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ABSTRACT

In this paper , the scattered jar—field pattern of 3 perfectl y

conducting rectangular cylInder illuminated by a plane H—wave is obtained by

a modified fo rm of GTD approximation m d  ttte result is subsequently improved

in a straightforward manner by eliminating the discontinuicies in the GTD

far—field pattern. The improved scattered far-f.eld pattern is compared with

results obtained by other different approaches , and the similarities and dif-

ferences between these results are discussed. Generally speaking , the improved

pattern obtained by the present approach is in good agreement with the conven-

tional moment—method solution . A method for checking the accuracy

is also presented so that an independent check on the satisfaction of the

boundary condition on the surface of the rectangular cylinder can be performed .

The results of such an accuracy check are quite favorable, which demonstrates

that the improved far—field pattern obtained by the present approach is indeed

a close approximation to the true solution. The merit of such an independent

accuracy checking scheme is that the approximate solution obtained can be

validated without making comparison with other methods .

- .~ .
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1. INTRODUCTION

The problem of scattering of electromagnetic waves by a rectangular

cylinder has been investigated by numerous scientific researchers in the

past; yet the interest in this problem is still strong, as evidenced by a

rather large number of papers that have recently appeared in the literature

[1), [2], [3), [4), [5), [6] on this subject.

Due to its two—dimensional nature, the conventional moment method [2J

can be applied to this problem even when the cylinder is electrically large,

particularly when its symmetric properties are fully exploited. Therefore ,

it provides a convenient validity check for other methods. Ind eed ,

Burnside et al. (1) and Mautz et al. [3] have claimed the validity ~ their

solutions a’ly by a comparison of their results with the e..nventional moment

method .

Both of the aforementioned papers employ the so—called uniform geo-

metrical theory of diffraction developed by Kouyoumjian et al. [fl in which

the classical wedge diffraction coefficient put forth by Keller is modified

using multiplicative factors in such a manner that one of these factors goes

to zero as the Keller ’s diffraction coefficient goes to infinity at one of

the shadow or reflection boundaries so that the product remains finite. The

resulting diffraction coefficient is indeed applicable at all aspect angles.

It is conceivable that an additive term which goes to infinity as the Keller ’s

diffraction coefficient goes to infinity, but with opposite sign, will work

equally well as does the multiplicative—factor type of remedy. Indeed , this

additive—term type of remedy has been followed by Lewis et al. (8] and has

been investigated by a number of other workers [81 .

In this paper , we tackle the scattering problem using a completely

different technique which is based on a representation of the scattered
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fields in terms of the spectr~~ of the Induced surface current on the

scatterer rather than the rays emanating from it. This spectral domain

interpretation of high—frequency diffraction phenomena nas been documented ~n

detail in a recent paper by Mittra, R.ahmat—Samii and Ko [9~~. Ko and Mi.ttra

[10] also developed a method based on the spectral domain concept for combining

the asymptotic high—frequency technique and the integral equation formu.Lacion.

The method has been applied successfully to infinItesimally thin scattering

objects , e.g., an infinite perfectly conducting scrip and a f~ni:e perfectly

conducting square place ~.J 1. In this paper we il..’usz:ate the app.:ca:i:r. o~

this method to the problem of a perfectly conducting rectangular cylinder.

We show that , starting out with Keller ’s wed ge diffraction coefficient , only

one iteration gives a far—field patter-n chat compares extremely well wi th

that obtained from the moment—method solution.

3efore closing this section , it  is worth mentIoning that the GTD

result deviates significancl:, in those direct ions whi ch  coincide wi:~ the

orientations of the surfaces of the rectangular cylinder even when multiple—

edge interactions are included in a self—consistent manner by introducing

eight unk own diffraction coefficients. Only when one further modifies the

GTD method w i t h  the unI form diffraction coefficient and comb ines it with the

moment method using a total of twenty—four unknowns wi ll the result compare

well with the moment-method solution for thirty— two unknowns.

2. FORZIULATION

The geometry of the electromagnetic scattering problem involving a

perfect ly conducting in f in i te  rectangular cylinder of cross section 2a 2b

illuminated by a uniform plane wave, whose magnetic intensity vector ts

oriented parallel to the edges of the cylinder, is depicted in Fig. 1. For

convenience of analysis , an arbitrary incident wave can always be decomposed

—.------- —



into two components with respect to the z—axis , namely, TM (E— wave) and

(H—wave) . In the following discussion we consider the H—wave case only ;

the E—wave case can be solved in a similar manner by considering - zE~~.

lxi the H—wave case, the Incident H—field is given by

— ik(xcos~0
+ysin,0

)
— e (1)

where the time dependence is understood . The geometrical optics

reflected field can be derived easily from ( 1) once the geometrIcal :onfi~ura—

tion is known. Hence, the geometrical optics par:  of the tot a l  fIe ld  will

not be discussed further.

We now turn to the di f f racted field which results fr om the sharp

edges on the scattering cylinder. As alluded to in Section 1, we make use

of the Keller wedge diffraction coefficient to find the  d i f f ract ed  fields.

To make this discussion as self—contained as possible and to introduce the

notations that we have adopted in th is  7 ape r , a brief review of the wedge

diffraction coefficient is in order.

The geometry of a perfectly conducting wedge i ersed in a uniform

il—wave in the canonical wedge diffraction prob ’.em is shown in Fig. 2.

According to Keller ’s geometrical theory of diffraction , the diffracted field

by the edge of the wedge can be constructed b y the following formula:

- H~ (ac the edge of the wedge) Dh 
~~~ (e~~

(
~
t) (2)

where

I- -
~ (3)

i sin i 1sin~~e xi n n xi
D
h 

— 
(~w 

- , \ + ( -

cos — — cos~ ~ 
) COS — COS \ 

~

_ _ _ _  ~~ -_ _  - - “-4
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and - me ans “asymptotically equal to.” In the above formula , xii denotes the

exterior region while (2 — n)~ denotes the wedge angle. Note that xi is not

necessarily an integer; in the rectangular cy l in der  case , it will take on the

value 3/2. The subscript w attached to the angle of incidence and the

angle of d i f f r a c t i o n  ~ serves as a reminder that tnese angles are used in

the canonical prob lem and their senses are defined as shown in Fig. 2 .

fact is worth emphasIzing since .: is cru cia l  in :ons:r~ ct i n g  tne d : f ir a ct e d

field when several wed ges ar~ involved in a s ca t t e r i ng  pr :b em.

As shown in Fig . 3, the najor :ontr ibutio:~s t o  the ~i f f r ac :~ c f :el~

are from wedges 1, ~~~, and 3 sInce the three cages of these wedges are be~.ng

illuminated by :~e incident field whereas wedge Is in the dark and , ~~~~~

can be ignored in the zeroth—order approximation to the fiifracted f:e .d.

With this in mind , the diffracted far f i~ id can be wr i t t e n  in ~ ccr.cise

fashion as follows:

d ~w ~ d ~w 
‘~~~~~~~ \ d J ~~~~~~~”~~~~~~~H

1 
H , j~ 

H 3
~0v — 

~0 ~Ow 
— 

~Ow — ‘“ —

~ ~d u d wH 1 + H 2 ~~~~~~~~~~

~0w ~O ~Ow ~
ad (~~,~~) —

d ~w ‘ 
d ~w ~ ‘2 + (2~ —.)\

H 1 
— 

+ H
~ 3 ~ 

— — *Ow 0 Ow 0 /

d ~w ~~ — \ d ~w 
— ~/2 ~ (2~r — ~~ ~H 2

~0w~~~~~~~~~~~~0 /

-

~

-

~ 

~~~~~~

-- -— 

(4)



w

— 6 -

wher e — i~/3 .  n the above equation , subscripts 1, 2, and 3 on designate

wedges 1, 2. and 3, respectively. Each of the Hi’s from the individual wedges

is oi the form given by (2) and (3) with proper values for t and 
~~~

.. sub sti-

tuted and proper phase shifts taken care of due t o  the transfer of th. phase

center , located at the edge of the wedge in each of tne Individual, canonIcal

problems , to the common phase center , lQcated at the origin of the rectangular

coordinate system shown in Fig. 3.

2.1 ?cle s~ ngular icies  In the d I f f r a ct i on  c o e f f i c ~.en:s

It  is well—known :nat the Keller ’s ilffrac::cr. cc~ ffjc~ enc (3) as Intro-

duced in the ..as c section will not give the correc t ‘zalue for the ±frac:ea

f ie ld  at certain d i rec t ions , namely , at t~ e shadow and the ref ection

boundaries predicted by geometrical cotics. One can easLly see from (3) that

the denominator of e i ther  one of the two terms in the square brackets van~.s~ es

at one of these shadow and reflect ion boundaries and gi ’~es f i ct i tIo u s ,

infinite field values at those directions .

- Although a number of uniform theories ( ‘ j ,  ~8] are avai lable  for  cir-

cumventing these d i f f i cu l t i e s, we sugges t a scra ight f orvard  pr ocedure for

accomplishing the same. We note , first of all , that the infinities may be

physically Interpreted as those associated with physical optics currents w::h

semi—infinite supports [see Reference 11]. Thus we simply subtract the non—

physical pole singularities and define a modified diffraction coefficient

which is the Keller coefficient minus the pole singularity . With this modi-

fication the expression for the diffracted field, from wedge 1 (see

Fig. 3)  becomes

- .  
—-

~~~~~~~~ 
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- H~ (at edge of wedge 1) Dhi ~~~~~~~~~~ 
ikacos~

— ik(—acos*0+bsin*0
) 

~~~- e

~ r2 2~ ikacos~ —ikbsin*

~~~ I~~~s in r e  e
2

L — cOS 
~~~ 

(~ -

ik(acos ( r+~0)—bs~ nv--o3))

~~~~—

2 2~ ikacos~, —f.kSs ,no
~~

sin T— e e
+

cos 
~~~

— — cos ‘
~~ 

(~

ik(acos
_ a (5)

where

‘T 3~r
O < ~~0~~~~~

a n d 0 < ~~~<T

Note chat the second term in che square brackets  is the pole s in g u l a r i t y  of

the first :e~~ at the shadow boundarj, and the f o u r t h  te~~~ is the pole singu-

larity of the third term at the reflection boundary .

Similar expressions for the diffracted fields Hd2 
and Hd

3 
may be con-

structed for wedge 2 and wedge 3, respectively , in the appropriate angular

3,r
regions (O< ~~~< ’r and -~— < ~~~<~~~ for wedge 2; O < ~~~<~~/2 and ~~<~~~< 2 ~

for  wedge 3).

The total d i f f r ac t ed  field may now be found by superposing

and H
~3 

as indicated in (4). The far—field pattern computed ~y using

-
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a — b a IA , in (-. ) is depicted in Fig . -. . th is ~~~~t shows t h a t

there are no sporadic variations near the shadow and ref.ection bounda r ~s at

225° , 135°, and 315°. This pattern is already in ver y good agretn~nt with

that obtained by using the moment method , which is shcwn in Fig . 7. By good

agreement , we mean tna: all the locations of t he peaks ar.d n u l l s  are close

to the r ight  positions and the level s  are more or less correct. Except for

the ~bvjous discontinuities in the pattern a: the angles of 0°, 90°, 180° ,

and 270° , which correspond to the d~ rectior.s in which the four surfaces of

the rectangular cylinder are oriented , it is reall :emar~a b e  hcw good a

far—field 3actern can be constructed wi t h only a straigntfor~ard modificat:on

of the zeroth—order ~TD solution. A simple physical interpretation for  the

existence of these disconcinuities can be found and their elimination is

discussed in the following sect ions .

Before closing thIs ~eccIon , it is noteworthy tha t , due to the com-

plete s;~~~ecrv oi the rectangular czlinder , the pole singularities in the

wedge diffraction coefficients need not be subtracted Out exp1ici:l~ as

done in (5) before we use them to compute the far  field . In other  words ,

the wed ge d i f f r a c t i o n  coeff ic ient  as given in its or iginal  form shown in (3)

could have been used directly to compute the far—field pattern . While i t

is admitted ly  a happy coincidence that the Keller ’s diffraction coefficients

can be used directly in the rectangular cylinder problem , in more general

cases the procedure of subtracting pole singularities explicitly from the

diffract ion coeff ic ient , as done in ( 5 ) ,  should be fo l lowed  in order to get

meaningful results near the shadow and the reflection boundaries .

IT iii2 . 2  Discontinu~.ties in the f a r—f ie ld  pa t te rn  at  ~ — 0, ~ , ~r, and T

In the previous sections the problem of diffraction by a rectangular

cylinder was solved by using modified Keller ’s wedge diffraction coefficients.



- - _ _ _ _ _ _ _ _ _ _ _ _ _

— 9 —

Although the far—field pattern varies smoothly and remains finite across the

shadow and reflection boundaries, there are noticeable discontinuities in the

pattern at ~ 0, -
~~ , iT , and -

~~~~ . These directions are those in which the

surfaces of the rectangular cylinder are oriented. In the next section, a

physical interpretation of the existence of these discontinuities is given.

Before doing that , these disconcinuicies are explicitly evaluated in this

section .

Let us refer to ( i ) .  The discontinuit’, In the far field at ~ — 0 is

d d— 0) — — 2iT)

r

e ~ ~~~~ I — ik (—a oso 0+bsin~ 3 ) ( 2 )  sin ~~ ) a
I

L c~ s — cos 
~~

‘ :~ (6)

Following the same lines , the d .scont i nu~ :ies tne far  f ie ld  at ~ — ,

and can also be obtained explici:l~ (U.].

2.3  Physical interpretation of the existence of the discontinuicies in
.1 3i~the far—field pattern at ~ — 0, ~ , i, and T

In the last section , the disconcinuities in the far  f ield at ~ = 0, -
~~

~r , and have been studied and documentod . The fact  that the GTD solution

of the far field contains discontinuicies is well—known. The cause of the

existence of these discontinuicies is investigated and a simple physical

interpretation is given which , in turn, provides a clue to their elimination.

Note that in (4) the far field is constructed by us ing R~~, H
d

2 ,

and H~3, each of which has its own angular domain of definition. More

explicitly, is def ined on the angular range 0 < (see Fig. 5a) ;

outside of this angular range , H 2 is simp ly assumed to be zero . Likewise ,

I- - - - -~
- -
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is defined on 0 < < it and < < 2i~ (see Fig. 5b), and H
’
~3 

is ~~

0 < < and it < < 2ir (see Fig. Sc). It would have been a valid assumption

in the canonical problem since fields would have existed only in the exterior

region of the wedge. In the rectangular cylinder problem , it should be

realized that the fiei~s do not terminate abruptly at the geometrical planes

represented by dashed lines in Figs. 5a, Sb , and Sc. These dashed planes

would have been occupied by the semi—infinite wedge surfaces in the canonical

problems. Physically , the fields should be continuous across these dashed

p lanes in space. Therefore , in construct ing the far  r ield as shown in ( .

we have effect ively created a discontinuity at each of these dashed p .in~ s.

The presence of these discontinuities is solely a r t i f i c i a l  because they a~ e

created by our abrupt truncation of the fields to the regions in space

corresponding to the exterior regions of the wedges used in the canonical

problems . Now that the cause of the existence of the discont inuit ies  in the

far—field pattern at ~ = 0 , -
~~ , r , and .

~~~~~ has been found , we proceed t& give them a

physical interpretation which in turn provides a clue to their

elimination.

In the following discussion, a typical case is studied and the solution

to this case is derived in a step—by—step fashion. The interested reader is

referred to Ko and Mittra [11] for the results of other cases.

The typical case as shown in Fig. 5a is studied . Let us concentrate

on the extension of surface A. This extension is represented by a dashed

line from x = a to x at y b in the direction ~ = 0. On one side of

this plane, there exists as shown in Fig. 5a; on the other side there is

zero f ield.  By classical electromagnetic theory , we conclude that there is

an electric surface current density existing in the dashed plane. Such a

current radiates in free space to support this discontinuity in the H—field .

In compact mathematical language , we write

_ _ _ _  ~~~~~~~~~~~~~~~~~
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— d —d - - d  - d  - d  -

~A.l 
— x H

1 
— y x zR

1 
— xH 1 — xJ ~~ 1 ( )

where ii is the unit normal vector to the surface A , the subscript A refers to

the extension of surface A , the subscript 1 designates the wedge under con-

sideration, the superscript d means diffraction , and the rest should be self—

explanatory . Note that a factor of 2 is not present in (7) because this

is simply the discontinuity in free space of the H—field and there is no

backing by a perfect conductor in this situation.

Referring to (5) and keeping in mind that the original di f f ract ion

coefficient is perfect ly valid in the direction ~ 0 , which implies that

the procedure of subtracting the pole singularities need not concern us

here, we can write

d dH
1
(
~ 

= 0)

ikp
0) e S( y — b) , p x t (a ,~ ) (8a)

1~
.

where

—ik(—acos~b0+bsin~0)
= 0) = e

e~~ ~4 sin ~~ et~~ 4 sin ~ et~ _
~~~

~~
itx 

— cos 4 ~o 
+ 

°°~ — cos ~ (8b )

Note that in the above equation, an approximation of ~ by x has been made and

a constant value zero for the variable ~ has been assumed . The far—field

e~cpression as given in (5) can be legitimately used to compute the H—field on

the dashed plane because any observation points in that  plane will be at least

at a distance of 2a = 2X away from the edge of wedge 1.

S 
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The H—field generated by is

ikp 14
—dEx e e - - d
HAl — —1k i8ir ko ( — z (— s i n  ~~~~~~~ (9)

where the superscript Ex stands for “excess ” to remind the reader that this

field has been created a r t i f Ic ia l ly  by abrup tly  t runcat ing the d i f f r a c t e d

fields , therefore , it should not have existed ; hence , the word “excess. ’

in (9) is given by

-d - d
= r{J~~1}

ikx
f~ (~ a 0) 

Lo ‘a 

e~~ a(y — b) ~~~~~ e
13
~
’ dxdy

ix(k-n)
— 0) ~~~~~ I ,,

._ dx . (10)

By letting x(k — a) ~ t
2

, the integral with  respect to x can be trans-

formed into an integral with respect to : which may be id entified wi th  the

well—tabulated Fresnel integrals , i. e . ,

~~~~~~~~~~ ,,~~~

— ~~ i-~ t
2

d x —  
_ _ _ _  _ _ _ _ _  

e dt (h a)
a ,“

~

- [i; e
1
~~

2 

dt 
J~~~k-n) 

e
2 

dt

] 

(lib)

- [i

t 

(
~J2ak (1 - cos + iS~~~~~ (1 - cos (llc)

~ 

—--—- ~~~ - ------ -- - -~~~~-- --~~~-
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In writing (11), we have exp1:c~.tly used the re la t ion  a k cos ~ and the

defInitions of the Fresnel integrals , i.e.,

t 2
C(~~) — cos (-~ t ) dt (12a)

d o

and

t 25(t ) = sin (~ c ) dt . (12 b)
J o

Substi tutIng (llc) in (10) and the resulting expression for back

into ( 9 ) ,  we have

ikp 1,
—dEx . a e

____ 
0) -ikbsin~H - -ik 

_ _ _Al V8tk~

~~~

_ _ _ _ _ _  

I i~~ f ,
_ _ _ _ _ _ _ _ _  

e 
~~ /~ (1 - cos + iS(/~~~(l - cos

/k /l — cos $ L ’~ )

~~~~~~~~i t

(13)

where f~~(~ = 0) is given in (8b).

Now we have the expression for  the field generated by as shown in

(13) . The next step is to examine the discontinuity introduced at ~ = 0 by

—dExH
Al 

. To this and , all we need to pay attention to Is the following limit:

sin ~ _____________________ 2 s in~~~cos~~ 

(

~~~~~~~~~~____________ (14)him — 11= —I l — cos~~p sin

Using (14) and (13) , the discontinuity introduced at ~ — 0 by H~~
X is found

to be

-

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



—
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-dEx -dEx(
~ — 0) — H~ 1 

(~ —

ik~ 
i . . r

= —ik e 
[_2 — (/ 1 — (—Is) ] f 1

(~ - 0) • .jq~i .L~.

= ~ e ~~~ 
[— ik(_acos~0

+bsin~0
) (2)(4 sin

2t 2 I (1.5)L cos~~— — cos~ 3~~~~J

It is indeed enlightening to see that  this discontinuity is exactly the

discontinuity given in (6). The study of the typical case is now completed .

For the cases depicted in Figs . 5a, Sb , and 5c , the interested reader is

referred to Ko and Mittra [11).

Before closing this section, it is worthwhile to recapitulate the main

points discussed. The discontinuities at ~ = 0 , , ~~~, and in the far—

field pattern obtained by the GTD technique have been shown to be caused

by the abrupt truncation of the diffracted field which is effectively

equivalent to artificially introducing sheets of electric surface current

in free space. When these current sheets radiate strongly in the directions

= 0 , f , ~r , and -
~~~~~ , they produce discoricinuicies corresponding exactly to

those in the GTD far—field pattern. This discovery provides us with a clue

to further improve the GTD far—field pattern . One simply subtracts out all

these artIficially created “excess ” fields from the GTD far—field  pattern to

eliminate these discontinuities . The improved GTD fa r—fie ld  pat tern is

discussed in the next section along with some comparisons with the conven—

tional moment method solution and results obtained by a GTD—moment method

hybrid technique (U and a self—consistent  method f 12 J .

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  —4
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3. IMPROVED FAR-FIELD PATTERN AND COMPARISON

WITH RE SULTS OBTAINED BY OTHER APP ROACHES

In the las t section , Keller ’s wedge diffraction coefficient was used

to construct the far field scattered by a rectangular cylinder. It was

shown that when the pole singularities contained in the physical optics

current with infinite support on the semi—infinite wedge surface were sub-

tracted from the wedge diffraction coefficient, the far field remained

finite and varied smoothly across the geometrical optics shadow and ref lec—

don boundaries. Other than the noticeable discontinuities in the directions

in which the surfaces of the rectangular cylinder are oriented , that far—

field pattern was in fair  agreement with the conventional moment method

solution.

It was pointed out that  these discontinuities were caused by abrupt

truncations of the d i f f rac ted  field to the regions in space which correspond

to the exterior regions in the wedge canonical problems . These abrupt

truncations were demonstrated to be effectively equivalent to artificial

introductions of semi—infinite electric surface current sheets in free

space. An in—depth stud y of these current sheets consequently showed that

they radiated strongly and introduced identical discontinuities in those

directions corresponding to the discontinuicies in the GTD far field . This

discovery provides a clue which leads to further improvement of the GTD far—

field pattern .

The elimination of these discontinuities can be achieved by subtracting

~dEx ~~Ex ~dEX ~dEx ~dEx and ~~~~ obtained in the last section , from

the GTD H~ given in (4). The improved GUi far—field pattern so obtained is

displayed in Fig. 6. It is very interesting to observe that not only the

discontinuities at $ = 0 , ~~~ , it , and 
~
f. disappear completely, but also that

nulls , which were not present in the GUi far—field pattern in Fig . 4, are

showing up in the neighborhood of ~ — it and • — . The disappearance of 

~~~
-
~~- -~~~ --~~~~~~-



-16 -

the discontinuities is to be expected since these discontinuities have been

examined carefully in the last section and were shown to be identical to

those in the GTD far—field pattern in Fig. 3.

Finally , results obtained by using (a) the conventional moment method [2)

with 32 unknowns, (b) the hybrid moment method and GTD technique by Burnside

et al. [1] with 24 unknowns, and (c) the self—consistent method [12] with 8

unknowns are exhibited in Fig. 7. Note that in Fig. 7, the self—consistent

method , which uses zi~ higher—order multiple—edge interactions in its forinu—

lation, still does not eliminate the discontinuities at ~ 0°, 900 , 1800 ,

and 270°. While the conventional moment method solution and the moment

method—GUi hybrid solution deviate only slightly in the backscattering

direction , the present method solution as shown in Fig. 6 is in good agreement

with them.

4. ACCURACY CHECK

In the previous sections , a method has been discussed for obtaining an

improved scattered far—field pattern of a perfectly conducting rectangular

cylinder illuminated by a plane wave whose magnetic intensity vector is

parallel to the axis of the cylinder. The resulting improved scattered

far—field pattern has been compared with results obtained by other approaches

in the literature . In particular , results obtained by using (a) the con-

ventional moment method [2] with 32 unknowns, (b) the hybrid moment method

and GTD technique by Burnside et al. (1] with 24 unknowns, and (c) the

self—consistent method [121 with 8 unknowns have been used for comparisons.

Out of these three different approaches , only the conventional moment

method has ~onsistentZy taken into account in its formulation the boundary

condition , requiring the tangential components of the total electric field

to be vanished on the surface of the rectangular cylinder. In Burnside’s 
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hybrid moment method and GUi technique , the bou ndary condition is not en-

forced on the entire surface of the scattering object , as in the case of the

conventional moment method. Instead, point matching is applied at the mid-

point of each of the pulse current segments , located near the diffracting

edges of the wedges of the rectangular cylinder , and at some arbitrary points

in the GTD regions of the surface of the rectangular cylinder , in order to

obtain an equal number of equations as the involved unknowns including the

current samples and the d i f f r ac t i o n  constants .  The f ina l  result is somewhat

dependent on the locations of the a rb i t r a r i l y  chosen addit ional  matching points

in the GTD region on the surface  of the scatterer. In the self—consistent

method , no consideration is given to the satisfaction of the boundary

condi t ion .

Althoug h the comparisons of the scattered f a r — f i e l d  pa t t e rn  wi th  those

obtai ned by the afo rementioned methods are very favorable , indicat ing the

solut ions are in good agreement wi th  the true solution , an independent

accuracy check must be applied to fur ther  validate the approximate solution ,

especially when there  are no available results in the l i terature to compare

with . Such an accuracy check is often needed but is not readily available

in othe r h igh—frequency  asymptot ic  techniques.

In this section , we present a method which allows us to calculate the

tangential components of the scattered electric f ie ld  on the surface of the

scatterer using the approximate scattered far—field pattern . The accuracy

of the solution can then be checked simply by observing whether these tan-

gential components of the scattered electric field on the surface of the

acatterer are equal to the negative of the tangential components of the

incident electric f ie ld  on the surface of the scatterer. If the outcome of

such an observation is favorable , then the solution is good ; otherwise,

fu r the r  improvement is needed. 

-~~~ .~~ ~~- -
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4 .1 Method of computation

In classical electromagnetic theory , it is well—known that the scattered

magnetic far  field is related to the Fourier t ransform of the scattered

electric field on an aperture in a relatively simple manner.  Consider the

aperture shown in Fig. 8. This aperture is a plane at y — b , containing

the surface of the rectangular cylinder as its central portion. The

scattered far—field pattern enclosed in the hemisphere corresponding to this

aperture as shown in Fig. 8 is used to compute the Fourier transform of the

scattered electric field on the aperture . In particular , for the H—wave case

considered in this paper , the Fourier transform of the tangential component

of the scattered electric aperture field can be written as

2g(p) T
H
(~) exp (—ikb sin ~) (16)

where

e
1
~~~~4g(p) = 
____

/8irkQ

is the free—space characteristic impedance

is that portion of the scattered magnetic fa r—f ie ld  pat tern

enclosed in the proper hemisphere corresponding to the aperture under

consideration , and

o and ~ are the polar coordinates.

The phase factor in (16) is to assure that the aperture at y b , but not at

y a o , is under consideration. The tangential scattered electric aperture

field in the space domain can be obtained readily by an inverse Fourier

transform , viz.,

— 5) — F
~~~~~~

{i
.Ap

[
~~~~

(a ) ] }  . (17)
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The tangential scattered electric aperture field in (17) is truncated to the

surface of the scatterer , i.e., x r(—a,aJ , and an observation can be made to

judge whether the tangential scattered electric field on the surface of

the rectangular cylinder is indeed equal to the tangential incident electric

field .

The hemisphere shown in Fig. 8 is for  the aperture at y — b. Similar

hemispheres and apertures corresponding to the other surfaces of the rectangu-

lar cylinder can be established and the tangential components of the scattered

electric field on these surfaces can be computed in a similar fashion.

4.2 Results and conmients

In the previous sections , an improved scattered magnetic far—field

pattern has been obtained (see Fig. 6) .  The accuracy of that pat tern can be

verified by computing the tangential component of the scattered electric

field on the surface of the rectangular cylinder using the method outlined in

Subsection 4.1. The resulting tangential component of the scattered electric

field on the surface — x c [—a ,a] ,  y = b is shown in Figs. 9a and 9b.

These curves were obtained by using that portion of the improved pattern

(Fig. 6) enclosed in the hemisphere schematically indicated in Fig.  8 , and

by using the one—dimensional FFT for the inverse Fourier t ransform operation .

The magnitude of the tangential scattered E—field shown in Fig . 9a

oscillates around the constant value 266.58, which is the magnitude of the

tangential component of the incident E—fie ld .  More precisely , for normalized

H—wave incidence , IH~1 — 1, Eu 377 , and the incident angle 4~ 4 50 ;

therefore , the ma gnitude of the tangential component of the incident E— field

is I E ~ cos 45°j — 266.58. The phase of the tangential scattered E—field shown

in Fig. 9b is varying linearly across the surface of the rectangular cylinder

and can be readily verified to be of a phase d i f ference  of it or 180° from the

phase of the tangential incident E— fie ld  on the surface.  Similar behaviors
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of the tangential scattered E—field  on other surfaces of the rectangular

cylinder can be obtained and are not repeated here . These observations con-

firm that the improved far—field pattern obtained in the last section is

indeed a very good approximation to the true scattered field. Of course ,

the comparisons with results obtained by other approaches as done in the

previous section not only further validate the approximate solution, but

also demonstrate the effectiveness of the accuracy checking method

developed in this section.

5. SUMMARY

In this paper , the scattered fa r—f ie ld  pat tern  of a pe r fec t ly  con-

ducting rectangular cylinder illuminated by a plane H—wave has been obtained

by a zeroth—order GTD approximation and the result improved by a straight—

forwardly p hysical interpretation of the existence of the discontinuicies

in the zeroth—order GUi f a r—f ie ld  pattern.

The improved scattered far—field pattern has been compared with

results obtained by other different approaches and the similarities and

differences between these results have been discussed . Generally speaking

the improved pat tern obtained b y the present approach is in good agreement

with the conventional moment—method solution with 32 unknowns .

An accuracy checking method has also been presented so that an indepen-

dent check on the satisfaction of the boundary condition on the surface of

the rectangular cylinder can be performed. The results of such an accuracy

check are quite favorable , which demonstrates that the improved far—field

pattern obtained by the present approach is indeed a close approximation to

the true solution. The merit of such an independent accuracy checking scheme

is that the approximate solution obtained can be validated without making 
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comparisons with other methods . A.lthough not needed here , the spectral

approach to diffraction can be employed in conjunction with the integral

equation for the surface current to systematically improve the solution

where such an improvement is needed.
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Fig. 2. Geometry of a perfectly conducting wedge immersed in a
uniform H—wave in the canonical wedge diffraction
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Fig. 3. For the angle of incidence as shown , wed gt~s 1, 2, and 3 are
illuminated while wedge 4 is in the dark.
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Fig. 8. Scattered far—field pattern in the hemisphere is used to obtain
the scattered E—field on the aperture.
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Fig. 9a. Magnitude of the scattered H—field on the aperture shown in
Fig. 8, truncated to the surface of the rectangular cylinder. 
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Fig. 9b. Phase of the scattered H—field on the aperture shown in
Fig. 8, truncated to the surface of the rectangular cylinder.
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