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FDTD (Finite Difference Time Domain)

1. ���
���������������! �"$#&%�'

Maxwell
���(�
)

∂

∂t
B = −∇× E (1)

∂

∂t
E = ∇× B − J (2)

(1)
�!)�*,+.-�/1032�/5476�8�9�:����<;=2�/7>�?A@�B

C7D!E �F*
(2)
��)7*F+�-�/1;=2(/345678�9HGI0.J7K�L

MON 0.2
/.>�?1@�BQP D�R�S�T G C�U�V!SAW
Maxwell���(��P�X1Y�Z!9![�P�\(]�^�_a`b��[�P

FDTD
[cG

]�]�*bd�e(0�;�2�_
[fG�gh^.ikj5lm`on N %
^�] S
��[�/

1 p U�q(SAW _�[
:�) Fig.1
/Q�Orbs5t�?5 !u

v PAw�x=y S&Woz  !u v�{ :5|!]�^ z�}�~���C.���$�
��� #&% S�T G!G1s ShW

Fig. 1 �$�(���H�H�Q���

(1)
��P!X1Y�Z�9�"�y S GA*A����� C3� N % ShW

B
n+ 1

2

x(i+ 1

2
,j+ 1

2
,k+ 1

2
)
− B

n−
1

2

x(i+ 1

2
,j+ 1

2
,k+ 1

2
)

∆t

=
En

y(i,j+ 1

2
,k+1)

− En

y(i,j+ 1

2
,k)

∆z

−

En

z(i,j+1,k+1

2
)
− En

z(i,j,k+1

2
)

∆y
(3)

B
n+ 1

2

y(i+ 1

2
,j+ 1

2
,k+ 1

2
)
− B

n−
1

2

y(i+ 1

2
,j+ 1

2
,k+ 1

2
)

∆t

=
En

z(i+1,j,k+ 1

2
)
− En

z(i,j,k+ 1

2
)

∆x

−

En

x(i,j+ 1

2
,k+1)

− En

x(i,j+ 1

2
,k)

∆z
(4)

B
n+ 1

2

z(i+ 1

2
,j+ 1

2
,k+ 1

2
)
− B

n−
1

2

z(i+ 1

2
,j+ 1

2
,k+ 1

2
)

∆t

=
En

x(i,j+1,k+ 1

2
)
− En

x(i,j,k+ 1

2
)

∆y

−

En

y(i+1,j,k+1

2
)
− En

y(i,j,k+1

2
)

∆x
(5)��� :

(2)
�QP�Z!9�"�y S G
En+1

x(i,j+ 1

2
,k+ 1

2
)
− En

x(i,j+ 1

2
,k+ 1

2
)

∆t

=
B

n+ 1

2

z(i,j+1,k+ 1

2
)
− B

n+ 1

2

z(i,j,k+ 1

2
)

∆y

−

B
n+ 1

2

y(i,j+ 1

2
,k+1)

− B
n+ 1

2

y(i,j+ 1

2
,k)

∆z

−J
n+ 1

2

x(i,j+ 1

2
,k+ 1

2
)

(6)

En+1

y(i+ 1

2
,j,k+ 1

2
)
− En

y(i+1

2
,j,k+ 1

2
)

∆t

=
B

n+ 1

2

x(i+ 1

2
,j,k+1)

− B
n+ 1

2

x(i+ 1

2
,j,k)

∆y

−

B
n+ 1

2

z(i+1,j,k+ 1

2
)
− B

n+ 1

2

z(i,j,k+ 1

2
)

∆z

−J
n+ 1

2

y(i,j+ 1

2
,k+ 1

2
)

(7)

En+1

z(i+ 1

2
,j+ 1

2
,k)

− En

z(i+ 1

2
,j+ 1

2
,k)

∆t

=
B

n+ 1

2

y(i+1,j+ 1

2
,k)

− B
n+ 1

2

y(i,j+ 1

2
,k)

∆x

−

B
n+ 1

2

x(i+ 1

2
,j+1,k)

− B
n+ 1

2

x(i+ 1

2
,j,k)

∆y

−J
n+ 1

2

z(i,j+ 1

2
,k+ 1

2
)

(8)G�s SAW��
�=�!�.� { U ).*
1/2
s��h/7�=dOP5��/ E

E5�=��U \�] S�T Gh) U�V s3] C *
1/2 → 0

G!g �
�



�����.�!� y�%� �l!] W y S Gh* { �!¡ MHN �(��/
Z�9���P �mS(T G C�U
V�S�W3�����(���3��� go¢�y
]��Or&:7£=¤�¥(s7¦�� U3§!� y ShW

B
n+ 1

2
x [ i ][ j ][ k ] = B

n−
1

2
x [ i ][ j ][ k ]

+
∆t

∆z
(En

y [ i ][ j ][ k ] − En
y [ i ][ j ][ k − 1 ])

−
∆t

∆y
(En

z [ i ][ j ][ k ] − En
z [ i ][ j − 1 ][ k ]) (9)

B
n+ 1

2
y [ i ][ j ][ k ] = B

n−
1

2
y [ i ][ j ][ k ]

+
∆t

∆x
(En

z [ i ][ j ][ k ] − En
z [ i − 1 ][ j ][ k ])

−
∆t

∆z
(En

x [ i ][ j ][ k ] − En
x [ i ][ j ][ k − 1 ]) (10)

B
n+ 1

2
z [ i ][ j ][ k ] = B

n−
1

2
z [ i ][ j ][ k ]

+
∆t

∆y
(En

x [ i ][ j ][ k ] − En
x [ i ][ j − 1 ][ k ])

−
∆t

∆x
(En

y [ i ][ j ][ k ] − En
y [ i − 1 ][ j ][ k ]) (11)

0�2Q/3Z!9��
)
En+1

x [ i ][ j ][ k ] = En−1
x [ i ][ j ][ k ]

+
∆t

∆y
(B

n+ 1

2
z [ i ][ j + 1 ][ k ] − B

n+ 1

2
z [ i ][ j ][ k ])

−
∆t

∆z
(B

n+ 1

2
y [ i ][ j ][ k + 1 ] − B

n+ 1

2
y [ i ][ j ][ k ])

−∆t J
n+ 1

2
x [ i ][ j ][ k ] (12)

En+1
y [ i ][ j ][ k ] = En−1

y [ i ][ j ][ k ]

+
∆t

∆z
(B

n+ 1

2
x [ i ][ j ][ k + 1 ] − B

n+ 1

2
x [ i ][ j ][ k ])

−
∆t

∆x
(B

n+ 1

2
z [ i + 1 ][ j ][ k ] − B

n+ 1

2
z [ i ][ j ][ k ])

−∆t J
n+ 1

2
y [ i ][ j ][ k ] (13)

En+1
z [ i ][ j ][ k ] = En−1

z [ i ][ j ][ k ]

+
∆t

∆x
(B

n+ 1

2
y [ i + 1 ][ j ][ k ] − B

n+ 1

2
y [ i ][ j ][ k ])

−
∆t

∆y
(B

n+ 1

2
x [ i ][ j + 1 ][ k ] − B

n+ 1

2
x [ i ][ j ][ k ])

−∆t J
n+ 1

2
z [ i ][ j ][ k ] (14)

Gos S¨W©���7�.��� :3) { ��/�Z.9.��PA\�]�%� !�&] W

2. ª¬«®­°¯²±
3 ³�´ > U )=* 2 ³�´ >HGbµ�¶�*�·�¸=¹»º�¼°½¾ �uC3¿�À :!s S ' R *o (u v�Á £�¢ ���!Â�Ã /3Ä
x C
Å _�:�s SoW � T�U * T�T1U )

3 ³�´  �u v3Æ � : p]�^3Ç�È SAW7E7É *Ii�Ê�:� �u v!Á £Q:�Ë�¶���r W!T
T5U

(imx,jmx,kmx)
)�*

(x, y, z)
��Ì�/�Í�Î�d�P § g

^�] ShW

�Q�=���=� £�¤ U 0=;�2
/ ��� Á £!y S 2�Ï�)=*
/* C

£�¤
*/

double Bx[imx+1][jmx+2][kmx+2];

double By[imx+2][jmx+1][kmx+2];

double Bz[imx+2][jmx+2][kmx+1];

double Ex[imx+2][jmx+1][kmx+1];

double Ey[imx+1][jmx+2][kmx+1];

double Ez[imx+1][jmx+1][kmx+2];
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/* Bx */

for(i=0;i<=imx;i++)

for(j=1;j<=jmx;j++)

for(k=1;k<=kmx;k++)

/* By */

for(i=1;i<=imx;i++)

for(j=0;j<=jmx;j++)

for(k=1;k<=kmx;k++)

/* Bz */

for(i=1;i<=imx;i++)

for(j=1;j<=jmx;j++)

for(k=0;k<=kmx;k++)
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/* Ex */

for(i=1;i<=imx;i++)

for(j=0;j<=jmx;j++)

for(k=0;k<=kmx;k++)

/* Ey */

for(i=0;i<=imx;i++)

for(j=1;j<=jmx;j++)

for(k=0;k<=kmx;k++)

/* Ez */

for(i=0;i<=imx;i++)

for(j=0;j<=jmx;j++)

for(k=1;k<=kmx;k++)
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