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Abstract. Resistively loaded dipole is very often used to
measuring the electromagnetic field in EMC testing. The
dipole is a traveling wave antenna, where its resonance is
eliminated. The paper includes the computation of the cur-
rent distribution and radiation pattern of this dipole. The
characteristics were obtained by moment method, Hallen
method and Wu-King method. The unique modification of
presented methods has been made. The comparison of used
methods has been presented in paper conclusions.
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1. Introduction

In electromagnetic testing applications, we have to
measure the electric field in a wide range of intensities and
frequencies. Therefore, very precise measuring equipment
has to be built.

Resistive dipole is almost always used as the electro-
magnetic probe. The usual Hallen's method is unable to
reach the correct results when computing the characteris-
tics of the dipole. Therefore, three other methods of resisti-
ve dipole design are compared in this paper: the modified
Hallen's method, the moment method and the Wu-King
method. The current distribution is computed using all the
methods. The results of methods are mutually compared.
The advantages and disadvantages of these methods are
discussed in the paper.

2. Problem Formulation

The structure of resistively loaded dipole consists of
two triangles created from a resistive material. The length
of the dipole is 2/ and width at the center equals to 2a. This
geometry causes that only traveling wave rises up along the
dipole. There is no reflected wave traveling in the opposite
direction.

The axial component A4.(z) of the vector potential on
the surface of a cylindrical antenna of the internal impe-
dance per unit length Z(z) carries atotal axial current
I(z).The antenna is excited at z=0 by the electromotoric
force Uy. The vector potential satisfies one-dimensional
wave equation in the form:

(6222 + szAz(z) = K[zi(z)lz(z)_ uesz)], M

[4)

where
Ae)=H [ (o) g @)

There are several methods of solving eqn. 2. The first one
is also known as Wu-King's method [1].

In order to obtain a triangular current distribution
along the dipole in wide frequency range, the dipole has to
be made from a resistive material such way, so that its in-
ternal impedance per unit length should follow the formula:

i(Z =‘P /LlO/gO _ 60\11 , (3)
(e

while / is the length of one dipole arm and z is a point at
the dipole arm. The axis of the dipole is oriented along the
z axis. The constant y is given by:

v o= L (1) 4
kl , (@)

2 {sinh' (Cl]j — Ca(2ka, 2kl)— j Sa(2ka, 2kl)}

where Ca(x,y) and Sa(x,y) are general sine a cosine integ-
rals [2]. Using the above-mentioned equations, the current
distributions along the dipole arms can be described as:

Uo - Jjk|z
IZ(Z):W(Z_‘Z‘)Q . )

Since the solution of exp(-jk |z|) no longer satisfies the ori-
ginal wave equation, the antenna does not support a stan-
ding wave. The antenna is of much wider frequency cha-
racteristics than an antenna with a lumped resistor located
at a quarter wavelength from ends.
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The second way of computing the current distribution
on a resistively loaded antenna is based on numerical sol-
ving the one-dimensional wave equation given in (1), using
the re-formatted moment method [3]. The integral equation
can be transformed to a set of algebraic equations, which
can be solved in a very simple way. After several rearran-
gements, eqn. (1) will be as follows:

N
z mn

n=1

=[v,] ©)

where [, is the column matrix of unknown currents [A], Z,.,
denotes the impedance matrix [(2] describing the influence
of n-th current on the point of interest m. Next, the column
matrix U, of the supply voltages [V] equals to one for the
position N/2 of the segment and is zero elsewhere.

The matrix element Z,, of unknown impedance can
be solved as follows:

1 Zn+lf2
= ja)go . E dZUrZi (Zm )(Zm+]/2 - Zm—I/Z) ’ (7)
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The current distribution along the dipole can be reached by
solving the equation (6) and using equations (7) and (8).

Hallen's method is the last method suitable for solving
the integral equations. Hence, even the current distribution
can be computed by Hallen's method. However, the imper-
fect conductivity of antenna conductor has to be taken into
account. In this case, /.(z) is of the following form:

I(Z') — JUU

Quc[Fo (l)+§12F1(l):| :
{|:f0 (z)+ éfl (Z):|'|:G0 (1)+ é G, (l)} I
_ {go(z)Jr égl (z):| |:F0 )+ éFl (Z)}}

where Q =2 In(2/ / a) is a thickness coefficient. The other
variables can be evaluated using the following formulas:

F,(z)=cos(kz) G,(2)= sin(k‘z‘)
HE=FE)-F0)  gE)=6()-60 19
Hh2)=F)-F)  &()=G)-6()
Hallen’s coefficients can be evaluated using the equations
for Fy, F1, Gy, Gi. The complete description can be found

in [5]. The parameter Z(z) is included and equations are
presented below:

)
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The function G is of the form:
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Here, k is wave number [m™'], / denotes half length of the
dipole [m], y is Euler constant and C(x) is a function
depending on the generalized cosine integral by the form
C(x) = y+ In( x) - Ci( x). Next, C( x) and S,( x) are the ge-
neralized cosine and sine integrals, respectively:

Ci(x)= —Tcoi(u)du )

Si(x) = I o (u)du ‘
0 U
Not only the current distribution computation (inner anten-
na task) is to be presented in the paper. The paper is focu-
sed in radiation pattern estimation, which requires the
knowledge of currents.
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The current distribution of the resistively loaded
dipole, obtained by three different ways, has been already
given. The one obtained by Wu and King leads to radiation
pattern characteristics for E - plane:

F(0)={- jkisin> 6+ (1 +cos> 0)-
[2]'cosé?sin(klcosé’)+(lJrcos2 6?)- : (13)
cos(kl cos @)] e } [klsin® 6

Radiation pattern characteristic for H - plane is not pre-
sented in the paper, since it is circular [1].

According to the current distribution computed by
moment method and Hallen method, we can determine the
field intensity in the dipole neighborhood exactly from
Maxwell equations and we can derive the formula for ra-
diation pattern:

F(0)=E@©)/E,, (©) (14)
since
. +1
E=7% Gnge Il(z')e"kzywsgdz' (15)
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Obviously, both the current distribution and the radiation
pattern have been obtained by different ways. In order to
compare the advantages and disadvantage of the presented
methods, the solved example is presented next.

3. Computation of Current
Distribution

Exploiting the described methods, the current distri-
bution for the dipole 2/ = 73.5 mm and 2¢ =1 mm was
computed. Using (1), the equivalent impedance constant
can be evaluated ¥ = 6.68025 — j 2.42923 Q. (valid for
frequency from &/ = 7/2). Using the constant W, the inter-
nal impedance per length unit can be solved:

Re(z (=)} = G0Re{¥} _60.6.68025 . (¢
‘ I-|] 36,75 -]

Using the above equation, the current distribution can be
evaluated by Wu-King method, moment method and Hal-
len method. The complex amplitude of current (amplitude
and phase) is shown in Figures 1 and 2.

When comparing results of computations to measure-
ments, the amplitude of current distribution is very similar
for all the three presented methods. To compare these to
measurement (realized in [2]), the more accurate results are
obtained by moment method, where the current in the point
of supply equals to 2.3 mA, and at the end of arms is 0 mA.
This fulfills requirements set by equation (5). The other
two methods contain a lot of simplification and this causes

that their results are not consequent. This can be proofed
by Fig. 2, where the dependence of current distribution
phase on the dipole arm position for frequency il = 7/2,
what actually is f = 2.03945 GHz as can be seen. The
current distribution phase varies from 40° at the center of
dipole to -80° at the end of arms.

To obtain the previous (presented) results we had to
consider (especially when using Hallen method) the shape
of the resistively loaded dipole. Tightening the dipole in-
fluenced the thickness coefficient Q as:

O'(2)= 1n7(l o

Of course, we also have to consider the fact that the resis-
tively loaded dipole cross-section is not circular — the
thickness coefficient correction constant has to be used.
After that ()(z) is equal to:

Q(z) =Q'(2)-0.75 (17)
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Fig. 1. The current amplitude distribution along the dipole arm
for frequency k/ = 7/2.
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Fig. 2. The current phase distribution along the dipole arm for
frequency kI = /2.
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4. Computation of the Radiation
Pattern

The resistively loaded dipole computation will
continue in this chapter. Its sizes are: 2/=73.5 mm and
2a=1 mm, frequency is kh = 7/2. The computation is based
on previous chapter results and on equations (13) and (15).
The computation has been made by software package
Mathematica running on operating system Linux. The
results can be seen in Fig. 3. Dashed line symbolizes the
computed characteristic after Wu - King and the solid one
is the characteristic by Hallen and moment method. It is
obvious that after Wu -King the emitting beam by cut
frequency is narrower as after other methods. According to
the previous chapter results and to the measurement made
in [2], we can say that the results of moment and Hallen
methods are closer to reality and more accurate, compared
to Wu - King.

Fig. 3. Radiation pattern of half wave resistive structure

5. Conclusion

From the previous computations, especially from the
presented figures, it goes that the most perspective method
to solve the resistive antenna problems is the modified
moment method.

Hallen's equation is suitable especially to solve the
antennas from perfect conducting materials. To solve the
resistive antennas, the equation has to be modified. The
product is unique and not very often presented result. This
solution can also be used to design the other types of an-
tennas, which are made of real materials (the material con-
ductivity is finite).

In order to compare the advantages and disadvantages
of methods, the brief table is presented. The basic quanti-
tative and qualitative parameters used by each method are
included. Time, degree and precision of each method are
compared. The best one is marked by “1”, the second one
by “2” and the worst one by “3” (see Tab. 1).

Wu - King Moment Hallen

method method method
Time of calcul. 1 3 2
Degree of calcul. 1 3 2
Precision of calcul. 3 1 2

Tab. 1. Comparison of advantages of using methods.
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