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We propose a simple method to design field concentrators of arbitrary shapes based on Fabry–Pérot
resonances. The material parameters are feasible in terms of metallic layered structures and gradient
index dielectrics. The functionalities are well confirmed by numerical simulations.
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Transformation optics [1, 2] offers a great tool for design-
ing novel devices [3], such as invisibility cloaks [4], field
rotators [5, 6], field concentrators [7, 8], etc. The mate-
rial parameters are typically anisotropic and inhomoge-
neous, making implementation considerably challenging.
Recently, Fabry–Pérot (FP) resonances are introduced
in transformation optical device designs [9]. Such de-
vices are usually easy to implement, with flexibility to
work at multiple frequencies. For example, a circular
field concentrator for multiple frequencies is realized in
microwaves [9]. In this letter, we will further propose
a method to design such field concentrators of arbitrary
shapes, which are not feasible for conversional transfor-
mation optics in general [10]. We will start with a circu-
lar case, and show how to achieve field concentrators of
arbitrary shapes, if the inner and outer boundaries are
carefully chosen. The theory is simple, and we will ver-
ify the functionalities using finite element methods from
COMSOL Multiphysics. Finally, we will provide a de-
tailed design with feasible materials.

We start from a mapping of a field concentrator in
two dimensions. This mapping compresses the region of
c < r′ < b [in Fig. 1(a)] into a < r < b [in Fig. 1(b)],
which is called a field concentrator [7]. It can collect all
of the energy that originally locates in r′ < c [in Fig. 1a)]
into the region of r < a [in Fig. 1(b)]. The inner core
has a refractive index of c/a (c > a) if the inner map-
ping is a linear function of r′ = c

ar (θ′ = θ, z′ = z).
The electromagnetic (EM) parameters in the region of
a < r < b are mostly anisotropic and depends on r. Let
us consider the transverse magnetic (TM) polarization

for example. With the limit of c → b [see Fig. 1(c)], the
set of EM parameters becomes εr → ∞, εθ → 0, and
µz → 0, which is extremely difficult to implement. Nev-
ertheless, one can use εr → ∞, εθ = ε(r) = n2(r), and
µz = 1 as a replacement [9]. Such a version could be im-
plemented by an alternative layered structure of perfect
electric conductors (PECs) and gradient index dielectrics
along r direction, see in Fig. 1(d). The refractive index
profile of the gradient index dielectrics is simply n(r) if
the filling ratio of PECs is tiny. This new type of field
concentrators is based on FP resonances and can work at
multiple wavelengths of

∫ b

a
n(r)dr = mλ

2 (where m is an
integer) [8]. If the inner core is chosen as ε = b2

a2 , µz = 1,
and n(a) = b

a , n(b) = 1, the field concentrator becomes
nearly invisible. For instance, we can choose n(r) = b

r to
obtain a perfect field concentrator. Let us then consider
a more general case. Suppose we have another mapping
that can compress the region of c(θ) < r′ < b(θ) [in
Fig. 1(c)] into a(θ) < r < b(θ) along r direction, where
a(θ) = 1

αb(θ) and c(θ) = 1
β b(θ). The field concentrator

based on this mapping can collect all of the energy that
is originally localized at r′ < c(θ) [in Fig. 1(c)] into the
region of r < a(θ). Hence it is a field concentrator of an
arbitrary shape [10]. The inner core has a refractive in-
dex of c(θ)

a(θ) = α
β (α > β) if the inner mapping is a linear

function of r′ = α
β r. By taking the limit of c(θ) → b(θ)

(or β → 1), the EM parameters in a(θ) < r < b(θ) be-
come εr → ∞, εθ → 0, and µz → 0 as well. Likewise,
we can use εr → ∞, εθ = ε(r) = n2(r), and µz = 1
as a replacement for the region of a(θ) < r < b(θ). It
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is amazing that if we take n(r) = n0

r , this type of field
concentrators can satisfy the FP resonance conditions:∫ b(θ)

a(θ)

n(r)dr =

∫ b(θ)

a(θ)

n0

r
dr = n0 log b(θ)

a(θ)

= n0 logα =
mλ

2
, (1)

where m is an integer. Therefore, this version can also
be implemented by an alternative layered structure of
PECs and gradient index dielectrics with the profile of
n(r) = n0

r , see the schematic plot in Fig. 1(d). However,
it is not a perfect version similar to the circular one,
as the impedance cannot be matched at every position
along r = a(θ) and r = b(θ). In the following sections,
we will set ε = α2 = 4 (α = 2), µz = 1 for the inner core,
and n0 = 1, as an example.

To show the functionalities of the above field concen-
trators, we will perform numerical simulations for dif-
ferent shapes using the EM parameters of εr → ∞,
εθ = ε(r) = 1

r2 , and µz = 1 at λ = 2 log 2
m (in simula-

tions, we set εr = 100 000 and m = 2). First, we plot
the magnetic field pattern for a circular field concentra-
tor with b(θ) = b = 1 in Fig. 2(a), which demonstrates
almost perfect invisibility. We then change b(θ) so that
it becomes a square, a hexagon, and a pentagram, and
plot the related magnetic field patterns in Figs. 2(b), (c),
and (d), respectively. All of the above field patterns with
nearly perfect invisibility show that the field concentra-
tors based on FP resonances could be achieved for any

Fig. 1 (a) Virtual space (r′ space, a flat space) of a cir-
cular field concentrator. (b) Physical space (r space) of a
circular field concentrator. (c) Virtual space (r′ space) of a
circular field concentrator with c → b. (d) Implementation
of a circular field concentrator based on FP resonances. (e)
Virtual space (r′ space, a flat space) of a field concentrator
of an arbitrary shape with c(θ) → b(θ). (f) Implementation
of a field concentrator of an arbitrary shape based on FP
resonances.

Fig. 2 Magnetic field pat-
terns for field concentrators of
(a) a circle, (b) a square, (c)
a hexagon, and (d) a penta-
gram. The wavelength is cho-
sen at m = 2.
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Fig. 3 (a) Magnetic field pattern for an ideal field concentrator of a heart shape. (b) Refractive index profile of the field
concentrator with PECs. (c) Magnetic field pattern for the alternative layered structure of PECs and dielectric profiles. The
filling ratio of PECs is set as 0.2.

arbitrary shapes.
How to realize such a field concentrator? We follow

the proposal of Ref. [9] in Figs. 1(d) and (f). Starting
from an ideal version for a heart shape, we plot the field
pattern in Fig. 3(a) (similar to those in Fig. 2). By re-
placing the region of a(θ) < r < b(θ) with an alternative
layered structure of PECs and a refractive index profile
of 1

r [see Fig. 3(b)], we plot the field pattern in Fig. 3(c)
to prove the validity of this structure. The functional-
ity is very good with small scattering. In Fig. 3(b), a
region with refractive index of less than unity remains,
which could be overcome by choosing a larger value of
n0. Therefore, all regions involving field concentrators
could be realized with normal dielectrics.

In conclusion, we have proposed a simple method for
designing field concentrators of arbitrary shapes with
pure dielectric profiles and PECs. As they are based on
FP resonances, in principle they can function for mul-
tiple wavelengths. As the fields inside the core medium
could be enhanced strongly, such field concentrators will
find applications not only in light concentration and ma-
nipulation in plasmonics, but also in the design of de-
vices such as sensitive detections and solar cells [11]. In
addition, it could be extended to other dynamic waves,
including acoustic waves [12], surface water waves, and
ocean waves [13].
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