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Mutual Coupling of Near Collocated Monopoles

Motti Haridim, Boris Levin, Michael Bank, Yoav Trabelsi, S. Tapuchi

Abstract- The electrical characteristics of two monopoles with
different lengths located in the near region of each other are analyzed.
The self and mutual impedances of both radiators are calculated, the
mutual coupling between two monopoles is considered. It is shown
that as in the case of two monopoles with equal lengths the structure
of two monopoles with different lengths can be modeled as a
combination of two-wire transmission line and monopole with
stepped change of equivalent radius. The current distribution along
each conductor is found. Also the method is applied to the multiple-
wire radiator. Calculations are based on the folded dipoles theory, on
the theory of electrically coupled lines located under ground, and on
the superposition principle.

Keywords - Folded dipoles, Monopole antennas, Mutual

coupling, Near fields, Transmission lines.

I. INTRODUCTION

The requirement for creating a weak field area in the
transmitting antenna near region stems from the necessity to
protect vulnerable devices or phone users from RF irradiation.
In accordance with the compensation method proposed by M.
Bank [1], such problem can be efficiently solved by
employing two radiators, the fields of which mutually
suppress each other in a certain desired area. For this purpose,
between the main radiator 1 and the user’s head an auxiliary
radiator 2 is placed in the vicinity of the main radiator, as
depicted in Fig.1.

Development of the compensation method theory required
calculation of fields produced by two linear electric radiators
of finite lengths located in their near regions [2]-[7]. This
calculation is based on the folded dipoles theory and on the
superposition principle. The two radiators system is divided
into two circuits: an open-ended long line and a two-wire
linear radiator (for example, monopole) with an equivalent
radius. If the wires have equal lengths, the line length and the
monopole height equal the wire length. But, if the wires have
different lengths, it is necessary to determine the input
impedance of each circuit and the current distribution along
each wire.

Analogous problems occur with multiple-wire radiators. For
example, a radiator may consist of a long central rod with load
and a system of identical shorter wires located around this rod,

Manuscript received March 22, 2011.

Motti Haridim is with the Holon Institute of Technology, Holon, Israel (e-
mail mharidim@hit.ac.il).

Boris Levin is with the Holon Institute of Technology, Holon, Israel
(corresponding author, phone 972-3-5026694, e-mail levinpaker@gmail.com).

Michael Bank is with the Holon Institute of Technology, Holon, Israel (e-
mail bankmichaell@gmail.com).

Yoav Trabelsi is with the Holon Institute of Technology, Holon, Israel (e-
mail Y Trabelsi@iai.co.il).

S. Tapuchi is with the Sami Shamoon College of Engineering, Israel

45

in parallel to it. Another example of such problem is the
analysis of a mast influence on the characteristics of a vertical
wire antenna suspended in parallel to the mast [8].

We shall consider these problems by the example of a weak
field area creation. In accordance with the compensation
method, in a point A inside the head two radiators create the
fields, the  wvertical components of which have equal
magnitudes and opposite signs. That point is called the
compensation point. Around this point a weak-field area is
produced.

This paper is organized as follows. In Section 2 the
procedure, which allows us to analyze the antenna system as a
superposition of two sub-systems with in-phase currents (even
mode) and anti-phased currents (odd mode), is considered. In
Section 3 it is shown that the input impedance of a line with
wires of unequal lengths is equal to the input impedance of a
line with the short wires, loaded by a small capacitance. From
the results of Section 4 one can see that the currents along
both sections of the monopole are distributed in accordance
with sinusoidal law. In Section 5 the results of the mutual
impedances calculation for the radiators of unequal lengths in
the near region are given. In Section 6 the method of multiple-
wire radiator calculation is considered.

I1. SUBDIVIDING INTO TWO SYSTEMS

Fig.2 shows the equivalent circuit of the two radiators
structure for the case when an emf e, is connected to the input
of the first radiator (hereafter, the active antenna), and the
second radiator is not driven. In Fig.2, R; is the output
impedance of the first generator; R, is the input impedance of
the second generator (it may be measured at the input of the
cable leading to this generator), and usuallyR, =R, =R.

In accordance with the theory of folded monopoles, we
consider an equivalent structure, in which two generators of

equal emf (e, /2) are connected to the terminal of the second

S

Fig.1. The compensation method
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Fig.2. The two-radiator system

radiator in opposite directions, and the emf € of the active
radiator is split into two generators of equal emf 91/2 and

direction, as depicted in Fig. 3. This procedure allows us to
analyze the antenna system as a superposition of two sub-
systems with in-phase currents (even mode) and anti-phased
currents (odd mode). The odd mode sub-system represents an
open-ended transmission line, and the even mode sub-system
represents a monopole.

If the wires have equal lengths L, we can write for the two-
wire line of Fig. 2

e, =J,(Z, +2R), 1)
where J, is the current at the line base, Z, =—jW, cotkL is
the input impedance of a line with length L,
W, =120In(b/a) is the line’s wave (characteristic)

impedance, b is the distance between the wires, and 2 @ is the
diameter of each wire. The current at point C is equal

toJe, =€,Y;, and the current at point D isJ , =—€,Y,,
where
Y, =1/(~ jW, cotkL + 2R).
For the monopole we can write
e,/2=13,(Z, +R/2), (2)

whereJ, is the current at the monopole base, and

Z =Zm(L,aE) is the input impedance of a monopole with

length L and equivalent radius a,, given by vJab. The
currents at points C and D are the same

‘]Clr = ‘]Dlr = e1/(4Zr +2R): e1Y !
where Y, =1/[4Z,_(L,a,)+ 2R]. So, if emf e, fed the

Al A2 Al AZ Al AZ
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Fig.3. For calculation of the input impedance
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first radiator, the currents at the first and the second radiator
bases are

J11 = el(Yl +Y2)' J21 = el(_Yl +Y2)-
Similarly, if emf €, is connected to the second radiator input,
the currents at the radiator’s bases are

J12 :eZ(_Yl +Y2)1J22 :eZ(Yl +Y2)-

According to the superposition principle the currents at the
radiators’ terminals are

Ju :(el _eZ)Yl +(el +62)Y2,

Jo=(e-a N +e+e)Y,.

And the input admittances of the radiators are
Yu=Ju/6 =Y, +Y, +e,(Y, =Y,)/e,
Yo,=J,./6 =Y, +Y, +e(Y,-Y,)/e,. 4

If the radiators have different lengths, the problem is
complicated.

®)

1. TWO-WIRE TRANSMISSION LINE

As shown in Fig.4a, a two-wire line consisting of parallel
wires of unequal lengths has two sections: a lower section of

lengthL =1, and an upper section of lengthl =1, —1,,

where |, is the length of the longer radiator, and |, is the

length of the shorter one. The lower section consists of two
parallel wires of circular cross section of the same lengths and
radii. The capacity per unit length between such wires placed
in a homogeneous medium of permittivity £ is given by

C, = ¢/In(b/a). (5)
Here a is the wire radius, and b is a distance between wires
axes. The linear capacitance C; determines the wave

impedance of the two-wire line lower section.

We shall take account of the upper section effect on the line
input impedance by calculating the capacitance between the
upper part of the longer wire (of length I) and the short
radiator (Fig. 4b). This capacitance equals the difference of
two capacitances:

a) 8)
ll F 3
~ i
¥ Iﬂ—h
2aq| b |2 o
o L S
-e
1//2 ]/ L 2

Fig. 4. The account of line’s upper section
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C=C,-C,L. (6)
Here C1 is the total capacitance between the longer and the
short wires, C, L is the capacitance between the line wires of

length L. At that C, is given by (see, for example [9])

where

1 L

C = (au +ay — 20 )_1' @
=——In|—+
2mel a

LY | a a\’
1+ —| [+—-— 1+(—] ,
() (i

1 L+l (L+IT a ( a jz
oy =——3IN—+ || — | L |+——|| — | +1
2zfL+l)| | a a L+l YL+

Oy

2 2
S S (SR (SR S £
4re(L+1) b L
2 2
+L+|nL+|+ (L+|) +b +£m_
L b L
12 2
—{In%+£—l (L+1)* +b? |,

At L/a,l/a>>1, we obtain

1 ( 2L )
a, =——|In—-1}|,
27sl a

1 2(L+1
o, = In ( b )—1 ,
27e(L+1) a
Therefore, the input impedance of the line with wires of

unequal lengths equal to the input impedance of the line with
the short wires, loaded by a capacitance. Calculations show

that this capacitance is small in comparison with CO of the
line. In particular, for L=7.5, b=1.0, 2a=0.05 (all dimensions
are in centimeters) we have CO =7.5 pF, and C calculated in

accordance with (6) for | from 1 to 4 cm changes from 0.05 to
0.1 pF, where it is assumed that the wires are located in air,

Table 1. Capacitive loads due to unequal wire lengths and
elongations lyand ly; at 2a=0.05 cm

l,cm  lp,ecm  lgg,cm  C, pF
0.0 0 0 0.020
0.5 0.22 0.19  0.037
1.0 041 0.39  0.050
1.5 0.56 0.52  0.063
2.0 0.69 0.86  0.073
25 0.80 1.10 0.081
3.0 0.90 1.38  0.089
35 0.98 1.66  0.095
4.0 1.05 1.94 0.101
4.5 1.12 2.17  0.107
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Fig.5. The simulation model for the two-wire transmission line

ie. £=107/(367).

The capacitive load at the end of the open line is actually
equivalent to its elongation by I, beyond the line’s length L.
The elongation value is obtained from the expression

1
l, = n arccot (8)

wCW,

The calculation results are given in Table 1. Table 1
presents the values of capacitance C, and also the distances lq
for given wires dimensions at frequency 1GHz.

The obtained theoretical results were verified by the CST
simulation. The system model used in the simulations is
shown in Fig.5. In this Figure e is a discrete port (generator),
and R is the output impedance of the generator set to 50 chm.
These calculation results are also presented in the Table 1 (the
length lo;). At that the magnitudes I, and lo; are decreased by
their values for 1=0 cm. The calculation and simulation results

are close to each other, ifl <0.14, and show that the input
impedance of a line with different wire lengths differs
somewhat from the input impedance of a line with wires
having the same lengths as the shorter wires.

The analogous results at 2a=0.2 are presented in Table 2.

IV. MONOPOLE OF PARALLEL WIRES

The not less important second problem is the input
impedance calculation of a linear radiator (monopole)
composed of two wires with different lengths (Fig. 6a). Fig.
6b shows an equivalent asymmetric line for this radiator. The
current distribution along the monopole wires is calculated in
accordance with the theory of electrically coupled lines
located under ground, developed by A. Pistolkors [10].

In this case, since the line wires have different lengths, it is
necessary to divide the equivalent line to two sections, as
shown in Fig. 6b. The expressions for the current and potential
of wire n at section m of the asymmetric line of N wires

Table 2. Capacitive loads due to unequal wire lengths and
elongations lyand ly; at 2a=0.2

l,ecm  lg,ecm  lgg,cm  C, pF
0.0 0 0 0.047
0.5 0.21 0.15 0.073
1.0 0.37 0.30  0.093
15 0.49 045 0.108
2.0 0.58 0.61 0.119
2.5 0.65 0.79 0.128
3.0 0.71 1.00 0.135
35 0.75 1.24  0.140
4.0 0.78 1.48 0.144
4.5 0.81 1.64  0.148
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Fig.6. Monopole and equivalent asymmetric line

take the form
(m) M (m)

2U,
W(m) _Zw(m)

s=1

i™=1M™ coskz, + j{ }sm kz,,
9

u™ =U™ coskz,. +JZP§?) 1M sinkz,,
s=1

where e, respectively, the current and

| ™and U™ ar
potential at the beginning of section m of wire n (at point
Zn =0), n=12 m=12 M is the quantity of wires at

(m)

section m, andW " and pr(]m) are the electrostatic and

electrodynamic wave impedances between wire nand wire s
at section m. If the distance between the wires is small as
compared with the wires lengths, one can assume

pi =const(n) = p™, p{ | =const(n) = p{",

m m m m
W =const(n) =W,"™, W™ | =w,™.

The zero currents at the ends of the wires and the continuity of
the current and potential along each wire permit to write the
boundary conditions

m

0], =i [, =0 i ] =i |

2 z—o'

ul | =e.

From these boundary conditions we get:

(2) | (2) | (2) |

Z2=|2 z,=l,

(1)

1P =1P =0;12 =j —isinkl;U{? =U.” coskl;
1

@ _ @
U =U"|coskl - %sin kI - tankL |;

Wl

(2) *
u® = ¢ 1- 21 _tankitankL | .
cosklcoskL |~ w,®

The current along the first section of the longer wire as a function of z-
coordinate is given by

0 U @
iV =] W (1) sink(l, —z), (10)
The current along the second section is
i juo sin kI cos kz, os ki 1 1
Wl(l) Wl(z) WZ(Z)
2 _ ,@
(1-21—P2 Vankitan kL Jsinkz, )
W1(1)
The current along the shorter wire is
1
i = ju® cos kI -y
W2
(2) (2)
|1- o —py! tankl tankL }sinkz,.
Ww.@
1
The total current along the second section is
0 ju m{sin Kloosk(L—2) , i
w. @
1
() _ ,@)
. 1(2 _— 1-Pr P2 VankitankL |-
W, ) WZ(Z) Wl(l)
sink(l, - z) } (11)

One can see from the obtained expressions that the current
along both sections of the monopole is distributed in
accordance with sinusoidal law as in the known case of a
monopole consisting of two segments each with different
wave impedances (for example, with different wire diameters).

Let us write the expression for the total current along the
monopole in the form

J.(z)=A, codkl —z)+ jB, sinkl_ -

In accordance with presented earlier formulas

) m+1<Z<I

A =0 u’ A o
=0, B =—= A, = j—5sinkl,
w, WO
B, = 2U Y coskl =
1 1 p(z) _ p(2)
*{W(Z)_W(z) <1— lW(l) 2_)tankl tankL |-
1 2 1

The input reactance of the monopole is equal to the input
impedance of the equivalent long line:

ol

g

tankl tan kL} cos? kL

1

tankl cos? kL
Wl(l)

,(12)
+ Dsin2kL
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2 (2
where D = L 11— P1 P, |tankl tankL
Wl(Z) Wl(l) WZ(Z)
The radiation resistance of the monopole is

R, =40k?h?Z,
where h, is the effective height

h :%(o)i{'%smk('m )+ 1Bl—cosk(l, . )= :ﬁ-o)

(13)

+sinklsinkL+coskl|2DW"(1—coskL) -1 (14)
i |

(l)

In the presented equations the wave impedances Wn(sm) and
(m)

Pns are used. The magnitudes of these impedances are
determined by potential coefficients:
(m)
P
pr =pl" == 60py),
(m)
(m) = plm — Fns  _gopm
pns |s¢n p2 272'80 pns
At the section with one wire
o_ o_ P 0
1 1 271'8C 1
at the section with two wires
1 __ P 1 __ P>
WD pl—pl WP pf—p?

The potential coefficients pr(]”‘)are calculated by the method

of mean potentials in accordance with a real location of
antenna wires. The simplest variant of this method is the
method of Howe. It is easy to show that the mutual potential
coefficient of two parallel wires with the same length, the
dimensions and location of which are given in Fig. 7, equals

p(L, I,b):ﬁ[(br I)arshLTH—ZLarshIBJr

+(L—I)arshLT_|— (L+1)* +b? -

—JL=1)? +b2 + 2412 407 ]
Then the self potential coefficient of n-wire at m-section
taking into account mirror image equals

™ —pll —1,..,0,8™ = plI,, =11, +1

where | and |_., are the coordinates of m-section tips,

a(m)

m+l ' m+l? ¥

I, +1,.,is the distance between lower tips of

Fig. 7. The mutual location of wires
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m-section and its mirror image, ar(]m) is the n-wire radius at the

m-section. The mutual potential coefficient between the m-
sections of n-wire and s-wire equals

= [ Ob(m)] p[l b(m)]. Here

bg') is the distance between axes of n-wire and s-wire at the
m-section.

m+1 ! m+1 7 m+1 !

V. MUTUAL INFLUENCE OF RADIATORS

As is well known, a current and an input impedance of a
radiator depend on neighboring radiators currents and mutual
impedances. One can write for a system of two radiators

€ =Jnly + 0Ly € =l +J 025 (15)
Here €, ande, are the electromotive forces (emf) connected in

the bases of the first and second monopoles, Z; and Z,; are the
self-impedances of the radiators, Z;, and Z,; are their mutual
impedances.

Either of the two expressions (15) is Kirchhoff equation for
a circuit. A set of Kirchhoff equations is valid at an arbitrary
relative position of radiators. From (15) in particular it follows
that

€2y —€2y €21, —8Zy

anzz - Z12221 anzz - lezzl
that is the current in each radiator is the sum of the currents
produced by the self generator, as well as the generator of the
neighboring radiator (because of the mutual coupling between
radiators). The relation of these currents depends on the
mutual coupling size that is depends on the radiators
dimensions and location.

In order to determine the self and the mutual radiators
impedances (with equal wire radii), we compare expressions
(16) with expressions (3). Considering that

Jy = a = ,(16)

8,2,
JymafE eV, +Y) =2 e, -,)
anzz 212 211222 212
—-eZ
21 ez(Y +Y) e%122 :el(YZ _Yl)’
211222 Zi leZZZ_ZlZ
we obtain:
Z _ZZZ’Y +Y %’Yl YZZ%'
211 - Z 211 - 212

Adding and subtracting left and right parts of last two
expressions, we find:

2y, = L 2Y, = r
le - le Zn + le
. 1 1
that is Zy,+2y, =Tzl Z,-Z, :Z—Yll
and consequently
111 1 111 1
Zy=Lp=21T+ 1 e=7|g v |
4y, Y, 4\Y, Y,
from which
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Z,=2,,=2,(L+l,a,)- j%cotk(L+lo)+ R,
.(17)
Z,=2(L+la)+ j%cotk(ulo)
The calculation method for the transmission line is

considered in Section 3. In accordance with it the wave

impedance of the line is

W, =120Inb/a,
and the elongation value is obtained from the expression (8).
The input impedance of the monopole equals

Z =R +jX,,

where the input resistance is Ry = 40k *h?, and the input

(18)

reactance is X , = -W, cotk(L +1.).

At that the effective height h, isequalto h, = h, +h,,
where
sinkl, kl
= —— —tan—,
ksink(L +1,, 2

coskl, —cosk(L +1,)
h, =

ksink(L+1,)
2(L+1) 2(L+1) }
W, =60/ In=——2_1|,W, =60 In=——~ -1/,
; {” Jab } 1 [ a
I, :%arccotwlc—mkl.

I
The results of the self and mutual impedances calculation of
the radiators with unequal lengths in the near region are given
in Fig. 8. They are accomplished in accordance with the
described method for variant with L=7.5, b=1.0, 2a=0.05
depending from | (all dimensions are in centimeters).

VI. MULTIRADIATOR ANTENNA

One can apply the calculation method based on the theory of
electrically coupled lines located under ground, which is used
at the input impedance calculation of a linear radiator
(monopole) composed of two wires with different lengths, for
analysis of multiple-wire radiators. One of possible multi-

R, X, ohm
300 )
)(M Vi -
-~
200 _{
- -
RiR.R, - -
100 el —
.—-é':—_""/ X
IR
0 == :: """""""""""""" L cm
1 2 3 2

Fig. 8. The self and mutual impedances of the radiators with unequal lengths
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radiators antenna variants is presented in Fig. 9a. An
equivalent asymmetrical line is given in Fig. 9b. Antenna
consists of the central radiator 1 with complex loading

impedance Z, and side radiators 2 located around the central

one along cylinder generatrixes and connected to the base of
the radiator 1. The sake of simplicity let us consider that
geometric dimensions of the side radiators are the same,
though one can solve the problem in the general case. Then
one may reduce the asymmetrical line to two-wire one and to
obtain the solution for the current in an explicit form. At that
first wire of an equivalent asymmetrical line is the central
radiator, and the second wire is a system of N-1 side radiators
(N is the total quantity of radiators).

If the wires of the line have different lengths, at that loading
impedance is connected to one wire, it is necessary to divide
the line into three sections. The expressions for the current and
potential of n-wire in m-section look like (9). The boundary
conditions for the two-wire asymmetrical line shown in Fig.
9b look in the following way

i@ —i® -0 i® _i(
L |21:0 =1 |z3:0 =0 Iy |21:I1—I2 -1 |22:0’
i@ —i® @ —u® _i@ .(19)
L |22:I2—I3 =h |z3:0’ U |21:I1—I2 = ) ZO |22:0’
(2 —u® -y —u® -
U |22:I2—I3 -1 |23:O’ U |23:I3 =U; |z3:I3

These conditions mean the absence of the currents at the free
ends of the wires and continuity of the current and the
potential along each wire with the exception of the point

where the load Z,, is placed and the potential step occurs.
Substituting (9) into (19) and solving the equations system,

we find all coefficients |™,U ™ and afterwards the total

current along the antenna as function of the coordinate

gzlm_zm

a) Fy g b)
2a1m
F‘.‘I—G
Zo HZ ) | ¢ @ O
—-—51—21 "_‘E‘;I " 7
2a, | 1 1 Z,
2a1(3) 2  ———
131— “«——
ol
2
k. h ll »

Fig. 9. Multi-radiators antenna with complex loading impedance (a) and
an equivalent asymmetrical line (b)
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<

iYesink(l,— o)1,
1

U, sink(l, —¢)
p, 2usinkthe =e) ) oy

P sink(l, —1,) = T

¢c<l,

jﬂ[D1 cosk(l, —¢)+ D,sink(l, —¢)[0 < ¢ <1,
P

(20)
where
sink(l, -1, )sink(l, —1,)
D, = . '
sink(l, —1,)
o — sink(ll—lz)cosk(lle—h){ 1 1.
2= sink(—1,) we W
1 1], P-4
_ _ tank(l,, 1, tankl
[ [

Here U, :Ul(l)’wl(ll) = 1(1)1/02 :W1(12) = 1(5)

complex magnitude, which is obtained from the expression

Zy - Jpﬁ) cot k(ll - Iz): - Jpl(f) cotk(l, —1,).
The input impedance of the asymmetrical line is
Z, =¢/3(0). (21)

This expression with allowance for (20) permits to calculate
approximately the reactance of the multi-radiators antenna,
similarly to the fact that the expression for impedance of the
equivalent long line permits to calculate approximately the
reactance of the linear radiator. One can find the antenna
impedance more exact, if to consider that antenna is the linear
radiator, the current along which equals the total current of the
multi-radiators antenna.

In accordance with the second statement of emf method the
impedance of the linear radiator with the concentrated load is
defined by the expression

;g isa

1

3°(0)

where Eg is the tangent component of electric field, created at

L
Zy= JEgJ(g)dg—ZOJ 2('2)}1 (22)
0

the radiator space by current J(g) along its axis, and the

current J(g)is found from (20). The free term in square
brackets of expression (22) is the power, which is dissipated
by the complex loadZ,. The field Eg is calculated in

accordance with common expression. The function J(g)is

continuous in the all interval 0 < ¢ <1, and has sinusoidal

dJ
character in each antenna section. However the function d_
S

has a break at the section boundaries. Therefore

51

IR —ikR — jkR,
T dJ(O)_(e L ]ou(h)+
k' R dg R R, ) d¢ @3
3¢ g M )1, +0) di(l, -0
| [0t
w2\ R Ru dg dg
e, 9t 30,0
dg dg

are the values of derivatives on the right and on the left from
the point Z = Im, a is the equivalent radius of antenna in the
point ¢ . Substitution (20) into (23) gives

@ 3 LG = jkRn2 - jkRy
Eg:%{lem[e—‘Fe j+D14e }'
P | ma Ry m2 R,
where
cosk(l, —1,)
D,=1D, =D ——_2_cosk(l. —-1I,),
11 :L 12 lSink(Ile—|3) (l 2)

D,, = D, - Dctgk(l,, —1,),D,, = 2(D, sinkl, — D, coskl,)
An electrical field in the far region at the distance r is

— jkr
E, = j30kJ (O)eTH(G), (24)

where H (0) is a generalized effective height, equal to

sing i
— =1J g)?lkgcosgdg,
30

from which an effective height of asymmetric multi-radiators
antenna is

H(6)

B 1

1-cosk(l, -1
- = K(D.coskL 1 D, simki)t Lokl —h)+

+ D, sinkl, + cosk(l — 1) —cosk(l, -1,) +D,(1-coskl,) }
sink(l,, —1,)
(25)
Radiation resistance of antenna is
R, =R, —R;. (26)

where R, is active component of an input impedance
calculated with help of (22)), and R is loss resistance in the

load Z referred to an antenna input:
3°(1,)z,
Re—74&—-
32(0)

In Fig. 10 the characteristics of the multi-radiator antenna
with 6 the same side radiators are given (N=7). The geometric
dimensions (in meters) arel, =101, =7,1,=65,a" =0.007
al?=a=002,a,=0.01,p=015. The loadZ,is the
parallel connection of resistor with active impedance
R = 2000hm and of the coil with inductance £=14.10° H.

Is —

(27)
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Fig. 10. The input characteristics (a), efficiency (b) and pattern (c) of multi-
radiators antenna with complex loading impedance

The calculations are accomplished on the basis of described
procedure. The experimental values are given together with
calculated curves. The agreement is enough good.

VII. CONCLUSIONS

The obtained results show that using the folded dipoles theory
and the superposition principle one can analyze the near
region behavior of a system from two linear electric radiators
with different lengths. For this purpose the system is divided
into two circuits: a two-wire open-ended transmission line and
a two-wire linear radiator (monopole). As a first order
approximation, the length of the equivalent line’s wires is
quite close to that of the shorter wire, and the monopole length
is equal to the length of the longer wire.
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