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Abstract

In this study, a uniform asymptotic solution is proposed to

calculate the diffraction field by a dielectric wedge based

on the equivalent current method. In this formulation, the

scattering field is obtained from the radiation integral of the

equivalent electric and magnetic currents determined by the

geometrical optics (GO) field on the wedge surface. Nu-

merical calculations are made to compare the results with

those by other methods, such as the conventional physical

optics approximation (PO) and the hidden rays of diffrac-

tion (HRD). A good agreement has been observed to con-

firm the validity of our method.

1 Introduction

Electromagnetic diffraction by a wedge is one of the fun-

damental but important problems [1]. While the scattering

fields by large electric conducting objects may be solved

based on the physical optics (PO) method [2, 3], those by

dielectric objects may be analyzed as a radiation from the

equivalent electric and magnetic currents on a postulated

surface. In this paper, a uniform asymptotic solution of

the dielectric wedge diffraction is derived from the equiv-

alent currents which are obtained from the geometrical op-

tics (GO) field on the wedge surface. In the following dis-

cussion, the time-harmonic factor e jωt is assumed and sup-

pressed throughout the text.

2 Formulation

As shown in Fig. 1, let us consider a two-dimensional di-

electric wedge of the wedge angle φw and the dielectric con-

stant εr is illuminated by an E polarized plane wave:

E i
z = e jkxcosφ i+ jkysinφ i

. (1)

Here k = ω√ε0μ0 denotes the free space wave number. For

simplicity, let us assume that the incident plane wave illu-

minates surface OA only (0 < φ i < φw −π).

According to the surface equivalence theorem, the scatter-

ing fields can be considered as radiation from equivalent

electric and magnetic currents on a virtual surface enclos-

ing the scattering body. For the large objects, the equivalent

currents may be approximated in terms of GO ray fields

which emit from this virtual surface pointing outward.

When the incident wave impinges on the illuminated sur-

faces, it excites the reflected and transmitted waves. In ad-

Figure 1. Dielectric wedge.

dition, the primary transmitted wave continues to experi-

ence the internal reflection and emits the outgoing succes-

sive transmitted waves (Et
n, Ht

n). Therefore, the scattering

field on the illuminated surface OA is given by the reflected

wave (Er, Hr) and the 2n-th transmitted waves (Et
2n, Ht

2n).

Accordingly, one can obtain the corresponding equivalent

electric and magnetic currents Jr, Mr, Jt
2n and Mt

2n. On

other hand, the scattering field emanating from the shadow

surface OB may be approximated by the negative incident

wave (−Ei, −Hi) to cancel the original incident field, and

transmitted waves (Et
2n−1, Ht

2n−1). Thus, the equivalent

currents Ji, Mi, Jt
2n−1 and Mt

2n−1 on the shadowed surface

OB may be derived from them. Then, the scattering fields

due to above currents can be calculated by integrating using

two-dimensional free space Green’s function. These radia-

tion integrals can be evaluated by the saddle point technique

to get the uniform asymptotic solution.

For example, z-component of the scattering field Êt
2n given

by the 2n-th transmitted waves on the surface OA can be

derived from the corresponding currents Jt
2n and Mt

2n as:

{Êt
2n}z =− T2n√

π
e jkρ cos(π−φ t
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Figure 2. Total scattering field outside the dielectric wedge:

φw = 330◦, φ i = 30◦, εr = 6 and ρ = 20λ .

where

C(χ) = (8πχ)−1/2e− j(χ+π/4), (3)

and

Q(x) =
∫ ∞

x
exp(−y2)dy (4)

is complementary error function. U(x) and sgn(x) are unit

step and sign functions, respectively. Cumulative transmis-

sion coefficient T2n in Eq. (2) can be defined as:

T2n = (1+Γ 0)(1+Γ 2n)Γ 2n−1...Γ 2Γ 1, (5)

where primary reflection coefficient Γ 0 and 2n-th internal

reflection coefficient Γ 2n are given as:

Γ 0 =
sinφ i −

√
εr − cos2 φ i

sinφ i +
√

εr − cos2 φ i
, (6)

Γ 2n =

√
εr sinφ i

2n −
√

1− εr cos2 φ i
2n

√
εr sinφ i

2n +
√

1− εr cos2 φ i
2n

. (7)

Similarly, one can obtain the scattering fields: Êr
due to

the original reflected wave, Êi
due to the negative incident

wave, and Êt
2n−1 due to the (2n− 1)-th transmitted wave.

Finally, the total scattering field Ês
outside the dielectric

wedge can be found by summing up the above contribu-

tions, if any, as:

Ês
= Êr

+ Êi
+

N

∑
n=1

Êt
n, (8)

where N is the maximum number of possible internal re-

flections before the total reflection.

3 Numerical results and discussion

Figure 2 shows the total scattering pattern calculated for

ρ = 20λ and φ i = 30◦. Our result named as EPO (extended

physical optics) is compared with those obtained from the

PO [4] and the hidden rays of diffraction (HRD) [5] meth-

ods. In this calculation, there is only one outgoing transmit-

Figure 3. Total scattering field outside the wedge for the

dielectric constant εr = 50 and the PEC cases: φw = 330◦,

φ i = 30◦ and ρ = 20λ .

ted wave from the surface OB, and this contribution yields

a oscillatory pattern in the shadowed region. Our result co-

incides with those by PO and HRD for this setting.

Figure 3 shows the scattering pattern for highly refractive

case (εr = 50), which can be well compared with the case

of PEC surface. This agreement demonstrates the validity

of our method.
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