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Abstract: A new quality factor (Qabs) characterising power absorption by electrically small structures ranging from antennas to
lossy objects is defined. In analogy to the radiation quality factor (Qrad), which is evaluated using the antenna radiated fields in
transmitting mode, Qabs is evaluated using the fields scattered by the absorbing structure. Similar to the known relationship
between the antenna matching bandwidth (Bmatch) and Qrad, it is rigorously shown that for an electrically small lossless receiving
antenna Qabs is inversely proportional to the absorption bandwidth (Babs) of the antenna. Based on a circuit model, it is then
conjectured that the same Babs–Qabs relation is also valid in the cases of electrically small lossy antennas and objects that do
not have terminals. Numerical examples are shown to demonstrate the validity of the presented Babs–Qabs relation.

1

Introduction

The theory dealing with the radiation quality factor (Qrad) and its
minimum value for an electrically small transmitting antenna is
well established (see e.g. [1–4]). In saying that the antenna is
‘electrically small’ we mean that it can fit inside a sphere (Chu
sphere) whose radius is smaller than the wavelength divided by 2π
(or in some definitions by 4π) and thus the antenna radiation can be
well described by the first-order spherical modes [5, 6]. It is shown
in [7] that assuming the antenna has a well-defined single
resonance, there is an inverse relationship between the matching
bandwidth (Bmatch) of the antenna and Qrad. The ability to predict
Bmatch based on the knowledge of Qrad, a quantity that is evaluated
merely at one frequency, is clearly attractive. The complimentary
theory for receiving antennas and absorbers has received somewhat
less attention. In [8], the characteristics allowing for such structures
to attain optimal absorption at a certain frequency were studied. In
[9–11], the subject of bounds on cumulative absorption over a
frequency interval by antennas and lossy structures was tackled by
the use of polarisability dyadics. In this paper, we continue with the
subject of absorption by lossy structures but not in the context of
bounds. Rather, we examine the feasibility of finding the
absorption bandwidth based on single-frequency calculations. We
first define a new quality factor (Qabs) characterising absorption by
structures such as terminal-loaded receiving antennas (that can be
lossless or lossy) and lossy objects that do not necessarily have
terminals. Specifically, Qabs is defined as the ratio of the stored
energies associated with the fields scattered by the structure to the
power absorbed by the structure. Next, we show that the absorption
bandwidth (Babs) is inversely proportional to Qabs for the case of
electrically small receiving lossless antennas. It is well known that
the absorption bandwidth of antennas can be found using
transmitting mode analysis and reciprocity. However, calculation of
the bandwidth using the fields scattered by the antenna is useful if
one cannot directly connect to the antenna terminals and only
termination with a lumped load is possible. Antenna
characterisation using the scattered fields, albeit not in the context
of quality factor and bandwidth, can be found in [12]. Finally, we
extend the applicability of the Babs–Qabs relation to the cases of
electrically small lossy antennas and lossy objects made of nondispersive materials. This is done by adopting a circuit model
similar to that suggested in [13] and showing that one can define a
resonance condition for absorption that is consistent with the
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known resonance condition of transmitting antennas. Since for
lossy objects, which do not have terminals, one cannot apply
transmitting-mode analysis, the presented formulation allows
finding the absorption bandwidth based on single-frequency
calculations. This is advantageous since a conventional
determination of the absorption bandwidth by repeated calculations
of the absorbed power at multiple frequencies may be
computationally intensive. The paper is organised as follows. The
known relation between Bmatch and Qrad is reviewed in Section 2.
Qabs is defined in Section 3. The relation between Babs and Qabs is
derived in Section 4. Numerical results are given in Section 5 and
conclusions are gathered in Section 6.

2

Bmatch − Qrad relation

With the view towards defining a new quality factor for absorption
and establishing a relation between Babs and Qabs, we first review
the known relationship between Bmatch and Qrad (see e.g. [7]). The
tools used in this section will serve us in the following sections.
An arbitrarily-shaped electrically small lossless transmitting
antenna is depicted schematically in Fig. 1a. A time-harmonic
voltage source vtx with internal impedance Rtx is feeding the
antenna at an angular frequency ω through a transmission line with
characteristic impedance Zc. A tuning inductor or capacitor with
reactance Xtune(ω) is connected to the antenna terminals and the
volume around the tuning element is denoted by Vtune. The antenna
is enclosed within a Chu sphere of radius a, and we denote this
volume by Vchu. The antenna is assumed to radiate in unbounded
free space whose volume, with the antenna absent, is denoted by
V∞. The closed surface at infinity is denoted by S∞ and the unit
vector, n^ , is the outward pointing surface normal. The fields
radiated from the antenna are (Etx, Htx). The antenna input
impedance is Zant = Rrad + jXant, where Rrad is the antenna radiation
resistance and Xant is the antenna reactance. The voltage across the
tuning element is v tune
tx and the reflection coefficient Γ(ω) is given
by
Γ(ω) =

Zant(ω) + jXtune(ω) − Zc(ω)
.
Zant(ω) + jXtune(ω) + Zc(ω)

(1)
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