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INTRODUCTION 

The method of momenta ia called al a lower frequency method becauae N'J 
storage space, which maybe exceed the Ito rage of a computer, is required 
for N expansion coefficients of the unknown function, thus it is not suitable 
for higher frequency problema. On the other hand, N 3 order of the mul
tiplicative operations t for example N 3/ 3 for Gaulsian elimination, muat b. 
taken for these coeflicienb. Recently, lome iterative methods, luch as the 
conjugate gradient method (CGM) with fast Fourier tran.form (CG.FFT) 
and the spatial decomposition technique (SDT) 1-3 , are developed. But some 
8corel of or hundred. of iterations must be done, and the iterative proce· 
dure i. unstable for the round-off' error in the CGM; levera] or lome .corel 
of iteration. are required and the convergent rate depends on the coupling 
between the lubltructurel in the SDT. 

The method of multilevel momenta (MoMM) i. abo an iterative method. 
Expanding the unknown function by lome different aeta of baael, then a 
.et of linear equation. are formulated, The relatlonlhip. between the bula 
fundion. of two different seta Ihonld be determined by a given tranlform. 
Then the residual vector of each level can be tranaformed into the next 
lower level. After that the error function of an approximate solution may 
b. calculated and then be transformed into the higher levels a. an initial 
solution for an iterative procedure until the error of the highest level is 
obtained, which corresponds to a more accurate solution. The numerical 
re8ults show that only leveral iterative cycles are neces.ary for getting a 
relatively accurate solution by using this method. For which only n2 storage 
apace Is required where 11 la number of baaes in the lowest level; the order 01 
multiplicative operations :ia N 2 in general, or N tog~ N if PFT i. applied. 

FORMULATION 

The electric tield Integral equation (EFIE) of a eonduc!lng body is limply 
written as 

(I) 

where Ej" i. the tangential components of an incident wave, G. meaDa a 
convolution operator including the dyadic Green'. function, and J is the 
unknown current on the surface. Denote that i. 11 an approximate solution 
and J. Ia th,,- exacl one of the EFIE(l), then the re.ldual of the equation 
i. R = -Ef- - G * J, and the error of J. is F = J. - J •. Thus the error-residual 
equation with the oame form of eq.(l) \. formulated as 

G.r = Ii (2) 

Once F il ,olved from eq.(2), then J. can b. determined by J. = J. + ji, The 
method of multilevel momenta can be used to find an approximate F . 
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Let the bale. and weighting functiona of the m-th level are {i~"'),i = 1,2, 

···Nm } and {iij"'),i=1,2, . .. N",} relpedively, where m=I,2,···M; N ... =n·IM- m 
I 

both n and I are inlegen. m; 1 aad m ; M corre.pond 10 Ihe hlghell (1-.1) 
and Iho 10wo.1 (M-Ih) level ro.pocllvely. By oxpandlng F In lerm. of (ilml) 
as followl 

(3) 
i=1 

and .nb.tllutlng il Inlo eq.(2), and thon making the Inner product. with 
fw;ml}, M matrix equa.tions are obtained 

m = l,2,···,M (.) 

where zlm ) II a N". xN ... matrix ,AI") and Blm) are N m x I vecton. Their elementa 
aro 

z};-) =< iiy"l, G. z'''') > 

b;"') =< 1LI}"'l, R > 

i,i = i,2,···,N", 

j = 1.2.···.N ... 

and the undatermlDed coamelenta a~"'l, relpectlvely. 

(.) 

(6) 

The relationahipi between i C",) iii ... ) and i( ... +I) iV( ... + I) 
i'i ; 'i can be determined 

by a tranlform leleded In advance as followl 

(7) 

(8) 

where Q. aad ~. are chole. as pOlitive real consta.nta. Becaule N", i.J I times 
the N_+" oq •. (7) and (8) repro.onl Ihal .lml and wj-I are divided Inlo N_+, 

groupa and i!",+I) and 1;J .. +I) are combined by each group.. Then the rela
tionahipa b.tw •• n the .lamenb of matrle.a and vedon &l'tI 

(p) 

I 
1( .. +1) ~ Q 11 .. ) 
Uj = ~ ..... cr(j_I)IH (10) 

•• 1 

In the cue of electrically large acatterer, Nl is a relatively large number, a 
block Itoratlve molhod II gonerally uaod for Al11. In order to accolerato Iho 
convergence, A(') Is calculated at the aecond level with lell execution time 
by DIe of Ihe Iranoform of eq.(7) and eq.(8) 10 provide a good Inllla! vodor 
of A(l), and the initial .olutlon of AI') ia lupplled by All) , etc., A{Al) can be 
computed uaing a direct method bec.au •• of the lowest dimenalon n of Z{M). 

II Ihould bo nolod Ihal Ihe dlmonalon of AI-+1) and A IMI aro dllferonl , only 
the N~.dlmenlional expanaion of A(-H) which denoted by AI"') can actl as an 
Inilla! vedor of AI~ ) . According 10 eq.(T), a lranlform oflho expan.lon II 

1:=1 ,2, · ··,/j i= 1) 2,· · ·)Nm +1 (Il) 

Then Ihe proceduro of Ihe MoMM II .hOWD at follow", Plnlly, compule Ihe 
Nddual Rand B(I) from an approximate IOlutioD J. of .q.(l), and evaluate 
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BI-) uling eq.(lO) for m = 2,1 ... ·,M. Secondly, lolve AlAi) using a direct or 
iterative method, calculate A im) from A ( ... +I) u an initial vector of A (-) by 
using eq.(ll) and Improve It by moans of a block lIeratlve method for m = 
M - I.M - 2 ... · , I. The order. 01 all submatrlce. In the block Iterations should 
be n x n. Pinally, compute p(1) from the seta tap'} and {i!JI}, and add it to Jf: 
to construct a new lolution of 1 . The procedure CaD be repeated until flRII 
Is .mall enough. Since the function 01 A IM+') (m ~ 2) Is to provide an Inilial 
A("'), 10 an exce .. ive accuracy of A( ... +ll a not eaaential. Generally, only one 
or two iteratioDs are made at the m .. th level A very accurate J can be 
obtained after only severallhrative cycle •. It can be known euUy that the 
number of multiplicative operations" about OIKN'l with a common program 
or O~KN)OBI N with PP'T, where N = Nl ; K is the number of iterative cycles; 0 1 

and 0'1. are conltanta. 

NUMERICAL RESULTS 

Choosing n = 16, I = %, 01 = 02 = 1, 61 = ~2 = 1/%. The current dlatrlbuUon. 
induced by a normal incident plane wave of some conducting thin wire arraYI 
are analy.ed. The incident electric Bold Is parallel with the wires. The 
length 01 wlr .. are Il, they are spaced In 0.'1. The current 01 each wire 10 
expanded uling 16 piecewue linu.oidal functionl at the fint level. When 
'hi elemen' number of array ill ., 8, 16 or S2, then M=3, ., ~ or 6, and 
N,=6<1, 128, 256 or 512, respectively. Becanoe the execution time per iterative 
cycle of MoMM and SDT il almost the same, their iteration numbers lor 
a given accuracy 10-01 are compared in Pig.! and Flg.2. AI shown in the 
figurel, the iteration number of MoMM II only :I or 4 for the accuracy, 
and it is aimolt not increased with 'he elemen' number. But that of the 
spatial d.composlUon technique (SDT) Is moch more than MoMM, and 
the residual 10 even divergent lor the 32-element array. The CPU time on 
DPS-8 computer ia compared In Pig.S lor SDT, CG-PPT, MoMM and the 
MoMM with PPT (MoMM-l'PT). It can bo .. en that the growth rate 01 
CPU tin20 lor tho MoMM ia lell than that 01 SDT, and the CPU time 01 
MoMM-PPT Is Ie .. than CG-PPT obviously. Th. CPU time 01 MoMM-l'l'T 
is almo.t proportional to the element number. A •• hown in thele relultt, 
MoMM ia an efficient nomerlcal method lor analyzing a large scatterer. The 
computational efficiency will b. more obvious for pb.te a..nd finite periodic 
strndures, by mean. of the combination wit1a PFT. 
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