Mathematics and applications of the charge simulation method for
various partial differential equations
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The purpose of this study is to investigate the mathematical
properties of the charge simulation method (the method of fundamental solutions), which is
a numerical solver for partial differential equations. The results of the study are as follows.
(1) We obtained a theoretical error estimate of the charge simulation method applied to
two-dimensional wave problems (Helmholtz equation problems) in the exterior region of a
disk. (2) We presented a convergence theorem of the invariant scheme of the charge
simulation method for two-dimensional potential problems in Jordan regions. Besides, we
proposed a dipole simulation method for potential problems, where the solutions are
approximated by linear combinations of potentials due to dipoles instead of point charges
as in usual charge simulation method.

600,000 180,000 780,000
1,400,000 420,000 1,820,000
800,000 240,000 1,040,000
2,800,000 840,000 3,640,000

Laplace



m D

u=f ondD

{Au =0

N
1
u(x) =~ uy(x) — o ZlQ/ log ||z — &l
Ji

Qi §J
D
Laplace
un(x;) = f(z;), i=1,...,1 N
Xi
N
1)
Helmholtz u+k?u=0 k
N .
u(@) = uy(e) =Y QiHy (kllz - &)
j:l
Q How( ) 0
Hankel
2
u(x)
(2) 2

)

§J

2
3) 3
(1) 2
D Helmholtz
Dirichlet
(Au+ k?u =0 mD
U= f on 9D
ou
lim /r ( — jk,u> =0
\ r—>00 d'['
Neumann
(Au+ k*u =0 in D
Ju
a6 on dD
Son Y 3
U
\ 7"—00 d/;“
D=D,~{aeR|a| >p)
Xi
¥
o o
T =p (cos %.Sil‘l %) (i=0,1,...,N-1)
27j 277
= (o) =01 v
g 0O<¢1
assignment parameter
=0(¢")
@

assignment parameter g

=0(q")




@
Helmholtz
Dirichlet
assignment
parameter
0(d)
@
Neumann
D Laplace
u=0
N o )
ql(w);\éur‘ (m): 1 Zp/(m €27
Zﬂ'le | —'fjH
Pj
& b

—{:UERQ\H:B||</)}

J Au =10

lu = x? —y?

in €2,
on 01,

27 2mi .. . -
x;i=p LOs—snT (1=0,1,...,N=1)

logia{error}
1
=]

signa=1,% +
-2 |signa=1,7 =
signa=1,9 ¥
signa=2,1 O
I signa=l2 .3

GPU

®

D D, D
W
Euclid
Riemann



p w’

op wi(j=0,1,...,N-1; w

=exp(2m i/N);0 >1)

\ \ N H
"‘._\- op ./x’ ;“f‘
.\ -
B il
1\11
!
J 7 D ® o
® @ J
e O _@
\ — S

Y(p wl), ¥(op w))

*

K.Amano, D.Okano, H.Ogata and
M.Sugihara, Numerical conformal
mappings onto the linear slit domain,
Japan J. Indust. Appl. Math., .
Vol.29, 2012, 165-186.

No.1791 2012
97-106.
H.Ogata, F. Chiba and T.Ushijima, A new
theoretical error estimate of the
method of fundamental solutions
applied to reduced wave problems in the
exterior region of a disk, J. Comput.
Appl. Math., , Vol.235, 2011,
3395—3412.
H.Ogata and K. Amano, Fundamental
solution method for two-dimensional
Stokes flow problems with
one-dimensional periodoicity, Japan J.
Indust. Appl. Math., , Vol.27,
2010, 191-215.

Jordan

2012 12

H.Ogata and M.Katsurada, Convergence
of the invariant scheme of the method
of fundamental solutions for
two-dimensional potential problems in
a Jordan region, New Zealand
Mathematical Society Colloquium 2012,
Massey University, Palmerston North,
New Zealand, December 2012.

2

2012
2012 8



€Y

JS1AM2012
2012 3

GPU
JS1AM2012
2012 3

JS1AM2012

2012 3

H.Ogata and M.Sugihara, Theoretical
error estimate and near optimality of
the method of fundamental solutions
for the two-dimensional Helmholtz
equation in the exterior region of a
disk, International Conference WI&E
(Waves in Science and Engineering),
Instituto Politécnico Nacional,
Mexico City, Mexico, November 2011.

RIMS
2011

10

2 Helmholtz

2011
2011
9
2
Helmholtz Neumann
2010
2010 9

H.Ogata, F.Chiba and T.Ushijima, A
theoretical study of the fundamental
solution method for wave problems, The
2010 NIMS Conference & The Third
China-Japan-Korea Joint Conference on
Numerical  Mathematics, Gangneung
Resortel, Gangneung, Korea, August
2010.

2011 7
197

OGATA HIDENORI




