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 Log-periodic antennas have high electrical characteristics over a wide frequency range. 
The large length of the antennas is their significant disadvantage caused by the fact that 
each active region consisting of several radiators operates in a narrow frequency range. 
To extend this range, it is proposed to use radiators with concentrated capacitive loads, 
providing in-phase currents with a linear amplitude distribution law. An approximate 
calculation of the fields and directional characteristics of a complex multielement radiating 
structure is performed using a new method of electrostatic analogy based on the assumption 
that the ratio of emf in the radiator centers is equal to the charge ratio on the conductors 
of the electrically neutral system. The problem of optimization of considered antennas by 
methods of mathematical programming is formulated. 

Keywords:  
Antenna theory,  
Directional antennas,  
In-phase current distribution,  
Method of electrostatic analogy,  
Numerical calculation 

 

 

1. Introduction 

The use of concentrated loads included along the axis of a 
linear antenna allows solving the synthesis problem, i.e., to obtain 
an antenna with required characteristics, more precisely with 
characteristics closest to required [1]. The special case of this 
problem - the creation of an antenna that provides a high level of 
matching in a wide frequency range and a maximum of radiation 
in a plane perpendicular to the axis of the radiator – has a great 
practical importance. 

A conventional linear radiator does not satisfy these 
requirements. A reactive component of its input impedance is 
great everywhere except of a vicinity of a series resonance. When 
the length of a radiator arm is greater than λ7.0  ( λ  is a 
wavelength), the radiation in the plane perpendicular to its axis 
decreases, since anti-phase segments form on the current curve. 

The task of creating a wide-range radiator is to determine the 
types and quantities of loads that provide high characteristics of 
the antenna in the operating frequency range. This task was solved 
by applying concentrated capacitive loads (capacitors) installed 
along the axis of the radiator and forming an in-phase current with 
a given law of the amplitude distribution along the antenna. The 
solution was based on an understanding of the advantages of in-
phase current distribution and Hallen's hypothesis on the use of 
capacitive loads, the values of which vary along the radiator axis 
in accordance with a linear or exponential law. The chosen 
approach confirmed the Hallen’s hypothesis and demonstrated the 
effectiveness of the proposed approximate methods of calculating 

capacitive loads: the method of impedance long-line and the 
method of a long-line with loads. The loads calculated by these 
methods were used as the initial values for numerical solution of 
the problem by methods of mathematical programming. 

Since the placement of concentrated capacitive loads along the 
radiator allows to obtain not only a high level of matching of the 
antenna with the cable, but also high directional characteristics in 
a wide frequency range, the application of these loads had been 
considered in radiators – first in a linear antenna and then in 
directional one. 

It should be emphasized that the optimization problem, as a 
rule, is solved in two stages. At the first stage an approximate 
method of analysis, based on physical representations about the 
nature of the problem, is developing. At the second stage, 
approximate results are used as initial values for the numerical 
solution of the problem by methods of mathematical 
programming.  

The proposed method of an approximate analysis of antennas 
characteristics allowed us to calculate the directional patterns of 
radiators with a given current distribution and to compare 
performances of antennas, in which various laws of current 
distribution are realized. This is, firstly, the linear metal antenna 
with a sinusoidal current distribution along its axis, and secondly, 
the linear antenna with an in-phase current and with a linear or 
exponential law of an amplitude distribution.  Calculations show 
that the use of linear antennas with capacitive loads makes it 
possible to obtain in the wide frequency band the desired shape of 
the radiation pattern, which provides a substantial increasing the 
communication distance. 
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To evaluate this shape, a special parameter has been 
introduced - the pattern factor, equal to an average radiation level 
in a given range of vertical angles, for example, at anglesθ from 
60° to 90°. This parameter shows in fact what part of the signal is 
propagating along the earth's surface, i.e., it is useful for 
increasing the communication distance. With the help of the 
proposed method, it is shown that the in-phase current distribution 
in linear and V-radiators provides not only a high level of 
matching, but also the high directivity and smooth variation of this 
directivity over a wide frequency range [2]. 

For an approximate calculation of the fields of complex 
multielement radiating structures, the method of electrostatic 
analogy was proposed. It is based on the assumption that the ratio 
of emf in the radiators centers is equal to the ratio of the charges 
located on the conductors of electrically neutral system. This 
allows proposing a simple and effective procedure of calculating 
directional characteristics of director and log-periodic antennas 
with concentrated capacitive loads. The calculation results 
confirm the possibility of increasing the frequency range of the 
director antennas and decreasing the length of the log-periodic 
antennas. 

The results of applying this method to calculating the 
directional characteristics of director antennas are given in [3]. 
They are compared with the characteristics of director antenna, 
described in [4] and consisting from four metal elements: active 
radiator, reflector and two directors. When optimizing the metal 
antenna, the mathematical programming method was used. The 
application of the approximate method of electrostatic analogy to 
a metal antenna confirmed the results obtained in [4]. With the 
help of the presented procedure, it was shown also that in-phase 
current distribution in radiators of the director antennas provides 
the higher directivity in a wide frequency range. 

The remainder of this paper is organized as follows. In Section 
II, the proposed method of analysis is applied to the calculation of 
fields and directional characteristics of an active region of the log-
periodic antenna. The numerical results obtained in Section III for 
such antennas with in-phase currents show that the number of 
such regions can be substantially reduced. The section IV contains 
conclusions, which emphasize a theoretical interest and practical 
benefits of the work. 

2. Method of Analysis 

In accordance with a well-known method of analysis of a log-
periodic antenna [5], we consider an active region of this antenna, 
consisting of three radiators (Fig. 1), and find fields of these 
radiators when emf e is located in the center of the middle radiator. 
In accordance with Kirchhoff’ law other generators must be short-
circuited. As shown in [5], this means that emf’s in the centers of 
other radiators and at the ends of sections of a two-wires 
distributive long line in the points of these radiators location are 
shorted also. We regard that the arm length of the middle radiator 
is 40 λ=L , the arm length of the left (longer) radiator is equal to

( )τλ 41 =L , and the arm length of the right (shorter) radiator is
,4/2 λτ=L whereτ is a denominator of a geometric progression, 

according to which the radiators’ dimensions are changed. A 
magnitude σ is the other antenna parameter, equal to

( ) ,cot125.0 ατσ −= where α is an angle between an antenna axis 
and a line passing through radiators ends. The value σ is the 

number of wavelengths between the half-wave radiator and the 
smaller neighboring radiator: σλ=2b . 

 
Figure 1: Antenna of three radiators 

Respectively 1b is equal to τσλ / . As stated in [6], 
generalization of information in the literature leads to the 
conclusion that the minimum changes in the electrical 
characteristics of the log-periodic antenna with metal dipoles 
within the frequency range from f to τf  occur when .19.0/ =τσ  
We regard that this relation is valid for the considered antenna and 
that valueτ for certainty is equal to 0.9. Then λ278.09.001 == LL , 

λ225.09.002 =⋅= LL , 146.0=α , λ19.01 =b , λ171.02 =b . 

As already mentioned, we use the method of electrostatic 
analogy of two structures (of currents and charges), located on the 
same conductors, as an approximate method. We are assuming 
that the ratio of emf’s in the radiator centers is equal to the ratio 
of charges located on these conductors. The positive charge, equal 
to 0Q , is placed on the conductor 0 (active radiator). The charges 
of other conductors i are negative. They are equal to iQ− , and 

their sum is equal to 
0

2

1

)( QQ
i

i∑
=

−=− , i.e., the sum of all charges is 

zero, and the conductors form an electrically neutral system. In 
this system 

                     ,
2

1
000 ∑

=

=
i

iii CCQQ                   (1)                                               

where
iC0
is the partial capacitance between conductors 0 and i (see, 

for example, [7]). From (1) it follows that the charges of the 
conductors i are directly proportional to the partial capacitances

iC0 between these conductors and the conductor 0. The mutual 
capacitance

lC  per unit length of two parallel infinitely long 
conductors of the radius a is equal to  

                            ( )abCl lnπε= ,                                 (2)  

whereε b is the distance between 
the conductors. Multiplying this value into the conductor length, 
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we find in a first approximation the partial capacitance
iC0

between these conductors.  

We divide the active radiator (conductor 0) into two parallel 
conductors (with numbers 01 and 02), and the resulting structure 
of four conductors into two circuits: conductors with numbers 01 
and 1 in the first scheme, and conductors with numbers 02 and 2 
in the second scheme. In accordance with the method of 
electrostatic analogy of the two structures, i.e., in accordance with 
the physical content of the problem, we will assume that the ratio 
of the emf in the centers of the wires 01 and 02 is equal to the ratio 
of the partial capacitances 

01C and
02C , i.e., eeee 48.0,52.0 21 == . 

 
Figure 2: Successive transforming a structure of two parallel vertical conductors 

Fig. 2 demonstrates a scheme for successive transforming a 
structure of two parallel vertical conductors (01 and 1), one of 
which is excited at the center, into a structure consisting of a two-
conductor dipole and two open transmission lines. The scheme is 
based on the theory of a folded antenna (see for example, [1]). As 
can be seen from this figure, the current at the center of each 
dipole conductor and the current at the same point of each 
transmission line are respectively equal 

                  ( )dd ZeJ 111 4= , ( )ll ZeJ 111 2= ,               (3) 

where dZ1 is the input impedance of this dipole, lZ1 is the 
input impedance of each long line. Accordingly, the current uJ 01

of the upper arm of the conductor 01 is equal to the difference of 
these currents, and the current of the lower arm of the conductor 
01 - to the sum: 

        ldu JJJ 1101 −= , ldl JJJ 1101 += .                                      (4) 

The current uJ1 of the upper arm of the conductor 1 on the 
contrary is equal to the sum of these currents, and the current lJ1

of the lower arm of the conductor 1 – to their difference. The field 
amplitude and phase value of each radiator depend on its structure 
and location in an antenna. If the radiator arm is manufactured as 
the straight metallic wire, the current along it is distributed by the 
sinusoidal law                   

                     ( ) ( ) )(sin0 zLkJzJ −= .                      (5) 

Here z is a coordinate along the radiator axis, ( )0J is the 
current in its center, k is the propagation constant. In this case the 
far field of the radiator is equal to   

                 ( ) ( )[ ]kLkL
Sin
AJE coscoscos0

−= θ
θ

,                   (6) 

where ( )
R

jkR
kL

jA −
⋅=
exp

sin
60 , R is the distance to the observation 

point. If concentrated capacitive loads located along the radiator 
axis allow realizing in it the in-phase current with an amplitude, 
distributed along this axis by the linear law, 

                        ( ) ( ) )(0 zLJzJ −= ,                        (7)                                                     

the far field of the radiator (see [2]) is equal to 

              ( ) ( )[ ]θ
θ
θ coscos1

cos
sin0
2 kLAJE −= .                (8)                                                    

Consider an impact of the radiator location on the far field of 
the antenna by way of a specific example of the director antenna, 
shown in Fig. 1. The arm length of the middle (active) radiator is 
equal to 0.3 м, i.e., the wave length of the first (series) resonance 
is equal to 1.2 м. Radii of all conductors are the same and are 
equal to 0.001м. The magnitude τ  is 0.9. 

It is obvious that the maximal radiation of the antenna should 
be directed to the right, toward the radiator 2. Since the radiator 1 
is located from the left of the active radiator 0, at a distance 1b  
from it, its field lags behind the field of the active radiator, first 
on 1kb in phase, that is by the time interval of the propagation of 
the signal from the active radiator to the passive radiator 1, and, 
secondly, by θsin/1kb  in phase, i.e., by the time of the signal 
propagation in the opposite direction, from the radiator 1 to the 
active radiator (signal of the wire 1, radiated at an angle θ , must 
come to the active radiator at the same angleθ , i.e., it must pass 
the distance θsin/1b ,  and not the distance 1b . The total change in 
phase is equal to

θ
θψ

sin
sin1

11
+

⋅−= kb  . Similarly, in the case of 

radiator 2, this phase change is equal to .
sin

1sin
22 θ

θψ −
⋅−= kb   

The total field of the antenna structure shown in Fig. 1 with in-
phase current distribution at angle θ on the base of aforesaid may 
be written in the form 

    ( ) ( )[ ]{∑
=

+−−=
2

1
002

1

coscos1
cos2

sin0
i

i
d

kLe
Z

AJE θθ
θ
θ                                    

    ( ) ( )[ ] }.coscos1exp θψ ii kLj −                                 (9) 

The directivity magnitude is determined by the expression  

          ( ) ( )[ ]∑
=

∆=
N

n
nnEED

1

22 sin2 θθπ ,          (10)                                                

where∆ is the interval between neighboring values
nθ , N is the 

number of these intervals between 0=θ  and 2πθ = . 

3. Examples of Calcultations 

The results of calculating the directivity magnitude for the 
structure, shown in Fig. 1, are given in Fig. 3 depending on an 
electrical length 0kL
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π=0kL  to π100 =kL . 

 
Figure 3: Directivity of structures of three radiators 

Radiation of neighboring elements of log-periodic antenna 
with the arm length 0.27 m and 0.333 m respectively requires 
calculating fields in the structures presented in Fig. 4a and 4b. 
Results of these calculations are given in Fig. 3: curve 3 
corresponds to Fig. 3a, curve 4 - to Fig. 3b. The directivity 
magnitudes in Fig. 3 for specific values kL correspond to the same 
frequencies, i.e., the same values of kL  correspond to the elements 
of equal length in the all three schemes (for example, to the 
elements with the arm length 0.3 m). Fig. 3 shows that the 
directivity magnitudes at the same kL are close to each other. This 
is natural, since the directivity in each scheme increases slowly 
with increasing frequency. Small increasing the active radiator 
length causes at the same kL  the small increase of the resonant 
wavelength, i.e., the small decrease of the resonance frequency 
and the directivity. 

The obtained results show that each active radiator with in-
phase current included in the structure of the log-periodic antenna 
provides high radiation directivity in a wide frequency range. 
Neighboring radiators have similar directivity magnitude. The 
direction of the radiation is the same. A signal propagates along 
the distributive line from short elements to the long dipoles (in 
Figures 1 and 4 to the left), the radiated signal propagates in the 
opposite direction. The total path difference is quite large. For 
example, for the signals radiated by a half-wave radiator and a 
smaller neighboring radiator it is equal to 0.38λ , i.e., it is close 
to a half wavelength. Crossing wires of the distributive line in an 
interval between the elements permits to reduce dramatically this 
path difference. 

Known log-periodic antenna with sinusoidal current 
distribution along the radiators have a property of automatic 
currents "cut-off", i.e., a separate antenna section (active region) 
radiates a signal in a narrow frequency band. Outside this band, 
outside the borders of the active region the signal decays rapidly. 
Wide frequency range is provided by a large antenna length, 
which is equal to the sum of the lengths of the active regions. 
Attempts to reduce the antenna length by disturbing a geometric 
progression and increasing a radiators number lead to a small 
dimension decrease and a sharp deterioration of electrical 
characteristics. The more effective methods are firstly a two-fold 
use of each active region by an application of linear-spiral 
radiators and secondly an employment of an asymmetrical log-
periodic antenna with coaxial distribution line [6]. These methods 
allow decreasing the antenna length by 25-30%. 

 

 
Figure 4: Structures of smaller (a) and greater (b) neighboring radiators 

  

Replacement of the straight metal radiators by the radiators 
with concentrated capacitive loads allows obtaining a high 
directivity in a wide frequency range, using a simple structure of 
three radiators. Increasing the radiators number in the structure 
must allow to dramatically increasing its directivity. 

4. Conclusion  

In this work the following results are obtained: 

1) The method of electrostatic analogy is proposed for 
calculating fields of complex multielement antennas. It is based 
on an assumption that a ratio of emf in radiators centers is equal 
to a ratio of charges located on conductors of an electrically 
neutral system. This method had been used for calculating 
directional characteristics of log-periodic antennas.  

2) The given procedure permitted to compare the directional 
characteristics of log-periodic antennas with sinusoidal and in-
phase current distribution in simple radiators. It was shown that 
replacement of the metal radiators by the radiators with 
concentrated capacitive loads allows providing, using a few 
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radiators, the high directivity in a wide frequency range, i.e., 
decreases sharply the antenna length. Increasing radiators number 
must allow increasing substantially the antenna directivity.  

Results obtained by means of the method of electrostatic 
analogy may be used for solving optimization problem log-
periodic antennas by methods of mathematical programming. 
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