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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 

with the one found by the exact solution of the 
Helmholtz 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, ଵܵ 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 (ܵଶ) is imagined due to missing value of edge 
effect. By usage of Equivalent Source Theorem, 
equivalent surface currents are obtained on  
these surface  

Ԧ௘௦ܬ  ൌ ሬ݊Ԧଵ ൈ  ሬሬԦ௧หௌ, (1a)ܪ
Ԧ௘௦ܬ  ൌ ሬ݊Ԧଶ ൈ  ሬሬԦ௜หௌమ, (1b)ܪ

Ԧ௠௦ܬ  ൌ െሬ݊Ԧଶ ൈ  ሬԦ௜หௌమ (1c)ܧ

 
 

 
 

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

Reflection and transmission angle ߚ is not equal to 
incidence angle and ߚ has a dependancy on surfaces. 
Also ሬ݊Ԧଵ and ሬ݊Ԧଶ 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 

ሬԦ௜௦ܧ  ൌ െ ߨ଴4ߤ݆߱ ඵ ሬ݊Ԧଶ ൈ ሬሬԦ௜หௌమܪ ݁ି௝௞ோమܴଶ ݀ܵ′ௌమ  

൅ ൈ׏ඵߨ14 ሺሬ݊Ԧଶ ൈ ሬԦ௜หௌమܧ ݁ି௝௞ோమܴଶ ሻ݀ܵ′ௌమ , (2a) 

ሬԦ௥௦ܧ  ൌ െ ߨ଴4ߤ݆߱ ඵ ሬ݊Ԧଵ ൈ ሬሬԦ௧หௌభܪ ݁ି௝௞ோభܴଵ ݀ܵ′ௌభ  (2b) 

ሬሬԦ௜௦ܪ ൌ ׏ඵߨ14 ൈ ሺሬ݊Ԧଶ ൈ ሬሬԦ௜หௌమܪ ݁ି௝௞ோమܴଶ ሻ݀ܵ′ௌమ  (3a) 

൅ ߨ4݆߳߱ ඵቆሬ݊Ԧଶ ൈ ሬԦ௜หௌమܧ ݁ି௝௞ோమܴଶ ቇ݀ܵᇱ,ௌమ  

ሬሬԦ௥௦ܪ  ൌ ׏ඵߨ14 ൈ ሺሬ݊Ԧଵ ൈ ሬሬԦ௧หௌభܪ ݁ି௝௞ோభܴଵ ሻ݀ܵ′ௌభ  (3b) 

 
 

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  

ሬԦ௥௦ൌܧ  െ Ԧ݁௭ ௜2ܧ݇ න ݁௝௞௫ᇲ௖௢௦∅బஶ
௫ᇲୀ଴ ଴ሺଶሻሺܴ݇ሻܪ sin ൬ߚ ൅ ߮଴2 ൰݀ݔᇱ 

(4) 
ሬԦ௜௦ൎܧ  Ԧ݁௭ ߨ௜√2ܧ݇ ݁௝గସ න ݁௝௞௫ᇲ௖௢௦∅బ଴

௫ᇲୀିஶ ݁ି௝௞ோభඥܴ݇ଵ sin	ሺߚ ൅ ߮଴2 ሻ݀ݔᇱ 
(5) 

 

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

ሬԦ௥ௗܧ  ൌ Ԧ݁௭ ߨ௜2√2ܧ ݁ି௝௞ఘඥ݇ߩ cosሺ߮ െ ߮଴2 ሻܿ߮ݏ݋ ൅ ଴߮ݏ݋ܿ ݁ି௝గସ  (6a) 

ሬԦ௜ௗܧ  ൌ െ Ԧ݁௭ ߨ௜2√2ܧ ݁ି௝௞ఘඥ݇ߩ cosሺ߮ ൅ ߮଴2 ሻܿ߮ݏ݋ ൅ ଴߮ݏ݋ܿ ݁ି௝గସ  (6b) 

 

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

 
 

 
 

Fig. 2. Coherence between exact solution and MTPO [5]. 
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b) Umul applied the method on ’Impedance Half 
Plane’ in 2006 [6].  

 
 

 
 

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

The scattered reflected field has been calculated as 
ሬԦ௥௦ܧ  ൌ Ԧ݁௭ ߨ௜√2ܧ݇ ݁௝గସ න sinሺߚ ൅ ߮଴2 ሻஶ

௫ᇲୀ଴  

 

ൈ ݁௝௞௫ᇲ௖௢௦∅బ ܼ sin ൬ߚ ൅ ߮଴2 ൰ െ ܼ଴ܼ sin ൬ߚ ൅ ߮଴2 ൰ ൅ ܼ଴ ݁ି௝௞ோ√ܴ݇  ᇱ (7a)ݔ݀

 
and the incident scattered field is 

ሬԦ௜௦ܧ  ൌ െ Ԧ݁௭ ߨ௜√2ܧ݇ ݁௝గସ න sinሺߚ െ ߮଴2 ሻ଴
௫ᇲୀିஶ  

 

݁௝௞௫ᇲ௖௢௦∅బ ܼ sin ൬ߚ ൅ ߮଴2 ൰ െ ܼ଴ܼ sin ൬ߚ ൅ ߮଴2 ൰ ൅ ܼ଴ ݁ି௝௞ோ√ܴ݇  ᇱ (7b)ݔ݀

 
The equations are reduced to the ones found in 

PEC plane if ܼ ൌ 0. Moreover, the diffracted fields are 
obtained as: 

ሬԦ௥ௗܧ  ൌ െ Ԧ݁௭ܧ௜ ݁ି௝గସ2√2ߨ ݏ݋1ܿ ߮ ൅ ߮଴2 ݏ݋ܿ ߮ െ ߮଴2 െ ݏ݋ܿߠ݊݅ݏ ߮ െ ߮଴2 ൅ ߠ݊݅ݏ ݁ି௝௞ఘඥ݇ߩ  

 (8a) 
 

for reflected diffracted field and 
ሬԦ௜ௗܧ  ൌ Ԧ݁௭ܧ௜ ݁ି௝గସ2√2ߨ ݏ݋1ܿ ߮ െ ߮଴2 ݏ݋ܿ ߮ െ ߮଴2 െ ݏ݋ܿߠ݊݅ݏ ߮ െ ߮଴2 ൅ ߠ݊݅ݏ ݁ି௝௞ఘඥ݇ߩ  

(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. 
 

c) Yalçın applied MTPO on ’PEC Cylindrical 
Reflector’ in 2007 [7]. The geometry is symbolized as 
in Fig. 5. Sarnık and Yalçın studied ”uniform” 
diffracted fields in 2013 [12]. 

The total scattered field has been found as 
ሬԦ௦ܧ  ൌ െ Ԧ݁௭ ݇ଶܼ଴2ߙܫ ቐ න ߚሺݏ݋ܿ ൅ ߮଴2 ሻܪ଴ሺଶሻሺ݇ߩଶሻܪ଴ሺଶሻሺ݇ߩଵሻ݀߮ఝబ

ఝᇲୀିఝబ
൅ න ሺ߮݊݅ݏ െ 2ߚ ሻܪ଴ሺଶሻሺ݇ߩଶሻܪ଴ሺଶሻሺ݇ߩଵሻ݀߮ᇱିఝబ

ఝᇲୀఝబ ቑ 

(9) 
and diffracted field has been obtained as 
ሬԦௗܧ  ൌ Ԧ݁௭ ܼ଴ߨ4ܫ cosሺߙ௘ ൅ ௘2ߚ ሻ െ ௘ߙሺ݊݅ݏ െ ௘2ߚ ሻߙ݊݅ݏߠ௘ െ ௘ߚ݊݅ݏ ݁ି௝௞ሺ௟బା௟భሻඥ݈଴݈ଵ  

(10) 
 
 

 
 

Fig. 4. The comparison between exact  
and MTPO solutions [6]. 

 
 

 
 

Fig. 5. Reflection on PEC Cylindrical Surface. 
 
 

The graphic comparing PO, MTPO and exact 
solutions [11-12] is shown in the Fig. 6.  
Sarnık and Yalçın studied ’uniform’ diffracted fields 
in 2013 [12]. 
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d) Umul applied the method on ’Cylindrical 
Parabolic Impedance Surface’ in 2008 [8]. The total 
field equation  

ሬԦ௥௦ܧ  ൌ Ԧ݁௭ܧ଴ ݇݁௝ሺగ ସൗ ሻ√2ߨ න ߙ݊݅ݏ ݁ି௝௞ఘᇲඥ݇ߩᇱ ݁ି௝௞ோߩᇱ√ܴ݇cos	ሺ߮ᇱ 2ൗ ሻ ݀߮ᇱ
ఝబ

ିఝబ  

(11) 
 
has been obtained by MTPO, where ߙ denotes the 
angle between reflection point and the incident ray. 

 
 

 
 

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 
PO and MTPO. The extreme points (maximum and 
minimum angles) are obtained in the same angle for 
each method. 

 
 

 
 

Fig. 7. Cylindrical Parabolic Impedance comparison 
between PO and MTPO solutions [8]. 

 
 
e) Sarnık and Yalçın studied non-uniform solution 

for ’PEC parabolic reflector’ in 2016 [13] and 
reflection is shown in Fig. 8. Diffracted field was 
found as 

ሬԦௗܧ ൌ Ԧ݁௭ ܼ଴ܫ଴8ߨ ቎ 1sin ௘ߚ െ ௘2െߙ 1cos ௘ߚ ൅ ௘2ߙ ቏ ݁ି௝௞ሺఘ೐ା௟೐ሻඥߩ௘݈௘  

(12) 

 

and this result is consistent with the ones found for 
PEC cylindrical reflector 

ሬԦௗܧ  ൌ Ԧ݁௭ ܼ଴ܫ଴8ߨ ቎ 1sin ௘ߚ െ ௘2െߙ 1cos ௘ߚ ൅ ௘2ߙ ቏ ݁ି௝௞ሺ௟బା௟భሻඥ݈଴݈ଵ  

(13) 

 
 

 
 

Fig. 8. Scattering from a parabolic reflector. 
 
 

As it is observed that the terms ߩ௘ and ݈௘ in 
parabolic reflector have an analogy with ݈଴ and ݈ଵ 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 ߮଴ ൌ ߨ 4ൗ  in an interval between 	߮ଵ ൌ arcsin	ሺିఘ೐ᇲ ୱ୧୬ሺఝబሻఘ ሻ and ߮ଶ ൌ arcsin	ሺିఘ೐ᇲ ୱ୧୬ሺିఝబሻఘ ሻ 

 
 

 
 

Fig. 9. Reflected fields ߮଴ ൌ ߨ 4ൗ . 
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Moreover for ߮଴ ൌ ߨ 6ൗ  the reflected is found as 
shown Fig. 10. 

 
 

 
 

Fig. 10. Reflected fields ߮଴ ൌ ߨ 6ൗ . 
 
 

f) For diffracted field, non-uniform results were 
obtained and uniform solution was also studied in 
2017 [14] by Sarnık and Umul. In order to eliminate 
the values diverging to infinity, detour parameter was 
used. Detoru parameter is formulised as  
௜,௥ߦ  ൌ ඥ2ߩߨ௘sinሺߚ௘ ∓ ௘2ߙ ሻ (14) 

 
Fresnel integral uses that detour parameter variable  

௜,௥൯ߦ෠൫ܨ  ൌ ݁ି௝ሺక೔,ೝమାగ ସൗ ሻ2√ߦߨ௜,௥  (15) 

 
and diffracted field is obtained as a uniform expression 
ሬԦௗሺ߮଴ሻܧ  ൌ Ԧ݁௭ൣܨ෠ሺߦ௜ሻ݁ୡ୭ୱ	ሺఉ೐ିఈ೐ሻെ ሺఉ೐∓ሻ൧	௥ሻ݁ୡ୭ୱߦ෠ሺܨ ௘݈௘ߩ଴݁ି௝௞ሺఘ೐ା௟೐ሻඥܧ  

 (16) 
 

The scattered fields from a PEC parabolic reflector 
(for ߮௘ ൌ ߨ 3ൗ ) 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) Sarnık and Yalçın 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 ߮௘ ൌ ߨ 3ൗ  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 ߮௘ ൌ ߨ 7ൗ ,	shown in Fig. 14 the maximum and 
infinite values are observed at the same angle (ߨ െ ߮௘ሻ. 

 
 

Fig. 11. Scattered field for PO & MTPO ߮௘ ൌ ߨ 3ൗ  [14]. 

 
 

 
 

Fig. 12. Scattering geometry from the cylindrical surface. 
 
 

 
 

Fig. 13. Uniform and non-uniform fields ߮௘ ൌ ߨ 3ൗ . 
 
 

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 



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

 63

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. 

 
 

 
 

Fig. 14. Uniform and non-uniform fields ߮௘ ൌ ߨ 7ൗ . 
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