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Abstract. A layered structure of magnetodielectric slabs,
backed with a perfectly conducting plane, is illuminated by
a Gaussian beam. The permittivities and permeabilities of
each layer are selected so that the incident field penetrates
smoothly into the subsequent layers and sustains gradually
greater losses when reaching the internal ones. The performance of the device as an absorber is estimated through
a newly defined indicator and it has been found that the absorbing capacity of the structure could be very high. This
qualitative factor is robust and efficient when identifying
which of the considered parameters are critical or insignificant as far as the performance of the layered configuration
is concerned.
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1. Introduction
With the expanding and parallel use of multiple electronic and electrical devices into a confined room or area,
various forms of interference are encountered due to disturbing signals. To prevent such unwanted modifications, several
types of devices have been designed and developed, the most
common of which are the electromagnetic absorbers. An
electrically thin absorber, suitable for electromagnetic laboratories, with wide incidence angles and functional for both
polarizations has been presented [1] and an omnidirectional
cylindrical absorber made of metamaterials has been also analyzed [2]. A simple device that traps the incident electromagnetic field into a ferromagnetic slab is investigated in [3]
where similar nanocomposites are found to combine advantages of both dielectric and magnetic absorbers by possessing significantly better characteristics. Furthermore, absorbing layers are used in numerical simulation modeling where
perfectly matched and insulating boundaries are used to reduce the simulation volume [4].

Gaussian beams are usually employed as excitations
in theoretical analyses of electromagnetic problems since
they are successfully imitating the actual feeding procedures.
Unlike other excitation types, such as plane wave or point
source illumination, the Gaussian beam is realistic and commonly utilized in “real-world” configurations (e.g. laser systems). In [5], some fundamental considerations concerning
Gaussian beams have been rigorously stated. In addition,
a general method solving the problem of an obliquely incident Gaussian beam on an anisotropic and axially inhomogeneous slab has been developed [6], while the case of the
illumination of a penetrable sphere under the same excitation
has been studied in [7]. Finally, a Gaussian beam summation
representation for half plane diffraction of an incident twodimensional Gaussian beam that hits arbitrarily close to the
edge is presented in [8]; it has been proven the virtue of the
Gaussian beam excitation to test and evaluate the response of
the considered configuration from every angle of incidence.
In this work, we combine the two aforementioned topics (electromagnetic absorbers, Gaussian beams) to investigate a grounded layered structure, comprised of stacked homogeneous magnetodielectric slabs, in terms of its absorption capacity. This specific combination of the two topics
has not yet been explicitly analyzed in the bibliography and
it has a clear practical dimension due to the realistic excitation type adopted. Of course the mathematical approach is
neither new nor original but it is applied on a particular case
that can be used “as is” in numerous simulations. The Gaussian beam is expressed as an integral of plane waves and the
solution of the plane wave scattering of the regarded configuration is obtained after imposing the necessary boundary
conditions. The total solution under Gaussian beam excitation is found based on the principle of linear superposition.
The constituent characteristics of the materials are selected
in a way that secures a smooth coupling with the vacuum
background combined with high thermal losses. A new performance indicator, based on the back reflected power before and after the installation of the layered structure, has
been defined. This quality index is very useful in identifying
the contribution of each parameter to the effectiveness of the
device. The variations of this quantity with respect to the
defined parameters are discussed and the presented results
indicate very satisfying absorption of the incident field.
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2. Problem Statement
Consider the two-dimensional (2D) structure depicted
in Fig. 1. A Gaussian beam with its source at the origin
of the utilized Cartesian coordinate system (x, y, z), illuminates normally a layered structure. This structure occupies
the rectangular volume L < y < (L + W ) and is comprised
by U regions, each of which is assigned to a serial number u = 1, · · · ,U, defined by the inequalities Lu−1 < y < Lu .
The materials that fill the corresponding regions possess relative dielectric permittivities denoted by εru and magnetically anisotropic with relative magnetic permeability tensors denoted by µru . The last (U-th) layer is connected to
a grounded, perfectly conducting plane (PEC) at y = L +W .
The upper semi-infinite y < L area is labeled as 0-th region
and is vacuum (characteristic parameters ε0 , µ0 ) for which
εr0 = µr0 = 1. Mind that the electric field produced by the
excitation generator has a single z component and propagates along the y axis of our coordinate system. Due to the
2D nature of our configuration, this property for the incident
electric field (z-polarization) carries over every single of the
(U + 1) considered regions of the device. The adopted time
dependence is of the form exp(+ j2π f t) and is being suppressed throughout the present analysis.
The structure described above can be used as a component in electromagnetic designs in order to define the limits
of the simulation area. In particular, the layered construction
could be suitable for truncating the lattices in Finite Difference Time Domain (FDTD) applications [9] or clipping the
meshing volume in Method of Moments (MoM) implementation [10] instead of utilizing common Perfectly Matched
Layer (PML) techniques [11]. Furthermore, similar layered
slabs could serve absorbing purposes in experimental prototypes and constructions. More specifically, one would employ planar multiple slabs as an alternative to pyramidal periodic blocks.
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Fig. 1. The absorbing layered structure scatters the incident
Gaussian beam.

Due to the aforementioned time dependence, the imaginary parts of the permittivities εru = ℜ[εru ] + jℑ[εru ] are
negative which correspond to passive materials (ℑ[εru ] <
0), while the real parts are positive and larger than unity
(ℜ[εru ] > 1). The same happens for the permeabilities µru
which are purely real (µru > 1). The described device is proposed to function as an efficient absorber; thus, the material
transition from the one consecutive layer to the other should
be fairly smooth. Therefore, we assume a linear increment of
the characteristics of the material with respect to the related
layer’s serial number u, namely:
u
(1)
εru = 1 + (εrU − 1) ,
U
u
(2)
µru = 1 + (µrU − 1) .
U
Furthermore, the thickness of each layer is taken equal to the
others, for simplicity:
u
Lu = L +W .
(3)
U
The aim of this work is to quantify the device’s performance
in trapping the normally incident Gaussian beam and identify which of the defined problem parameters affect more its
capacity to work as absorber.

3. Incident Gaussian Beam
3.1 Approximate Expression
A Gaussian beam of z-polarized electric field propagating into vacuum along the positive y semi-axis possesses the
following general form, valid for y > 0:
E0,inc (x, y) = z Π(x, y) exp(− jk0 y)
(4)
√
where k0 = 2π f ε0 µ0 is the free space wavenumber and
Π(x, y) is the envelope of the beam. This envelope is reasonable to have an exponent proportional to −x2 (to demonstrate
the Gaussian nature), with a complex factor β(y) dependent
of y. If one considers an arbitrary amplitude function of
y, A(y), one concludes in the general formula: Π(x, y) =
A(y) exp(−β(y)x2 ), with A(y), β(y) ∈ C and ℜ[β(y)] ≥ 0.
When substituting this expression for E0,inc (x, y) to the vectorial Helmholtz equation into vacuum, the term propor2
tional to ∂∂yΠ2 can be ignored, since the rapid variation with
respect to y is contained into the term exp(− jk0 y). In this
way, the following ordinary differential equations are obtained:
2 2
k0
β (y) = 0 ⇒ β(y) = −
,
jk0
k0 S + 2 jy
β(y)
1
A0 (y) +
A(y) = 0 ⇒ A(y) = √
jk0
k0 S + 2 jy
β0 (y) +

(5)
(6)

where S ∈ C is an arbitrary complex coefficient measured in
square meters (m2 ). Needless to say that the prime ?0 corresponds to the first derivative of a function with respect to its
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sole argument. Let us take S = − 2χ
k0 , where χ > 0 is a length
quantity. After careful separation of the real parts from the
imaginary ones, the envelope function is found equal to:
s

 
4χ
j
y
Π(x, y) = 4
exp arctan
·
R(χ, y)
2
χ




k0
2
2 k0
exp −x
exp − jx
(7)
R(χ, y)
R(y, χ)

 2 
a function with length diwhere R(y, χ) = 2y 1 + χy
mension. We call the parameter χ “concentration length,”
which expresses how concentrated is the power in the vicinity of the source (y = 0). In other words, a larger concentration length, indicates a smoother decaying behavior of the
envelope as the observation points get distant from the x axis
when y = 0. This is not a strict definition for parameter χ; it
simply demonstrates a relation between χ and the envelope
shape.

3.2 Fourier Expansion
Let us try a general approach in the first place. Assume
a vectorial signal of the form v(x, y) = z v(x, y) which follows the Helmholtz equation. If we take the projection of the
z component along the plane y = 0, a scalar signal which is
an exclusive function of x has been obtained: v(x, 0). By employing a very old tool such as the one-dimensional Fourier
transform, the following dual set of equations is produced:
v(x, 0) =

Z +∞

1
2π
Z

V (α) exp( jαx)dα,

(8)

v(x, 0) exp(− jαx)dx

(9)

−∞
+∞

V (α) =
−∞

where α is a real parameter corresponding to an incidence
angle. In this way, a complex signal v(x, 0) has been expressed as an integral of the exponential factors exp( jαx).
But if a signal w(x, y) = z exp( jαx)wy (y) satisfies the
Helmholtz equation,
then its y-dependence
is readily found
 q

α2 − k02

. Therefore, by taking into
as: wy (y) = exp ±y
account the integral (with direct use of MATHEMATICA,
[12]):
r


Z +∞
√
2πχ
χα2
4
Π(x, 0) exp(− jαx)dx = 2
exp −
, (10)
k0
2k0
−∞
and given the fact that the incident field v = E0,inc obeys the
vectorial Helmholtz equation, it is written in integral form:
r
√
χ
4
E0,inc (x, y) = z 2
·
2πk0




Z +∞
q
χα2
exp −
exp jαx − y α2 − k02 dα.
(11)
2k0
−∞
√
The square roots are evaluated with a positive sign ℜ[ ?] >
0, and in case it equals zero, with a positive imaginary sign

√
ℑ[ ?] > 0. The aforementioned formula (11) is suitable
for points y > 0, otherwise the sign of the related exponential in wy should be reversed (the same should be done
for the sign of the exponential component exp(− jk0 y) in
(4)). It should be stressed that (11) is not equivalent to the
expression E0,inc (x, y) = z Π(x, y) exp(− jk0 y) since the latter one only approximately obeys the Helmholtz equation
2
(the term proportional to ∂∂yΠ2 has been ignored as insignificant). Assume now that one excites an arbitrary 2D configuration at y > 0 witha z-polarized
q planar
 wave into vacuum
einc (x, y, α) = z exp jαx − y α2 − k02 , which is propagating for |α| < k0 and evanescent for |α| > k0 . If one computes
the scattered field escat (x, y, α) under plane wave excitation
into each of the considered regions, the corresponding response field for a Gaussian beam illumination is computed
by acting with the following operator:
r


Z +∞
√
χ
χα2
4
J {?} = 2
exp −
? dα,
(12)
2πk0 −∞
2k0

on the scattering field vector escat (x, y, α). Such a general
conclusion is directly based on the fundamental principle of
superposition and
linearity of the Maxwell’s equations.
 the2 
χα
The factor exp − 2k0 guarantees the convergence of the
integral for |α| → +∞.

4. Absorbing Layered Structure
4.1 Plane Wave Solution
The mathematical methods utilized in the following,
have been thoroughly developed and described in part or as
a whole in numerous works such as [17]-[20]. We assume
that the structure is excited by the plane wave:


q
2
2
e0,inc (x, y, α) = z exp jαx − y α − k0
(13)
where α ∈ R can be any real number. The case α = 0 corresponds to a normal incidence to the layered structure. The
reflected electric field of region 0, due to phase matching of
exp( jαx) along the horizontal plane y = L, is given by:


q
e0,re f (x, y, α) = z ρ(α) exp jαx + (y − L) α2 − k02 (14)
where ρ(α) is the reflection coefficient complex function of
the entire structure. The electric field into the u-th region is
given by the formula:
eu (x, y, α) = z {Au (α) exp [−γu (α)(y − Lu )]
+Bu (α) exp [γu (α)(y − Lu )]} exp( jαx).
The auxiliary radiation quantity γu is defined as:
q
γu (α) = α2 − k02 εru µru

(15)

(16)

where εru = ℜ[εru ] + jℑ[εru ] with ℜ[εru ] > 1 and ℑ[εru ] < 0.
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If one imposes the related boundary conditions for continuous tangential electric and magnetic components along
the representative separating plane z = Lu , u 6= 0,U, one obtains the matrix relation:





Au (α)
Au+1 (α)
= Tu (α) ·
⇒
Bu (α)
Bu+1 (α)




A1 (α)
AU (α)
= T1 (α) · · · TU−1 (α) ·
B1 (α)
BU (α)

(17)

where Tu is a 2 × 2 transfer matrix whose elements are given
by:
[Tu (α)]11 =
[Tu (α)]12 = −

γu+1 (α)µru + γu (α)µr(u+1) γ (α)∆Lu
e u+1
, (18)
2γu (α)µr(u+1)

γu+1 (α)µru − γu (α)µr(u+1) −γ (α)∆Lu
e u+1
, (19)
2γu (α)µr(u+1)

[Tu (α)]21 = −

γu+1 (α)µru − γu (α)µr(u+1) γ (α)∆Lu
e u+1
, (20)
2γu (α)µr(u+1)

γu+1 (α)µru + γu (α)µr(u+1) −γ (α)∆Lu
e u+1
(21)
[Tu (α)]22 =
2γu (α)µr(u+1)
where ∆Lu = Lu+1 − Lu . The same techniques are used for
analyzing similar structures [13]-[16]. The boundary conditions along the upper and the lower surfaces y = L, (L +W )
are written as follows:


A0 (α)
= g0 (α)ρ(α) + q0 (α),
(22)
B0 (α)


AU (α)
= gU AU (α)
(23)
BU (α)
where the participating vectors are defined below:
" γ (α)−γ (α)µ
#
1
0
r1 −γ1 (α)(L1 −L)
e
2γ1 (α)
g0 (α) =
,
γ1 (α)+γ0 (α)µr1 γ1 (α)(L1 −L)
e
2γ1 (α)
#
" γ (α)+γ (α)µ
1
0
r1 −γ1 (α)(L1 −L)−γ0 (α)L
e
2γ1 (α)
,
q0 (α) =
γ1 (α)−γ0 (α)µr1 γ1 (α)(L1 −L)−γ0 (α)L
e
2γ1 (α)


1
gU =
.
−1

(24)

(25)




ρ(α)
−g0 (α) M(α) · gU ·
= q0 (α) ⇒
AU (α)



−1
ρ(α)
= −g0 (α) M(α) · gU
· q0 (α)
AU (α)

The complex function ρ(α) is describing the behavior
of the structure for different types of plane-wave excitation.
In fact, it is a kind of “transfer function” which tests and
evaluates the reaction of the device for excitations along the
entire spatial spectrum α ∈ R. Once the expression of this
function is determined from (27), one can compute the total
reflected field of the Gaussian scattering problem with use of
the operator defined in (12):

E0,re f (x, y) = J e0,re f (x, y, α) =
r


Z +∞
√
χ
χα2
4
2
exp −
e0,re f (x, y, α)dα.
(28)
2πk0 −∞
2k0
The parameter χ (concentration length) is the only degree of
freedom characterizing and describing the incident propagation wave constituting the Gaussian beam. In this sense, the
reflecting power of the overall problem along a distance 2h
of x axis on the separating plane y = L is defined as follows:
Z h

Pre f (h) =

−h

2

z · E0,re f (x, L) dx.

(29)

We call the distance h the “integration length” which depends positively the calculated portion of the reflected
power.
To estimate the performance of the proposed device we
should introduce a ratio called “absorption factor” (AF ):

AF (h) =

P̃re f (h)
Pre f (h)

(30)

where P̃re f (h) is the reflected power along the integration length h, in the absence of the layered absorber,
namely when εru = µru = 1 for u = 1, · · · ,U. The reflection coefficient function in this case, equals ρ̃(α) =
exp [−(L + 2W )γ0 (α)]. Apparently, the higher is the absorption factor evaluated, the more efficient is the operation
of the described device as absorber. For a structure with
AF >> 1, the reflected power would be much less compared to the case of an absent layered slab where total reflection is occurred. This factor would be the sole output
quantity whose variation is represented in the graphs of the
next Section 5.

(26)

By combining the relations (17), (22) and (23), the following 2 × 2 linear system is obtained. The unknown reflection and transmission coefficients are readily found:


4.2 Output Quantity

(27)

where M(α) = T1 (α) · · · TU−1 (α). In this way, the scattering problem under plane wave excitation has been solved.

5. Numerical Results
5.1 Parameter Ranges
Let us define the ranges of the input parameters that
are used in the defined problem. First of all, the operational
frequency f is chosen to belong into the radio band, namely
around the central frequency f0 = 12 GHz (corresponding to
the wavelength λ0 = c/ f0 = 2.5 cm where c = 3 · 108 m/sec
is the speed of electromagnetic waves into vacuum) which
serves also normalization purposes. The extracted conclusions of course can be easily carried over to other bands
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Fig. 2. Contour plots of the absorption factor AF with respect
to: (a) the real relative permittivity ℜ[εrU ] and the relative permeability µrU (|ℑ[εrU ]| = 10) and (b) the real
relative permittivity ℜ[εrU ], when it is equal to the relative permeability µrU , and the absolute imaginary relative permittivity |ℑ[εrU ]|. Plot parameters: f0 = 12 GHz,
λ0 = c/ f0 = 2.5 cm, f = f0 , U = 15, W = λ0 , L = 0.5 λ0 ,
χ = 0.2 λ0 , h = λ0 .

since the electrical sizes are that which count. The real, the
(absolute) imaginary part of the permittivity of the last (Uth) layer and also the relative permeability in the same region, are selected to be less than an order of 20, namely: 1 <
ℜ[εrU ], µrU < 20 and 0 < |ℑ[εrU ]| < 20. As stated in Section II, the intrinsic parameters of the last layer, determine
the characteristics in every other equi-sized layer through the
relations: εru = 1 + (εrU − 1) Uu and µru = 1 + (µrU − 1) Uu for
u = 1, · · · ,U. The number of layers U can vary within the
interval: 2 < U < 20 and the length h, along which the reflected power is evaluated, is usually chosen with relatively
large electrical value 0.5 < h/λ0 < 3. The thickness of the
layered structure is also large (0.5 < W /λ0 < 3), while the
electrical distance of the Gaussian beam from the first layer
possesses electrically moderate magnitudes (0.1 < L/λ0 <
1). As far as the normalized concentration length is concerned, it covers the range: 0.01 < χ/λ0 < 0.5.

Fig. 3. The absorption factor AF as function of the number of
layers U for several: (a) normalized thicknesses of the
slab W /λ0 (ℜ[εrU ] = −ℑ[εrU ] = µrU = 10) and (b) real
relative permittivities ℜ[εrU ] being equal to the absolute imaginary relative permittivities |ℑ[εrU ]| and the
relative permeabilities µrU (W = λ0 ). Plot parameters:
f0 = 12 GHz, λ0 = c/ f0 = 2.5 cm, f = f0 , L = 0.5 λ0 ,
χ = 0.2 λ0 , h = λ0 .

5.2 Graphs Discussion
In Fig. 2(a), we show the variation of the absorption
factor AF , in contour plot, with respect to the real part
of the relative permittivity ℜ[εrU ] and the relative permeability µrU . The imaginary part is kept constant and equal
to: ℑ[εrU ] = −10. With a fixed µrU , the evaluated quantity is increasing for smaller ℜ[εrU ] and decreasing for larger
ones by achieving a local maximum close to ℜ[εrU ] ∼
= µrU .
When both variables get increased with the same pace, the
performance of the corresponding absorber is increased. In
Fig. 2(b), the absorption factor is presented again in a contour map with its horizontal axis corresponding to ℜ[εrU ],
which is now taken equal to µrU , and a vertical axis counting
the absolute value of the imaginary part of the relative permittivity |ℑ[εrU ]|. One can clearly notice that the magnitudes
AF are way higher than in Fig. 2(a), due to the condition
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Fig. 4. The absorption factor AF as function of the normalized
frequency f / f0 for several: (a) electrical distances L/λ0
(χ = 0.2λ0 ) and (b) normalized concentration lengths
χ/λ0 (L = λ0 ). Plot parameters: f0 = 12 GHz, λ0 =
c/ f0 = 2.5 cm, W = λ0 , h = 2λ0 , ℜ[εrU ] = −ℑ[εrU ] =
µrU = 10.

ℜ[εrU ] = µrU which indicates a surface matched to the vacuum background. Note also that in the vicinity of the line
ℑ[εrU ] = −1, several local maxima are observed, each of
which corresponds to a perfect absorber.
In Fig. 3(a), our sole output quantity AF is presented as function of the number U of layers for several
thicknesses of the structure W /λ0 . Naturally, the absorption factor gets gradually improved for increasing U as the
material discontinuities get milder and the reflections less
significant. Note also that after a certain number U (different for each case), the curve tends to a final value AF ,
which corresponds to the continuously inhomogeneous slab.
In case the absorber is thicker (larger W /λ0 ), the behavior is stabilized at higher U due to the slower discretization convergence for larger electrical sizes; additionally, the
performance is better since the transition is carried out in
a smoother way. It is also noteworthy that when U < 15,
thinner substrates absorb more effectively the incident Gaussian beam; such a feature is attributed to the decreased size of
the discontinuous adjacent layers. In other words, the maximum electrical size of the layer for which a smooth transition is achieved, is reached for smaller U, when thicknesses
W /λ0 are moderate. In Fig. 3(b), the variation of the absorp-

0.05

0.1 0.15 0.2 0.25 0.3 0.35 0.4
normalized concentration length χ/λ0

0.45

(b)
Fig. 5. Contour plots of the absorption factor AF with respect
to: (a) the source electrical distance L/λ0 and the normalized integration length h/λ0 (χ = 0.2λ0 ) and (b) the
normalized concentration length χ/λ0 and the normalized integration length h/λ0 (L = 0.5λ0 ). Plot parameters: f0 = 12 GHz, λ0 = c/ f0 = 2.5 cm, f = f0 , U = 15,
W = λ0 , ℜ[εrU ] = −ℑ[εrU ] = µrU = 10.

tion factor is depicted with respect to U for various materials
of the bottom (U-th) layer under the simplifying condition:
ℜ[εrU ] = |ℑ[εrU ]| = µrU . Again, the same behavior for increasing U is observed as in Fig. 3(a). It is though remarkable that higher losses (larger |ℑ[εrU ]|) do not lead necessarily to more efficient absorbers since the imperfect conductors
for |ℑ[εrU ]| → +∞ behave as perfect ones inflicting total reflection (and zero absorption). In particular, the higher AF
is recorded for ℑ[εrU ] = −3 and the situation is even better for ℑ[εrU ] = −1 as indicated in Fig. 2(b). Needless to
say, that no absorption is achieved with a grounded lossless
slab (ℑ[εrU ] = 0). In other words, one can retain an equilibrium avoiding not only highly lossy materials with their poor
coupling with the vacuum background but also slightly lossy
materials with their weak absorption capacity as well.
In Fig. 4(a), the absorption factor is represented as
function of the normalized operational frequency f / f0 for
different source electrical distances L/λ0 . One can readily
identify that the proposed device is more functional when
the source of the beam is located far from the absorbing
slab. This is an anticipated result since the incident field
resembles more a plane wave when L/λ0 is large and thus is
negligibly reflected from the matched surface. It should be
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In Fig. 5(a), the variation of AF is presented in contour plot as function of the electrical source distance L/λ0
and the normalized integration length h/λ0 . The recorded
quantity is stabilized for larger h/λ0 which means that the
integral (29) gives the total reflected power (h → +∞). This
convergence is achieved more easily when L/λ0 is small; this
is natural, since the distribution of the incident field along
the surface y = L gets more concentrated when the source is
posed closer to the slab. In Fig. 5(b), we show the magnitude of the absorption factor on a map with the normalized
concentration length of the Gaussian beam at its horizontal
axis and the normalized integration length h/λ0 at its vertical. Note that for most integration lengths h/λ0 > 0.5, the
dependence of AF on h/λ0 gets weaker regardless of the
corresponding concentration length. This feature is demonstrated by the vertical iso-contour lines at the upper half of
the considered diagram.
In Fig. 6(a), this performance indicator AF is shown
as function of the real permittivity ℜ[εrU ] in case a uniform
superstrate is used (U = 1) for several electrical thicknesses
W /λ0 . Similarly, in Fig. 6(b) the independent variable is the
uniform magnetic permeability µrU of the single layer. From
both the graphs, it is clear that poor absorption performance
is achieved when only one lossy superstrate is employed. In
particular, for the uniform case (U = 1), we obtain AF < 20,
while in all the other graphs (where U > 2) the optimal absorption factor is several times larger. Accordingly, the use
of multilayered structures is necessary to accomplish satisfying results.

6. Conclusion
A grounded stack of dielectric slabs is excited by a normally incident Gaussian beam. The plane wave solution of
the problem is integrated with respect to the angle of incidence to obtain the overall solution and compute the reflected power from the layered structure. It has been found
that the reflections are much diminished compared to the
case of absent layers.
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stressed that the transmission-line theory and the notion of
impedance matching [21] assumes normally incident waves
such those constituting the excitation field for large L/λ0 .
Consequently, for L/λ0 → +∞, the primary fields penetrate
almost totally into the structure and attenuate due to high
losses. In all cases, the performance is improved for larger
frequencies because the equiphase surfaces of the incident
wave get more rapidly converted into planes. In Fig. 4(b),
the factor AF is shown with respect to normalized operational frequency f / f0 for different normalized concentration lengths χ/λ0 . Again, the result is poor for smaller
χ/λ0 since the wave components corresponding to oblique
incidence (α 6= 0) become more significant and thus more
substantial reflections are appeared. The distance gap between the upward sloping curves is opening for increasing
frequency contrary to Fig. 4(b), where the differences are
kept rather constant.
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Fig. 6. The absorption factor AF as function of the: (a) uniform real permittivity ℜ[εrU ] = ℜ[εr1 ] (µrU = µr1 = 10,
|ℑ[εrU ]| = |ℑ[εr1 ]| = 10) and (b) uniform permeability µrU = µr1 for various electrical thicknesses W /λ0
(ℜ[εrU ] = ℜ[εr1 ] = 10, |ℑ[εrU ]| = |ℑ[εr1 ]| = 10). Plot
parameters: f0 = 12 GHz, λ0 = c/ f0 = 2.5 cm, h = 2 λ0 ,
χ = 0.2 λ0 .

An interesting expansion of the present work would be
to use chiral, anisotropic or bianisotropic materials to construct the layered absorber. The extra degrees of freedom
could be exploited in order to achieve higher performance
by using more directly found substances or more easily realizable artificial materials. In addition, the shape of the structure could be modified in order to simulate different configurations befitted to three-dimensional excitations. Comparison between Cartesian, cylindrical, spherical and other
versions of the same layered structures can be made in order
to obtain optimized results. In this way, similar conclusions
for more realistic designs can be drawn.
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