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Numerical Conformal Mapping onto the Radial Slit Domains
by the Charge Simulation Method

Kaname Amano

Faculty of Engineering, Ehime University

Abstract. A radial slit domain is the entire plane with slits along rectilinear lines pointing
at the origin. In this paper, we present a simple numerical method for computing conformal
maps from domains exterior to closed Jordan curves onto the radial slit domain. The
mapping is important in problems of two-dimensional point-source flow with obstacles. The
numerical method is based on the charge simulation method, in which conjugate harmonic
functions are approximated by a linear combination of complex logarithmic potentials. The
method works well for simple test domains, but brings on a highly ill-conditioned problem.
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RENLFEOFEEIR, SABEORMBEY 1 3032 MK E KD RBIRE S,
FNEBEEANBRT V2 VDO 1LREETEUTE LV DOTH S, 1B, ZOFEEN
A1)y b 2ELLRVEMARER, £ (Wb BEEEE) , FRES (2 &%
R FEREEL TARESFABROFEL LTEHTHAZ LIZBRICHON TV
[1, 2, 3, 4].

AEICTIE, $05D Jordan FAMMRDOIMADERRE 5 % S TIEA 1 S EER RIS
LHETR Y v MEBANOKESABZROFELYIRET A, COSAEBKIIERAT IR
ABLEEWEMED) 2RTERT Y Iy VRICBRL, THLEEETHS. BESNSLFHE
DEBIIBEIA U v MEBANOEAEZLTNR ) v MMEBANOEAER L BT L HET
HHILICHET BARICIE, LAY v MMEBOBES LRI, 103k
BrBEEANBRTF Iy VD 1L REATEMT A, LA L, RERBTHEEMERET
27D DOWEELGIIEESERT Vv VOES T2 (BEICET. CoFEIRIEEIC
R T, L2d, AR ) vy MEBANOEAEZR L KSR ) v FMEEANOEAER E T
ZRAEICA SO LWHKE—RTNVIT) XL THET LI LATE S, L L, BEIKNL2E
Bioxhd A BUEEERDOFER, HEL2ERICH L TIBMNBEOBVIEMEN GO D
DD, —HRISFEEICLRBOEVEY 1 XKAFBRICEETA b oz,

2 FEGEIR

BEPORTABEROEMRA) v b 2EIRFFROLSELBETA Y v b HIB LT
B FEEOEB D IZ0L ) BRBEHRY v VEBNEABZRTAILNTESL 9. &5
2, DR LZ 28 u,v 2D, o 3ESIIC, v RERRSICBY, v 28T 2EEH
BOBEN1THD L) ERILREOTIC, ZOFABZRII—EMICETS.

ZZ T, Fig. 1 DX 9IS, 88 D i3 2 FELED n D Jordan FAMIR C,,Cs,...,Ch
DD ERER X EUHER 2 n EEFHRTHLLTH. COFEBIn=1T%bb
H—0 Jordan BIFRDOIMAITH > TH L. 5T, uw RS, v TEBERSIZE-T, D
226 w FELEOBEHIA ) v VEBADEABBRTEZ L. TOEZBERE w=f(z) & T
i, FIEDEHRILEMIE £(0) =0,f(c0) =00 BLU fl(oo) =1 &% 5., ERESICE
BB f(2) ~ 2 (2 = 00) RAHEERBRELERT S, BIROFER, WK C,Cy,...,C
BRADEFNEFN 0,,0,,...,0, RABEFRA) Y S,,S,,...,8, KBAETH, AUy}
DUNBEEIIESBHEEDIIETS.

TARTZENCIE, BEBHK f(2) DHEMELRACERRIL, BEAIOERA T 3%KA
BOFEL, BRI C,LCy,...,Co ZBRERE T IAEEMVHET HHED 2 RTTRT ¥
S VRO EERT VY VIR ETREY S 2 5.

OB %

(2.1) £(2) = zexp (g(2) + ih(2))



109

¢y
1
C,
D w=J(2
f@ s,
o —_— ¢ "
0 0

&)
, S

Fig. 1. Conformal mapping onto the radial slit domain
by the charge simulation method.
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Table 1.

Numerical results for |z — 2| > 1, using the formulation 1.

q N

E4

Er

Ee

Cn

16*
32"
64"

128"

0.2

1.1 x10-3
1.9x 10" 6
8.7x 10" 8
1.8%x10~7

7.6 x 10~
9.8 x 10~
8.8 x 10~
2.0 x 10~

» =N N A

9.7 x 1016
3.0 x 10713
4.9 %10 °
3.0x10"°?

5.4 x 107
2.1 x 10'8
7.5 x 1018
3.0 x 1020

16"
32"
64"
128*

0.5

9.9 x 10~ 3
2.1x10" 5
1.1 x 10710
9.7 x 1015

4.5 x 10~ 2

9.3x 10" 5
5.0 x 10710

8.8 x 1014

9.0 x 1019
6.9 x 10~Y7
1.5 x 1018
1.4 x 10716

1.7 x 1018
2.5 x 108
6.8 x 107
8.9 x 101?

16™
32"
64"
128"

0.8

2.9%x 10" 2
2.6 x 10~ 2
46x 103
1.1 x 10~ 6

1.3 x 10~
1.2 x 10~
2.1 x 10~
4.8 x 10~

[=> T T

3.5 x 1017
2.1 x 10~17
3.3x10°Y7
59 x 1018

3.8 x 10'7
3.2 x 10Y7
8.6 x 108
2.9 x 1018

Table 2.

Numerical results

for |2 — 2| > 1, using the formulation 2.

q N

E4

Ep

Eeo

Cn

16*
32"
64"
128*

0.2

1.1x 10~ 3
2.4 x 10~ 6
5.1x 10" 6
29x%x10" 7

6.5 x 10~ 4
1.6x 10~ ¢
2.8x10~ %
2.8x 10" 6

7.9 x 10716
8.7 x 10-13
22x10°
89 x 10~ °?

5.0 x 1017
5.3 x 1017
2.1 x 1020
3.4 x 1019

16*
32"
64"
128"

0.5

3.8x 10~ 3
3.0x 10~ 6
7.9 x 1071

48 x1071°

1.7 x 10~ 2
1.4 x 10~ ®
3.6 x 1010
2.6 x 10714

2.5 x 10717
3.3x 1077
3.3 x 10717
7.1 x 107%7

2.2 x 107
3.7 x 107
3.5 x 108
8.7 x 1018

16™
32"
64"
128*

0.8

2.2 x 10~ 2
5.0x 10~ 3
1.4%x 1074
5.4 x 10 8

9.6 x 10~ 2
2.2 x 10" 2
6.4 x 10~ ¢
24x10° 7

3.4 x 107V
3.1 x 10717
2.5 x 10717
1.1 x 10~18

1.5 x 10'7
4.3 x 10'7
1.2 x 1018
1.1 x 10'8
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512 3OOADHE D: |z — 20| > pi,
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PR A L BRI
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20-1) . 2 -1
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TR BEDBEVET 1 RFRRICRET LI Edbrorz. LiL, BUOH TR LS
12, LAY v MMEBANOSAEZ L HIA ) v MMEBAOEAER T PO MBS S
bLOLE—BR T VT XA THEICEHETE L W) MRERRREZBLITHS. BR
BAEDIRAT L FRIRFE E SR OFFRERE L L2,

SE Xk

(] K B, RBEMECED CERBIROREREE, WRLEBEARIE, 28 (1)
(1987), 697-704.

0] X% B, RAEHECES NESASROBMEREE, HRLEFRRICGE, 29
(1) (1988), 62-72.

[3] REF &, RAEMEICEDS 2 EEE AR ABEONETEE, HHRLEEART
2, 29 (10) (1988), 914-924.

[4] Amano, K., A charge simulation method for the numerical conformal mapping of
interior, exterior and doubly-connected domains, J. Comput. Appl. Math., 53 (3)
(1994), 353-370.

5] X& Z, A v MMES~OYESASAEBROTE, FRLEFESIHRIGE 36
(2) (1995, #BWTFE) .

[6] Gaier, D., Konstruktive Methoden der konformen Abbildung, Springer-Verlag, Berlin,
1964.



118

[7) Henrici, P., Applied and Computational Complex Analysis 3, John Wiley & Sons,
New York, 1986.

8] #BElT, REEMEL ZOICH, FRILHA, B3, 1983.
[9] Nehari, Z., Conformal Mapping, McGraw-Hill, New York, 1952.
[10] A A - EHHEE, R7 v ¥ v VEBEOREREE, IHEE, 2 (3) (1992), 2-20.

[11] Trefethen, L.N. (ed.), Numerical Conformal Mapping, North-Holland, Amsterdam
1986; reprinted from J. Comput. Appl. Math., 14 (1&2) 1986.



