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ABSTRACT

This paper demonstrates the analysis of antenna pattern and gain for different designs of full-wave dipole antenna feed-
ing techniques. Seven such techniques were studied and analyzed; symmetrical dual feeding in phase, symmetrical dual
feeding out of phase, asymmetrical dual feeding in phase, asymmetrical dual feeding out of phase, symmetrical triple
feeding in phase and symmetrical triple feeding out of phase. Symmetrical dual feeding in phase produced high gain as
compared to the single and center-fed antennas. An improvement of about 3 to 3.5 dB was achieved comparing to cen-
ter tap fed and off center fed. It was found that an asymmetrical dual feeding in-phase provides good performance, con-
sidering the directivity, pattern, and input impedance. A 2.46 dB gain has been obtained. It was found that a symmetri-
cal triple feeding provides an overall best performance with respect to gain, radiation pattern, beam width and input

impedance.
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1. Introduction

According to the thin wire approximation and Maxwell
Equations, the z-component of the radiated electric field
for infinitesimal dipole is shown in Figure 1 and de-
picted in Equation (1) [1,2].
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A Matlab computer code was written to simulate the
pattern performance of the antenna at any scan angle.
This program can be used to facilitate further study of the
antenna. The computed patterns from this program are
compared to the measured patterns as a means for vali-
dating the model [3]. Some special attributes of the soft-
ware are: the simulation through the straight calculation
of the fields, the analysis of sensitivity and the behavior
against frequency changes and the use of the current dis-
tribution on the dipole calculated by the Method of Mo-
ments, King’s Approximation, and Hallen’s solution. In
this simulation, it was assumed that the dipole consists of
two collinear wires separated by a small gap where the
excitation is applied. Ideally, the values of gap and the
diameter of the wires have to be zero but practically it
can be considered as a continuous a thin filament. In the
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far zone region, the electric field was produced by the
dipole considering an ideal sinusoidal current distribu-
tion.

In [4] different equations for the current distribution
were obtained. These equations were used to derive the
radiation pattern of Antenna Al, A2, Bl, B2, Cl, C2,
and C3.
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Figure 1. Coordinate system used with antennas.
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2. Radiation Pattern of Our Designed
Antennas

2.1. Antenna Al

The feeding arrangements for the symmetrical dual feed-
ing in phase (Antenna A1) is shown in Figure 2.

Expression of the current distribution is as given be-
low:
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where f=2n/1.
Substituting Equations (2) and (3) in (1), yields
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Using Equation (5) solve the Equation (4) gives Equa-
tion (6)
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In this study L = 4 = 1 m. Substituting A = 1 and sim-
plifying Equation (6) yields
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Equations (7) and (8) represent the electric and mag-
netic field components of Antenna Al. The equation of
the radiation pattern for Antenna Al is depicted in Equa-
tion (7) and from this equation; the radiation pattern can
be plotted as shown in Figure 3.

The dual feeding technique has given a radiation pat-
tern, which is different from those of center fed and off
center fed due to the phase reversal at the midpoint of
Antenna Al, and this technique splits the radiation pat-
tern into two main lobes, which contribute to a highly
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directive radiation pattern on the broadside of the plane
of the antenna. The two feeding points are in-phase, and
that leads the antenna to give a high profile of gain due to
current distribution that has two maximum peaks. The
maximum peaks are positive, resulting in radiation pat-
tern to be split into two main lobes.

2.2. Antenna A2

The feeding arrangements for symmetrical dual feeding
out of phase (Antenna A2) is shown in Figure 4.

The mathematical expression of the current distribu-
tion of this antenna is shown in Equations (9) and (10)

1(z)=sin[ﬂ[§—zD, L[2>z>0 )

1(z)=sin(ﬂ(§—zD, 02z2-L/2 (10)

Equations (9) and (10) represent the current distribu-
tion over the three arms of Antenna A2. Substituting
Equations (9) and (10) in (1), yields
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Figure 2. Feeding arrangements for symmetrical dual feed-
ing in Phase antenna.
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Figure 3. Radiation pattern of antenna A1l.
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Figure 4. Feeding arrangements for symmetrical dual feed-
ing out of phase antenna.
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Solving Equation (11) using Math Cad and Matlab; we
have Equations (12) and (13). Equations (12) and (13)
represent the electric and magnetic field components of
Antenna A2.
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Figure 5 shows the radiation pattern of Antenna A2.
The technique of dual feeding out-of-phase produced the
same radiation pattern as unbalanced single feeding, but
still Antenna A2 gives high performance as compared to
single center-fed, or off-center fed antenna.

The two feeding points are out-of-phase, which makes
the antenna to change its characteristics to give lower
profile of gain as compared to Antenna A1, which can be
attributed to current distribution. This current distribution
has two peaks, one is positive and the other is negative
and that led the radiation pattern to be split into four
lobes. According to ARRL, the signal strength depends
on how the signals, radiated from the antenna’s electrons,
add up in the observer’s antenna. Some of the signals
would add up and the rest cancel out. The quantity of
adding and canceling depends on the phase of the re-
ceived signals and their relative amplitudes. Antenna A2
has the same characteristics like that of a full-wavelength
antenna as composed of two half-wavelength antennas
with identical radiating properties. One excited positively
and the other, negatively, or 180 out-of-phase, it exhibits
maxima along the positive and negative z-axis, and nulls,
in the x-y plane where the contributions from the two
elements cancel out because they are out of phase. The
radiation pattern of an antenna A2 shows what signal
strength would be received by changing the polarity of
the feeding.

2.3. Antenna B1

The feeding arrangements for the asymmetrical dual feed-
ing out of phase (Antenna B2) is shown in Figure 6.

The Equation for measured current distribution can be
expressed as shown below:
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I(z)=—O.25cos(ﬁ~§)+cos(ﬂ-z), %2 22—§ (14)

Substituting Equation (14) in Equation (1), yields
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Solving Equation (15), we have Equations (16) and

(17) which represent the electric and magnetic field com-
ponents of Antenna B1 respectively.

In asymmetrical dual feeding configuration, one feed-
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Figure 5. Radiation pattern of Antenna A2.
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Figure 6. Feeding arrangements for asymmetrical dual feed-
ing in phase antenna.
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ing point is located at quarter wavelength away from the
center and the other is located at the center of the full-
wave dipole. The current distribution has three such
peaks. Two negative peaks flowing in same direction
are inphase, while the main one in the middle, flowing
in opposite direction and is out-of-phase. Figure 7 shows
the radiation pattern of Antenna B1, which consists of
four main lobes, and two grating small lobes due to
effect of the current stored at the end of the antenna
causing reactance impedance at the feeding points.
Willard, stated that the value of the feed point reactance
is not as accurate as the feed point resistance. The four
lobes in measured pattern are not shown, due to the
percentage of error. The standard dipole has a rated
accuracy of 0.5 dB, which was translated into an accu-
racy of 19% [5].

However, it is consistency among the measured, simu-
lated, and theoretical analyses. In Matlab simulator, the
diameter was assumed to be very small (Zero). In this
simulation, the diameter is 0.02 A, and the diameter in
King’s approximation is 10™* /. For this reason, a slight
discrepancy was noted between simulated and theoretical
analyses.

2.4. Antenna B2

The feeding arrangements for the asymmetrical dual feed-
ing out of phase (Antenna B2) is shown in Figure 8.

The Equation for measured current distribution can be
expressed as shown below:

I(z):—O.lcos(ﬂ-§j+cos(ﬁ~z), %Zz 2—% (18)

Substituting Equation (18) in Equation (1), yields
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For Antenna B2, the equation of the radiation pattern
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has been split into four main lobes and two minor small
lobes because the cosine coefficient factor M, is 0.1,
leading the equation of the current distribution to have
two peaks in negative zone and one peak in positive
zone. The capacitive characteristics increased due to
change in polarity of the feeding applied to Antenna B2.
The gain has dropped due to current distribution char-
acteristics. The radiation pattern is split into four lobes
and two nulls due to the stored charge at the ends of the
Antenna B2. Figure 9 shows the radiation pattern of
Antenna B2.
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Figure 7. Radiation pattern of Antenna B1.
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Figure 8. Feeding arrangementsfor asymmetrical dual feed-
ing out of phase antenna.
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Figure 9. Radiation pattern of Antenna B2.
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Tang and Gunn, showed that the radiation pattern of
an antenna with large capacitive load impedance changes
in shape when the current distribution changes in shape
and its peak moves away from the feed points. The radi-
ated power density may fall into well-defined regions
called lobes, separated by regions of low intensity called
nulls. However, the nulls can only be seen for some par-
ticular directions [6]. There are main lobes, which are
usually where the desirable power from the antenna is
directed, and side lobes where the antenna sends radiated
energy. This energy is regarded as wasted or may even
interfere with other transmitting systems. It is possible to
have more than one main lobe having a given maximum
value of gain. For example, a linear array of dipoles can
have main lobes 180° apart, and both having the same
gain [7].

2.5. AntennaC1

The feeding arrangements for symmetrical triple feeding
in phase (Antenna C1) is shown in Figure 10.

The current distribution for Antenna C1 can be ex-
pressed as in Equations (22) and (23), where M is the
coefficient of cosine factor. M is variable depending on
the method of feeding. For Antenna C1 the coefficient of
cosine factor is equal to 1.
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Substituting Equations (22) and (23) in Equation (1),
yields
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Equations (25) and (26) represent the electric and mag-
netic field components of Antenna C1 respectively. Fig-
ure 11 shows the radiation pattern of Antenna Cl1.

2.6. Antenna C2

The feeding arrangements for symmetrical triple feeding
out of phase (Antenna C2) is shown below in Figure 12.

For Antenna C2, the coefficient of cosine factor M is
equal to 0.5. Thus, the equation of the current distribu-
tion for triple feeding Antenna C2 is expressed mathe-
matically as given in Equations (27) and (28).

1(z) :sinﬂ(é—zj+0.5cos(ﬁ§j, %ZZ >0 (27)
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Figure 10. Feeding arrangements for triple feeding full
wave antenna.
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Figure 11. Radiation pattern of antenna C1.
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Figure 12. Feeding arrangements for triple feeding full
wave antenna.
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1(z) =sinp’(§+zj+0.5cos(ﬂéj, 0222—% (28)

The characteristics of current distribution of Antenna
C2 is similar to that of Antenna CI, except the second
function of Equations (27) and (28) is multiplied by 0.5,
thus the numerical analysis and the calculation of the
parameters of Antenna C2 could be calculated following
the same procedure of analysis and calculation as of An-
tenna C1. Substituting Equations (27) and (28) in Equa-
tion (1), gives Equations (29) and (30) which represent
the electric and magnetic field components of Antenna
C2 respectively. Figure 13 shows the radiation pattern of
Antenna C2.
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2.7. Antenna C3

The feeding arrangements for symmetrical triple feeding
out of phase (Antenna C3) is shown in Figure 14.
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Figure 13. Radiation pattern of antenna C2.
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Figure 14. Feeding arrangements for triple feeding full
wave antenna.
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The mathematical expression for the current distribu-
tion is indicated in Equations (31) and (32); taking into
consideration that coefficient of cosine factor is equal to
0.1 for Antenna C3.

L

](z):sinﬂ(%—zj+0.lcos(ﬁ‘§j, 52220 (31)

I(z):sinﬂ(%+zj+0.lcos(ﬂ-%j, 0> ZZ—% (32)

Substituting Equations (31) and (32) in Equation (1),
and solving following the same procedure, yields Equa-
tions (33) and (34) which represent the electric and
magnetic field components of Antenna C3 respectively.
Figure 15 shows the radiation pattern of Antenna C3.

o j601r0e_jw('_gJ

4

r (33)
02cos(ncos(0))sin0 cos(mcosd)+1
’ 1—4cos® @ sin @
o j601r0e_jw('7J
¢ 27‘[1” (34)
cos(ncos(&))sin& cos(mcosf)+1
x| 0.2 +
1—4cos® 0 sin @

The equations of the radiation pattern for Antenna C1,
C2 and C3 are derived based on the obtained equations
of the current distribution. The equation of the radiation
pattern for symmetrical triple feeding can be generalized
as depicted in Equation (35)
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Figure 15. Radiation pattern of antenna C3.
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Table 1. Measured and theor etical parameters of full wave antenna.

Parameters Ant Al Ant A2 Ant B1 Ant B2 Ant C1 Ant C2 Ant C3
Gain dB Measured (power gain) 3.1 2.1 23 1.92 52 5.01 3.6
Gain dB Theoretical (directivity) 3.82 2.479 —1.66 2.469 6.7 6.35 4.6
Zin Q Measured 160 -j10 130-j12 135-j25 140 - j8 160 - j7 128 -j15 159 -j8
Riua Q Theoretical 199.1 93.48 62.64 33.35 401.2 250 203
Efficiency 84% 91% 86% 88% 70% 73% 79%

Equation (35) is derived for the radiation pattern of
symmetrical triple feeding, which is valid for symmetri-
cal triple feeding for full-wave antenna regardless of the
length and width of antenna. The validity of this Equa-
tion for asymmetrical triple feeding needs further exam-
ining, and strict investigations as is mentioned in previ-
ous section. Moreover, according to [8], the asymmetri-
cal feeding produces the input impedance, which is a
combination of real and imaginary values. Whereas, for
symmetrical triple feeding antenna produces the input
impedance, which is pure resistance. Since, in asymmet-
rical feeding, the ratio between the peak current and the
drive current can be even greater than 2 and the current
doesn’t fall to the zero at the end of the antenna. How-
ever, the analysis of the radiation pattern shows an ap-
preciable agreement among the measured, simulated and
theoretical analyses.

3. Gain and Efficiency

For Antenna A1, the symmetrical dual feeding technique
produced high gain as compared to the single and center-
fed antennas. An improvement of about 3 to 3.5 dB was
achieved comparing to center tap fed and off center fed.
However, this increase in directivity is at the cost of
increasing the feed of the antenna. For Antenna A2,
when the polarity of feeding changes, the gain drops be-
cause the radiation pattern is split into four lobes, but
Antenna A2 still gives better results as compared to sin-
gle-fed, with respect to gain and input impedance. The
effects of the asymmetrical feeding on radiation charac-
teristics were investigated. As shown in Table 1 and
comparing to single off-center feeding, it was found that
an asymmetrical dual feeding in-phase (Antenna B2) pro-
vides good performance, considering the directivity, pat-
tern, and input impedance. A 2.46 dB gain has been ob-
tained. The investigation of the asymmetrical dual feed-
ing out-of-phase indicated that this antenna actually has a
lesser gain than the single center-fed and single off-cen-
ter fed and lower input impedance at the input feeding
ports. However, the gain of Antenna B1 is dropped appar-
ently because the radiation pattern has 6 lobes. It was
found that a symmetrical triple feeding provides an over-
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all best performance with respect to gain, radiation pat-
tern, beam width, and input impedance an expression for
efficiency is given:

G (measured)

— 2 x100% 5.94
D (theoretlcal)

Efficiency = eff =

where D is the theoretical gain (Directivity) of the an-
tenna, and G is the measured gain (Power Gain). The
efficiency of Antennas Al, A2, B1, B2, C1, C2, and C3
is indicated in Table 1

4. Conclusion

The Analysis of the radiation pattern and gain of differ-
ent feeding design of full-wave dipole antenna were dis-
cussed and presented. The symmetrical dual feeding in
phase as well as the symmetrical triple feeding in phase
provided the best performance and results comparing to
center tap fed and off center fed. The theoretical and
measured results of both gain and input impedance were
presented.
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