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A Comparison between Two Formulations for the Numerical
Conformal Mapping by the Charge Simulation Method

KaNaME Amanof

The charge simulation method, which is a solver suitable for Laplace’s equation, has been
applied to compute the following three conformal maps: (1) from a domain interior to a
closed Jordan curve onto the interior of the unit disk, (2) from a domain exterior to a
closed Jordan curve onto the exterior of the unit disk, and (3) from a doubly-connected
domain bounded by two closed Jordan curves onto a circular annulus. They have recently
been reformulated into a unified method of numerical conformal mapping of the interior,
exterior and doubly-connected domains. In this paper, the original non-unified formula-
tions and the revised unified formulation are compared for both theoretical and practical
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purposes.

It is shown that the unified formulation is superior to the non-unified formula-

tions in the following points: (a) consistency with the mapping problems, (b) uniformity
of the computational procedures, and (c) accuracy of the numerical results.
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Fig. 1 Conformal mapping of the interior, exterior
and doubly-connected domains.
The {; and z; are charge points and collo-
cation points used in the charge simulation
method.
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Table 1 Errors of the numerical mapping of elliptic domains by the unified and non-unified

charge simulation methods. N=64 simulation charges are used.

o i

| oz X 1t

HEOA r k& r 1Ry r B r E& r IR r
1 44E—16 16 4.4E—16 16 4.4E-16 16
2 23E—-8 8 52E-10 8 3.1E—-9 8
R 3 Em [l Ai 26E—5 2 48E—6 4 16E—-8 8
4 500E—4 1 43E—-4 2 29E-5 2
5 1.4E— 2 1/2 9.0E—3 1 54E—- 4 1
1 7.4E-~13 4 94E-13 4 1.5E-12 4 9.0E—13 4 9.4E—-13 4 1.6E-12 4
2 3.1E—7 2 6.7E—-5 1 1.3E— 4 1 1.LIE—6 2 14E—4 2 1.3E—4 1
N3 Ef | 5.4E—5 1 15E-3 12 18E-2 12 |11E—-3 1 75E-3 12 18E—-2 172
4 1.3E— 3 1/2 22E— 2 1/4 14E-1 1/4 |2.2E—- 2 12 24E—-2 172 14E—-1 14
5 6.9E— 3 1/4 49E— 2 14 65E-—1 1/16 |6.9E— 2 1/4 9.1E— 2 1/4 6.5E—1 1/16
1 8.2E—11 4 1.2E-10 4 1.7E-10 4 |82E-11 4 1.2E-10 4 1.7E-10 4
8.1E—~7 2 51E-5 2 13E-14 1 8.1E—7 2 51E-5 2 1.3E— 4 1
2% 3 Em!|21E—4 1 28E-3 1/2 6,1E—3 12 |81E—4 1 42E-3 1 6.1E-3 172
4 4.7E— 3 1/2 6.7E— 3 1/2 6.6E— 2 1/ 1.8E—~ 2 1/2 14E—2 1/2 6.6E— 2 1/4
5 21E— 2 1/4 1.4E—~ 2 14 16E—1 1/16 5.2E—2 14 7.6E—- 2 1/4 16E—1 1/16
6 Ef|84E—5 1 1.8E-3 12 89E-3 1/2 |[5,8E—4 1 41E—-3 1/2 88E-3 172
X 2 RELMNRONBIEOWE (M0, N=64)
Table 2 Errors of the capacity and the inner radius of the annulus corresponding
to Table 1, together with their exact values.
The values* are obtained with N=128 simulation charges.
FoE L M B oz X 1k -
Bom E X " A BL A £ & R A ’
1 —4.4E—-16 —6.7E—16 —4.4E-16 4,4E —16 6.7E --16 2.2E—-16 1.125
2 —23E—-8 —33E~5 —29E-5 3.6E— 8 9.1E--8 —-3.3E— 6 1.75
AL 3 Er| —6.2E— 5 —1.5E— 3 3.9E— 3 2.1E—5 —1.5E— 4 4.5E— 3 3
4 —3.5E— 3 —2.7TE— 2 —1.8E—1 5.3E—~ 5 1.2E—- 2 —1.8E—1 5.5
5 —3.8E— 2 —7.5E— 2 —24E+ 0 —1.2E— 2 -—-52E--2 —2.3E+ 0 | 10.5
1 —9.4E—-13 —1.5E—13 9.7E —13 —9.3E—13 —1.5E--13 9.7E —13 0.507379754086040*
2 —1.2E~7 —-6.2E—-8 —-3.2E—- 5 —88E—-8 —4.1E--8 —-2.1E-5 0.6047607*
2% 3 Es| —-83E—5 —1.3E—3 —-3.3E— 4 —5.2E— 5 3.6E—~ 5 —2.2E— 4 0.7402*
4 —2.4E—-3 —6.4E—-4 —1.3E— 2 —-1.5E—3 —-3.4E—-4 —-1.3E— 2 0.849*
5 —1.2E—~ 2 —-52E-3 —55E—2 —~9.2E— 3 —-3.6E—-3 —5.1E- 2 0.92*
6 Em| —2.9E—-5 —6.3E— 4 2.5E—~ 4 —1.5E— 5 —4.0E-—- 4 3.6E— 4 0.5
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2 Error diagram of the numerical mapping of an
exterior elliptic domain (x—xc)*/a*+(y—yc)*>1.
The point (z¢, y.) moves on the two axes of
symmetry. N=64 simulation charges are used.
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Table 3 Errors of the numerical mapping of Cassini's oval

domains by the unified and non-unified charge simu-
lation methods. N=:64 simulation charges are used.
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x4

R EARONPLEORE (Cassini DY, N=64)

Table 4 Errors of the capacity and the inner radius of the annulus corresponding
to Table 3, together with their exact values.
The values* are obtained with N=128 simulation charges.
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