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On the calculation of complex eigenvalues of transmission problems for the 2D Helmholtz equation

for concave scatterer using boundary integral equation method
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We consider boundary integral equation method (BIEM) for calculating complex eigen-
values of transmission problem for concave scatterer in the 2D free space. In this problem,
separation of fictitious eigenvalues of the BIEM from the real axis is of importance since
both the true and fictitious eigenvalues may be obtained near the real axis. In this paper,

motivated by Steinbach and Unger )

, we focus on several boundary integral equations
which are formulated by combining the potential and its normal derivative multiplied by
an elliptic operator to see their ability of separating the fictitious eigenvalues from the
real axis. Specifically, we focus on combined boundary integral equation formulated with
the single layer potential of the Yukawa type, and we discuss the heuristic parameter
choice related to the formulation. Numerical examples show that the combined boundary
integral equation formulated with the Yukawa potential is effective in the separation of
the eigenvalues, while the standard Burton-Miller type formulation shows rather better
performance.
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Fig.1 Concave scatterer. This shape is given by

(15) with the coefficients in Table. 1.
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e Burton-Miller D ERX L (BM):P1 =Z, P, =0D &
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DERMELE —HU, KX TIEBM & IERZ L1295,
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HEREAEHAZN 2 2O LK CTHEEIE TS 3T
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REDETR (7) OBEBALIR O 751 % fERk L. 64 i
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9. BME, 3L BMBM BIZOWT, BT OREEE
% RO BB B O B AR (F R O) B 5D 11k
EPDH L BBV FIZATENTZEDTHD a=—i/k

= Sin(Nk _Mn) + DiQn -
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FOBR EOBBUCEERABEAERZREZEHIEZEDIEMD
JAT T (f4 % J5 W) @ Fourier #EUBMA TR I 1, FEX DB
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RIZKIET 2 EAHEITEAICRETE D, T T, Q YR
LIDFEEFLOMTHZL L, e = =1DEEE2E RS,
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ZOWNEn PAKREL B2 I0EN, BEARMABHU T
ZeWbhnhd, FIT, HiliEa A THDIILEERE
U. nuyme IEEBDFER:n; = Rek; = /eiRew £ TDH LRV
LEZLND, ZOEOSIK. S, ORBEEROGI KL UTE
N3 nle—y DERTELBDZIEDOE, WEKIZER
BREVC/ATHDEEEZOLND, 2L, ZOLSREV /%
o e, 8, WHMMTHLD Z L3N 5A, SSMIT &
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THLHHEENBLARY, SSMIZ & 2 BEAMEABENTERD,
ZITC, BEEMEZHETZ-ODSSMORBEZES L U,

n; := (SSM DR H R D L DEI) x /e (i =1,2)
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CIEY, EMMIZ g =Rek 2EBTILIIT5, 2Dk
DIZENE, SSM OREEDOF Tl n IXEETH Y. fRITH
THd VO MHENERFI N, SSM I & 2 A HEaHE A
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BRUZERBES HRERNOEEE % E U T (HEHL S 500 &
UZz) RD7Z4ERERT, Fig.2(c) &Y. ZITRELAZnD
HERIEIZ L VB ONZEAE (proposed, ) &, n ZHd
fIbicLT/AoNEZEDEY S, Eilille DEEMNZE L TW
5 WNbnrd

—

oo

Imo

Imo

Imao

Fig.2 Distribution of the fictitious eigenvalues of
the Reg-type BIE with a = —i, 8 =4 and
various 7 (circular scatterer, e = ex = 1).
Note that the eigenvalues are plotted with
lines in (a) and (b). Subfigures (a) and (b)
show n = 2 and n = 10, respectively, and
(c) shows the eigenvalues obtained with
the BIEM. Graph legends show the value
of 7.

WIZ, a,f DERIZDODNWTERD, (FHES % 0U/on I
FLDILIX OU/On OYBN R RTE U LHA D%
o, UZEDo>T, o, B IdRTcELTH I ENHRL
ZAb6N5, BMEDIGEIL o, BIXHEBOMEIIKET D
EXINDEM, Reg M TIE LD LS I o, BIFEIRITLRL T
DOMMBFELREFEZOEND I L, MR OHER &Y FHIBOW
BANOEIFMENE ni,ne NEAT I ENZYLEEZZLNDE T
Lo, KX TIE o, B IFHMED R UMEHRTHD & L

a = —ia, B =r1a (a >0) (12)

BRI LIZT B, Fig.3(a),(d) idn & (11) DL S ITED a

AT LLED, TNENL=28LT0n=10D Reg
BOEAE% Fig. 2(a)(b) L FAMDIEATRLAEZBLDTH D,
INS6DOMEYN, a=20L TOEAMESMHNEEE UTE
PO ROHMENTNDEDIZRAS O, KX TIEIN
Ba=-2i,=2 L BRI LIZT D,

Imo

Imo

Ren

(b) n=10

Fig.3 Distribution of the fictitious eigenvalues
of the Reg-type BIE for various a (circu-
lar scatterer, e; = €2 = 1). Note that 7 is
chosen as center of each path of integral
for the SSM, and the eigenvalues are plot-
ted with lines in (a) and (b). Subfigures
(a) and (b) show n = 2 and n = 10, re-
spectively. Graph legends show the value

of a.

3.3. EXNLOZHEDKREE

FRAT iR % SR 6D B Z & ASTRE R EH D [ ([EF {1 E T R
W) & EO w OFPHTHE S E RO T M % B iR
95, 22Tl Regida=-2i, 8=2i, m1 = ki1, 12 = ko
LB (ZITHWwAEDEHTHDEDOTy 2PHELTE
ZUZZB), < R E transmission FIEIL, Q2 2324 1.1
DFEFFLDDOMTHD LU, aa=1e=4BLUCAHKEZ

mc Z .] kl’/' in (13)

n=—50
EULMEZEEZD, T 212 J, 1E n X Bessel (T r, 6 1%
x DIEEERTH D, Fig. 412, #EA S 100 & L, w

IR ED, BAOBAFRADUTTCEREIND
MR %2R,

uana 2 ana 2
error_f \/Z i fui — . 2| \/Zn 1l — 2‘ .
n 1 |’LL ﬂd| n 1 ‘q?nd|
(14)

N)FHORZ 5 ED u,q DB
i, EAFERE e 3B E %2 RT, Figd kD), WIhowE

Z 2T, w, g (=1,
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u%%* HELIMER/THS, B8, MEOMETE
EIOGEVEDOEA @SS EIRND D, I Qe NE TR
HAVENZ LI KD EBEERICE SDOND IR ERTLD
THY, WRIZHETZ2EDOTRANI L 2EELTEL,

BMBM —— .
0.01 | Reg §
BM2

0.0001 1,088 806

1x1078

1x1078

Relative error

1x107"°

1x107"2

Fig.4 Relative error in (14) (circular scatterer,
e=1,e2 =4)
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LB Figl DESBIIRE T2, 272U, B8 ai,bi(i =
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UM 35 5L D e B AL 80 1000 s & U 72,
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BUBARIZ T 2 518 @) Tld, Reg B (& [ — 0 [ 4 6 4 i
EROBED SHERD) DIES BOEEMEREAS L v & v S KA
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77
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NVODEN, RIBEREDED, REDZETHDEN (15 365R
BEWRBUERET IR TRATORY), Bk RERIE
26N, —HHZFNT 2 2 LB L WA, DR EEERE
DOREZLEL LARVWY Y IV BMBM 72 THBEMEREDS K
WIRBHEWE RE 2 Lid, EEOmM» LI HETHE L
FEAbNd, — AT, BINMET Yy ILEHWAEEEIIN
FIA—ABERNOHHENE L, EBESHEOBMEERTE 3.2
IR UAZEDIINT A—RZHMYNEIZ LT, BAMEOD
DR FIHTE R 2B bhok, TIT, BTLLE
JNELRF Y Vv b2 V2 BEDR N ZIRTHEIZBENTE
GINBRT VI Y Ve HOTNR I A= 2 WHIZHRET D 2
LT, BBEORT YUYy VLRGSO O 2 A
ETEZOTROLEHAHEINDG, YR, ZOZLIFSBER
FEETDBERDH DM, TORMIZENT, Reg MEKRREE
MOBIRENERMETH B,

Table 1 Coefficients in (15) for Fig. 1.

% a; b,

0 | -3.064764096577138E-002 0.00000000000000

1 0.388433845686800 1.50601097840694

2 1.76625441794311 0.370261740255805

3 -0.114720734160458 0.816223039551295

4 | -4.437476608042842E-003 -0.299619197550651

5 | -3.369918642548613E-002 | -9.285824310853109E-002
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Fig.5 Eigenvalues obtained with the BIEs for
the concave scatterer in Fig.1 with ¢; =
1,e2 = 10. Eigenvalues in the upper half

plane are the fictitious ones.
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