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On Maximum Absorption by Lossy Finite-Length
Dipole Antennas
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Abstract— Approximate analytical expression is presented for
calculating the current flowing along a lossy finite-length dipole
antenna illuminated by an obliquely incident plane wave.
This current is used to evaluate the total power absorbed, both
by the lumped load connected across the antenna terminals and
by the lossy material of which the antenna structure is made.
An approximate value of the load impedance that maximizes the
total absorbed power is then derived. The results are compared
against results obtained using a method of moments solution and
good agreement is found.
Index Terms— Dipole
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I. I NTRODUCTION

T

HE study of structures that absorb electromagnetic power
efficiently is important in many application areas including thin metamaterial absorbers [1], radar cross section (RCS)
minimization [2], [3], and light enhancement by plasmonic
particles [4], [5]. Absorption by a lossy cylindrical scatterer
and by a lossy spherical scatterer was treated in [6] and [7],
respectively. Absorption by lossy particles and by terminalloaded lossy dipole particles, in which the power is dissipated
in both the load and the lossy material of which the dipole is
made, can be found in [8]–[10]. In this paper, we extend the
analysis to study the total absorption by terminal-loaded lossy
dipole antennas that are of finite length. Including the effect
of metal losses in antenna absorption evaluations is important
since low cost methods of antenna production often aim to
reduce the conductivity of metallization [11]. For example,
it is crucial in the context of antenna-coupled bolometers
[12], since in these devices, the detected temperature signal is
affected not only by the power dissipated in the terminal-load
but also by the power dissipated in the lossy antenna material.
As another example, including the effect of metal losses is
important when designing an absorbing structure similar to
the one described in [13] and [14] but comprising realistic
(lossy) rather than perfectly conducting dipoles.
The suggested analytical model yields an approximate
expression for the optimal load impedance that maximizes the
total absorbed power and provides a better insight into the
loss mechanism in the receiving mode. An important finding
is that this optimal load-impedance value is different from the
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Fig. 1. Lossy dipole with arbitrary load illuminated by an obliquely incident
uniform plane wave.

conjugate-matched load. The accuracy of the approximate analytical expression for the optimal load impedance was verified
against results obtained using a method of moment (MoM)
solution. The expression can be used “as is” or, if higher
accuracy is desired, provide a good initial guess for a search
algorithm implemented on top of a rigorous EM solver.
The remainder of this paper is organized as follows.
The problem under consideration is described in Section II.
An analytical model for the current in the receiving mode is
presented in Section III. The accuracy of the analytical model
is assessed in Section IV. An approximate expression for the
load impedance that maximizes the absorption is presented in
Section V. Conclusions are given in Section VI.
Throughout this paper, an exp( j ωt) time dependence is
assumed and all power terms are time-averaged quantities.
II. P ROBLEM D ESCRIPTION
A z-directed dipole of finite conductivity σ , is illuminated
by an obliquely incident uniform plane wave as depicted in
Fig. 1. The wire dipole is assumed to be thin such that a  l
and a  λ, where l is the dipole half-length, a is the dipole
radius, and λ is the wavelength. The dipole is loaded at its
center by Z load = Rload + j X load , where Rload and X load are
the load resistance and reactance, respectively. Without loss of
generality, we set the azimuthal angle of incidence to ϕinc = 0.
Hence, the incident field can be written as
E inc (x, z) = (E 0 sin θinc ẑ − E 0 cosθinc x̂)e j (k cos θinc z−k sin θinc x)
(1)
where k is the wave number, θinc is the polar angle of
incidence, and E 0 is an arbitrary amplitude. Since only the
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