ITHLHTHEELEOSE 1 Hictt
NC, B2HEOBINHEIKEL 252 LT, BELKIZ
FR/MIMEFHE R B T, BT, REEES TRX
kiR 5,

12 133 11 & [FARRCBEARE 20~100 E 2B 17
LHEHKDOELE 2 1B L RERTHWEAHERTH
5. ka>1 DEBCRFCHABEOE 1 LB 2H
ORI IIG L CERBREh D, ThZThD



L BRABEL TS OATHE

(@)

ik
(o] ®]
w
[ ] [ ]
48
Transfer function
(b)
it
(0] © = (6]
@
9
Minimum phase
©) is
X X
®
[ ] [ ]
-3 9,
All-pass

O :minimum phase zero
@ :non-minimum phase zero
X :pole

B10 {EEFHEOR/IMIMER & FER/IMIAER
Fig.10 Decomposition of a transfer function into the
minimum phase and the all-pass components.

@ GG g 8.8.8 ¢ e
s 18 ?%.ﬂ..@';egdr e '55,,‘0 WL,
¢ R R
ko 0° :
"l N N
® .
o
increase m 6
o= M '
4 0
o)
015 5 10 5 0 25 e 3 o
ka(?ad)

11 [0, 10] BRIz 38 1) 2 BLELEE DT S ENHS
Fig.11 Locus of zeros of scattering wave functions for
selected values 6 between 0° and 10°.

FHOB BT, EAEBHICRLELT 2 AK
X, EEREITHHE TR PRELHED 2 BEIHIG
LTw3, Thbb, REFIALSBINEEILT S
BRIZBWT, FEIW ka 8IZH - T, EEFEHEI
BT 5. 20O%, ka #Cit-> T, FEEAEEED SE

increase in @

T >

0 2 4 6 8 10 T2
ka (rad)
212 [20, 100] BERENC B 1) 3 BELE DO F S

Fig.12 Locus of zeros of the scattering wave functions
for selected value 6 between 20° and 100°.

ANEBE}T S,

ka < 1 O CRIEHH LI Z>DFEHEOBEH
Bz 3, —oiF, REREEYVALIION, &
i FOFRIMIBAFTEXTEEED > EEFER (&
MARDE) CEKMCEE TS5, 12 TOHz DA
DTFHEFED S FEFEIC B LEREAITI0ETH S,
by —Hik, B/MMMEREN CERREEE X DEAN
LEALT S, Tkbb, BE#E (0Hz) i3, A
Folh b BEE S N B, FER/IMIEEE S & B/IMIL
MBEBICIUR T 255, RAMMMEREA R4 ICER
BHEEHANLBET 2FHOZO0FEET 5. #EL
FEOFR/IMIBRSDREZZDOE#M EO_DSHDE
mOBEERT 5.

B 13260 28, 805 100 EEFT1IEZLIZE
ELED (a) group delay B &L U° (b) fRIBFFMTRT.
B EOFEOEER, ka<1 OFBRICEN TS,
RIBEHETIZS0OE2S VEICRDIONZODHOE
EREEEEENCELL OHz DBAVALw ALK 5,
90 EH 5 100 BRI CRBALEREEE L VBN, B
SIS,

5.2 BRERDET I

BEABBTEE#H EOFTSERBRE2EET 3,
BELKI s FHROE#M LIc3=>0FH52E6T5. B
1 DFLAFBEEOET S 0 cERT 2FATH
3, chix, BRSSO TEET S, B2 3R/IML
MREN e T 25 ETh 5. B 3 IBEANIERE
BHENSHITANEET B i2oN0, FER/IMIMEFEE»
SR/MIMBEAN L BB T 2FHTHS. K 14(a),

1817



BFIEHREREFEMIGE '97/11 Vol. J80-A No. 11

150 .

(a) Group delay

increase in 6 (80° ~100° )

-1

{ (b) Magnitude

increasein 6 (80° ~100° )

I1 0 (dB)

0, (rad)
X 13 {EREERICE T 2 BELEOFHELE © fRIgRe It
Fig.13 Group delays and magnitudes of the scattering
waves for a low frequency band. (a) Group de-

lay and (b) Magnitude.
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waves (30, 45, 60, 75, 90 deg), and Locus of zeros

of theoretical scattering waves. (a) measured

zero, (b) theoretical zero.

BCIRERME» S TR H 2 DD, EEABEEES
THIERIIZIZERMSITLC AT L bh 3,

T 7TU

AR TIETEEBBEDPAOBENC X 2ENEE
RAB DZEh 2 HEE T 5 HEERET 2 A9 L L CEELED
fItERE 2B S iz LT, BELESHOBERBO—BF L
LT, MEK, @&k 28EESHRrEEAERLD
R, BELATEE OBELE ORI & BUER I T
L7z, #ZO#RE, R LyoniZ k> TFHIEN-BEE
DEAMIMHEIZ DWW T, IR & 2 BELEFS CIIEEL
EXBRSC L ST R/IMIBRER2ET 5 2 L 2EiE
Uiz, &7z, BIBRIC & 2 8ELE b AR FEREICN LK
HETA CRBR/IMIERE2E T 5 Z e Bdbhro Tz, KR
®H TR, BRIEIECHERIMIARE L %555, &
Fi2 b on/AIMIAERECHHEL T b 2 L 2R
Uiz, &7, BELEOFER/IMIER S 138 KA
HOEH# (0Hz) CHFETLFEELFERTHD, Z
DFRIIREER T » o BRIERTS CHRET 213 CE# L
THER/IMIMERE » & B/MIERBIC [ - THEN T
5ZtHBbrol:, ZhoBIER, KROMHELETSD
HERID, RIEEEOERF O 2B\, BELE I
EAEEELUNCIZRR/IMEREE 25, s
HREEBELE OR MR R —) O FEREFELE O EHN L -
THHER L Iz,

BN RGEELFH O BT 2 AR D)

1820

B EHIERORBICOLWTHRERZEW, <y
Fa—ryYIEK¥ RH. Lyon B##ICEL BFLHL
LT3, %7, AEEBRTBFEEVIEERKERR
MIBAE, \IBHME CEH#HBL £ 7.
X 773
(1] PM. Morse, Vibration and Sound, pp.346—360,
McGRAW-HILL BOOK, New York, 1948.
[2] D.L. Sengupta, et al, Electromagnetic and Acoustic
Scattering by Simple Shapes, pp.353—415, Hemisphere
Publishing, New York, 1986.

(3] PM. Morse and H. Feshbach, Methods of Theoreti-
cal Physics, pp.1064-1106, McGRAW-HILL BOOK, New

York, 1953.
(4] FRE—, BRREEOLLOBCEEHR (EAR), S
1960.

(5] L. Flax, L.R. Dragonette, and H. Uberall, “Theory of
elastic resonance excitation by sound scattering,” J.
Acoust. Soc. Am., vol.63, no.3, pp.723-731, March 1978.

[6] G.C. Graunaurd and H. Uberall, “RST analysis of
monostatic and bistatic acoustic echos from an elastic
sphere,” J. Acoust. Am,, vol.73, no.]l, pp.1-12, Jan. 1983.

[7] D. Brill and G.C. Graunaurd, “Resonance theory of elas-
tic sphere,” J. Acoust. Am.,, vol.81(1), pp.1-21, Jan. 1987,

(8] P.D. Thome, T.J. Brudner, and K.R. Waters, “Time-
domain analysis of acoustic scattering by sphere,” J.
Acoust. Am.,, vol.95 (5), pp.2478—-2487, May 1994.

[9] G.C. Gaunaurd, H. Huang, and H.C. Strifors, “Acous-
tic scattering by a pair of spheres,” J. Acoust. Am,
vol.98 (1), July 1995.

[10] M. Tohyama, R.H. Lyon, and T. Koike, “Reverberand
phase in a room and zeros in the complex frequency
plane,” J. Acoust. Am., vol.89 (4), pp.1701-1707, April
1991.

[11] M. Tohyama, R.H. Lyon, and T. Koike, “Pulse wave-
form recovery in a reverberant condition,” J. Acoust.
Am,, vol.91 (5), pp.2805-2812, May 1992.

[12] Y. Suzuki, F. Asano, and T. Sone, “On the simulation
of a transfer function of an acoustic system (Part 2) (in
Japanese),” J. Acoust. Soc. Japan, vol.45(1), pp.45-50,
Jan. 1989.

(P& 9 4E 3 B 21 HEAT, 6 A 9 AERM)

LH =i (E8)

1994 TEBEA T2 WHERELRERT.
1995 AIAKRZRELREBIR, AEER
. K-T-BhF. TELT, ENEE, 585
By - IREh, SEESLR, FEHH, @
BEERDETFVEICEAT 2R ICHEE.
BRESR, FTAEBHEAZS, BEAFEE
£, XEFEFZRERE.




X/ BRAEEL TR OO AR

A HZ (EB)

1974 K « T. - [GAELFZE, 1979 H
bR TprRigt (HRI%) FE7T.
FRIEELEEE. 1980 £ iR &7 EAHT.
1984 IR KERFEHMBBEZ 2L T, B
1, AAZIERBEIERIZREE. £
DM, RB2—FE#H, Fusryvary
AT ADBHREOFFEICHDST (T, BHRUEEZS, ATH
RESERA.

RL=#x (EH)

1975 RARZBRELRET. AEEE
A (B, NNT) A%, LDk, HEiRE
#, ESAECHEYT 2HRCKE (T1E).
1993 T¥BEAFEFT LHRER, RECE
3. HxEE¥R, XEEE¥%, IEEE

=R.

1821



