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The uniform diffracted fields are calculated on PEC cylindrical reflector by Modified Theory of Physical Optics (MTPO). It is
aimed to convert the noncontinuous solution to a continuous solution by finding a uniform equation which does not contain any
expression converging to 0 in the denominator part. Three axioms of MTPO theory are used to construct the integral equations
for the perfectly electrically conducting surface application. The “edge-point” technique is used to find the diffracted field, and
uniform solution is to be found via “detour parameter(s).” Finally, the obtained results are to be compared with the nonuniform

ones, numerically.

1. Introduction

Physical Optics (PO) is a high frequency method to calculate
the reflected and diffracted fields via induced current on a
scatterer surface [1, 2]. The incident magnetic field is used
to obtain the induced current [3]. However, there exists
deficiency while obtaining edge-diffracted field [4]. The PO
application of the black half plane surface is a typical example
of such a deficiency [5].

The two following points can be defined as the cause
of this lack. Firstly, the induced current is assumed on the
reflection surface, whereas the aperture surface is not taken
into account. Thus, the incident diffracted fields cannot be
obtained due to this neglecting. Secondly, the edges are
considered as continuous which cause to suppose the equality
of reflection and incidence angle in the edge point.

Consequently, the innovative method of Modified Theory
of Physical Optics (MTPO) has been derived in order to
find the exact solution analytically on edge diffraction and
to overcome the deficiencies of PO for edge currents [6]. The
result is coherent with the solution of the exact solution of the
Helmbholtz equation [3]. MTPO was derived by Umul in 2004
via the paper about the scattering of the field from a “perfectly

conducting” (PEC) half-plane surface [7]. Afterwards, the
studies for the black half plane [8] and for the impedance half
plane [9] were carried out by Umul.

Moreover, the study for “perfectly conducting cylindrical
reflector” was fulfilled by Yal¢in in 2007 [10], and the study for
the scattering from “cylindrical parabolic impedance surface”
was studied by Umul in 2008 [11]. Lastly, a brief explanation
of MTPO and the synthesis of the studies have been presented
[12].

There are three axioms of MTPO which are used to
evaluate the asymptotic evaluation of scattering integral. First
axiom is related to the induced current on a scatterer surface
by which the reflected and reflected diffracted fields are
obtained. However the incident diffracted field cannot be
found. Hence, a second surface is assumed which is called
an aperture surface. The induced currents on this surface are
defined by the aid of Equivalent Source Theory, and so the
incident and incident diffracted fields are calculated. Second
axiom is the reflection/transmission angle which depends
on the real and aperture surface coordinates and which is
a function of integral variables. Last axiom is the definition
of the vectors—different from PO—which divide the angle
between the incident and reflected fields and which are the



factors used to evaluate the induced current [13]. Additionally
in MTPO integral, the phase function is expressed as a new
form [14].

In this study, the uniform diffracted fields are calculated
on PEC cylindrical reflector. Previously, on this surface,
diftracted fields have been obtained as a nonuniform solution
where the field equation diverges to infinity and which lead to
discontinuity in the analysis [10]. Thus, in this work it is aimed
to construct a continuous solution by finding a uniform
equation and also to compare numerically the diffracted
fields on PEC cylindrical reflector for the noncontinuous and
continuous solutions of MTPO method.

A time factor e/ is assumed and suppressed throughout
the paper.

2. MTPO Theory

For MTPO, induced currents on the real surface are defined
as

755 = (ﬁl X Ht)|sl’ (la)

where H, is the total magnetic field on the real surface (S,).
The induced currents on the aperture surface (S,) are also
calculated via the following formulas:

7es = (ﬁZ x IjIz)| (lb)

s’

]ms = _(ﬁZXEi)|SZ’ (1)

where H; denotes the incident magnetic field and E; denotes
the incident electrical field [7]. The vectors 7, and 7, are the
ones mentioned in the third axiom of MTPO, and they are
defined on the real (S,) and aperture (S,) surface, respectively.
They can be formulized as

fiy=sin (u — ) — cos (u — a) 7, (2a)
#y= — cos (v + &) £ + sin (v + &) , (2b)

where « denotes the incidence angle and 7 and 7 are the tan-
gential and normal unit vectors of the surfaces, respectively,
as they are shown in Figure 1. Moreover, u is equal to (a«+f3)/2,
and v is equal to 71/2 — (a — 8)/2.

The total electrical field can be written as

Et = E>is + Ers’ (3)

where incident scattered electrical field is

o jw - EA)
B = - M” iy x |, - ds'
4 Sy > R,
(4a)
L e kR ,
+ ” V x| #i, x E; as,
S, 5 RZ
and reflecting scattered electrical field is
. -jkR
5wl R
Ers = —?JVJ'S1 1y X Ht|s1 das. (4b)
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FIGURE 1: The xy-plane cross-section of the source and PEC
cylinder.

Then the related magnetic fields can also be formulized as

R 1 L e TkR ,
His=—” Vx| iy x Hf —— | dS
4 )]s, S: R,
jwe e IR

+ — i, x E.| ——ds',
4 J-J-s2 > ’|Sz R,

7 =L 1l Vas (sb
H . =— Vx| n xH S. 5
s 47'[«[[51 1 t|S1 R1 ( )

3. Application

(52)

The incident electrical and magnetic fields from a line source
are indicated as

o wpyl
B = - H (kpy) 2., (60
H =H, (sin agy + cos oa?p) , (6b)

respectively. H(()Z)(kpl) is the Hankel function of the second
kind where k is the number of wavelength and p, is the
distance between the source and the reflector. Therefore the
reflected magnetic field is H, = H,(~ sin PBé, + cos Béy). The
total magnetic field which is used in the integral equation is
obtained by

-

H =H +H =H, (sin o€y + cos a, — sin fé, + cos ﬁé’¢) .
7)
The magnitude of the incident ray is equal to

pi=1p"* + pt — 2p' py cos(¢’ - (/55)]1/2 according to Figure 1.
The surface current induced on S, is found as

T, = —é'ZZIjI,- cos ( & ; ﬂ) . (8)
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FIGURE 2: The nonuniform solution at ¢, = 77/7.
1r
08f
1]
=
206
o
L
g
& 04
2
02
0 i i I i
0 50 100 150 200 250 300 350
Observation angle (deg)
—— Uniform field

FIGURE 3: The uniform solution at ¢, = /7.

The other surface currents which are induced on aperture
surface are also calculated as
7 -

J.. = &,H, cosv, (9a)

Tos = —E; [é’P sin (v + a) — g cos (v + oc)] . (9b)

The surface element can be shown as dS' = ad¢’ dz’,
where the radius of the cylinder is p’ = a. By the Green
function, which is equal to G(7,#) = ¢ 7*}/R, the equation
can be written to solve the integral

¢S} —jkR,

J ¢ dz'
Z=—00 R1

N A
z'=—00 4] J{=—c0
(10)

By the property _[ZO:_OO % dz' = 21 ({), the Green function
can be simplified to

o kR T
I g9 = SH (k). (1)
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FIGURE 4: The nonuniform and uniform solution at ¢, = /7.
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FIGURE 5: The nonuniform and uniform solution at ¢, = /4.

By the utilization of (4a) and (4b) the total scattered field can
be obtained as

Es = E»is + E'rs
_ K*Zyla
= _eZ
8
$o
AL cos(S5E) 2 o) 12 ()
=%

—¢o _
o[ 7 an(S5E) P o 1 )|
¢,:¢0 2 ( )
12

By the Debye’s asymptotic expansion of the Hankel function

3 e kvrin/9)

Héz) (kv) = ;T, (13)



the total scattered field equation is converted to

. L kZyla
E =-¢,
4
bo + —Jk(Pl"'Pz
I ()
¢'=—¢o 2 P1P

—¢o jk(pr+p2)
+J sin(a ﬁ>e—d¢'].
) 2 VPiP2
Thus, the scattering integral equations, which are obtained by
MTPO, are in a form of

o . U
Is = J () e ax, (15)
x'=-00

where f(x) is represented by the sinusoidal term and y(x")
is represented by (p; + p,). The phase function has been found
as

y/(¢') =p+p= pocoso+p'cos<x+pcosy+p'cos,8
(16)

by utilizing the angles and the distances shown Figure 1. If the
phase function is derived with respect to ¢, the equation

1//'((/)'): -p smada -p sm(xd‘x
P dg! d¢’
p i (17)
. Y .
- psmyd—(p, -0 smﬁd—(/),

can be obtained. The angles can be rewritten by Figure 1 as

follows:

o=n+tdp,F¢ —a, (18a)

yzﬂi(psiqy_/j'

By the sine relations, the following equations are
obtained:

(18b)

Po a P a

. = > . = . (19)
sina  sino sinff  siny

If the angle equations are written in terms of the derivation of
phase function, the derivative of the phase equation becomes
as follows:

11/ ((/5') =asina —asin f. (20)

This equation is equal to 0, as long as « = 3 which eliminates
the second term of (12).

The edge diffracted fields can be written by the aid of the
quantities

B=Po  $e=o (1)

In order to calculate diffraction field, the equation

a=a,

5 s L f(x) ) 22
b= Ry ) ()
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is used [4, 15]. In this equation f (x') is expressed as magni-
tude, w(x') is expressed as phase function and &, is a unit
vector of diffracted field. The minus and plus signs represent
the upper and lower limits, respectively. In fact, this equation
is the derived version of edge-point technique. The factors in
this equation can be found as

]kZOIa cos ((a, + fB.) /2)

fr (¢0) - l()ll >

(23a)

]kZ Iasin ((a, - B.) /2)
Il

fi (o) = (23b)

for reflected diffracted term and for incident diffracted term,
respectively. The phase function and the derivative of the
phase function can be also shown as

v (o) =1y +1;s (24a)
v' (¢,) = a(sine, —sin ,), (24b)
where
Iy = py cos o + acosa,, (25a)
I, = pcosy +acosa,. (25b)

The total edge diftraction is calculated as

E;=Eq4q+Eq

_; %l zo ( 1 1 )
s \sin((a,—B.)/2)  cos((a, +B,)/2)
o Tkloh)

Loy
(26)

According to the calculation, the edge diftraction field result
contains sinusoidal terms at the denominator [10]. It can be
easily seen that diffracted field value diverges to infinity as

Sin<(xe+ﬁe> — 0,

+
cos(txeTﬁe> — 0.

The discontinuity can be detected on the values of
transition regions. o, = f3, is the reflection boundary, whereas
a, = m — f, is the shadow boundary. Thus, the “detour
parameter” method is to be used to eliminate the value
equalizing the denominator to zero [16-18]. The formula of
detour parameter can be shown as

(27)

Ei,r = =W — Vg (28)
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The “detour parameter” is defined for the Fresnel function
equation, and the Fresnel function can be written in terms of
“detour parameter” as [18]

j52—jn/4 "
(&) =F(ahsent) = g @)
- o iE—iml4
FE)=rlehsen®) =" )
where
j/ ©
F(&,)= e;; L e d. (30)

If (26) is rewritten as

E;j=Eq+Ey

Kzl ( 1 B 1 )
~%Tgr \sin (e, = B.) /2)  cos((e, + B.)/2)
oo kL

X S ——
Klg K,

(31)

the conversion to the Fresnel function (£;,) can be satisfied
by expressing in terms of (29a) and (29b) as follows:

E;=

kZ,I o~ FKlo(2sin® (o, =,)/2) +cos(ax, ~.))
24\/571 2kl sin ((«, - B,) /2)
e—jklo(2cosz((oce+ﬁe)/2)—cos(o<e+ﬁe))) e—jkl1

V2KI, cos ((a, + B,) /2) kI,
(32)

Hence the arguments of the Fresnel function can be obtained

as
¢ = \/;llsin<ae+ﬁe),
E_Jﬁcos(“e;ﬁ2>.

As a result of these operations, explained previously,

(33)

Ej=Eq4q+Eg4

kZOIej("/4) e Tk
=g (34)
2V2m K,
x [e-jkh cosa,~f,) (fz) _ plkh costaetfe) p (Er)]

uniform equations are obtained.

4. Numerical Analysis

The obtained results are to be compared numerically with the
results of the nonuniform solution found by MTPO method.

All the analyses are to be done with the value kp; = 100.
Firstly the nonuniform field is analyzed for ¢, = 7/7. As it
can be seen in Figure 2, the magnitude of the diffracted fields
diverges to infinity at the value ¢ = 157/7, since sin((er, —
B.)/2) converges to 0 at that value. Also for ¢ = 137/7, the
denominator of the second term of the nonuniform solution
converges to 0, as cos((er, + f3,)/2) converges to 0, and the
magnitude diverges to infinity.

When the “detour parameter” is applied, the uniformiza-
tion of the solution leads the results to have a finite output for
all values and that can be visualized in the Figure 3.

As uniform and nonuniform solutions are checked
together, the result in Figure 4 can be obtained.

Also these two types of solutions can be also analyzed for
¢, = /4. In this analysis, for nonuniform solution at the
values ¢ = 7m/4 and ¢ = 9m/4 the terms cos((ex, + f3,)/2)
and sin((er, — 3,)/2) converge to 0, respectively, as indicated in
Figure 5. The solution is continuous for the uniform solution.

5. Conclusion

In this study, the uniform diffracted fields are calculated on
PEC cylindrical reflector with Modified Theory of Physical
Optics (MTPO). It is aimed to construct a continuous solu-
tion by finding a uniform equation. MTPO theory has been
explained with three axioms to construct the integral equa-
tions. The application of this theory on cylindrical electrically
conducting surface has been carried out. For the diffraction
the “edge-point” technique has been used, and uniform
solution has been found out via “detour parameter(s).”
Furthermore, the obtained results have been compared with
the nonuniform ones numerically, and uniformization of
the solution has been detected. Finally, by this innovative
method, which has been derived in 2004, some other studies
on parabolic electrically conducting surface can also be
achieved in the near future.
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