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Abstract—Edge and/or tip diffraction has long been 
investigated. Early attempts were analytical and called High 
Frequency Asymptotics (HFA). With the use of computers, 
numerical approaches have also appeared. In this study, two 
powerful numerical models, Method of Moments (MoM) and 
Finite Difference Time Domain (FDTD), are used in diffraction 
modeling on the canonical wedge scattering problem.  

Keywords—diffraction; high frequency asymtotics; finite 
difference time domain (FDTD); method of moments (MoM); 
wedge. 

I.  INTRODUCTION 

The word scattering is used to represent all components 
produced from the interaction of Electromagnetic (EM) waves 
with objects and includes incidence, reflection, refraction, and 
diffraction. Mathematical methods, such as Geometric Optics 
(GO), Physical Optics (PO), Geometric Theory of Diffraction 
(GTD), Uniform Theory of Diffraction (UTD), and Physical 
Theory of Diffraction (PTD) can be used if the frequency is 
high (i.e., when the wavelength is small compared with the 
interacted object size) [1-3].  

GO is a ray-based approach which models incident, 
reflected, and refracted fields between source and observer. PO 
is an induced-surface-current based approach and models wave 
scattering caused by the induced-currents on the illuminated 
side of the object. Both GO and PO models are incapable of 
modeling edge and/or tip diffracted fields. These deficiencies 
were removed with the introduction of diffraction models 
GTD, UTD, and PTD.  

GTD takes into account diffraction everywhere except near 
critical angles and caustics. UTD can handle diffraction near 
critical angles but still suffers from caustics. Original PTD is 
general and can handle diffraction everywhere except near 
grazing incidence (see [4-8] and Aug. issue of the IEEE AP 
Magazine for the latest revisit). A very useful MatLab 

diffraction package has been introduced for the illustration and 
visualization of all these High Frequency Asymptotics (HFA) 
approaches [9]. 

Finite Difference Time Domain (FDTD) approach [10] is 
an effective method in diffraction modeling. This numerical 
method was used in modeling the wedge scattering problem 
[11,12]. A useful MatLab-based FDTD package was also 
introduced for the visualization of diffracted fields and for 
comparisons with several HFA models [13].  

In this paper, a two-step Method of Moments (MoM) [14-
17] approach is introduced for the extraction and visualization 
of diffracted fields on the canonical wedge scattering problem 
and results are compared with FDTD method. 

II. WEDGE DIFFRACTION MODELING 

The non-penetrable wedge diffraction problem is canonical 
and plays a fundamental role in understanding and construction 
of HFA techniques as well as for the numerical tests. 

 

Fig. 1. 2D PEC wedge and segments for scattered fields. 
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TABLE I.  THE EXISTENCE OF FIELD COMPONENTS 

Source 
Illumination  Position of ),( rR  

Field Components 

Incident Reflected Diffracted 

SSI  

(   00 ) 

00     + + + 

00     +   + 

  0       + 

DSI 

(   0 ) 

00     + + + 

00 2      +   +  

  02   + + + 

 

The 2D PEC wedge scattering problem in polar coordinates 
is shown in Fig. 1, where ),( 00 rS  is the position of the line 

source, ),( rR  is the position of the receiver point, and   is 

the exterior angle of the wedge. The z-axis is aligned along the 
edge of the wedge. The angle   is measured from the top face 

of the wedge. 

According to the position of the line source, either Single-
Sided Illumination (SSI) for the illumination of top face 
(   00 ) or Double-Sided Illumination (DSI) for the 

illumination of both faces (   0 ) can be 

considered. Table 1 shows the existence of the incident, 
reflected, and diffracted fields for SSI and DSI cases. 

The field outside the wedge satisfies the wave equation, 
the Boundary Conditions (BC), and the Sommerfeld’s 
Radiation Condition (SRC) at infinity [1]. In the case of 
acoustic waves, either the field or its normal derivative is zero 
on the surface and these conditions refer to acoustically soft 
(SBC) and hard (HBC) wedges, respectively. In the case of 
EM waves, SBC and HBC correspond to the z-component of 
electric field intensity Ez (TM) and the z-component of 
magnetic field intensity Hz (TE), respectively [12]. 

The total field solutions of the wave equation with SBC 
and HBC for both SSI and DSI are [2]: 
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where 0I  is the line current amplitude,  /ll  ,
 

and 

2/10  , 1321   . The diffracted fields d
hsu ,   

can be calculated by subtracting the GO fields from (1) in 
different regions as: 

 GO
hs

t
hs

d
hs u

i

I
uu ,

0
,,

4
  (2) 

where 

 























0

001
)1(

0

02
)1(

01
)1(

0

,

0

)(

0),()(

kRH

kRHkRH

uGO
hs

 (3a) 

 























03
)1(

01
)1(

0

001
)1(

0

02
)1(

01
)1(

0

,

2),()(

2)(

0),()(

kRHkRH

kRH

kRHkRH

uGO
hs

 (3b) 

for SSI and DSI cases, respectively. The distances are: 

  )cos(2 00
2

0
2

1   rrrrR  (4a) 

 )cos(2 00
2

0
2

2   rrrrR  (4b) 

 )2cos(2 00
2

0
2

3   rrrrR  (4c) 

This model is based on the series summation in (1) and 
represents reference solution if computed accurately where the 
critical issue is the specification of the number of terms 
included which increases with frequency and/or distance. 

III. METHOD OF MOMENTS MODELING 

Method of Moments (MoM) is one of the earliest 
frequency domain numerical techniques used in EM [14-15]. 
Wedge scattering may also be modeled with MoM. In this 
model, the faces of the wedge are divided into small segments 
compared to the wavelength (N segments top face and N 
segments bottom face). The currents on each segment are 
assumed to be constant. The source-excited segment fields are 
calculated and the matrix system is numerically solved and the 
segment currents are derived. Then, a 2Nx2N system of 
equations     IZV   is constructed and solved numerically. 

Here,  I  contains the unknown segment currents,  V  

contains segment voltages excited by the source, and  Z   is 
the 2Nx2N impedance matrix of the wedge boundary. Then, 
segment-scattered fields at the observer are accumulated [14]. 

The MoM-computed scattered fields include reflected and 
diffracted fields. The diffracted fields can be extracted once 
reflected fields are available. The reflected-only fields can be 
obtained from an infinite-plane scenario (i.e., by taking  

   and repeating the MoM procedure).  

Necessary MoM equations in this procedure are [15-17] 
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using distance ( nd ) between line source and each segment  

    200
2

00 )sin)(cos)(  ryrxdn  nn ρρ  (6)  

and the impedance matrix is obtained   
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where   is the segment length,  1200   is the intrinsic 

impedance of free space, )1(
0H  and )1(

1H  are the first kind 

Hankel function with order zero and one, respectively, 
781.1  is the exponential of the Euler constant, mn̂  

denotes the unit normal vector of the segment at  mρ , and 

mnρ̂  is the unit vector in the direction from source mρ  to the 

receiving element nρ . While considering the effects of 

segment currents between top and bottom wedge, the scattered 
fields are  
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Finally, the incident field at the observer is added and total 
fields are obtained.  

IV. FINITE DIFFERENCE TIME DOMAIN MODELING 

The multi-step FDTD-based diffraction modeling 
introduced in [12] under the line source illumination is general 
and yields diffracted fields under any source/observer 
locations. The FDTD-based Matlab package WedgeFDTD can 
be used in the visualization of diffracted fields using this 
multi-step FDTD procedure [13]. The FDTD procedure for 
SSI is as follows [12-13]: 
 First, the wedge scenario is modeled with FDTD and total 

fields (i.e., incident, reflected, and diffracted field 
components for 00   ; incident and diffracted 

field components for 00   ; and only the 

diffracted fields for   0 , see, Table 1).  

 Then, FDTD is run for the infinite-plane scenario 
( 180 ) which yields total fields on the upper half plane 
(  0 ). Since there is no edge or tip, the total fields 

include only incident and reflected fields; and do not 
contain diffracted fields. 

 Finally, the free-space scenario is run with FDTD and only 
incident fields are recorded. 

 The FDTD simulation is run separately for each of these 
three scenarios and time-domain data are recorded. 
Subtracting the time data of the second scenario from the 
first scenario for ( 00   ); and the time data of the 

third scenario from the first scenario for 
( 00   ) will yield diffracted-only fields all 

around the wedge. 

Note that, the three step procedure is enough to obtain 
diffracted fields under SSI condition, but another infinite plane 
consisting of two half-planes oriented along the angles 

   and   is required for DSI. 

V. EXAMPLES AND COMPARISONS  

Examples using this novel MoM procedure are shown in 
Figs. 2 and 3, where MoM-extracted diffracted fields for both 
polarizations (SBC and HBC) are compared against the 
analytical reference solution as well as the UTD model and the 
FDTD method. 

 

Fig. 2. (Left) Total fields and (Right) diffracted fields around PEC wedge as 
a function of angles at 30 MHz using exact series, UTD, MoM, and FDTD 

solutions:  300 , 50r  m, 1000 r  m,  450 , (TM/SBC case). 

 

Fig. 3.  (Left) Total fields and (Right) diffracted fields around PEC wedge as 
a function of angles at 30 MHz using exact series, UTD, MoM, and FDTD 

solutions:  300 , 50r  m, 1000 r  m,  450 , (TE/HBC case). 
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A non-penetrable wedge with 60 interior angle is taken 
into account in Fig. 2. Soft BC (TMz case) is assumed. Total 
and diffracted fields vs. angle around the tip of the wedge on a 
circle with 5-radius are plotted. The wedge is illuminated by 
a line source located 10-distance with  450 . Infinite 

wedge faces are truncated in 100 and segment lengths are 
chosen /20. MoM results are compared with exact series 
representation, UTD model, and FDTD model. Total field vs. 
angle plots on the left show the three regions clearly. As 
observed, very good agreement is obtained with MoM 
modeling even with these rough discretization parameters. 

The second example in Fig. 3 belongs to a non-penetrable 
wedge with the same interior angle and illumination angle as 
above, but HBC is used. As observed, the agreement among 
the models is also very good.  

VI. CONCLUSIONS 

A novel Method of Moment (MoM) modeling is 
introduced for the calculation of diffracted fields in the 
frequency domain. Electromagnetic wave scattering from a 
non-penetrable wedge is taken into account and the edge-
diffracted fields are extracted numerically and compared with 
the FDTD method. The results are also validated against 
analytical reference solutions as well as the Uniform Theory 
of Diffraction (UTD). Like FDTD, this two-step MoM 
approach can be used to obtain the diffraction coefficients of 
scatterers with arbitrary shape and decomposition (e.g., loss-
free and lossy dielectrics, metamaterials, etc.). Higher order 
diffraction effects can also be modeled, and, for example, 
double diffraction coefficients of multiple tips can be 
obtained.  
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