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Abstract. An efficient numerical method is presented here for the analysis of the log-periodic diploe
antenna arrays. The log-petiodic dipole array is first considered as a parallel connection of two electrically
decoupled circuits, the dipole array circuit and the feeder circuit. The dipole array is then treated as a
boundary value problem represented by a set of integral equations. These equations are solved through
the use of Bubnov-Galerkin's matrix technigue with Lagrangian interpolation polynomials as basis func-
tions. The method permits a precise and complete evaluation of the performance of antennas operating
over any given frequency band and for any given design parameters. Many diagrams are presented, for dif-
ferent values of the scale factor (1), the spacing factor (o) and the characteristic impedance of the feeder
transmission line (Z,), in order to find the best compromise among those parameters for an accurate
antenna design. The results obtained show good agreement with those obtained by other investigators.

Introduction

The radiation characteristics of a single wire antenna are very sensitive to frequency.
In many applications, it is necessary to design frequency independent antennas with
coverage of a broad range of frequencies. These are required to meet the demand of
broadband systems and to assist in the exploration and utilization of most of the elec-
tromagnetic spectrum. One of the most successful and useful broadband antennas is
the log-periodic dipole antenna (LPDA), which is first developed by Isbell in 1960
{1], and whose description is given briefly in the next section.

Later, Carrel [2] presented a step-by-step procedure for the analysis of the
LPDA. He assumed that the current distribution of the dipole element is sinusoidal,
that the mutual impedance between any two ¢lements is not affected by the presence
of the other elements, and that the array is considered as a parallel connection of two
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electrically decoupled circuits; the antenna circuit and the feeder circuit. He derived
a system of equations to relate the currents at the input of the dipole elements to the
current at the input terminals of the whole antenna. Two admittance matrices [Y,]
and [Y ] were formulated for the solution of such a system. The first was that of an
N-port network composed of N dipoles, mutually coupled to each other, while the
latter being that of another N-port network, composed by the feed line with the feed
points of the dipoles as its terminals.

This sinusoidal current distribution along the dipoles seemed to Cheong and
King [3] to be a poor assumption, They presented a more accurate representation of
the current distribution, and hence, derived a similar system of equations as that of
Carrel. Also, both Carrel and Cheong and King analyses had the same [Y; ] matrix,
but they differed in the derivation of the elements of [Y,]. Unfortunately, their
theory was only applicable to dipole elements with half lengths less than 0.625). This
restriction greatly reduced its usefulhess to the analysis of arrays with bandwidth
greater than 2:1. DeVito and Stracca [4] introduced some modifications on the dia-
grams previously presented by Carrel. They used the analysis of Cheong and King
[5], in their study of linear dipole arrays with unequal lengths and unequally spaced
dipoles; and considered the dipole current distribution with three symmetric sinusoi-
dal terms. More diagrams were presented later [6] for more accurate design on the
log-petiodic dipole antennas including those for higher power applications.

Also, Kyle [7] calculated the mutual impedances between the dipoles based on
Carrel’s assumption. However, the currents were approximated by pulse functions
and the numerical point matching technique [8] was then applied. In order to avoid
invoking Carrel’s assumption of the sinusoidal current distribution on the radiators,
and for current representation more accurate than that of Cheong and King, the
method of moments was also employed by Sinnott [9] to obtain accurate numerical
results for the antenna performance. His approach permitted the multiple frequency
analysis of the LPDA without repeating all computations at each frequency. In
search for the causes of the anomalous behavior of the LPDA, Gong and Balmain
[10] suggested a computer analysis for such antenna using Richmond’s computer
program for thin wire structures,

The work on the LPDA in free space environment has been extended to treat
the LPDA array with printed circuit, microstrip or stripline geometries. In their
design of a stripline-type LPDA, Campbell et al. [11] modified Carrel’s method to
include an effective relative dielectric permittivity in computations relating to dipole
lengths and spacings. However, they did not deal with the feeding technique
thoroughly. In an attempt to unite the requirements of high gain, broad bandwidth,
low weight, reliability, ease of manufacture and integration, Pantoja ef al. [12] pre-
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sented a feeding technique of the printed planar LPDA and took into account the
effect of the dielectric substrate on the antenna design. They also employed the num-
erical finite element method in their analysis.

Therefore, as it might be seen from the above survey, the new trend in the
analysis of the LPDA is the use of computational numerical techniques. This is
because of many advantages such as cost reduction, accuracy and speed. Also, one
can deduce that the most attractive method for such analysis—without any restriction
—is the moment method. More advantages such as stability, convergence and storage
reduction, can be gained if the Bubnov-Galerkin's technique is applied.

Here, a Bubnov-Galerkin’s method is developed in order to analyse the log-
periodic dipole antenna and obtain complete information on the antenna perfor-
mance. The LPDA is considered to be located in free space and linearly polarized.
Carrel’s approach is adopted to represent the LPDA by the parallel connection of an
array of straight wire dipoles and a feeder transmission line. The [Y, ] matrix ele-
ments of the N-port network, composed by she feed line with the N terminal pairs at
the feed points of the N dipoles, are taken from [7]. However, the [Z ] (where
[Za]=[Ya]'1) matrix elements of the N-port network, composed by the N-dipoles
mutually coupled to each other, are derived here. This is by considering the array of
dipoles as a boundary value problem and formulating a set of integra! equations gov-
erning the current distribution on the dipoles [13]. By employing the Bubnov Galer-
kin’s method [13] with polynomial approximation, the set of integral equations is
transformed into a matrix equation. [Z,] elements are thus derived from the resulting
generalized impedance matrix of that matrix equation. The base currents and vol-
tages of the dipoles are hence determined. The radiation pattern, dire<tivity, gain
and input impedance are also calculated. By changing the various antenna paramet-
ers, general characteristics curves are plotted showing the antenna performance
under different conditions, and allowing engineers to find the best compromise
among the various parameters for the antenna design.

Problem Description

The log-periodic dipole array (LPD A} is one of the most widely used broadband
antennas. It consists, as shown in Fig. 1, of a nonuniformly spaced array of N parallel
linear dipoles. They alllie, in free space, in the vertical y-z plane, parallel to the z-axis
and with the y-axis as the line of symmetry. The lengths (!, = 2h,,i = 1, ...N) of the
dipoles, their radii (a;, i=1, ...N), their in between spacings (d;, i=1, ...N-1) and

their distances from the apex (y;, i=1, ...N) form a geometric progression t, i.e.
In a, dn ¥n
‘t = — = = =
I Ay dyy Yot
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- Yn-1
Fig. 1. Schematic configuration of the log-periodic dipole antenna

The ratio of the distance between two adjacent elements to twice the length of the
larger element is known as the spacing factor o, i.e.

d,, d, 1=
g = = = 2 cot o

20, 21

where « is the angle, at the apex, between the line joining the ends of the dipole ele-
ments and the center line.

The dipoles are fed at their centers by a parallel-wire transmission line of chdrac-
teristic impedance Z;, and terminated by an impedance Z at a distance s from the
large element side. On the smallest element side, the antenna is driven by a
generator. This generator feeds the dipoles, through the transmission line, in an
alternating fashion and introduces a phase shift of 180° from element to element in
addition to that due to the electrical length of line between them. This mechanical
phase reversal of the alternate elements is necessary for the antenna to exhibit a
broadband performance.

It is worthwhile to give, at this point, a brief description of the operation of the
LPDA antenna. It may be divided into three main regions. The active region consists
of several dipoles whose lengths are around half-wavelength. This means that they
are nearly resonant at a particular operating frequency, and hence their current mag-
nitudes are relatively large. On one side of the active region, there exists the reflec-
tion region with dipoles larger than the half-wavelength at that frequency; while on
the other side, a group of elements smaller than half-wavelength forms the transmis-
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sion region. The dipole currents in both these regions are relatively small. Therefore,
at each frequency, only a small portion of the antenna (i.e. the active region)
radiates. And, it may be concluded that at the lower frequency limit of the operating
bandwidth, the active region includes the largest element, and it moves from one
group of elements to another until it includes the shortest element at the upper fre-
quency limit. The structural bandwidth B, is defined to be the ratio of the lengths of
the largest to the smallest dipole element.

Solution of the Log-Periodic Dipole Array Problem

If the small coupling between the feeder and the antenna elements is neglected,
then the LPDA structure may be approximated by an equivalent circuit composed of
the parallel connection of two decoupled circuits, the feeder circuit and the antenna
circuit [2]. The first circuit, Fig. 2, consists of the feeder with alternating terminals to
which the dipole elements are eventually attached. This circuit is represented by the
matrix equation,

(Il = [YLl[V] Y

where [ ] is a column vector whose entries are the N driving currents of the feeder
circuit, and [V, ] is also a column vector with N driving voltages at the N ports. [Y, ]
is the short circuit admittance matrix of the feeder N-port network. The entries of
[Y,] are taken here as defined in [7].

Zy .k K \ Z:
4

T e - e .

Fig. 2. The feeder circuit of the equivalent circuit for the LPDA

The fields of the dipole elements determine the driving-point impedances of the
elements, which shunt the feeder. The circuit properties of the elements are
described by an N terminal pair circuit. This antenna circuit can be represented by,

[Z,1[L] = [V.] @
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where [L,] and [V,] are the column vectors whose entries are respectively the driving
base currents and voltages of the antenna circuit. [Z ] is the impedance matrix of the
antenna circuit with its entries to be determined, here, by a newly developed
technique presented in the next section.

Now, by connecting both circuits in parallel, the overall LPDA circuit is thus
represented by

(L] + [L] = [1] €)

where [I] is the vector of the input driving currents externally fed to the LPDA. As
the LPDA is only fed across the smallest dipole element, therefore the entries of vec-
tor [I] are all zeros except its N*™" entry. It is set equal to 1 Ampere. Thus,

[I] = [000...1]T 4)
Substitution from (1) and (2) into (3), we obtain
[YL3vel + [Z,T7'[V,] = [1] (3)
but, we have
vl = [V,] (6)
Therefore upon substitution of (6} into (5) we, obtain
{{Y.] + [Z,T')Vv.] = [1] (M

Equation (7) is the matrix equation of the LPD A structure which gives, upon its
solution, the base voltage vector (V,] of the antenna dipoles. Now, since [Y, ] has
already been defined elsewhere [7], and [I] is given by (4), the problem now reduces
to finding the inverse of the antenna impedance matix [Za]'l. Once, equation (7) is
solved for [V,], the driving currents at the base of the antenna, represented by [I ],
is found from (2). The input impedance, calculated at the junction between the
feeder and the smallest dipole element, is thus given by the ratio of the base voltage
across the Nt dipole element to the base current fed to that element.

Determination of the Impedance Matrix of the Antenna Circuit

The dipoles of the antenna circuit are considered, as shown in Fig. 1, as an array
of N nonuniformly separated dipoles of different lengths and different radii. At the
upper frequency of the bandwidth (i.e. when the shortest dipole near the generator
is half-wavelength long) the largest dipole is of course longer than half-wavelength.
It becomes longer and longer in terms of the wavelength of the highest frequency as
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the structural bandwidth increases. In order to have moderate wire sizes to deal with
later, each dipole is divided into two wire segments or more connected together.
Therefore, the dipole array problem is reduced to solving that of an antenna struc-
ture of M wire segments, say.

For this new antenna configuration, M electric field integral equations are for-
mulated. Each wire segment is represented by a single integral equation with the cur-
rent distribution on the wire as unknown under the integral sign. These equations are
obtained by applying the boundary condition requiring that the tangential electric
field on each and every element is zero. Similar equations are obtained in a previous
research work dealing with wire scatterers [13],

1 M b

=im
dmjme |§=1 0.[ " (Sm) F(Sn’ Sm) dsm + Z'En (Sn) =0

nm= 12,.M (8)

where I"™ (s.) is the current at the source point s, on wire element m whose length is
l,and F (s, s, } is (as derived in the appendix),

oxp (KRp) -
F(sp,s,) = R [ Risn (-1-4kR_,, + k“R%.)

mn

4+ (Za—Z, +8,5,) (G +J3kR__-K°R%_ )] (9)

R, is the distance between the field point s, on wire n and the source point s, on
wire m., It is given by,

R, = Gp¥n) + @ 2Zn + 5,-5,)° + a; (10)
(Ya» 2} and (y,,, z,,) are the cartesian coordinates, in the y-z plane, of one end of wire
elements n and m respectively. k is equal to 2n/wavelength. ]_E.:.m (s,) is the tangential
component of the impressed electric field along wire n at point s. Simple harmonic
time dependence at angular frequency m, exp (jwt), is assumed and will be suppres-
sed in all field quantities. ¢ is the permittivity of the medium. Note that the 180° phase
shift due to the alternate connection of the adjacent dipoles to the transmission line
is included by assuming a reversal in the conventional directions of the currents flow-
ing in neighbouring dipoles as shown in Fig. 2. This current reversal appears as a
minus sign in the mutual impedance, i.e. F (s, , s_) of (9) is negated as mentioned in
the appendix.
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The resulting integral equations (8) are then solved through the use of Bubnov
Galerkin’s projective method with Lagrangian interpolation polynomials as basis
functions. This will transform the system of integral equations into a set of linear
algebraic equations. Also, Kirchhoff’s current law is applied, at every connection
between wire segments, to reduce the number of these equations by the number of
joints in the structure. Therefore, the resulting matrix equation is [13],

[Z}[I'] = [V] (11)

where [Z], [I'] and [V] are known respectively as the generalized impedance matrix,
the generalized current vector and the generalized voltage vector. Here, the rough
current approximation of Carrel has been avoided by representing the current on
each wire segment (i.e. only a portion of the dipole) by a second or even a third order
polynomial function. Moreover, the mutual impedances are not evaluated hereona
pair by pair basis as suggested by Carrel and many other investigators.

We know that the driving voltage sources are only found at the feed points at the
base of the dipoles, and that the impressed voltages on all other points on the dipoles
are zero. Therefore, by rearranging the generalized impedance matrix [Z] of (11},
and the partitioning of this matrix such that the known zero voltages (grouped in vec-
tor {V,]), are separated from the known voltage sources (grouped in vector [V,]) in
the right hand side of (11), equation (11) yields,

Zaa Zab Ia vb
= (12)
Zba be II:n 0

The entries of the submatrices (Z ], [Z,,], [Z,,] and [Z,,] are all known, and are in
fact entries in matrix Z of (11}, Also, the entries of vector [V,] are all zeros. There-
fore, equation (2) can be easily deduced from (12), and hence [Z ] is found to be [14],

[Z.] = [Z4] - [Za] [Zep 7' [Zya ) (13)

This means that a smaller square matrix [Z, ] of order N is formed by little numerical
manipulation on the elements of the generalized impedance matrix.

Now by solving equation (7), the base voltage vector [V, ] is found and hence the
right hand side of (12) is known. Equation (12} is, thus, solved for the current distri-
bution on the dipoles. The determination of this current distribution is the principal
and most difficult task in any radiation problem. Once, this is found, it is a relatively
simple matter to determine the distant far field, the gain, the input impedance and
any other radiation characteristics required.
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Numerical Results

In order to evaluate the confidence given by the present approach, verify the
results of the calculations, and ascertain the accuracy obtainable with the method
presented here, several problems are solved and compared with other results availa-
ble in the literature. Based on the above equations, a digital computer program, writ-
ten in FORTRAN and run on the Digital Equipment Corporation VAX 11/785 com-
puter, is developed in order to analyse the LPDA of any given structural bandwidth.
The LPDA is solved here for the current distribution, far field pattern, gain, standing
wave ratio (SWR), and input impedance.

The LPDA is solved for the two sets of parameters, given in Table 1, so as to
allow the comparison with the experimental results of DeVito and Stracca [4]. Fig. 3
shows the normalised H-plane radiation patterns (E, — ¢) of both our numerical
results and their experimental results. Curves (a) are for LPDA # 1 and curves (b)
for LPDA # 2. Very close agreement is shown for both antennas. In Fig. 4, the nor-
malized magnitude and the phase of the base current of each dipole element are
shown at three different frequencies. Only those elements of the radiating region are
excited. It is apparent that as the frequency increases, the element of maximum cur-
rent moves from a longer dipole to a shorter one, i.e. the active region moves towards
shorter elements. More comparison is also made but with the theoretical results of
DeVito and Stracca [4]. Fig. 5 shows the curves of the gain calculated by them and
those computed by the present approach. The gain is plotted vs. the spacing factor o
for different values of © (0.82, 0.86, 0.96). Close agreement is shown for t = 0.86, and
fair agreement for t = 0.82. However, for t = 0.96, a difference of about 1 dB at ¢
= {.1is shown and increases as o increases to reach about 3 dB at o = 0.2. This discre-
pancy may be referred to the inaccurate current distribution considered by DeVito

Table 1.
Parameters LPDA#1 LPDA #2

Z=Z,(}) 100 420
T 0.8 0.93
a 0.14 0.146

N (dipoles) 12 12

Freq. of Test (MHz) 780 480
I, (mm) 26.5 151
I, (mm) 308 336
h/a 125 125

Length of LPDA (mm) 395 84




284 Mohamed A.Hassan

and Stracca, which does not have much effect in the calculation of the H-plane pat-
tern, but has considerable effect on the gain.

A third comparison is made with Kyle [7]. The directivity is computed against
frequency for the following LPDA parameters, T = 0.92, o = 0.12, N = 12 dipoles,
h/a = 118, Z; = 104 Q and Z = 0 (i.e. short circuit termination), with an external
transmission line characteristic impedance of 73€2. The starting frequency being 635
MHz. The discrepancy shown in Fig. 6, is due to Kyle’s results who evaluated the
mutual impedances on a pair by pair basis as employed by Carrel.

Design Considerations

From the above comparisons, greater confidence can be put on the present
approach. Three sets of curves, useful to antenna designers, are thus computed and
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Relative electric field
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~ »

Fig. 3. Normalised H-plane Radiation Pattern E, vs. ¢
Curvea: 1= 0.8, 0=0.14, Z, = 1002,
hia = 125, Z, = Z,
Curveb: t= 0.93, 0=0,146, Z, = 4200,
hWa = 125, Z, = Z;-
see : DeVito and Stracca [4]
+ This method
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Fig. 6. Directivity vs. frequency for the LPDA when
t=092,0=012,N =12, Wa = 118, Z, = 10402,
Z; = short circuit, External transmission line
impedance = 734, f, = 635 MHz .
—o— : Kyle[7]
—e— : This method

illustrated in Figs. 7, 8 and 9. These are, respectively, for the gain, SWR and input
resistance vs. the feeder characteristic impedance Z; for different values of 1 (0.82,
0.88, 0.96) at each and every value of ¢ (0.1, 0.14, 0.18). The LPDA, used to calcu-
late these design curves, has N = 8 dipoles, h/a = 125, and the large end termination
is equat to the feeder characteristic impedance, i.e. Z = Z;. The starting frequency
is taken to be 480 MHz. When 1 = .96, each dipole is modeled with two segments,
while it is modeled with four segments for T = 0.88 and = 0.82. The currents on the
segments are approximated by second order polynomials in the 1% and 2™ cases, and
by third order polynomials in the last case. This is because as T decreases, the struc-
tural bandwidth is larger for a given number of dipoles, and the largest dipole
becomes longer and longer in terms of wavelength at the highest frequency of oper-
ation, which requires dividing the dipoles into more segments, using higher order
current approximations, or both.

The useful bandwidth of the antenna depends on the distance the active region
can move before it includes the smallest or largest element, and hence before the
antenna properties become distorted. Therefore, the useful bandwidth B, over
which the antenna properties are almost constant, is always less than the structural
bandwidth B.. Unfortunately, there is no clearcut identification for the useful
bandwidth. Here, the curves of Figs. 7, 8 and 9 are plotted by taking the average
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Fig. 7. Gain vs, feeder impedance for different values of T (0.82, 0.88, 0.96) at the following values

of (0.1, 0.14, 0.18). The values of T and o are shown respectively beside each curve.
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Fig. 8. Standing wave ratio vs. feeder impedance for different values of T (0.82, 0.88, 0.96) at

the following values of ¢ (0.1, 0.14, 0.18). The values of T and ¢ are shown respectively
beside each curve,
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Fig. 9. Input resistance vs. feeder impedance for different values of
1(0.82, 0.88, 0.96) at the following values of ¢ (0.1, 0.14, 0.18).

The values of t and o are shown respectively beside each
curve.

value over the six operating frequencies at which the 6 middle dipoles are resonating.
That is the values at the resonance frequencies of the largest and smallest dipoles are

excluded from our calculations. In other words, the useful bandwidth is taken to be
bLihy .

In Fig. 7 as Z; increases the gain increases and approaches a maximum value
when the characteristic impedance of the transmission line is 1002, and then it starts
decreasing. This behavior is not well noticed for lower values of 1. Itis seen at higher
values of © { T= 0.96) but the gain is not the highest. Maximum gain can be obtained
when 1 is around 0.88 and at the highest value of o (o = 0.18).

In Fig. 8, the SWR is almost insensitive to the variation of Z;, especially for
lower values of v and as o increases. In other words, the larger the value of T and the
lower the value of g, the larger the variation of SWR with Z;. For low SWR, T must
also be lower and o must be higher. This means that by covering the frequency band
with fewer dipoles and increased spacings, matching of the LPDA is improved.
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In Fig. 9, with t fixed, the increase in ¢ (i. e. the increase of spacings between ele-
ments) results in an increase in the input resistance. Similarly, with fixed o, the input
resistance increases as t decreases. However, the input resistance becomes insensi-
tive to the variation of Z, for higher values of v and lower values of 0, i.e. as the struc-
tural bandwidth is smaller and the antenna becomes more compacted. Also, for
lower values of Z,, the input resistance approaches more the characteristic impe-
dance of the feeder than at higher values of Z,, and as t decreases and o increases.
This means that matching is obtained for lower t and higher o and at a lower value
of Z,.

Therefore, for the LPD A under consideration, one can deduce from the above
discussion and Figs. 7, 8 and 9, that for a higher gain, lower SWR and in order to be
close to the matching condition, the characteristic impedance of the transmission line
feeder must be around Z; = 100€2, and v and o must be around 0.88 and 0.18 respec-
tively as the best compromise among them. These steps may also be followed for the
design of any other LPDA.

Conclusions

The dipole array circuit of the log-periodic dipole antenna is solved by the num-
erical Bubnov Galerkin’s technique to give the current distribution on the dipoles.
The far field, gain, directivity, input impedance and standing wave ratio are then cal-
culated and compared with other results available in the literature. Results have
proven the suitability of the present approach. Also, many curves are plotted for dif-
ferent values of t, g and Z;. These curves can be used in the design of the LPDA by
deducing the values of the parameters, 1, o and Z; at which good results can be
achieved. For o less than about 0.05, the dipoles are close together, causing some dif-
ficulty in performing the integrations of the generalised impedance matrix.

Assuming symmetry, and considering continuity of the current at the wire
joints, the calculation time of the generalized impedance matrix elements is reduced
by about half. Since most of the computation time is spent in the calculation of such
elements, computation is further decreased by storing some of them to use at the next
frequency. Typical CPU time on VAX 11/785, which is about ten times slower than
the IBM 3083, is around five minutes for a twelve dipole array, at twelve frequencies,
and when each dipole is split into 4 wire segments with the current on each approxi-
mated by a third order polynomial. The method has been tested successfully and
applied to several LPD A array operating over different bandwidths and for different
values of t and o.
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Appendix
Determination of (9)

Consider the two wire segments m and n whose current directions 1h and i are
similarly oriented in the 2 direction as shown in Fig. A. They are located on two dif-
ferent LPDA dipoles. The tangential electric field E,,, at the field point s (y', 2") on
the surface of segment n due to a source point s on the axis of segment mis given by:

- _ 1 3A,
E., = E()0=E( () = —opA, + ];; by (A.1)
where
'm -jkR
A,is) = [ 1™ (sm)w dsp, (A.2)
_ 0 4nR

mn
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is the magnetic vector potential at s, due to the current I" (s ) flowing in segment m,
and

1
Ry, = [y2+ @ -s,) +af]2 (A.3)

is the distance between the source and field points. o, p and € are respectively the
radian frequency, the permeability and the permitivity. k is 2n/wavelength. a_ is the
radius of segment n. If A_ is given by (A.2), then

B [ . exp (kR ) (z' -s) (-1-kR )
= TG 47R3 %
mn

Z

az’

(A4)
and
3°A exp(kR )
4aR>

-
el B G (- (4R RE, — K RE, (2 -5’

+ 3(1+jkR,,) (z' -s_)°} ds,, (A.5)

substituting (A.2) and (A.5) into (A.1) and knowing that —jop is equal to k¥joe, we
obtain

1 !
Ban = Joeam o) 1™ (m) F(s, 50) Os,, (A.6)
where,

exp (-jkR :
F(s,8,) = 5P CkRy) { R2, (-1-kR,, + k* R%)

5
+ (2" B +3kR,, -2 R)} (A7)

nm

Now, if the segment end (y,,, z,,) of segment m is not located at the origin, there-
fore the vertical distance (z’ —s_) given in (A.7) becomes (z, + s, -z, -5, ), and the
distance R between the source and field points yields,

Ry = (nVu) + (23 +s, 2, =5, + a2 (A.8)

Also, note that if the segment currents are in opposite directions (i.e. . i = -1),
then the RHS of (A.1) and hence of (A.6) will be multiplied by -1, or F (s, s} of
(A.7) is negated.
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x = 0 Plane
L a
2ap field point
segment n ty.z)
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mn 1
source point - 3
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T
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Fig. A. Two wire segments on two different LPDA dipoles
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