
Common Antenna Topologies: A Review.

John Buczek and Katherine Murphy

June 6, 2020

1



1 Introduction

With the rise of new technologies such as Unmanned Aerial Vehicle (UAV)
technology comes a greater need for remote communication; One potential use
of UAVs is to relay LTE base stations to users. No longer is the network bound
to having stationary base stations that connect mobile users. With drones,
networks can move and change their infrastructure temporarily in order to react
to demand; Mobile base stations can predict user dropouts and change location
to prevent loss of connection. These base stations can temporarily be tasked to
areas of abnormally high traffic to relieve stress on the permanent infrastructure
and increase throughput. With a mobile base station, assets can go beyond the
reach of the permanent grid and still maintain network connection.

One of the first potential issues with using LTE and mobile base stations
is interference. In the current stationary base station infrastructure, users nor-
mally can only see one station at a time; this is due to deliberate station placing,
obstacles (buildings, trees, mountains, etc.), and the curvature of the earth. This
may not always hold for drone mounted base stations. The most straightfor-
ward application of drone mounted base stations is the extension of existing
infrastructure; in this application, the mobile base station acts as a user to
permanent base stations while simultaneously acting as a base station to its
subscribed users. This application use causes the rare phenomenon where a
user (the mobile base station) is visible to multiple permanent base stations
and is passing a large amount of data. With standard LTE omnidirectional
antennas, the mobile base station may be connected to one permanent base
station while its signal still reaches another base station that it is not connected
to. This leaked signal has the potential to interfere with the performance of the
non-connected base stations [1, 4, 6]. Airborne base stations would be able to
position themselves to optimize their throughput. While the airborne base sta-
tion will experience improved performance, the interference to neighboring base
stations increases with higher bitrates [9, 8]. This compromise has led network
providers to not utilize UAVs in creating mobile base stations.

There have already been many attempts to minimize this interference from
LTE networks. The study in [1] attempted to use altitude to reduce the area of
effect from airborne base stations; similarly, the article [6] attempted to use a
multi-antenna array to solve this problem. While these studies saw some success,
they were not able to use the full potential of LTE and its large connection range;
all the issues with airborne user interference can be solved with a directional
antenna and closer control over UAV movement. The objective of this paper is
to discuss many of the common antenna topologies; this discussion will enable
the reader to solve many of the aforementioned problems through thoughtful
antenna design.

2



2 Antenna Basics

2.1 Antenna Polarization

When designing an antenna one of the important design aspects is antenna
polarization. The polarization of an antenna is the direction of the electric field
as it propagates through a material.

2.1.1 Linear Polarization

Linear polarization at a high level describes the behavior of a field that oscillates
on a line between two fixed end points. If one were to look at the wave behavior
in a side profile rather than looking at the behavior with respect to time, the
shape mapped out by a linear field may look something like the following:

Figure 1: Three Different Types of Linear Polarization.

As can be seen from Figure 1 the overall behavior of a linear polarized
Electric Field is that of a point oscillating within a fixed distance.

In a linear polarized antenna, the magnitude of the Electric Field changes
over time and distance, but the unit direction vector remains in the same plane.
This relationship is shown in Figure 2.

3



Figure 2: The Electric Radiation Patterns for a Linear Polarized Antenna [12]

As can be seen in Figure 2, the Electric Field of the antenna stays in the same
plane but oscillates sinusoidally (back and forth) between an absolute maximum
and minimum. It is discussed later why this is important when creating both
transmitting and receiving antennas.

2.1.2 Circular Polarization

Circular Polarized antennas are common as well. Circular Polarization at a high
level describes the overall behavior of an electric field which traces a circle. A
side-profile view of this can be seen in figure
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Figure 3: The Profile of a Circular Polarized Field [12]

As expected, the profile of an Electric Field traces a circle. In a Circular
Polarized (CP) antenna, the magnitude of the Electric Field stays constant over
time however the direction of the field (unit vector) changes at a constant rate.
Another way to view CP signals is to view them to consist of two orthogonal
electric fields of equal magnitude phase shift by 90◦. Figure

Figure 4: The Electric Radiation Patterns for a Circular Polarized Antenna [12]
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As can be seen in Figure 4 there are two types of circular polarization:
Right-Hand Circular Polarization (RHCP) and Left-Hand Circular Polarization
(LHCP). Common circular polarization methods include creating arrays of lin-
ear polarized antennas that combine to form circular polarization; though there
are topologies of antennas that create CP directly, they are less common. In this
paper, we will discuss many of common circular polarization antenna designs.

2.2 Polarization Loss Factor

The polarization of an antenna is an important factor when determining its
application. Depending on the polarization, the orientations of the transmitting
and receiving antennas could impact their performance; in order to prevent an
increase in loss, it is necessary to calculate the percentage of power received.
The Electric Field of the incident wave ( ~Ei) can be expressed as:

~Ei = ρ̂w| ~Ei| (2.1)

such that ρ̂w is defined as the directional unit vector of the polarization of the
incident waveform. Similarly, the Electric Field of the of the received wave ( ~Ea)
can be written as the equation:

~Ea = ρ̂a| ~Ea| (2.2)

Such that ρ̂a is the directional unit vector of the polarization of the received
waveform. The Polarization Loss Factor (PLF) is the loss due to the difference
in the polarization angles between the incident and receiving antennas; this is
given as:

PLF = |ρ̂w · ρ̂a|2 = | cosψp|2 (2.3)

Such that ψp is the angle between the two polarization vectors. Since the
two unit vectors are unit-less, it follows that the PLF is unit-less.
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Figure 5: Angle Between Two Linearly Polarized Antennas [3]

The image in Figure 5 displays the angle between the polarization vectors
of two LP antennas. It is now clear to understand the underlying phenomenon
here: vector projection; when two misaligned/mis-polarized fields come in con-
tact with each other. One field is only able to project the components of its field
that are oriented in the same direction of the other field. With this knowledge,
we are able to consider PLF as a function of the angle between two polarizations.
This is shown in figure 6
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Figure 6: Linear Polarized to Linear Polarized Polarization Loss Factor vs ψp
[Appendix 6]

The plot in Figure 6 displays the PLF of two LP antennas as a function
of ψp. When two LP antennas are parallel (ψp = 0 and ψp = π), the PLF is
1, corresponding to no loss in the system due to polarization. When two LP
antennas are orthogonal (ψp = π

2 and ψp = 3π
2 ), the PLF is 0, corresponding

to a system where none of the signal is passed, due to polarization mismatch.
This is the case for two LP antennas. This changes when one LP antenna is
substituted with a CP antenna. This relationship is seen in Figure 7
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Figure 7: Circular Polarized to Linear Polarized Polarization Loss Factor vs ψp
[Appendix 6]

The plot of Figure 7 displays the PLF of a CP antenna with a LP antenna.
Due to circular polarization being equivalent to two orthogonal LP waves 90
degrees out of phase with each other, the LP antenna can only receive the in-
phase component of a given CP waveform. As a result, the PLF is 0.5 (or -3dB)
for every ψp that the LP antenna could be rotated to.

For two CP antennas with the same direction of polarization, the CP anten-
nas would not suffer any signal loss due to polarization (PLF = 1 for every ψp).
This is one of the desirable characteristics of CP antennas; note that this PLF
does not account for propagation losses that occur when a waveform travels in
a lossy material.

2.3 Antenna Analysis

Antenna Performance Parameters: [10]

• Radiation Pattern F (θ, φ): Angular variance in radiation around the
antenna.

• Directivity D: Ratio of power density in the direction of the pattern max-
imum to the average power density at the same distance from the antenna.
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• Gain G: Directivity reduced by the losses of the antenna.

• Input Impedance Zin: Impedance seen at the antenna terminals.

• Radiation Intensity U(θ, φ): The power radiated by the antenna per
unit solid angle.

• Bandwidth: Range of frequencies over which specified performance pa-
rameters are acceptable.

The solution of Maxwell’s Equations for radiation problems with far-field
approximations is given by the equations:

~A =
µe−jβr

4πr

∫
V

~J(r′)ejβr̂·
~r′dV ′ (2.4)

~E = −jω ~A (2.5)

The Radiation Intensity is the power radiated in a given direction per unit
solid angle, given as:

U(θ, φ) = Um|F (θ, φ)|2 (2.6)

U(θ, φ) =
r2

2η

(
|Eθ|2 + |Eφ|2

)
(2.7)

Where Um is the maximum radiation intensity. The total power radiated
can be found by integrating the Radiation Intensity over all angles around the
antenna [10]:

Pr =

∫ ∫
U(θ, φ)dΩ (2.8)

The Beam Solid Angle ΩA is the angle through which all the power would
radiate if the power per solid angle (Radiation Intensity) equalled the maximum
value over the beam area. This is defined as [10]:

ΩA =

∫ ∫
|F (θ, φ)|2dΩ (2.9)

The Directivity is given by the equations [10]:

D(θ, φ) = 4π
U(θ, φ)∫ ∫
U(θ, φ)dΩ

=
4π

ΩA
|F (θ, φ)|2 = Do|F (θ, φ)|2 (2.10)

Do =
4π

ΩA
(2.11)

Where Do is the maximum directivity.
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3 Common Linear Polarized Topologies

3.1 Dipole Antenna

One of the most common antenna topologies is the hawf-davelength dipole an-
tenna (l = λ/2); its prevalence is due to the simplicity of its construction and
its radiation resistance, approximately 73 Ω. This 73 Ω is very close to the
50 Ω characteristic impedance of most transmission line; because of this, the
majority of the power sent down the transmission line is radiated out of the
antenna [3, 10].

Figure 8: Half-Wavelength Dipole Diagram [Appendix 7]

Figure 8 shows a half-wavelength dipole antenna. Since all current flowing
on the antenna is in the ẑ direction, from the generic vector potential equation
2.4, we can derive:

~A =
µe−jβr

4πr

∫ l/2

−l/2
ẑI(z′)ejβr̂·

~r′dz′ (3.1)

Assuming that the width of the dipole is much less than the length of the dipole:

~A =
µe−jβr

4πr

∫ l/2

−l/2
ẑI(z′)ejβr̂·ẑz

′
dz′ (3.2)

~A =
µe−jβr

4πr

∫ l/2

−l/2
ẑI(z′)ejβz

′ cos θdz′ (3.3)

The current along the half-wavelength dipole is given by the equation:

I(z′) = Imsin(β(
l

2
− |z′|)) (3.4)
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such that Io is the peak current through the antenna. When the current is
substituted into the vector potential, it yields:

~A = ẑ
µe−jβr

4πr

∫ λ/4

−λ/4
Imsin(β(

l

2
− |z′|))ejβcos(θ)z

′
dz′ (3.5)

~A = ẑ
2Imµe

−jβ

4πrβ

cos(π2 cos(θ))

sin2(θ)
(3.6)

This vector potential can be converted to the spherical coordinate system and
substituted into equation 2.5 to find the electric field ~E equation:

~E = θ̂(−sin(θ))(−jω)

[
2Imµe

−jβ

4πrβ

cos(π2 cos(θ))

sin2(θ)

]
(3.7)

~E = θ̂

[
jω2Imµe

−jβ

4πrβ

cos(π2 cos(θ))

sin(θ)

]
(3.8)

Because the electric field direction is constant, the radiated signal from the
half-wavelength dipole antenna is linear polarized. From the electric field, using
equation 2.7, the radiation intensity U(θ, φ) can be found:

U(θ, φ) = η
|Io|2

8π2

[
cos
(
π
2 cos(θ)

)
sin(θ)

]
≈ η |Io|

2

8π2
sin3(θ) (3.9)

From the radiation intensity, using equations 2.6 and 2.8, the radiation pattern
F (θ, φ) and the radiated power Pr can be found as:

F (θ, φ) =
cos(π2 cos(θ))

sin(θ)
(3.10)

Prad = η
|Io|2

4π

∫ π

0

cos2
(
π
2 cos(θ)

)
sin(θ)

dθ = η
|Io|2

8π

∫ 2π

0

(
1− cos(y)

y

)
dy = η

|Io|2

8π
Cin(2π)

(3.11)

The directivity of the half-wavelength dipole can be found as:

Do = 4π
Umax

Pr
=

4

Cin(2π)
=

4

2.435
≈ 1.643 (3.12)

Cin(2π) = 0.5772 + ln(2π)− Ci(2π) = 0.5772 + 1.838− (−0.02) ≈ 2.435
(3.13)
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Figure 9: 2D Directivity of Half-Wavelength Dipole Antenna [Appendix 7]

Figure 9 is the 2-Dimensional plot of the directivity of the half-wavelength
dipole antenna. The signal radiates in a linear polarized fashion along the x-y
plane outward from the antenna; because of this the antenna can be described
as omnidirectional.

Figure 10: 3D Directivity of Half-Wavelength Dipole Antenna [Appendix 7]

Figure 10 is the 3-Dimensional plot of the directivity of the half-wavelength
dipole antenna. The input impedance of the half-wavelength dipole antenna is
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given by the equation:

Rr =
2Pr
|Io|2

=
η

4π
Cin(2π) = 30(2.435) ≈ 73(Ω) (3.14)

Zin ≈ 73 + j42.5 (3.15)

The input impedance above is for an infinitely thin half-wavelength dipole
antenna. If the length of the antenna is reduced to slightly less than half-
wavelength in order to achieve resonance, then the input impedance is approxi-
mately 70 + j0Ω. This slightly shorter dipole antenna is commonly used due to
its entirely real impedance [10].

3.2 Folded Dipole Antenna

Another common wire antenna is the folded dipole antenna. The folded dipole
antenna is designed by connecting two parallel dipoles at the ends to form a
loop; the dimensions are determined by its length l and d the distance between
the two dipoles where d << l [10].

Figure 11: Half-Wavelength Folded Dipole Antenna Diagram [Appendix 8]

Figure 11 displays the folded half-wavelength dipole antenna. The folded
dipole is folded back on itself, causing the current on it to reinforce itself instead
of cancelling; because of this the radiation pattern is similar to that of a half-
wavelength dipole, but with different impedance [10]. For a half-wavelength
folded dipole antenna, the radiation is approximately given by:

F (θ, φ) ≈
cos(π2 cos(θ))

sin(θ)
(3.16)
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Figure 12: 2D Directivity of Half-Wavelength Folded Dipole Antenna [Appendix
8]

Figure 12 displays the 2-Dimensional plot of the directivity of the folded
half-wavelength dipole antenna.

Figure 13: 3D Directivity of Half-Wavelength Folded Dipole Antenna [Appendix
8]

Figure 13 displays the 3-Dimensional plot of the directivity of the folded
half-wavelength dipole antenna. The folded dipole can be assumed to act as
a transmission line with unequal currents. The impedance of a short circuit
transmission line is given by the equation:

Zt = jZotan(β
L

2
) (3.17)
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such that Zo is the characteristic impedance of the transmission line. The
impedance of a folded dipole antenna is given by the equation:

Zin =
4ZtZd
Zt + Zt

(3.18)

such that Zd is the input impedance of a dipole antenna of the same length.
For the case of the half-wavelength folded dipole antenna, the input impedance
is given by:

Z(l = λ/2) = 4Zd ≈ 4(73 + j42.5) = 292 + j170 (3.19)

Similar to the normal Half-Wavelength Dipole antenna, if the half-wavelength
folded dipole antenna is made slightly shorter to achieve resonance, then the re-
actance becomes zero and the input impedance becomes ≈ 4(70) = 280Ω [10].

3.3 Yagi-Uda Antenna

Yagi-Uda antennas are designed by compiling a parasitic linear array of parallel
dipole antennas; the permeation of this antenna type in our society is due to
their simplicity and high gain. Typical applications include point to point WiFi
communications. The typical Yagi antenna consists of 3 members: a reflector,
a driver, and N directors; though there are many variations of Yagi antennas,
this analysis will focus on the case with directors of equal length, diameter, and
spacing [3].

Figure 14: Yagi-Uda Antenna Diagram (N=7) [Appendix 9]

Figure 14 displays a possible design of a Yagi-Uda antenna.
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Figure 15: 2D Directivity of Yagi-Uda antenna (N=7) [Appendix 9]

Figure 15 displays the 2-Dimensional plot of the directivity of the Yagi-Uda
antenna.

Figure 16: 3D Directivity of Yagi-Uda antenna (N=7) [Appendix 9]

Figure 16 displays the 3-Dimensional plot of the directivity of the Yagi-Uda
antenna. The maximum directivity of a Yagi-Uda antenna with equal length
director elements is given by the equation [10]:

Do ≈ 7.2
L

λ
(3.20)

L = d(N + 2) (3.21)
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With increased number of directors and increased distance between direc-
tors, the directivity of the antenna increases. Typically, Yagi-Uda antennas
have driver antennas that are half-wavelength. The input impedance of such
antennas are know to be 73 + j42.5Ω, but due to the parasitic elements, the
input impedance becomes less than that of the driver antenna. For example, for
a single driver of length λ/2 and a single parasitic element, the input impedance
becomes [7]:

Zin = Z11 −
Z2
12

Z22
(3.22)

Where Z12 is the mutual impedance of elements 1 and 2, Z22 is the self
impedance of the parasitic element, and Z11 is the self-impedance of the driver
element. This becomes more complex with the addition of more elements.

4 Common Circular Polarized Topologies

4.1 Crossed Dipole Antenna

The crossed dipole antenna is an array of two orthogonal dipole antennas; these
dipole pairs are excited such that they are phased by 90◦. In our analysis, we
focus on two half-wavelength crossed dipole antennas [13, 3].

Figure 17: Half-wavelength Crossed Dipole Antenna Diagram [Appendix 7]

The Figure 17 displays a diagram of of a half-wavelength crossed dipole
antenna. In the diagram, the two antennas lie on the z-y plane with their
intersection at the origin. The EMF characteristics can be found using the
equations calculated for the half-wavelength dipole antenna. First, the equation
3.6 can be applied to the z and y axes to find the vector potential ( ~A) of the
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crossed dipole antenna [3].

~A = ẑ
µIm
2βπr

cos(cos(π2 θ))

sin2(θ)
+ ŷ

jµIm
2βπr

cos(cos(π2φ))

sin2(φ)
(4.1)

This equation can be converted to the spherical coordinate system:

~A =
µIm
2βπr

[
−θ̂

cos(cos(π2 θ))

sin(θ)
+ j(θ̂cos(θ)sin(φ) + φ̂cos(φ))

cos(cos(π2φ))

sin2(φ)

]
(4.2)

From this equation and equation 2.5, the electric field ~E can be calculated:

~E =
−jωµIm

2βπr

[
−θ̂

cos(cos(π2 θ))

sin(θ)
+ j(θ̂cos(θ)sin(φ) + φ̂cos(φ))

cos(cos(π2φ))

sin2(φ)

]
(4.3)

From this equation, the θ̂ and φ̂ components of the electric field can be fac-
tored out and replaced into equation 2.7 to find the radiation intensity U(θ, φ):

U(θ, φ) =
1

2η

(
ωµIm
2βπ

)2
[∣∣∣∣−cos(cos(π2 θ))sin(θ)

+ j
cos(θ)cos(cos(π2φ))

sin(φ)

∣∣∣∣2 +

∣∣∣∣cos(φ)cos(cos(π2φ))

sin2(φ)

∣∣∣∣2
]

(4.4)

From the radiation intensity and equation 2.6, the normalized power pattern
can be found:

|F (θ, φ)|2 =

∣∣∣∣−cos(cos(π2 θ))sin(θ)
+ j

cos(θ)cos(cos(π2φ))

sin(φ)

∣∣∣∣2 +

∣∣∣∣cos(φ)cos(cos(π2φ))

sin2(φ)

∣∣∣∣2
(4.5)

Using the normalized power pattern and radiation intensity equations, other
parameters could be derived such as the radiation power (equation 2.8), the
beam solid angle (equation 2.9), and directivity (equation 2.11).
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Figure 18: 2D Directivity of Half-Wavelength Crossed Dipole Antenna [Ap-
pendix 7]

Figure 18 displays the 2-Dimensional plot of the directivity of the half-
wavelength dipole antenna. It can be seen that with the two antennas mounted
on the x-y plane, then the waveform propagates along the z-axis; when the
waveform is not along the z-axis the polarization becomes elliptically polarized
and introduces polarization loss.

Figure 19: 3D Directivity of Half-Wavelength Crossed Dipole [Appendix 7]

Figure 19 displays the 3-Dimensional plot of the directivity of the half-
wavelength dipole. Another concern with the half-wavelength crossed-dipole
antenna is the opposition of polarization to the circular polarization on oppo-
site sides of the antennas; in the figure above, figure 19 for example, if the
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waveform in the positive z direction was RHCP, then the waveform in the neg-
ative z direction would be LHCP. This is one of the main reasons that standard
crossed dipole antennas are not very common; it is important to note that many
other topologies of antenna are similar [13, 11].

[5]

4.2 Cloverleaf Antenna

Cloverleaf antennas are circular polarized antennas that radiate in an omnidi-
rectional fashion similar to the dipole antenna. The cloverleaf antenna can be
approximated as arrays of 3 or 4 folded dipole antennas [7].

Figure 20: Cloverleaf Antenna Diagram [Appendix 11]

Figure 20 displays a diagram of a 4-pedal Cloverleaf antenna. Each pedal
is designed so that they are λ/4 from the center of the antenna, making the
entire diameter of the antenna λ/2; the full perimeter of each pedal becomes
approximately λ, making them approximately equivalent to a half-wavelength
folded dipole antenna. In the 4-pedal case, the pedals that are across from
one another are orthogonal. Assuming that the across pedals are on one axis,
the radiation along that axis is not affected by the other two pedals as their
radiation is in phase and opposite, canceling each other out; this in conjunction
with the fact that the across pedals are a half-wavelength apart makes the
radiated signal circular polarized. This is true for all directions along the x-y
plane of the cloverleaf antenna, but becomes more complex as the sum of the
electric fields of all the pedals combine to form a circular polarized waveform.
Because the geometry of the cloverleaf antenna naturally creates a CP signal,
no external phasing is required [7]. The radiation pattern is approximately the
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same as a half-wavelength dipole antenna give n by the equation:

F (θ, φ) ≈
cos(π2 cos(θ)

sin(θ)
(4.6)

Figure 21: 2D Directivity of Cloverleaf Antenna [Appendix 11]

Figure 21 shows the 2-Dimensional directivity of a cloverleaf antenna; for
this antenna, the radiation is outward along the plane of the antenna. There is
no current in the axial direction due to all the currents of the pedals cancelling
there.

Figure 22: 3D Directivity Cloverleaf Antenna [Appendix 11]

Figure 22 shows the 3-Dimensional directivity of a cloverleaf antenna. The
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radiation along the x-y plane is circular polarized no matter the direction, but
as for values where z is not zero, the output signal becomes more elliptical,
causing polarization loss. Unlike the Half-Wavelength Crossed Dipole antenna,
the entire signal radiated on the axis of the antenna is of the same Circular
Polarization. In addition, the angles of the pedals can be altered to change the
angle at which the radiated signal is entirely CP.

There are many advantages to the Cloverleaf antenna topology. The main
advantage is the input impedance. Since the Cloverleaf is approximated to be
an array of Half-Wavelength Folded Dipole antennas with Impedance given by
Equation 3.19, the input impedance is approximately the same as a normal
Half-Wavelength Dipole antenna [7, 11]:

Zin ≈
4 ∗ Zd
N

(4.7)

such that Zd is the impedance of a half-wavelength dipole antenna (≈ 73 +
j42.5Ω). For the 4-pedal Cloverleaf, the Input Impedance is approximately the
same as a Half-Wavelength Dipole. For the 3-pedal Cloverleaf, the real part of
the Input Impedance is approximately 100Ω (Note that this does not account
for the mutual coupling effects that the pedals induce on one another).

There are some limitations to the Cloverleaf antenna. Due to the geometry
of the antenna being λ/2 in size, the antenna is used mostly in the UHF range
due to their smaller wavelengths. In addition, the fixed antenna size maxes the
frequency range is narrower ( ≈ 10% bandwidth) in order to maintain circular
polarization [7].

4.3 Axial Mode Helical Antenna

The Axial Mode Helical antenna (AMH) is designed with reflector plates that
are below normal Helical antennas to direct their signal; AMH antennas are
used when a moderate gain and circular polarization are needed. They benefit
from a small cross-section and are mostly used for the UHF range [2, 7].
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Figure 23: Axial Mode Helical Antenna Diagram (N=12) [Appendix 10]

Figure 23 displays the Axial Mode Helical antenna. AMH antenna shape
is determined by the circumference C of the helix, the pitch angle of the helix
α, the number of turns N , the space between turns S (S = Ctan(α)), and the
length of one turn L. The approximate model of the AMH antenna assumes
that the signal travels purely outward from the feed; as a result, the ideal AMH
antenna has an entirely real input impedance given by the equation [7]:

Zin = 140
C

λ
(Ω) (4.8)

The Radiation Pattern is given by the equation:

F (θ, φ) = (−1)N+1sin(
π

2N
)cos(θ)

sin(Nψ/2)

sin(ψ/2)
(4.9)

Where ψ is given by:

ψ = βS(cos(θ)− 1)− 2π − π

N
(4.10)
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Figure 24: 2D Directivity of Axial Mode Helical Antenna (N=12) [Appendix
10]

Figure 24 is a 2-Dimensional plot of the directivity of the AMH antenna; for
this antenna, the radiated signal is in the direction that the helix points.

Figure 25: 3D Directivity of Axial Mode Helical Antenna (N=12) [Appendix
10]

Figure 25 is a 3-Dimensional plot of the directivity of the AMH antenna.
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Other parameters of the AMH antenna are given by the equations [10, 3, 7]:

HP =
65◦

C
λ

√
N S

λ

(4.11)

G =
26, 000

HP 2
= 6.2

(
C

λ

)2

N
S

λ
(4.12)

AR =
2N + 1

2N
(4.13)

Do ≈ 12N
C2S

λ3
(4.14)

For 3λ
4 < C < 4λ

3 , 12◦ < α < 15◦, and N > 3. Where HP is the half-power
beamwidth of the antenna (in degrees), G is the gain of the antenna (dB), AR
is the axial-ratio of the antenna, and Do is the directivity of the antenna. From
these equations it can be seen that by increasing the circumference, the number
of turns, or the spacing between turns, that the antenna becomes more direc-
tional.

For Typical Applications:

C = λ

α = 12◦

N = 12

S = Ctan(α) = 0.213λ

L =
√
C2 + S2 = 1.022λ

5 Conclusion

While the antennas mentioned in this paper do not compose an exhaustive list
of all the possible antenna configurations, the ones discussed, which have been
researched extensively, give an introduction into many of the common topologies
and techniques to produce different radiation patterns. Because every radio
frequency application is different, the RF engineer must be equipped with an
arsenal of different topologies to choose the best suited for their needs.

Appendices

6 Polarization Loss Factor MATLAB Code

clear
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clc

%% Parameter Values

psi = 0 : 0.001 : 2.0 * pi;

%% Generate plots

PLF = cos(psi).*cos(psi); % polarization loss factor of two linearly polarized antennas

PLF_lin_circ = 0.5 .* ones(length(psi), 1); % polarization loss factor of circular polarized antenna to a linear antenna no matter the angle the LP antenna is rotated to

%% Plot

figure(1)

plot(psi, PLF);

title(’Polarization Loss Factor (Linear to Linear)’);

xlabel(’Psi (radians)’);

ylabel(’PLF’);

xlim([0 2*pi]);

ylim([0 1]);

figure(2)

plot(psi, PLF_lin_circ);

title(’Polarization Loss Factor (Linear to Circular)’);

xlabel(’Psi (radians)’);

ylabel(’PLF’);

xlim([0 2*pi]);

ylim([0 1]);

7 Dipole and Crossed Dipole MATLAB Code

freq = 1e9;

lambda = 3e8/freq;

length = lambda/2;

width = lambda/50;

d = dipole(’Length’,length,’Width’,width);

ant= dipoleCrossed(’Element’,d,’Tilt’,90,’TiltAxis’,[0 1 0]);

%% Crossed Dipole Plots

figure(1);

show(ant);

figure(2);

pattern(ant, freq);

figure(3);

patternElevation(ant, freq);

%% Dipole Plots

figure(4);
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show(d);

figure(5);

pattern(d, freq);

figure(6);

patternElevation(d, freq);

8 Folded Dipole MATLAB Code

freq = 1e9;

lambda = 3e8/freq;

length = lambda/2.1;

width = lambda/150;

spacing = lambda / 250;

ant = dipoleFolded(’Length’, length, ’Width’, width, ’Spacing’, spacing);

%% Folded Dipole

figure(1);

show(ant);

figure(2);

pattern(ant, freq);

figure(3);

patternElevation(ant, freq);

figure(4);

impedance(ant, freq);

9 Yagi-Uda MATLAB Code

freq = 1e9;

lambda = 3e8/freq;

offset = lambda/50;

director_spacing = lambda /4;

reflector_spacing = lambda /4;

length = lambda/2.1;

width = lambda/50;

reflector = lambda * 0.5;

director = lambda * 0.4;

anglevar= 0:10:180;

freqrange = 200e6:2e6:400e6;

gndspacing = lambda/4;

d = dipole(’Length’,length,’Width’,width, ’Tilt’, 90, ’TiltAxis’, [0 1 0]);
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ant = yagiUda(’Exciter’, d, ’NumDirectors’, 7, ’DirectorLength’, director, ’ReflectorLength’, reflector, ’ReflectorSpacing’, reflector_spacing, ’DirectorSpacing’, director_spacing);

%% Yagi

figure(1);

show(ant);

figure(2);

pattern(ant, freq);

figure(3);

patternElevation(ant, freq);

%figure(4);

%impedance(ant, freq);

10 Helix MATLAB Code

freq = 1e9;

lambda = 3e8/freq;

circ = lambda;

radius = circ / (2 * pi);

spacing = 0.213 * lambda;

ant = helix(’Turns’, 12, ’Radius’, radius, ’Spacing’, spacing);

%% Helix

figure(1);

show(ant);

figure(2);

pattern(ant, freq);

figure(3);

patternElevation(ant, freq);

figure(4);

impedance(ant, freq);

11 Cloverleaf MATLAB Code

freq = 1e9;

num_pedals = 4;

flare_angle = 360 / num_pedals;

lambda = 3e8/freq;

length = lambda/4;

width = lambda/150;

ant = cloverleaf(’NumPetals’,num_pedals,’PetalLength’,length,’PetalWidth’,width, ’FlareAngle’, flare_angle);

%% Cloverleaf

figure(1);
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show(ant);

figure(2);

pattern(ant, freq);

figure(3);

patternElevation(ant, freq);

figure(4);

impedance(ant, freq);
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