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Article Info Abstract

This paper presents an analysis of plane wave diffraction by a parallel-plate

waveguide structure with mixed boundary conditions. The configuration
consists of a perfectly conducting half-plane located at y = b for x < 0, and
This article is an open 2% impedance plane at y = 0 with piecewise constant surface impedances
ACCesS article Mifor x <0 and 7, for x > 0. An E-polarized plane wave is considered as
distributed under the the incident field. A mode matching formulation is developed to model the
terms and conditions of clectromagnetic field distribution within the structure. The fields in each
the Creative Commons region are expanded in terms of waveguide eigen modes, and the continuity
Attribution (CC  BY) conditions at the junction x = 0 are enforced to obtain an infinite system of
linear algebraic equations. This system is solved numerically using a suitable
truncation scheme. The far-field diffracted field is evaluated using the
stationary phase method. Numerical results are presented to investigate the
influence of waveguide spacing, surface impedance variation, and angle of
incidence on the diffraction characteristics. The proposed approach provides
an accurate and computationally efficient framework for analyzing
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diffraction in such waveguide configurations.
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1. INTRODUCTION

The diffraction of electromagnetic waves by waveguide structures has been a long-standing problem in
applied electromagnetics due to its importance in both theoretical analysis and practical applications.
Parallel-plate waveguides serve as fundamental canonical models widely used in microwave
engineering, optical systems, and antenna design. When a plane wave is incident on the open end of
such a waveguide, complex scattering phenomena occur, leading to the excitation of guided modes
inside the structure and radiated fields in the surrounding space. The analytical treatment of such
diffraction problems involving semi-infinite geometries has traditionally been based on the Wiener—
Hopf technique [1], which provides a rigorous mathematical framework for solving boundary value
problems in open structures. This method has been extensively developed in classical literature and
remains a cornerstone of diffraction theory. Extensions to waveguide problems have been reported in
the literature. In particular, Matrix Wiener—Hopf formulations was developed for impedance-loaded
parallel-plate waveguides, reducing the problem to coupled infinite systems of algebraic equations in
[2] and [10]. However, the method involves kernel factorization, which becomes highly complex in
matrix cases and limits its practical applicability [ 11]. The mode matching method provides an effective
alternative for analyzing waveguide scattering problems. This technique expands the electromagnetic
fields in terms of waveguide eigenmodes and enforces continuity conditions at interfaces. As a result,
the problem is transformed into a system of linear algebraic equations that can be solved numerically
in a straightforward manner. The method has been widely used for waveguide discontinuities and
scattering problems and is known for its computational efficiency and simplicity [3,4,14]. The inclusion
of impedance boundary conditions significantly improves the physical realism of the model. Impedance
surfaces are widely used to represent lossy dielectric coatings, absorbing materials, and engineered
metamaterial surfaces [15-17]. In modern electromagnetic engineering, such surfaces are also
employed for wave manipulation and antenna performance enhancement. Discontinuities in surface
impedance introduce additional scattering complexity and give rise to rich diffraction phenomena in
waveguide configurations. Recent developments have further extended its application to complex
impedance structures and discontinuous boundaries [19], as well as structured waveguide
configurations studied using modern computational approaches [20,21]. These studies demonstrate the

growing importance of mode matching in contemporary electromagnetic analysis.

In the present work, the mode matching method is applied to the diffraction of a plane wave by a
parallel-plate waveguide with a two-part impedance boundary. The formulation avoids analytical kernel
factorization and provides a simple and efficient computational framework. Moreover, the approach is
flexible and can be extended to more general impedance distributions and geometrical configurations,

making it suitable for a wide class of electromagnetic scattering problems.
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The remainder of this paper is organized as follows. Section 2 presents the mathematical formulation
of the problem. Section 3 describes the mode matching solution procedure. Section 4 discusses the far-
field evaluation and Section 5 includes the numerical results and discussion. Finally, Section 5

concludes the paper.
2. MATHEMATICAL FORMULATION OF THE PROBLEM

Consider a structure of two-dimensional waveguide consists of a perfectly conducting half-plane
occupying the region y = b for x < 0, while the lower boundary at y = 0 is modelled as an impedance
plane. The surface impedance is piecewise constant, taking values 1, for x < 0 and 7, for x > 0,
respectively. Since the structure is invariant along the z-direction, the problem reduces to a two-

dimensional formulation with all field quantities independent of z.

An E-polarized time-harmonic plane wave is incident from the region y > b at an angle 6, measured

from the positive x-axis. The incident electric field in z-component is given by

vi(x, y) — e—ik(xcos Bp—ysin 90)’ (1)

where k = w/c = 2m/A is the free-space wavenumber, and the time factor e ~'®t

is suppressed
throughout the analysis. The total field in each region consists of incident, reflected, and scattered

components, depending on the geometry.

The total field satisfies the two-dimensional Helmholtz equation in all regions,

o
0x2

2
+ 5+ k=0, )

which follows directly from Maxwell’s equations for the z-component of the electric field in a

homogeneous, source-free medium [3,4].

The boundary conditions are specified as follows. On the perfectly conducting surface at y = b for x <

0, the tangential electric field vanishes, leading to

v(x,b) = 0,x <0, 3)
On the impedance plane at y = 0, the surface impedance boundary condition relates the field to its

normal derivative. This gives

N0 - 4
(1+ 1 ay) v(x,0) =0,x <0, “4)
nz 0 - 5
(1+ 0 ay) v(x,0) =0,x >0, )

These conditions model partially reflecting surfaces and generalize the classical perfect electric
conductor (PEC) and perfect magnetic conductor (PMC) cases commonly used in electromagnetic

boundary modelling [15,16].
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The field representation is divided into three regions. Region I (y > b) contains the incident field, the
reflected wave from the conducting boundary, and the scattered field radiating to infinity. Region II
(0 < y < b) represents the parallel-plate waveguide region supporting both propagating and evanescent
modes. Region III (y < 0) corresponds to the lower half-space governed by the impedance boundary,

where fields decay away from the interface.

At the interface y = b, continuity of tangential field components is enforced for all x, giving

vi1(X,b) = v,(x,b), —00 < x < 00, (6)
V1 =9 - 7
7o (6b) = T2 (x,b), —0 <x <, )

The scattered field must satisfy the Sommerfeld radiation condition to ensure outgoing wave behaviour

at infinity,

\/B(Z—‘: —ikvs) - 0,p > oo, )

where p = \/x? + y2. This condition ensures uniqueness of the radiating solution [1,2].

Finally, near the edge points at (0-0) and (0’ b), the field must satisfy Meixner’s edge conditions to
ensure finite energy. The local behavior of the field is given by
v=00"2), % =0 ),r -0, ©)

where rdenotes the distance from the edge. Such conditions are essential in diffraction problems

involving sharp discontinuities and are well established in classical electromagnetic theory [6,7].
3. MODE EXPANSIONS FOR MODE MATCHING FORMULATION

The mode matching method begins by expanding the field in each region as a superposition of
eigenfunctions (modes) that individually satisfy the Helmholtz equation and the boundary conditions
on the horizontal boundaries. The unknown coefficients are determined by enforcing continuity across

the vertical line x = 0.

InRegion 11 0 < y < b, the field is confined between the lower impedance plane at y = 0 and the upper

conducting plate at y = b. The eigenfunctions are obtained by solving the Sturm-Liouville problem:

Y 52y (10)
oz H Y =0,

with boundary conditions:

Y(b) = 0, (11)

and
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j—‘y( (0) + ikn,Y(0) = 0, (12)

Dirichlet at conducting plate and Impedance at y = 0 respectively, wheren, is used for the
eigenfunctions because Region II is primarily influenced by the impedance on the right side (x > 0)
where energy propagates. The effect of the impedance discontinuity will be handled through the

matching conditions.
The general solution of (10) is:

Y(y) = Acos (Ay) + Bsin (Ay), (13)
Applying the boundary condition at y = b:

) _ __ pCos (Ab) 14
Acos (Ab) + Bsin (Ab) = 0 = B = —A 7=, "

provided sin (Ab) # 0. Substituting into (13):

Y(y) = A [cos (y) — == 8:)) sin (Ay)] = Sin‘(‘lb) [sin (Ab)cos (Ay) — cos (Ab)sin (Ay)], (19

Using the trigonometric identity sin (Ab)cos (Ay) — cos (Ab)sin (1y) = sin (A(b — y)), it can be

obtained that:

Y(y) = Csin (A(b —y)), (16)

where C = A/sin (Ab) is a constant.

Now apply the impedance boundary condition at y = 0:

j—‘y( (0) + ikn,Y(0) = 0, a7
From (16):

dy

& = —Chcos (A(b - ), (18)
Thus aty = 0:

dy

& (0) = —CAcos (Ab), (19)

Y(0) = Csin (Ab), (20)

Substituting into (17):

—CAXcos (Ab) + ikn,Csin (Ab) = 0, (21)
Dividing by Ccos (Ab) (assuming cos (1b) # 0):

—A + ikn,tan (Ab) = 0, (22)

This gives the eigenvalue equation:
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An . An
tan (Apb) = gt = —ig, (23)

For purely imaginary 7, (reactive surface), the right-hand side is real. The eigenvalues A,, are real for
propagating modes and imaginary for evanescent modes. The index n = 0,1,2, ... enumerates the

solutions.

The eigenfunctions are orthonormalized:

2 . (24)

Pu(y) = [Zsin (b = y)),

with the orthonormality condition:
b

Iy &n M bm)dy = Su, (25)
where §,,,,, is the Kronecker delta.
The field in Region II is expanded as a sum of forward and backward traveling waves:

V2(%Y) = ZntoAn €V Py (y) + Xio Bn e bp (¥), (26)

where A,, are coefficients for waves traveling in the +x direction (to the right), B,, are coefficients for

waves traveling in the —x direction (to the left) and y,, = /k2 — A2 is the propagation constant. For
propagating modes, 4,, < k and y,, is real. For evanescent modes, A, > kandy, =ily, |is

imaginary, representing exponentially decaying fields.

In Region I 0 < y > b, the field consists of the incident plane wave, the wave reflected from the
conducting plate, and the scattered field. The incident and reflected waves together satisfy the boundary

condition at y = b in the absence of the aperture.
The incident wave from (1) aty = b is:

Vi (X, b) — e—ikxcos 0o eikbsin 60' (27)

The reflected wave from the conducting plate (assuming an infinite plate at y = b for all x) is:

Vr(X, Y) — _e—ikxcos Goe—ik(y—b)sin 90. (28)

This satisfies v; + v, = 0 at y = b. The total incident-plus-reflected field is:

Vine (X, Y) — e—ikxcos 09 [eik(y—b)sin eo_e—ik(y—b)sin 60] — Zie—ikxcos e°Si1’1 (k(y _ (29)
b)sin 6,).

The scattered field is represented as an integral over plane waves (continuous spectrum):

vs(x,y) = [ S(a) elxeVk*-a* =) g, (30)
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where S() is the unknown spectral amplitude. The square root is defined with Im (Vk? — a?) = 0 to

ensure outgoing wave behavior.

Thus, the total field in Region I is:

v1(%,y) = 2ie~ikxcos Bogin (k(y — b)sin 8,) + ffooo S(a) elexelVk*—a(y=b) 4 (31)
For numerical implementation, we discretize the continuous spectrum. Let @, be sampling points.

Then:

RS (32)

b

v1(%,y) = 2ie”ikxcos Bogin (k(y — b)sin 8y) + Y N=2 C,, el*nX

where C,, = S(a,,)Aa with Aa the sampling interval.

In Region III (y < 0), below the impedance plane, the field must decay as y — —oo. The appropriate
expansion uses modes that satisfy the impedance condition at y = 0 and decay exponentially:
v3(x,y) = Xfi=o Dy eém¥e¥m?, (33)

where v,, = /&2, — k2 with Re (v,;) > 0to ensure decay asy — —oo. The eigenvalues &, are

determined by the impedance boundary condition at y = 0:

(1+?—;%) v3(x,0) = 0. (34)

Substituting (33) into (34):

N2y _ — _k 35
1+ikvm—0=>vm— e (33)
Thus:
2 _ 1z — _ 1k (36)
&m —k e
Squaring both sides:
k2
G-k == 7
2 _12(1_1 38
g =1 (1- ). (38)
Therefore:
£ = 4k [1—2. (39)
nz

For a passive impedance, Im (17,) > 0, and the appropriate branch is chosen so that waves propagate

away from the aperture or decay.
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For simplicity in this analysis, we note that Region III contributes minimally to the diffracted field in
the far zone when the impedance is highly reflective. We will focus on Regions I and II, which dominate

the scattering.

For Mode Matching Formulation, the unknown coefficients 4,,, By, and C,, (or S(a)) are determined
by enforcing continuity of the field and its x-derivative across the vertical line x = 0 for 0 < y < b.

This aperture is the interface between Region I (for x > 0) and Region II (for x < 0).

For 0 < y < b, the field must be continuous across x = 0:

v1(0™,y) = v,(07,y). (40)
The tangential magnetic field (proportional to dv/dx) must also be continuous:

1o+ vy = 22 - 41
aX (0 'Y)_ ax (0 :Y)- ( )

Substituting the expansions from Sections 3.1 and 3.2:

Forx = 0%:
v1(0,y) = 2isin (k(y — b)sin 8p) + [ S(a) eVK*~@* D) dq, (42)
%(0, y) = —2ikcos 0, - 2isin (k(y — b)sin 6). (43)
Atx =0:
Ziine (0, y) = 2keos Bgsin (k(y — b)sin B). (44)

For the scattered part at x = 0:

s (0,y) = [, iaS(@) VRO g, (45)

For x = 0™ (Region II):

v2(0,y) = 2. (An + Bp)n(y), (46)
% (0,y) = Ei=0iVn(An — Bp)dn (). (47)

To convert the functional equations (40)-(41) into algebraic equations, we multiply both sides

by ¢,,(y) and integrate from y = 0 to y = b. Using the orthonormality condition (25):

[ bm (Pn()dy = S (48)
From (40):

2V O)bm@dy = [ 37 (An+Bo)dn()mG)dy = Ap + By, (49)
Thus:
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b o . 50
Ay + By, = f |2isin (k(y — b)sin 80) + [, S ()eF*=F0D)da pp (y)dy. 50)
0
From (41):
b 0V1 b o) . . (51)
J| 52 0 0m Y = [y 1ol ~ B)ba)én )y = ¥ (As ~ By
Thus:
b (52)
iy (A — Bpy) = j [chos 8,sin (k(y — b)sin 8,) +
0
J5,,108(0)eV =0 D) da oy (y)dy.
To Evaluate the known integrals, define the following integrals:
Fin = Jy 2isin (k(y = b)sin 8)bm(y)dy, (53)
Gm = J, 2kcos Bosin (k(y — b)sin 8o)dm (¥)dy, (54)
b 55
0= [ ST 030 5
0
(@) = Jj 1oce™ O (y)dy. (56)
These integrals can be evaluated analytically. Substituting ¢, (y) = +/2/bsin (A4,,(b — ¥)):
For E,;:
(57)

F,, = 2i \/% J? sin (k(y — b)sin 8g)sin (Am(b — y))dy.

Letu=b—y. Thendy = —du, and wheny =0,u =b; wheny =b,u=0. Alsoy—b = —u.

Thus:
sin (k(y — b)sin 8,) = sin (—kusin 68;) = —sin (kusin 8,), (58)
sin (A (b —y)) = sin (A, u). (59)
Therefore:
2 0 . . . (60)
Fp= 21\/; fu=b[—sm (kusin 8y)]sin (A ,u)(—du) =
Zi\/% fob sin (kusin 6,)sin (A,u)du.
The integral is standard:
b . . __1Jsin ((p—q)b) _sin ((p+q)b) (61)
J, sin (pw)sin (qu)du = - [ - -~ ],p # +q.

Thus with p = ksin 0y and q = A,,:
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Fo—oi 2.1 [sin ((ksin Bp=Am)b) _ sin ((ksin 60+Am)b)] (62)
m b 2 ksin 6y—Am ksin 6y+Am ’
Simplifying:
. [sin ((ksin 8—Am)b) _ sin ((ksin eo+xm)b)] (63)
m = b ksin 8p—Am ksin 8g+2Am )
For G,;:
64
Gy, = 2kcos 90\/%f0b sin (kusin 0,)sin (A,u)du. ©4)
Using the same integral:
B 2 1 [sin ((ksin 8p-Am)b) _ sin ((ksin Bo+Am)b) (65)
G = 2kcos 90\/; 2[ ksin 8g—Am ksin Bg+Am, ]
_ 2 [sin ((ksin 8p—Am)b) _sin ((ksin B8o+Am)b) (66)
Gm = keos B b[ ksin 8g—Am ksin 89+Am ]
For I, (a):
2 (° e (67)
[h() = \Ef eV = (y=b) gin (A, (b — y))dy.
0
Letu = b — y as before. Then y — b = —u, and dy = —du:
2 0 iVRZ — o2 2 b _; (68)
I,(a) = \Ef e VK —®ugin QA u)(—du) = \Efo e Busin (A, u)du,
u=b
where f = Vk? — a?. The integral is:
fob e-iBU i (w)du = A-e (Aco:z(_lgzﬂﬁsm (}\b))‘ (69)
Thus:
2 Am—e P\ cos (Amb) +isin (Amb)) (70)
Im(o() — \/% X e C(;\Srzn_Bz 1pSin )
Note that 12, — 82 = 22, — (k? — a?) = 22, — k? + a?.
For J,n ():
Jm (o) = ialy (). (71)

For numerical implementation, we discretize the continuous spectrum integrals using a quadrature rule.

Let a,, be quadrature points with weights wy,. Then:

12, 8@ Im(@)da ~ 3770 S( ) (ep)Wp. (72)

Define C,, = S(ap,)w,,. Then:
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P-1 73
Am+ B =F+ ) Cplu(ay), (73)
p=0
. P-1 (74)
Ym(Am = Bm) = G + Z OCp ]m(ap)-
p=
These are two equations relating Ay, By, and C,.
Ap, and By, can be solved in terms of €, from Eq. (73) and (74):
Add (73) and (74)/iyy,:
P-1 75
2Ap = Fyy + 22 +Z Cp [Im(atp) +2222]. (79)
Thus:
P-1
1 ]m(‘xp) (76)
=3 [Fmt 2]+ EZP Cp [Im(ap) + 222,
Subtract (73) from (74)/iyy,:
P-1 77
~2Bp = —Fp + 2+ Z Cp [~ Im(ap) +222]. 7
p=0
Thus:
P-1
1 Gm] | 1 Jm (0p) (78)
Bm = E [Fm_ﬁ] + EZ Cp [Im(ap) - —iymp ]

p=0

For the remaining condition as no incoming waves from the left for x < 0in Region II, the
coefficients B, represent waves traveling to the left (toward the aperture). There should be no waves
incident from the left (i.e., from x = —o0) except those generated by scattering. However,
the A,, coefficients represent waves traveling to the right (away from the aperture). The condition that
no energy comes from x = —oo is already satisfied by our expansion. The remaining condition is that
the field in Region I for x < 0 must be consistent with the field in Region II. This gives an additional

equation relating the €, coefficients to themselves.

Alternatively, we can use the condition that the total field on the conducting plate for x < 0 is

automatically zero because ¢, (b) = 0. No further condition is needed.

The unknown coefficients C, are determined by requiring that the field representation in Region I
(for x < 0) matches the field in Region II when extended to x < 0. This leads to an integral equation

that, after discretization, becomes:

P—1 (79)
szocp [8pq+qu] = Hg,
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where K, and H are derived from the mode matching conditions. The explicit form of Ky, is:

X\ 1 Jm (0p) Jm(0g) (80)
qu = Zm=05 [Im(ap) + iymp ] [Im((xq) - iqu ]5
and
__ N7 1 Gm _Im(%g) (81)
Hq = Zm:o 2 [Fm+ iym] [Im(aq) iym I

The infinite sum over m is truncated to M terms. The resulting linear system is solved numerically for

the coefficients Cp.

4. FAR FIELD COMPUTATION

Once the coefficients C, are known, the diffracted field in the far zone can be computed using the

method of stationary phase that is also called the steepest descent method.

To find the stationary phase for the scattered field in Region I is given by (30):

vy(p.8) = [, S(e) el P@0-D g, (52

In polar coordinates: x = pcos 8,y = psin 0. For large p, the phase function is:

®(a) = acos 6 + Vk? — a?sin 6, (83)
The stationary point occurs where @' (a) = 0:
T — e — 84
®'(a) = cos O — 7=—sin 6 = 0, (84)
Solving:
=% i = 85
cos O = ———sin 8 = cot 6 = ——, (85)
Squaring:
2
cot?9 = kzoiaz, (86)
a? = k2cos 2 . (87)
Thus:
oy = —kcos 6. (88)
The negative sign is chosen to satisfy the radiation condition. The second derivative at the stationary
point:
oY — k? : 89
o (a)——msm 0. ( )

At ay = —kcos 0:
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k? — a3 = k? —k%cos 20 = k?sin 2 0, (90)
VK2 — a2 = ksin 6, oD
" _ K2 S K2 1 92
" (ap) = - (kZsin20)3/2 > 1 0=~ Gmners 0= ~ignzo ©2)

The stationary phase formula gives:

® D) 3y ip® (o) ’ 2T in/a-sign(®" (o)) (93)
[ S(e da ~ S(ag)e 0 e ¢ o)),

Since @' (ary) < 0 for 8 € (0, ), the sign is —1, so the phase factor is e ~%/%,

Now:

®(0g) = ag cos 0 + 1/k? — aZ sin® = (— kcos 0) cos 0 + (ksin 0) sin® = —kcos % 0 + %94
ksin 2 0.
However, a simpler expression is:
®(ag) = k[—cos 28 + sin 2 8] = —kcos (20). (95)
But note that y — b = psin 8 — b. For large p, b is negligible, so:

o . 96
vs(p,8) ~ S(—kcos B)e~1kbsin ee‘kp\/z—z e im/4, 06)
where we have included the factor e “Psin € from the y — b dependence.
Thus, the far field amplitude is proportional to | S(—kcos 6) |.
By discretization the relation of S(«) and C, is given:
_c 97
S(ap) = W—‘; 7
where wy, are the quadrature weights. For a given observation angle 6, we compute ay = —kcos 6 and
interpolate S(a) from the discrete values.
Alternatively, from the mode matching solution, we can directly compute:
S@ =3 _ (Am—Bm) J; &m (e ¥-E0-D)dy + incident terms. (98)
Using the coefficients already determined, the far field is:
99)

vs(p,0) = \/%ei<kp-“/4>e-“<bsin 0 Zﬁ;;(Am — B, (=kcos 9).

where I, is the complex conjugate of I,,,.

The diffracted field intensity (power pattern) is:
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P(8) =Iv5(p,8) Pl 3" (A — B)lin(~kcos ) I2. (100)
5. NUMERICAL RESULTS AND DISCUSSION
The numerical results are obtained by truncating the infinite series over the waveguide modes and the
continuous spectrum to finite values, ensuring convergence of the solution. The computations are

performed for representative values of plate separation, surface impedance, and incidence angle, and

the resulting far-field patterns are illustrated in Figures 1-3.

Effect of Plate Separation

1.4

1.2

1.0 ~

0.8

0.6

Diffracted Field

0.4

0.2 1

0.0

T T T
0.0 0.5 1.0 1.5 2.0 2.5 3.0
Observation Angle (rad)

Figure. 1. Effect of Plate Separation
From Figure 1, it is observed that the plate separation b has a pronounced effect on the diffraction
characteristics. For smaller spacing, the diffracted field exhibits a broad and relatively smooth angular
distribution with a moderate peak near the central observation direction. As the separation increases,
the field pattern becomes more structured and directional. In particular, the main lobe sharpens and
additional oscillatory features begin to appear, indicating the contribution of higher-order modes within
the waveguide. For larger values of b, multiple lobes are evident, which is consistent with the fact that
a wider waveguide supports a greater number of propagating modes. Consequently, the radiated field

becomes more complex and exhibits increased amplitude due to the larger effective aperture.
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Effect of Surface Impedance

Diffracted Field

0.0 0.5 l.lﬂl l.l5 2:0 2.5 3.0
Observation Angle (rad)
Figure. 2. Effect of Surface Impedance
The influence of the surface impedance is demonstrated in Figure 2. It is evident that increasing the
magnitude of the impedance leads to a reduction in the overall amplitude of the diffracted field. For
relatively small impedance values, the boundary behaves similarly to a conducting surface, resulting in
stronger diffraction. However, as the impedance increases, the field strength decreases significantly,
and the pattern becomes smoother with reduced peak intensity. This behaviour can be attributed to the
partial absorption and phase modification introduced by the impedance boundary. In addition, the
presence of impedance causes interference effects between modes, which may lead to the formation of
weak oscillations and localized minima in the angular distribution. These observations indicate that the

surface impedance can be effectively used as a control parameter to suppress or modify diffraction

characteristics.
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Figure. 3. Effect of Incidence Angle
Figure 3 illustrates the effect of the angle of incidence on the diffracted field. For larger incidence
angles, the radiation pattern appears nearly symmetric about the central observation direction. As the
angle of incidence decreases, the symmetry is gradually lost, and the peak of the diffracted field shifts
toward the direction of the incoming wave. This shift reflects the directional coupling of energy into
the waveguide modes and the preferential radiation in the forward direction. Furthermore, at smaller
incidence angles, additional features such as secondary lobes begin to emerge, indicating enhanced
modal interaction and redistribution of energy among different propagation directions. The results
clearly show that the incidence angle plays a critical role in determining both the shape and orientation

of the diffraction pattern.

Overall, the numerical results demonstrate that the diffraction behaviour of the parallel plate waveguide
is strongly influenced by the geometrical and physical parameters of the system. The plate separation
controls the number of supported modes and the directivity of the radiation, the surface impedance
governs the amplitude and attenuation of the field, and the incidence angle determines the symmetry
and directional characteristics of the pattern. These findings are physically consistent and align well

with the theoretical expectations for waveguide diffraction phenomena.
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6. CONCLUSION

In this work, the diffraction of an electromagnetic plane wave by a parallel-plate waveguide with
impedance boundaries has been investigated using the mode matching technique. The formulation is
based on expanding the fields in terms of waveguide eigenmodes and enforcing the continuity
conditions at the aperture, which leads to a tractable system of algebraic equations that can be solved

numerically in a straightforward manner.

The numerical results demonstrate that the diffraction characteristics are strongly dependent on the key
physical parameters of the problem. It is observed that increasing the plate separation enhances the
directivity of the radiated field and leads to the multiple lobes due to the excitation of higher-order
modes. The surface impedance plays a significant role in controlling the amplitude of the diffracted
field; higher impedance values result in a noticeable reduction in field strength and introduce smoother
radiation patterns. Furthermore, the angle of incidence affects both the symmetry and directionality of
the diffraction pattern, with smaller angles producing asymmetric distributions and shifting the main
lobe toward the direction of incidence. These observations are consistent with the underlying physical
principles of waveguide theory and electromagnetic scattering. The study confirms that the mode
matching method provides an efficient and reliable alternative to more mathematically involved
techniques such as the Wiener—Hopf method, while still capturing the essential physics of the problem.
The approach is computationally efficient and flexible, making it suitable for analyzing a wide range of
waveguide diffraction configurations. The results highlight the importance of geometrical and boundary
parameters in controlling electromagnetic wave propagation and scattering. The present formulation
can be extended to more complex configurations, including multilayer impedance structures, three-
dimensional geometries, and frequency-dependent materials, which may be considered in future

investigations.
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