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Eigenvalue problems expressed by Helmholtz’s differential equation can be solved for case
that the shape of boundary is easy to treat analytically. Monte Carlo method utilizing discrete
random walk process is effective for case that the boundary is of arbitrary shape, but Monte

Carlo solution has statistical fluctuation.

In this paper, to improve the weak point mentioned above, the normal derivatives of Green
function are calculated by using mass devision method, and then Green function is obtained.
Eigenvalues are calculated from integral equation, that is to calculate the eigenvalues of
matrix of Green function. The matrix is symmetric, since the reciprocity of Green function.

This method is useful to calculate higher order of eigenvalues more precisely than Monte
Carlo method utilizing discrete random walk process. The authors show the several results
of two dimensional eigenvalue problems using this method.
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Fig. 1 Continuous boundary I" of a simply

connected domain M and discrete
boundary [I*.
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Fig. 2 An example of square boundary.
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Fig. 3 Curve of M(P —S, m).
(The starting point P is set at a lattice point 103,
and the arrival point set at a lattice point 3
shown in Fig. 2.)
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Monte Carlo estimate 21 is 22.2 (division

number is 4).
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Table 1. @(P —S) of square boundary
shown in Fig. 1.

P5123456789101112

101 6722 77 6 336 7 72267

102 2274222214 6 610 6 614 22

103 722676722 7 7 6 3 3 6 7

104 2214 6 610 6 614222274 22 L
o= 105 1428141428141428141428 14 X5or

106 614222274222214 6 610 6

107 7 6 3 367 722676722 7

108 610 6 614222274222214 6

109 367 726767227763
Table 2. G(P— Q) of square boundary

shown in Flg 1.

- Q 101 102 103 104 105 106 107 108 109

W 67 22 7 22 14 6 7 6 3

02 22 74 22 14 28 14 6 10 6

103 7 22 67 6 14 22 3 6 7

104 22 14 6 74 8 10 22 14 6 1
G= 105 14 28 14 28 84 28 14 28 14 X5or

106 6 14 22 10 28 74 6 14 22

107 7 6 3 2214 667 22 7!

188 6 10 6 14 28 14 22 74 22 |
109 3 6 7 6 14 22 7 22 67 °
Table 3. Eigenvalues of square by this

method.
Green N&&‘ S B
HEfe

WAHH —asHH —U6
a1 19.74 17.87 19.10 19.29
i 49.35 41.37 44.10 45.65
s 49.35 41.37 44.10 45.65
2 78.96 64.00 69.10 72.00
s 98.70 64.00 75.00 81.65
s 93.70 86.63 75.00 81.65
ir 128.3 86.63 100.0 108.0
s 128.3 110.1 100.0 108.0
2 167.8 100.0 117.6
Ao - 167.8 100.0 117.6
au | 177.7 125.0 144.0
Az 197.4 125.0 144.0
As . 197.4 130.9 144.0
Ae 246.7 155.9 144.0
lis | 246.7 155.9 | 144.0
its | 256.6 180.9 | 170.4
nr | 256.6 170.4
s 286.2 ; 180.0
A9 . 286.2 i 180.0
220 | 315.8 ! . 206.4
z1 | 335.6 . 206.4
ls2 . 335.6 | 216.0
A28 365.2 . | 242.4
iee . 365.2 i L2424
Azs 394.8 : 268.7
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Table 4. A part of 69 eigenvalues of
circle dividing the radius into
10 equal parts by this method.

B | KERM
a | 1817 | 1802 || 2% | 1546 | 137.9
2| 4602 | 4474 || ao | 1546 | 137.9
i 4612 | 4474 || 2 180.9 | 152.9
a0 | s286 | T8 | n 1809 1609
is | 82.86 | 79.27 | aa, 222.6 | 179.2
6 | 95.73 0 8929 | i 222.6 | 194.5
|
|

Bl K

a7 127.9 115.7 215 | 235.3 197.5
A8 127.9 115.7

Monte Carlo estimate 4; is 18.5 (the starting
point P is the center).

Table 5. A part of 36 eigenvalues
of figure shown in Fig. 4
by this method.

| E B = i
' 41.92 | 2 | 117.6
2 44.07 \‘ 2 122.2
s 64.96 | 2 125.5
2 755 b 141.7
s 0 9594 |

A10 154.9

In this case the rank of matrix is 36.
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Fig. 4 An exmple of arbitrary
shaped boundary.

Table 6. A row of matrix of Green function shown
in Fig. 4 (the starting point P is a lattice
point 101).

cQ.P) Q GQ, P) Q GQ, P

FHTIXAT e - LT o [E A i b 101 0.300171 E+0 113 0.635621 E—2 125 0.658027 E—4
—. are s 102 | 0.99%455 E—1 | 114 & 0.761916 E—2 126 | 0.780399 E—4
- x 7 X F-[F A5 ey [} N i
MRLTHD. Frhifazidtkn b 103 | 0.32219 E~1 | 115 0.430412 E—2 . 127 ‘ 0.379254 E—4
BRTD Pnr) O X 2R 104 | 0101038 E+0 | 116 | 0.25379% E—2 128 | 0.285319 E—4
3. COMEHIZEE P A4 101, £i102, 105 0.661921 E—1 117 | 0.280167 E—2 | 129 | 0.359686 E—4
. - s Rk b 3 T 106 | 0.292304 E—1 | 118 | 0.993949 E—3 } 130 | 0.210647 E—4
K105z & o fe CHFED 72 3 fIT X 107 | 0.377%01 E—1 | 119 | 0.104955 E—2 | 131 | 0.123561 E—4
W) AS, BB 4, bR 108 | 0.348544 E-1 | 120 ‘ 0.388291 E-3 132 | 0.162380 E—4
s .. 109 | 0.185105 E—1 | 121 . 0.402575 E—3 133 | 0.103649 E—4
FEiemore. 110 | 0.152677 E—1 122 0.156639 E—-3 134 | 0.465462 E—5
Table 3. (Zit— % 547&, 675 111 | 0.169246 E~1 123 0.172463 E—3 135 | 0.626236 E—5
L TEH iz 50T Green BIfLx b3k 112 | 0995732 E—2 | 124 | 0.525971 E—4 136  0.415681 E—5
Z - N 3 K - S— S—
7 AT 7T In this case the rank of matrix is 36.
[ L LA AN .
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filig . ’
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= U7 Green B O—GI% 5T,

FVE AT+ — 2 X BEEHREOEE: DR S
BAFEC L » Thie VETHZ E3TE, KL
BOBOBEROBEEEAKK L VEELIIRDLIS
ZEMNAREIZ e o . TRITEHRD X 51z Green BJ
¥ GQn P) 23R o(P—S) £(19) XX 5 7B
FBEEL T2 ERl\LMENRD (20) K, CLHRK
POBRBCCOiERDDENTEL I T -1
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