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Abstract: The scattering problem from the surfaces is introduced by method of Modified Theory of Physical
Optics (MTPO). The method is based on the physical optics (PO) current, on the scaterers’ and aperture surfaces,
which assist in finding the integral equation and the evaluation is achieved asymptotically with the stationary
phase method. The comparisons, on various surfaces, prove the agreement of the MTPO with respect to the exact
solution of Helmholtz equation. MTPO can be applied to calculate not only the reflected fields but also the exact
edge-diffracted fields contrary to Physical Optics which has some weak points in edge-diffraction calculation. It
is edge-point technique which is used to find edge diffractions of various surfaces such as perfectly electrically
conducting (PEC) plane, impedance parabolic surface and black half-plane surfaces. In some applications, the
obtained results for edge diffractions are non-uniform expressions which has zero value in denominator. Fresnel
integral is used in order to convert non-uniform expressions to uniform expression.

Keywords: Physical optics, Modified theory of physical Optics, diffracted field, Edge diffraction,
Edge-point technique.

1. Introduction

Physical optics (PO) is one of the major methods
to calculate the scattering fields from various
geometries. Reflected fields are obtained accurately
by this method. Nevertheless, it has some weak points
while evaluating diffracted fields [1-3]. The
innovative method of “Modified Theory of Physical
Optics” (MTPO) has been derived to have an exact
solution not for only the reflected fields but also for
the edge diffraction. MTPO has some axioms for
solution of scattering problems. By usage of MTPO
axioms, which will be explained in this study, MTPO
scattering integral is obtained. The result is in accord
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with the one found by the exact solution of the
Helmbholtz equation [4].

The previous applications of MTPO have been
researched on perfectly electrically conducting (PEC)
[5], impedance [6] half plane, PEC [7, 12], black [15]
cylindrical reflector, impedance [9] and PEC parabolic
reflector [13-14]. These applications are compiled in
the articles [16]. In this study, the applications will be
deeply examined after the analysis of this method.

2. Theory

A random geometry can be selected to explain the
general rules of this method. In this article the Fig. 1
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is to be considered for defining the variables [5].
According to the PO, §; is the surface on which a
current is induced and the reflected and reflected
diffracted fields are obtained. However the incident
diffracted field is excluded by this method since the
edge effect is not taken into account. An aperture
surface (S,) is imagined due to missing value of edge
effect. By usage of Equivalent Source Theorem,
equivalent surface currents are obtained on
these surface

Jes =ﬁ1XHt|Ss (1a)
Jes =T X Hi g, (1b)
Jms = _7—7')2 X Eils2 (1o

Soure
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Trans natted [Ray

Fig. 1. The demonstration for explanation of MTPO [5].

Reflection and transmission angle £ is not equal to
incidence angle and 8 has a dependancy on surfaces.
Also 71, and 71, are not equal to normal vector but they
are the vectors dividing the angle, which occurs
between incident ray and reflecred ray, into 2 equal
parts. By the geometry and equivalent surface
currents, the incident and reflected scattering electrical
fields & magnetic fields can be found as
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3. Applications of MTPO and Numerical
Results

Since MTPO is an innovation method there have
been studies on various surfaces.

a) The method was introduced with an application
on ’perfectly conducting (PEC) half-plane’ surface by
Umul [5]. Considering the incident plane waves, by
the series of operations, the reflected scattered field
and incident scattered field integrals are found to be as

Ers LE, (%
. . +
= _é’Z_L eJkx'cosdq Ho(z)(kR) sin (ﬁ ‘PO) dx’
x'=0 2
(4)
is 0 R
. . -]
~ 5z£e]%f ejkx’cosq)o e ! Sin(ﬁ + (po)dx,
V2n X' =—oo /le 2
(5)

respectively. The diffracted fields are obtained by
using the amplitude and phase functions by stationary
phase approach. The results are found as

R E et cosE5PY o
ET‘d = éz e }4— (63)
221 /kp cos@ + cos@,
; @+ @o
. —Jjkp cos .
- ., E e ( 2 ) _J% (6b)

B =—
Ty Ton [kp cose + cos@q

The found data is compared by the exact solution
[9] as it is shown in Fig. 2.

~  MTPO imegral

—— Exact solutien

Electric Fisld

& in radians

Fig. 2. Coherence between exact solution and MTPO [5].

59



Sensors & Transducers, Vol. 233, Issue 5, May 2019, pp. 58-63

b) Umul applied the method on ’Impedance Half
Plane”’ in 2006 [6].

P 'y
Reflected
Ircident
Ray
e,

i
Aperture —r — Impedance
Surface half-plane

Fig. 3. Impedance Half-Plane Geometry [6].

The scattered reflected field has been calculated as

- kE ﬁ + Do
E "B iy sin(——)
rs f_ x,:() 2
7 sin (‘B + <Po) —Zy ,—jkR (7a)
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and the incident scattered field is

B — v
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The equations are reduced to the ones found in
PEC plane if Z = 0. Moreover, the diffracted fields are
obtained as:

eI 1 cos? —2<p0 — sinB g=ikp
By = —6,E;
" “tovan COSQD-EQDO cos? (p°+sin9 Vkp
(8a)
for reflected diffracted field and
. e V% 1 cos? _2 Po _ 5ing o-ike
Eiq = &,E =
“2V2T cos L= 20 s @ 2(p0 + sinf /kp
(8b)

for incident reflected field, respectively. The results
are compared with the ones found by exact solution [4]
and there is a harmony between them according
to Fig. 4.
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¢) Yal¢in applied MTPO on °PEC Cylindrical
Reflector’ in 2007 [7]. The geometry is symbolized as
in Fig.5. Sarnik and Yal¢m studied “uniform”
diffracted fields in 2013 [12].

The total scattered field has been found as

o L k?Zyla
Es=—¢, 2
~%Po

+ fsin((p_

"=

Po

B+
f cos L0y ® k) Hy® (kpy )
9'=—¢¢

b )Ho(”(kpz)Ho(”(kpl)dw'}

©
and diffracted field has been obtained as
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Fig. 4. The comparison between exact
and MTPO solutions [6].
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Fig. 5. Reflection on PEC Cylindrical Surface.

The graphic comparing PO, MTPO and exact
solutions [11-12] is shown in the Fig.6.
Sarnik and Yal¢in studied "uniform’ diffracted fields
in 2013 [12].
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d) Umul applied the method on ’Cylindrical 71 1
Parabolic Impedance Surface’ in 2008 [8]. The total Eqg= EZ% — 5 —a,
field equation sin=f——= (12)
@0 1 e_jk(pe+le)
. kel /9 —jkp’ g=jkR o1 -
E.= ngoe— f sina & ¢ p, do’ cosw Vel
var J o Jkp' VERcos(? /)
(11) and this result is consistent with the ones found for
PEC cylindrical reflector
has been obtained by MTPO, where a denotes the
angle between reflection point and the incident ray. oL Zoly 1
Ed B ezﬁ ; ﬁe )
SIHT
, (13)
— MIPO 1 e Jk(lotl)
e cos Be t a. -Iz- el Il

RCS [dB)

1ol s 1 : . s :
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Fig. 6. PEC Cylindrical Reflector comparison between PO
and MTPO solutions.

The Fig. 7 indicates the comparison of the total
scattered fields found on the conducting reflector by Fig. 8. Scattering from a parabolic reflector.
PO and MTPO. The extreme points (maximum and
minimum angles) are obtained in the same angle for

each method. As it is observed that the terms p, and [, in

parabolic reflector have an analogy with [, and [ in
cylindrical reflector [7], it can be seen that the results
found for cylindrical and parabolic surfaces are
coherent.

As shown on Fig. 9 the reflected fields are
found for ¢o=7"/, in an interval between

@, = arcsin(Le>%) S;n(%)) and ¢, = arcsin(—2e"—-—%o) Sin(_(’"’))
® e
1220 2 &0
- 02
0 " 3 N\ 0
/ : 01
390 |- ] : % NS SRS N
Fig. 7. Cylindrical Parabolic Impedance comparison ,_ : /
between PO and MTPO solutions [8]. Y 7 sia
e) Sarnik and Yal¢in studied non-uniform solution w >~ %0
for "PEC parabolic reflector’ in 2016 [13] and n
reflection is shown in Fig. 8. Diffracted field was . -
found as Fig. 9. Reflected fields o =" /.
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Moreover for ¢y =7/, the reflected is found as
shown Fig. 10.

02

Fig. 10. Reflected fields o = /.

f) For diffracted field, non-uniform results were
obtained and uniform solution was also studied in
2017 [14] by Sarnik and Umul. In order to eliminate
the values diverging to infinity, detour parameter was
used. Detoru parameter is formulised as

et Qe

£ = Zpsine %) (14)

Fresnel integral uses that detour parameter variable

eI G +/y)

SN (15)

F (Ei,r) =
and diffracted field is obtained as a uniform expression

Ea(po) = &,[F(&)ecosPemae)

~jk(pe+le)
_ p(g)ecospen) Tt T

Pele

(16)

The scattered fields from a PEC parabolic reflector
(for ¢, = T /3) which are claculated by PO and MTPO
are compared and results are shown in Fig 11. It can
be seen that the reflected fields are coherent for both
methods whereas diffracted fields are different.

g) Sarnik and Yalgin applied the method for "black
cylindrical reflector’ in 2017 [15]. According to the
geometry in Fig. 12, the diffracted fields were found
for non-uniform and uniform solutions and According
to the Fig. 13, it can be observed that for ¢, = /3 the
uniform solution has a maximum value at the same
angle at which non-uniform solution has infinite value.
When a comparison is done for a different angle such
as @, =T/, shown in Fig. 14 the maximum and
infinite values are observed at the same angle (7 — ¢,).
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Fig. 11. Scattered field for PO & MTPO ¢, = /3 [14].
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Fig. 12. Scattering geometry from the cylindrical surface.
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Fig. 13. Uniform and non-uniform fields ¢, = 7T/3.

4. Conclusion

In this study, firstly MTPO method, which leads to
evaluate the results for various geometries, has been
analyzed and discussed. Secondly, the applications,
which have been studied via this method, have been
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examined. The applied surfaces are perfectly
electrically conducting (PEC), impedance and black
half plane. According to the comparison; coherence of
exact solution of Helmholtz equation with MTPO
solution is proved. Moreover, MTPO is advantageous
than exact solution with its competence to find the
exact result by an integral which is mathematically
more preferable to compute. Furthermore, in order to
evaluate by any simulation software, integral equation
of MTPO is more suitable to trace. Finally, since this
is an innovative method, there is also an opportunity
for additional studies on different surfaces.
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Fig. 14. Uniform and non-uniform fields ¢, = ”/7.
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