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This paper briefly describes an analysis of main electrodynamic characteristics required in design of dual-band
Yagi antenna exciters consisting of two thin electrical conductors. The study of end-fed excitation of the said
system of conductors allows to predetermine the design of conceptually new circuits of classic dipole radiators,
avoiding closely-spaced arrangement of feeding strips that ensure direct excitation of dipole arms and, therefore,
reducing their electromagnetic spurious coupling. The latter prevents asymmetry in surface current amplitude
distribution on dipole arms and allows to improve its directivity and matching with a power feeder.
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Introduction
Printed dipole radiators and more complex transceivers based on them belong to the class of devices that are widely used today. Potential use
of such antennas in dual-/multi-band circular or
sector scanning radars will allow to find an integrated solution to the parallax problem by combining the phase centres of multi-band frequency
channels. Such radiators have near linear polarisation, remarkable directional properties, a relatively simple design (a pair of arms of dipole
radiators) and are potentially suitable for integral-group arrangement. An obvious disadvantage
© Alekseytsev S. А., Parshin Yu. N., 2021

of such radiators is the relatively narrow frequency
band where matching with the power feeder and
acceptable radiation patterns (RP) can be achieved.
This disadvantage is inherent to almost all of reso
nant antennas. In some practical applications,
spurious elements or resistive coatings are used
in order to extend the operating frequency band
[1–4]. For example, according to [3, 4], the dipole arms are made of resistive material with low
conductivity. This significantly increases the wave
attenuation coefficient, and therefore no standing
wave is formed in the arm. However, the use of
resistive material increases ohmic losses in the radiator arms. Also, we should mention the method
of using a frame with balancing capacitance [2],
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a sequence of steps of the algorithm for synthesising dual-band end-fed dipole radiators. Such
a sequence, after further formalisation using
known mathematical provisions, will help compile a final, refined algorithm for synthesising
dual-band end-fed antennas.

which allows to significantly reduce distortions
of the received broadband signal. These methods
have proven quite well in applications that require
reception or radiation of an ultra-wideband pulse.
A particular scientific and technical task is
to design two-/multi-band Yagi antennas with an
integrated printed matching and balanced-to-unbalanced converter (balun). This will make it possible to achieve a decrease in weight and size cha
racteristics and will contribute to integral-group
arrangement of such antennas in more complex
modules. At the same time, such radiators are also
widely used in the industrial segment, since the
growth in data traffic requires the development
of appropriate hardware components capable of
operating either in a wide frequency band or in
several non-overlapping frequency bands.
The purpose of the study is to identify the
main parameters and key characteristics during
the implementation of dual-band end-fed dipole
antennas and to validate the design concept model
based on an algorithmic approach to the design
of such radiators. In particular, the study is intended to obtain a closed-form expression for
calculating the objective function of the dualband Yagi antenna’s directivity and to link the
parameters of this function with the characteristics of the input impedance of the exciter. This
will allow to analytically evaluate the behaviour
of the absolute minimum of the objective function of the exciter’s wire model and then form

l2

Wire model of the radiator
The design of printed dual-band antennas of the
type described in [5, 6] is based on the concept
design model of the exciter shown in Fig. 1. From
this point of view, for all their subsequent modifications, the model is equally suitable and adequate.
Angle θ is counted from semi-axis +z, angle φ is counted from semi-axis +x. Considering
that the conduction currents on both dipoles l1
and l2 are excited by one signal source having an
invariable amplitude in a wide frequency band
overlapping both first resonant sections of both
dipoles, it is assumed that when one or another dipole is excited, the conduction currents on another
dipole may appear only due to the induced field
(inductive current) of the excited dipole. In this
respect, to solve the interior problem according to
recommendations [1], it is advisable to direct the
dipole arms radius r to zero. Input impedance of
a pair of end-fed dipole radiators (EFDR) excited
simultaneously is determined using the method
of induced electromotive forces in the theory of
wire antennas [1]:
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Fig. 1. Wire model of dual-band antenna exciter
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, (3)

where B = (a – 2c +b) 2 + (a 1 – 2c 1 + b 1) 2,
a = Re(Z 11 ), a 1 = Im(Z 11 ), b = Re(Z 22 ),
b1 = Im(Z22), c = Re(Z21), c1 = Im(Z21).
According to these expressions, the reactive
and active components of the input impedance of
the EFDR significantly depend on the reactive
and active components of the eigen- and mutual
impedances of the radiators included in the system. This problem was partly investigated in [7].
To fully describe such a radiator in terms of the
restrictions imposed on it, it is necessary to determine its directivity characteristics and correlate
them with the matching mode. For this purpose,
we find the superposition of the fields of both
linear conductors of the system in Figure 1 in the
direction of the y-axis. It can be expressed by the
additive function:

This function is determined in a closed form
based on the principle of the superposition of vector potential A for its z-component at an arbitrary
point in the space of the far zone and represents the
dependence of the modulus of total field vector E
(
). It is important to note that the
parameters of this objective function include all
geometric dimensions of the system of radiators,
which allows us to consider it as a comprehensive
characteristic of directivity when solving the problem of optimising the exciter model. By varying
parameter m, the amplitude of the induced current
on the surface of the radiators can be changed. At
m = 0, the formula for the total field is degenerated
into the formula of the field of the isolated EFDR.
When forming the strategy of the dual-band
Yagi antenna synthesis, it is necessary to include
function (4) as an additive component in the global
objective function of the exciter, where the
second component will be the objective function
of matching the system with the feeder line of the
given wave resistance rating. For this purpose, we
further specify (4) for operation under resonance
conditions.
Let us introduce the length ratio kf = fp1/fp2 =
= l2/l1. For kf = 4/3, for example, the relative value
of operating range spacing will be equal to (fp1 – fp2)
–
/ fц = √3/6 ≈ 28.87 %, where
. With this
in mind, expression (4) is written as follows:

(5)
.
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where ZUi is the matrix with the i-th column
in the form of a column of free terms. Here,
Z ij in the matrix determinant operator designates the element of the equivalent multi-port
circuit’s impedance matrix, N is the number of
end-fed dipole radiators. By extracting the real
and imaginary components from (1) for N = 2,
we obtain:
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Thus, function FE is nothing else than a
generalised objective function of the directivity of
a system consisting of two EFDRs. Its normalised
value for different amplitudes of induced currents
with variable inter-element spacing d and kf = 1 is
shown in Fig. 2a. Figure 2b shows the same function for kf = 4/3.
In Figure 2b, the parameter d varies from
zero to λ/2, since arm radius r in the mathema
tical model is directed to zero. As for dual-band
operation, it is important to estimate mutual compliance with the criteria of harmonisation and
orientation of the system. They can be estimated
by comparing coefficient kf in the DF graphs and
the complex impedance graphs as functions of
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this coefficient. This provides an insight into how
these characteristics compete when the system
geometry changes.
The relationship between the directivity and
matching of the dual-band exciter and kf is explained in Figs. 3 and 4 that also take into account
the value of inter-element spacing d.
The graphs show there is the kf optimum
depending on the requirements (either directivity
or matching), as shown in the graphs indicating
the maximum achievable ratios between directi
vity, matching and frequency spacing.
To compare the obtained theoretical assumptions with the simulation of electrodynamic characteristics of dual-band Yagi antenna
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Taking into account the final thickness of
the wire model of radiators, the expression for the
input impedance of the system will change; however, this change is not fundamental, because the
goal is to define the concept design of the radiator,
the dimensions of which are to be determined at
the stage of final optimisation of the printed model
in a special-purpose electrodynamic modelling
software package using the finite-element method
or the confidence regions method.
Dual-band Yagi antenna
synthesis strategy
The system architecture of the synthesis strategy
of the antennas in question, taking into account
the theoretical assumptions based on the electrodynamic characteristics of the radiator with a
non-standard type of excitation, shall be based
on the sequential complication of the considered
parametrised models, the operations of which are
aimed at finding a global solution within the space
of geometric dimensions of the proposed structures. In this respect, the key requirement is to take
into account the specifics of the end-fed radia
tor’s electrodynamic mode of operation, because
solutions to the interior and exterior problems
of electrodynamics of the latter do not coincide
with those for the classic central-fed dipole antenna. This means that it is not possible to simply
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models, the patented [8] dual-band antenna with
a strip-slotted balun was used, previously published in [5]. RP simulation results are shown in
Figs. 5 and 6.
Here, theoretical RPs are calculated for
the wire exciter (Fig. 1). As we can see, the
simulation results are in a good agreement with
the theoretical curves regarding the copolarisation in low subbands. Transition to the upper
subband results in the parasitic effects of the
printed balun, which, in the ideal case, shall not
radiate electromagnetic waves, but this is very
difficult to achieve. Figure 7 shows the results
of measurements of radiation patterns (dB) in an
anechoic chamber in the context of copolarisation and cross-polarisation, which are compared
with the simulation result.
As we can see, there is a sufficiently high
degree of matching between the simulation and
experiment characteristics.
Figure 8 shows nomograms of DF in different frequency bands with variable lengths of
low-frequency and high-frequency director elements of the dual-band Yagi antenna.
Mutually orthogonal gradient surfaces
of levels indicate the possibility of individual
adjustment of resonant subband frequencies,
which is possible with small amplitudes of currents induced on radiators.
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Fig. 5. Comparison of theoretical and simulated antenna RP (DF) with end-fed antenna excitation of the electric field
intensity vector plane for lower (a) and upper (b) subbands:
– theory,
– model
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Fig. 6. Comparison of theoretical and simulated antenna RP (DF) with end-fed antenna excitation of the magnetic field
intensity vector plane for lower (a) and upper (b) subbands:
– theory,
– model

— —

“copy” the described procedures for a central-fed
equivalent in order to construct the algorithmic
procedures for forming the topologies of antennas
with such excitation.
The first stage includes a procedure for calculating the basic electrodynamic characteristics
of the dual-band exciter and individual non-linear
optimisation of lengths and inter-element spacing
in a non-specialised mathematical software
package.

At the second stage, a mathematical model
is considered in order to specify the competing
nature of the matching and directivity characte
ristics. The model defines a subspace of system
dimensions, where the additive function of directivity has its minimum.
This allows to go to the third stage, where
the cylindrical geometry of the wire model is
converted into the printed equivalent with account for the established design and technological
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requirements of the domestic radio engineering
industry.
At the end of the third stage, the final veri
fication of dimensions of the dual-band Yagi antenna topology is carried out in a special-purpose electrodynamic modelling software package,
which allows to take into account, with high accuracy, the features of the balanced-to-unbalanced
converter topology (abrupt changes of the strip
line width, bends, turns, microstrip to slot transitions). One of the objectives of the final verification is to achieve a mode when power supply
circuits actually do not radiate, i.e. all the energy
is “pumped” to the EFDR. In this case, no degradation of characteristics occurs.

38

Conclusion
The obtained results, on the one hand, indicate
the adequacy of the mathematical model of the
dual-band end-fed antenna exciter that uses the
classical approach to solving interior and exterior
problems of electrodynamics of a thin electric
vibrator. On the other hand, the results confirm
the adequacy of the system-design approach to
the development of antennas with a non-standard
type of excitation. Such antennas, being linearly
polarised, can be used in dual-/multi-band radars. In addition, the obtained characteristics of
the maximum achievable performance of a wiretype dual-band Yagi antenna will allow for the
system-level analysis of the maximum achievable
parameters of the radiating module and its operation modes in order to increase the radar potential.
This study was financially supported as part
of Novosibirsk State Technical University deve
lopment program, scientific project No. C21-16.
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Электродинамика проводных двухдиапазонных излучателей дипольного
вида с концевым типом возбуждения
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«Новосибирский государственный технический университет», Новосибирск, Российская Федерация

В работе в достаточно краткой форме приводится анализ основных электродинамических характеристик,
необходимых при проектировании возбудителей двухдиапазонных директорных антенн (ДДА) дипольного
вида, состоящих из двух электрически тонких проводников. Исследование концевого типа возбуждения
упомянутой системы проводников позволяет создать предпосылки к проектированию принципиально
новых схем классических дипольных излучателей, когда исключается необходимость располагать
питающие полоски, возбуждающие непосредственно плечи диполя, в непосредственной близости, и тем
самым ослабляется их электромагнитная паразитная связь. Последнее препятствует возникновению
асимметрии в распределении амплитуды поверхностных токов на плечах диполя, позволяя увеличить
его направленность и согласование с питающим фидером.
Ключевые слова: излучатель дипольного вида, направленность, согласование, двухдиапазонные антенны.
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