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In the neighborhood of (i,j) of Q9the typicaL discxeatized (1) is
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in the neighborhood of (ij) of "l2.teypcldcried()s
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*and in the nei-ghborhood of (i,j) of Q3'the typical discretized (1) is

Ei+ ,j (ri 1 ri) E E~ h i~ (r -+ r i + E i ~ ~ -h(a J+ e8 )r +

- E i IJ+12(8j~ J+ ji)ri - iWU 0 40 +1- e )(r i+1- r i)(r i+1 r i)H i+;, j 4 ,

(Hi. . H i+;, 141 4r 1 sin ;J(a8+ -. 0 )
r + 1 r i 1

WE 0 w r (8 -+ 8 )E ijh+ source terms due to the presence of J,

where At -jt 1rij +rijM + -861)

and AA (8J* j~-61)~,+,-r,~ i + rij- r ,+)r 1.l~
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In this way, the most natural finite difference discratization of the Maxwell's

equations on a staggered grid system (Fig. 2) is obtained.

If the differences of the material properties spread linearly across a

grid zone instead of across the interface, then there is no need to impose the

boundary conditions (2) at the material interface, because the boundary condi-

tion for the tangential component of E is satisfied automatically and the other

three boundary conditions are also satisfied automatically but approximately.

In this way, there is no cumbersome instruction and treatment at the interface

to slov down the calculation on the computer. The discretization of the

terminating condition (3) is

E ,J+ o / I-(,j+o/

J - 0,1,2•.3• ...... •J-1.

To organize the above discretized (l)-(3) into a linear algebraic system,

we first decompose the complex electromagnetic fields into their real and

imaginary parts, i.e., E - E* + iE# and H - H* + iH# . Then the three

discretized complex scalar field equations become six real scalar field

equations. Next, let the components of the unknown field vector X be arranged

cyclic in "J" for each half integer incremental increasing in "i", i.e.,

HO , • V • .- •. E_, •,,, •* .,,-I . . .-E j__,,- /E • , ,# , ". .,E#9,. 1- V/

..................... /E. j lE , E 1

let the known source vector be

B - (0,0,0,0 ............b1 b2 . b ) T

where the non-zero components b's depend upon the spatial distribution of

the source J,

and the system matrix A is a non-syuetric band-structured sparse matrix

which is shown in the following:

Let 11 be defined by i = 1,2,3,...,T, S12 be defined by i - T,T+,.. .,y,

and Q3 be defined by i - y,y+1,...,I.

Then
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where spalrse

matrices A A A correpond to (,j) in Q -
" .. A2 ,Y correspond to (i, J) in SI29 and A3,y+1 " A3,Y+2 " ' A--3,I-i

S.3,I correspond to (ij) in 13

Because A X - B will be solved many times for different B's, the method

of LU-decomposition will be used to solve this linear algebraic system for

saving computer times. At this moment, serious programming effort has just

begun.
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