MRSy, RUEHEIH (19904107) NABERNNIERESR
Apphed Mathematics and Mechamcs BE R Y KR F B K

X FHelmholtz5p EREBY AR IR A T &
fifR 8% D — 8 ) FER

CE BT KWK

o

(BT k225, 198042 5 1 HWKE])

i

AR BTN B T AR R4 B2 Helmholtz ShEIR, MBAYME—4 R 82

HRENERE. SCPERT, SRARSHRRBEREAEN, XEEBLTELR Sommerfeld &

- SRR T EEATHAE (BB . XEATRAR (RKE), HENREOBERS T E.
RIS BT REPE— R EE,

%W Helmboltz ShAME, ARFHHE, H—i

—, 5l E]
EEE R
1 U
V2U=—ci" i fEDh (1,1)
th, B|AU=uexpliot], WaujR Ats# sz B Helmholz 73&
viutku=0, D 1.2)

XH, “TH%EF’%E@&\ HESHER, k=o/cRHRHK, %D%ﬁﬂimﬁmﬁhﬁaDEﬁi
BIRIR GEeD.), WHRQ .2)%REID LA R &4, WRARE & DRURRME
aDHNBRMERASNE GEeD,) , WHRA . 2)ERED LKER&HREFELN
Bt (R &k, WERIMES (WRik) RIE. SMESHRRINBB R X4 7R g S ial &,
BHABREEDHRANI ., MEArRFHIDLERD - A—ERNER, WiEH &R
u=0(1/r), (1.3)
Mr—>o0
au/8r+:ku o(1/r), : (1.4)
AR L R B P |

¢ THRIEE.
** REHTAZLATEFRTILE.

903



904 x b = M &®
umO(1/r), | (1.5)

HUr->oo
du/dr—iku=o0(1/r), _ (1.6)
X EHZLEHD Sommerfeld L4,

MNTHAE HELF D LRALESHNFEETREX R, REERTE, NEFEETH
WBIER ks (n=1,2,), MNXLHERR, » HIESMH, REREEGRS; MWAIHHE
B, BEEABR 0D LRRXK, BEHTELTEZLEERERES (Bk) , RERER
FiE, MTFEBEKE vBEE—F, DWHREETNSERNK. |

R0, URIALR RS HTEEHBARINAEN, BE—EFEBEIRIE, RAINE
F Dirichlet YRBIIFIER %, Neumann aBRER—E; B F Neumann [
- EAEREM 3K, Dirichlet SMEIERAE—RE.

Helmholtz $hal BAYE 5 B4 HRRA0ME — itk ) R (DL T A — R BD) B kidie
it Schenck®F|f Fredholm B4y HRRMISIEN T M—rIRRK, HBEER K FEN
Ry iR5RRAL TBRERRXAEE; Burton 1 Miller™ FAERRSHTREH RER
RHERSHTRNEKEES RBERE—H, EX(IH, BHEARRKBRETEENER,
RAMEREREENABLR RS TERFHNETEATE (WBHFE) , FEIANNE
B R Ry TBER—E. Kleinman fi Roach'™ ym—ik BN KFEEIL LHITTH
GHR, FER, BRE—EAENTREILERE~Eg Y,

T, AR TR A xhk Zm—H B B MR, BREHOLMERARR
AREHEEX,

AXFERSITRMARET AL AR5 HEHR Helmboltz SRR, RuE—ik
FEHEMEE, XHIERT, YRALRRSHERERIIFAER, THELMLREHE
KETEEEFIIAR, XETTHAE, SEEANRLERTE, FAREERIBETR

UEME— MR,

M BN R

# Helmholtz X, HFELTAKAE: 1°K Neumannff; 2° & Dirichlet
FIE; 3°#hE5F Neumann [ifH; 4°4pE4k Neumann [HE; 5 yMSaﬁ'j“ Dirichlet [a] &,
68 #hR e Dirichlet [F]8i,

B 52" PR TEHE XAE.

SRy Neumann & BRI FREND R &4 5,

(A+E)uq. (P) =0, PeD,
I(P) =00t (P), PeaD
(2.1)
lim {r,[?"_':(P)—iku.”(P) ]}=o
TR AP Dirichlet BN
(A+E9u.(Py=0  PeD.
(2,2)

w.(P)=f.(P), Feal) }



_ XTHelmholiz SNRBMMAR AT RMOE—HFEL %08

Hi A=v?, ga+(P), f-(P)}oD BRI ELK.

FRLE AU, AEBRESKE B D)RFERQEEL, MK EL(2 1) BRI
3", 5°5 6 A W—HIR,

XEshE REH T L R B S HREHR, BEIDREH.

S MR
Gr(P,Q)= 7 pr_ ) exPL—ikIP—QI] (2.3)
é.(P,Q)=<—4&|PLQI explik|P—Q|] (2.4)

B%, GRGHAEHER, P-QIRPAMQAZEMER(RM),
SRR WA B B R R
ua+(P)’ P€D+
j'w[au;;(%) G:(P,q) —ua+(q) aagéfo%)]dsqo_ s, (P)/2 Pe3D (2.5)
0, PeD.
XEq £ 0D Liy—i&, 9/0ng 23 g AWEMSNER (8 D,) EKSHK, 5IA0D LK
Neumann %#, ®11E3

; ua+(po)+j’ a+(QO)a (po»QO)dSQO

=[, 9+(a)Gu(p0r 0)dSqw  pe€OD (2.6)
S ROFF TRy
;ua+(l’o)+[w“a+(%) gfq.. (Po’ Qo)dSth:Oy PoeaD (2.7)
P LR B Ty
0, P€D+
[, 553 Gupy g —u(a?H 9 Jasq=d —u(P)/2,  PeOD  (2.8)
—u_(P), PeD.

BR, ¥(2.8)N G RGs, (2 )RR,
B8] N8D L Dirichlet &4, RINBIMWR AT RE2 WE—2% Fredholm HE, K
THBENHE % Fredholm HE, N(2.8)NEMS /00, HIIANDREH, TR

1 ‘_3.“:,(1’0) I -(a,) aGb (Pov q,,)dSqo

2 dnp, anq
=sm Joo F-(@50" (pe@)dSa,,  pi€OD (2.9
WERFRTRA
; a%—ﬂ(pfc') +J’60 auaﬂ(qqo) aGk (.p09 Qo)dSQo—O poeaD (2-10)

Eaml, TR IOFENGELS, ANEEELTEE,



906 x b ﬁ{l__fﬁ &

BEI D NMEMRIER S, HE(2.10)F LRI R B .,
WEBA  RAEXT R RASAE B Rk, FTR(2.10)F S RVKHIE K By,
¥ (210G RGe, HRMAKRS, Hu: HRERENITRABEREK, B—F
T, Hu RO GTRE I)EEREHE, JUBREEBRETEOBTEK, TER
1R U_e=8_s, Elu_. 2500, (GEB)

HTIERER2 2, FEHE TAK Fredholm .

Fredhoim T8 WMPE L 2—ABLETHHBERM, WERINMETHLEE T WIBE

BE2.2 FRE.DMCAOFHRANMKENSE, HFETE (2.7) HFERKBE X
.,

Nl ﬁu%‘(‘}:%@le(PoyQo)=Gk(QoyPo)’ oy
aGh(po,%)= aGk(Qn,PD)
ang, anp,
FoBi 0Ge(0,90) /g, I 3LHiR%, B Fredholm #H, HEQ.MHAMFERQ.10)FHARKNY
EF¥%.
TFEFE 2.1 WAL BE, HT(2.10) B0 BRAE I B AN ¥R 4T o 208 S0 ad, T B3R AU
Sy HR(2. T)REE BBt R R, GE B)
, BUMER TR 2R BN AEREEANRENXREE, B2, RIOTUE
B. HORHSTEMARK, # Neumann (Dirichlet) SR REAET, MR K A BS
SR ST IR RE B A8 ) B9 SCRRAE U 3k AN SRR E e %

ZMEEREXHIWT R

EEI 1 ARENFRIREET, HARERSHFEHERNIMES AR B £oR
Y2 R — ARl
XRE-FHROBRAE S, A EVOERSN, F—l R FHRIMESNR K R E
(EIEIRE3", 4 sk Rs", 6°) BAMRANEMEREMARANIEERY, AMRRNWER—
i R
BT HRR. )M ER SR TN, HEERRERN, FL, M% EHR N 7%
RUBE BV YR FIEA, X— 8w LIRS R4 RIAE 8. |
T3 2 HABRQ RN AKNGERRZTEHN,
B HEA3 WA, (2.7)#ERWERIMES, XRINRUEE, Mv. SBHER
ROA.OMG.6)X, MLHE
o u=0(1/r) (3.1)
' W rls o0 '
du/dr=o0(1/r) (3.2)
B—FHE, EVREER, W
V=ReU=(uexp[—iwt]+# explint])/2
W@ i RODFIERr- RANRES, FEENEFRSHNERETS K



XFHelmboltz S ABKARBS SR BHE—RAE 907

| [

XHEV,=oV/ot, FIAKHKAR, HEQ . V)MIDKF K&, TS

S =llsvi s 3.0
E

V= 1 ico(zi exp [iot]—u exp[ —iwf])

%Z = ; g:rexp[-—-imt]+~g?-~exp[ia;ﬂ)'
iy

== [ (% = % w2 exprniori—a 2% explrior1)ds
(3.5

.1, BG.2)TH, Yroclf, dE/dt>0, WEAZHETTABWHGERY B, L
A ReDx e 2 # N, FIURNBZEBHTEARZREHNEERLTEN. GEk)

FTRGE BT, HuR A0 2)MAES £4Q.3), (Q.O)K, HB.5)REXWIE/
di<<O; ¥ SMEH AR ANtk & 4:(1.5), (1.6)8, dE/dt>0, B, FHl17TLAH,
MEALRRSTBEER D NR T LT ELRD RAYE, EREESESE, Xiﬁﬁ‘l&lﬁt‘i&.
HIERES (M) MMdE/di<o(dE/dt>0), X1 EEE AGERRFE,

FREFS 20 B, BNFAGTRCQ. NS EERTHX—$BX, FH(3.1)M(3.2).
Rax, ®i1F

EHES. 3 ELHG.D), G2MFRABLFRGDE)EHGT, HRE (1.2) FLAHFTE
FOHFAE o6 %1

HESR

j J (V24 E) Sud

=, o ouds+ lim ({5 on ouds—sfff b, 5 L(vu)'—Fu1dQ

J

- mD 5 [(V0)!— #4140 (3.6)

XEC2M83.1), B.2)RDEKHKLE, TR

wmsi {[][, o oa/[[f, 0]

BAFRE. DU FHBREXM RIEER, MRS MIGE RS HEEN, (Ek)
PO, Ao (AT M — A R

Bk, BRRIE—ENEEEEAZR URSRANSRLSE N R R 2%



%08 EE ) ® M &

2 o2 {i%lﬁﬂ ﬁ&%ﬁﬁ&‘ﬁ%&):mﬁﬁﬁﬂ’#%ﬁfﬂ%, 3° %UJ%W&"?‘JEEHHM IE.IEE
UMK, B 1R 3R ERMAN, XB IS Neumann Wik [R]E 0 #1334
Hik1°f2°,

1. @(2.5)" A% Neumann RWIAEHH BB HER(2.6)R, THHBRHEN

_‘-a “a+(Qo) a’r""' (P, Q) dsqo—_“ gu+(QO)GE(P QO)dSQo, PeD_ (4.1)

B REUH (2. 6)RUAFAE B e, HR(2.6)NMBT S B
tas (Do) =t (Do) +ul. (o), €D (4.2)
XE, uwl AHNRNAHER R ek, TR o RERBENER (MRKR) , FER
., BUDBEHBR(.1), B

j G,

oD “a +(Qo) an (PQQG)dSq.___OI PGD,_ (4.3)

RIS Ru =0, X8, TRU DTUEME— ‘ﬂ'%?ﬁ%#, BB U2, 6)BAIIS R4
BExE.

2. F2.5)WANR(D ) H BRI nRE, HAp—>0D, NG
1 aﬂa+(Po) 0 aGk
2 o, '+a}zp, jaDUa-f(Qo) anq'.(po,%)dsqo

8 ( Bua,
—arﬂp.’,[on ua,f::) Gi(p0,9)dSq,=0, p,€3D (4.4)

¥oD LR EBHRAU. DR, HERBSIAFEEUa, mE(2.6)x%, HXNKFKRGTEA

; u,,+(po)+j a+(qO)a (pOsQO)dS‘In

]

+a5"p;

X[3IHELEH, %Im(a)x 08, 7‘7‘&(4.5)/\7€$ﬁ$.:‘3:“,-%&&31'&!5&%%_!:1][1&11%%:
EHRU OhS

a+(Qo) (vaQO)dSQo_O (4.5)

a“‘;,*,,([f°)= }Z“a-r(po), D,€30 (4.6)
I F|
BG. (Pos o)—"‘ ;o(Po,QO), bo, €D (4.7

)'1']737?5’-:(4.4)?/.&11@55275%_(4.5). XPHHRASREFEZLEF R R R 6)RNINER
A RBH TR, HTIm(e)%0, NiidD EHERBA (RFEH , ELRANERTT
fa., XENTERELNA, TR RERE.

$ £ X W
[1] Sommerfeld, A., Partial Differential Equation in Physics, Academic Press (1949),
2] Schenck, H ., A, Improved integral formulation for acoustics radjation problems,



[3]

41

i5]

18]

[71]

L8]

[9o]

i10]

f11]

[12]

[13]

%F Helmholtz Shimieh R85 7R MW — il 909

J. Acoust, Soc, Am_, 44 (1968), 41—58,

Burton, A, J, and G, F, Miller, The application of integral equation methods
to the numerical solution of some exterior boundary value problems, Proc, R,
Soc, London, Ser, A, 323 (1971), 201—210,

Waterman, P, C,, New formulation of acoustic scattering, J. Acoust, Soc, Am_,
45 (1969), 1417—1429,

Kleinman, R, E, and G, F, Roach, Boundary integral equations for the three-
dimensional Helmholtz equation, SIAM Review, 1 (1974), 214—236,

Piaszczyk, C, M,, Acoustic radjation from vibrating surface at characteristic
frequencies, J, Acoust, Soc, Am_, 715 (1984), 363—375,

Martin, P, A,, On the null-field equations for the exterior problems of acous-
tics, Q, J. Mech, Appl. Math,, 33 (1980), 385—396,

Brod, K., On the uniqueness of solution for all wave numbers in acoustic radia-
tion, J. Acoust, Soc, Am_, 716 (1984), 1238—1243,

Filippi, P. J. T., Integral equations in acoustics, Theoretical Acoustics and
Numerical Teéhm'ques, Ed, by P, Fillippi, Springer-Verlag (1983), 1—49,

Meyer, W. L, et al,, Boundary integral solution of three dimensional acoustic
radiation problems, J. Sound and Vib., §9, 2 (1978), 242—262,

Amini, S, and D, T. Wilton, An investigation of boundary element methods for
the exterior acoustic problem, Compu tMeih, in Appl. Meckh, and Eng, ,54 (1986),
49—65, .

Wok/RiEk, B, W, <HSWEH@y, S8%. £8MR 248, B0, ARBEH
kit (1958).

W, #HREB, <ERHEITE>, RERS. BRNER, IH BElRi (1981),

On the Uniqueness of Boundary Integral Equation for
the Exterior Helmholtz Problem

Wang Qing Xu Bo-hou
(Department of Mechanics, Z hejiang University, Hangzhou)

Abstract

From the point of view of emergy analysis, the cause that the uniqueness of

the boundary integral equation induced from the exterior Helmholtz problem does
not hold is investigated in this paper, It is proved that the Sommerfeld’s condition
at the infinity is changed so that it is suitable not ounly for the radiative wave but
also for the absorptive wave when we use the boundary integral equation to describe
the exterior Helmholtz problem, Therefore, the total energy of the system is comser-
vative, The mathematical dealings to guarantee the uniqueness are discussed based

upon this explanation,

Key words exterior Helmholtz problem, boundary integral equation, uniqueness



