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ABSTRACT 
 
This paper aimed to determine how the directivity was 
affected by the dielectric substrate in the dipole antenna. The 
researchers had to choose different substrates and specific 
property of antennas in order to produce this study. Given all 
these substrates, the study focused on which of these would 
produce the best results that would be beneficial to antennas 
of a certain function. For this case, it is the directivity of the 
antenna that is being researched on. Through the use of the 
Matrix Laboratory (MATLAB) software, the researchers were 
able to conduct a comparative study on these different 
substrates to obtain their directivities. After the researchers 
conducted the simulation, the dielectric substrate, Fused 
Quartz was found to have the least value in directivity while 
Air had the highest directivity. Additionally, the researchers 
were able to deduce that the lower the constant of the material, 
the higher the directivity of the material. This showed that the 
relationship between the two variables was inversely 
proportional. 
 
Key words: Dielectric Substrate, Dipole Antenna, 
Directivity, Substrates, Fused Quartz.  
 
 
1. INTRODUCTION 
 
In recent years wireless communication systems have 
increased the number of devices that would connect to 
wireless networks. From modern house appliances to cellular 
gadgets, the connection of those devices all relied on one 
common component; the antenna. Although there were 
several factors that affect the antenna propagation like 
geometric shape, material type, and length and width; 
dielectric substrates could have greatly impacted the 
propagation of the antenna without drastic changes on the 
geometric aspect of the antenna. Different substrate materials 
could have had an effect on the performance and 
characteristics of the antenna [1]. Some of these 
characteristics improve on the antenna use, some examples 
are flexibility, robustness, compact nature and retain excellent 
performance. High dielectric- constants affect the antenna by 

decreasing the efficiency and suffers from a very narrow 
bandwidth [2]. That suggested however that the material for 
dielectric-substrates affect the efficiency of the wave emitted 
by the antenna. Some common dielectric substances included 
bakelite,R04003,  
 
Taconic TLC FR4 Glass Epoxy, and RT duriod. Those 
different dielectric substrate types differ in multiple properties 
like return loss, antenna gain, directivity, and bandwidth. 
However, for the study, the only directivity was prioritized.  
 
The researchers intended to observe the effect of different 
dielectric substrates on a simple dipole antenna; specifically, 
the directivity of the wave polarization. That was due to the 
nature of dipole antennas to polarize greater in a specific 
direction. That magnitude could then have been computed and 
compared to different types of dielectric substrates. That 
would have been done by simulation in a matrix laboratory 
application (MATLAB). With the help of different toolboxes, 
a simulation of the antenna would have been made. Since a 
dipole antenna was the simplest antenna type, as well as the 
most common type of antenna this class of antenna would 
have been used to analyze the results to see if the directivity of 
the antenna was affected. 
 
2.  BACKGROUND OF THE STUDY 
 
The dipole antenna was considered one of the most basic 
types of antenna and was used because of its practicality. 
There were different types of substrates that would be used as 
a layer that would support the antenna. The different 
substrates that were used were applied given that they were 
available on the matrix laboratory (MATLAB) software. Five 
substrates were used to produce different figures and different 
values for directivity. These substrates were: Air, Teflon, 
Foam, Polystyrene and Fused Quartz. The relative 
permittivity of the five substrates was found as follows: 1 for 
Air, 2.1 for Teflon, 1.03 for Foam, 2.55 for Polystyrene, and 
3.78 for Fused Quartz. All of the values of which were 
obtained from MATLAB. For this paper, the dipole antenna 
was used because it closely resembles the input impedance. 
The researchers decided to choose one property that could be 
further studied in order to see if the dielectric substrate in a 
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dipole antenna would affect the directivity. Directivity was a 
parameter that was used to quantize the directional flow of the 
antenna’s pattern. So, for example, if the antenna has radiation 
that was symmetrically equal all around, then that means that 
it has a directivity of one. Additionally, if the directivity was 
equal to one, then the directionality would be zero. The 
directivity of an antenna relies heavily on its function. The 
greater the directivity, then the more pivoted or focused the 
signal would be. An example of an antenna that required a 
high directivity would be satellite dish antennas. This was 
because these antennas transmit and receive signals at a fixed 
location. An example of antennas that require low directivity 
would be walkie-talkies or cellphones. The reason for this was 
because it required to be able to receive signals in all 
directions. If the directivity were high, then people would 
only be able to receive calls from a certain point or angle. 
 
3.  STATEMENT OF THE PROBLEM 
 
The latest trends in the field of signal transmission suggest 
that antennas with higher directivity and relatively higher gain 
are become increasingly necessary this field especially in 
large-scale, unidirectional communication systems for them 
to operate more efficiently. For example, antennas for 
consumer cell phones must be designed to have a low 
directivity because the signal can come from any direction, 
and the cell phone antenna should be able to receive it. In 
contrast, satellite dish antennas, which are much larger, must 
be designed to have very high directivity, because they are to 
receive signals from a fixed direction [3]. It has been shown 
that when the performance of antennas with a substrate having 
higher relative permittivity is compared with that of antennas 
with a substrate having a low value of relative permittivity, 
the difference in permittivity is considerable [4]. Also, 
directivity can be increased by using a multilayer 
dielectric-covered layer structure. 

4. SIGNIFICANCE OF THE STUDY 
 
The study proved to be significant due to the increase in 
wireless communication systems found in both household 
devices as well as handheld devices. dielectric substrates on 
antennas, specifically on soldered on antennas make use of 
this form factor for several reasons. Primarily on its easy and 
cheap application, the antennas that would be installed on 
devices allowed the use of wireless communication between 
devices as well as the internet. This alone allowed the 
manufacturers to expand the features found commonly used 
devices. In addition, another advantage this form factor offers 
is the flexibility of the antenna allows different use cases 
when applying this technology to the device. With the design 
of the circuit however, a dielectric substrate allows a better 
circuit to be made. Different dielectric substrates, however, 
are available to manufacturers hence a better understanding of 
the directivity and the characteristics of these dielectrics are 
important in designing these circuits. With the analysis of the 
directivity of the dielectric substrates, the directivity of the 
dielectric could be highlighted. The use of a dipole antenna 

makes sure that only the dielectric properties would affect the 
directivity of the propagation. 

5. DESCRIPTION OF THE SYSTEM 
 
A simulation comparing the resulting directivity of a dipole 
antenna after using five different types of mounting dielectrics 
(air, Teflon, foam, polystyrene, fused quartz) is introduced in 
this paper. The simulated antenna was tested over each 
dielectric material using a 4-meter band wave (70 MHz). The 
dipole was configured to support frequencies within the VHF 
band in order to accommodate the said wave. 
 
6. METHODOLOGY 
 
The researchers formulated the following MATLAB script in 
order to test a theoretical dipole antenna against the five 
dielectrics. The script required the use of the ‘Antenna 
Toolbox’ from MathWorks.  
 
clc 
clear 
d = dipole('Length',0.15,'Width',0.015, 'Tilt',90,'TiltAxis',[0 1 
0]); 
  
t1 = [dielectric('Air')]; 
rf1 = reflector('Exciter',d,'Spacing',7.5e-3,'Substrate',t1); 
rf1.GroundPlaneLength = inf; 
show(rf1) 
pattern(rf1,70e6) 
dAir = pattern(rf1,70e6,0,90) 
  
t2 = [dielectric('Teflon')]; 
rf2 = reflector('Exciter',d,'Spacing',7.5e-3,'Substrate',t2); 
rf2.GroundPlaneLength = inf; 
show(rf2) 
pattern(rf2,70e6) 
dTeflon = pattern(rf2,70e6,0,90) 
  
t3 = [dielectric('Foam')]; 
rf3 = reflector('Exciter',d,'Spacing',7.5e-3,'Substrate',t3); 
rf3.GroundPlaneLength = inf; 
show(rf3) 
pattern(rf3,70e6) 
dFoam = pattern(rf3,70e6,0,90) 
  
t4 = [dielectric('Polystyrene')]; 
rf4 = reflector('Exciter',d,'Spacing',7.5e-3,'Substrate',t4); 
rf4.GroundPlaneLength = inf; 
show(rf4) 
pattern(rf4,70e6); 
dPoly = pattern(rf4,70e6,0,90) 
  
t5 = dielectric('Fused quartz'); 
rf5 = reflector('Exciter',d,'Spacing',7.5e-3,'Substrate',t5); 
rf5.GroundPlaneLength = inf; 
show(rf5) 
pattern(rf5,70e6) 
dFusedq = pattern(rf5,70e6,0,90) 
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The dipole antenna was specified to have a length of 0.15 
meters, which results in a maximum acceptable frequency of 
200 MHz. This is within the VHF band. Additionally, the 
width of the antenna is 0.015 meters, which is a typical 
antenna dimension [5]. The antenna is mounted parallel to the 
dielectric base by setting its tilt to 90.  
Once the results of the experiment were obtained, a 
comparative analysis of the dielectric constants of the 
materials vs. dipole antenna directivity took place. 
 
 
7. REVIEW OF RELATED LITERATURE 
 
7.1. Dielectric Substrate 
Quality of communication was seen to be highly dependent on 
antennas [6]. Antennas always stood as the very core and 
means for wireless communication systems [7]. Even so, they 
have also hindered any efforts towards making those systems 
smaller. With that in mind, they utilized the microstrip 
antenna carrying a metallic radiation patch to be applied onto 
the dielectric substrate. The shape of the patch could have 
been selected from a wide array of choices to fit better in 
terms of improving performance and analysis. Moreover, the 
microstrip antenna’s dielectric constant was low to improve 
the edge radiation field intensity. Consequently, the constant 
of the substrate needed to be above 5 to work well with the 
formerly mentioned antenna.  
 
In order to function at 2.4 GHz, they needed to analyze the 
nonradiating edges of each of the array’s corresponding 
contents [8]. On the edges, there were the optimized 
rectangular microstrip antenna arrays with tabs in the shape of 
a semi-circle and four elements, corporate-fed, respectively 
[9]. They created antenna formations with the 1.6 millimetre 
thick FR4 dielectric substrate at a 4.4 permittivity. They tested 
the antenna’s output and performance in terms of bandwidth, 
return loss, radiation patterns, and gain and then consequently 
determined the difference between those rectangular 
microstrip arrays with the conventional single-element versus 
semicircular tabs at the specified frequency.  
 
Chemical and biochemical sensing was made easier and more 
efficient through the use of surface-enhanced Raman 
spectroscopy [10]. Surface-enhanced Raman spectroscopy 
was found to be more intense in the presence of an optical 
interference substrate with a dielectric spacer. In support of 
the initial substrate and spacer, a reflector was used as a 
back-up. The researchers, therefore, developed highly 
sensitive surface-enhanced Raman spectroscopy substrates 
with their own core-satellite nano-structures and 
silica-covered silicon interference layers. Due to the specific 
thickness and reflectivity of the silica spacer and silicon 
substrate respectively, the surface-enhanced Raman 
spectroscopy was seen to work better because of opposing 
signs in reflected coefficients. Moreover, in order to 
maximize the intensity of the nanogaps in the middle of the 
nanoparticles, all they had to do was vary the silica thickness 
[11]. To accomplish the latter, interference of reflected light 
should have been defined to add hot spots.  
 

Power electronics have proven to be hindered in their 
durability and capability to perform by their very own 
packaging [12]. Regardless of how unique the device is, the 
problem was seen to still hold true [13]. With that in mind, the 
researchers created an integrated package assembly with 
layers of a copper circuit on the aluminum nitride dielectric 
used with the aluminum-silicon carbide substrate. Due to their 
modified packaging, its properties for thermal cycling has 
increased to become more reliable compared to the 
conventional direct bonded copper assembly. Above the 
factor of 18, the researchers were able to increase the thermal 
resistance in contrast to heat spreaders made out of thick 
copper. To further remedy the thermal performance situation, 
they integrated the single-phase liquid cooling into their layer 
to match the heat spreaders and cause a balance.  
 
In the frequency range of infrared and visible, the researchers 
were able to create a multi-circular ring for perfectly 
absorbing metamaterials [14]. Similar experiments have 
already been conducted to prove the possibility [15]. Those 
were made possible due to the unity solar energy absorption 
method which was dependent on quite a number of factors. 
Those factors included the size, substrate thickness and 
composition, polarization effects in the transverse electric and 
magnetic modes, and even resonator effects. Their creation 
was able to perfectly absorb due to the patterns of low 
conductivity in aluminum metals and gallium arsenide 
dielectric substrates all in the ring. Moreover, the used the 
CST microwave studio and high-frequency structural 
simulator to determine the parameters for absorption in both 
frequencies. The reason behind its presence in both 
frequencies was the various electric and magnetic modes. 
Their results allowed them to conclude that their absorber was 
unaffected by polarization angles and was specifically perfect 
in the mentioned frequency ranges. Finally, they realized that 
their creation could have been utilized in sensing, imaging, 
stealth technology, and renewable solar energy. 
 
7.2.  Dipole Antennas 
In order to detect real-time small fluctuations, a direct 
sampling method was utilized [16]. It was functional in 
various dynamic parameters due to the fact that it made use of 
a few dipole antennas. Their direct sampling method was 
proven theoretically with its indicator function depicted 
infinitely by Bessel functions of integer order, antenna 
configurations, and order zero of the Hankel function [17]. 
 
The researchers were able to remove membrane generated 
curl in the folding pattern of orbital mission devices to 
improve directionality with a strip material [18]. The strip 
material had a shape recovery function. Shape memory alloys 
were utilized in order to distinguish the wrinkles from the 
shape recovery [19]. Moreover, as they used the the alloy 
materials for the radiating area of the antenna, they were able 
to determine the method to monitor shapes through the 
evaluation of antenna gain changes after being affected by the 
alloys. Through the use of a dipole antenna, with the alloy 
material, and a circuit board, the researchers were able to 
pinpoint the change in power receive from the shape change 
of the alloy.  
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One of the biggest problems that needed a solution was the 
receiving performance of human head transceiver arrays 
without affecting the transmission [20]. It was with that in 
mind that they created a 16 element phased array with 8 Rx 
short folded dipole antennas and 8 TxRx surface loops all in a 
row and circumscribing a head [21]. The dipoles were along 
the middle axis of all transceiver loops perpendicular to the 
surface. They discovered that their new array improved 
central and peripheral signal to noise ratio. Finally, they were 
able to present the excellent performance of the dipoles at the 
ultra high frequency field. 
 
They were able to create a multiband which had a high 
insolation input and output, which were both multiple in 
nature, for their antenna [22]. Their antenna specifically 
utilized a balanced mode and coupled neutralization line. In 
terms of the balanced modes of the antennas for both dipole 
and loop, they were utilized for the 8 by 8 multiple input and 
output in the LTE and 42 Chinese 5G bands [23]. The 
balanced modes were also causing really remarkable 
isolation. Moreover, for those that were unbalanced, they 
were utilized by decoupling structures. Through their results, 
they realized that they were able to perform really well in 
terms of radiation and also produce a low envelope correlation 
coefficient. Finally, their 8 antenna array was created with the 
4 dipole and loop elements respectively.  
 
They were able to create a dipole antenna capable of 
switching planar beams [24]. Their dipole was relatively small 
in size with folded slots and two parasitic elements with two 
positive intrinsic negative diodes. By utilizing a differential 
signal, they were able to excite the microstrip line needed for 
their feeding structure. Moreover, the ability to reconfigure 
their patterns was made possible by the varying states of the 
positive intrinsic negative diodes as seen in the Yagi-Uda 
antenna [25]. Finally, their dipole antenna was seen to 
perform remarkably well, therefore, making it enough for 5G 
communication system usage. 
 
7.3. Directivity 
The researchers were able to create a more general way to deal 
with antenna directivity by putting together the infinitesimal 
dipole model and cross-correlation Green’s function in a new 
formula [26]. Similar computations were also proven to be 
true [27]. They aimed to pursue their focus due to the fact that 
it would allow for better analysis and synthesis of antenna 
systems. In order for that improvement to occur, their 
combination method had to be utilized after being intertwined 
with optimization algorithms all over the world. Moreover, 
their combination opened doors for antenna gain applications, 
multiple inputs and outputs, and wireless power transfer, and 
more.  
 
They were able to create a half-wave dipole antenna made 
through electromagnetic bandgap structures [28]. They 
wanted their work to be utilized mainly for wireless 
communication systems. The reason behind their utilization 
of the electromagnetic bandgap was due to the fact that it was 
a way to improve gain and directivity, reduce the size, and 
create a new frequency down the half-wave dipole antenna 

[29]. Moreover, their creation was functional in two 
frequency bands which were really good for mobile 
communication applications.  
 
The researchers created a Huygens source antenna which was 
extremely thin and small yet electrical [30]. Moreover, their 
source antenna also came with an entire radiation 
characteristic. Mainly, their creation was made up of planar 
electric and magnetic dipoles all brought in together through 
one feed line at the same time. Their source antenna was able 
to present a directivity very close to the value from a 
magnetoelectric dipole antenna configuration but with 
efficiency in terms of radiation at 71.1% [31].  
 
An electromagnetic bandgap structure, in the shape of a 
mushroom, to be utilized for antenna parameter enhancement 
was created [32]. The researchers aimed for their work to 
enhance low profile antennas within the 5-15 GHz range. 
Moreover, in terms of their operation band, they utilized three 
various antennas including a monopole, dipole, and loop 
antenna [33]. Afterward, their electromagnetic bandgap 
structure was designed to notice and work with new behaviors 
for the betterment of antenna parameters. Finally, they were 
able to record directivity, bandwidth, side, and main lobe level 
and gain respectively, angular width per antenna, and front to 
back ratio of their structure.  
 
For faster and more efficient evaluation and analysis of the 
super directive performance of meta-atoms that were coupled, 
a new technique was created [34]. Normally, small antenna 
directivity could have been taken from measurements of a far 
distance of radiated power on a sphere. Through the new 
technique, they were able to provide a faster alternative in 
finding the directivity by utilizing a polar scan over a circular 
path all by using their new planar directivity for dipole arrays. 
They were able to show the analytical expressions for 
maximum values of recordable directivity, relate them to one 
another, and list their conversion parameters for super 
directive dimers [35]. 
 
 
8. THEORETICAL CONSIDERATIONS 
 
Typically, a dipole antenna is mounted vertically, i.e. normal 
to its substrate so that it can transmit maximum power [36]. 
However, the simulation was developed so that the dipole 
antenna is mounted parallel to the dielectric, which is assumed 
to extend in all horizontal directions. This allows for the 
maximum absorption or reflection of the wave within the 
dielectric before radiating in the medium. An additional test 
may be added where the dipole is mounted vertically. 
 
9. DATA AND RESULTS 
 
Figure. 1 showcased the result of running the MATLAB code 
which produced the different values of directivity with respect 
to the different dielectric substrates. Figure 2 illustrated the 
antenna radiation of Air. The frequency was found to be 
70Mhz and the maximum value was 8.72 dBi with a minimum 
value of -95.6dBi. Figure 3 illustrated the antenna radiation of 
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Teflon. It produced values of 70Mhz for its frequency, a 
maximum value of 4.74dBi, and a minimum value of -82dBi. 
Figure 4 illustrated the antenna radiation of Foam. It produced 
values of 70Mhz for its frequency, a maximum value of 
4.74dBi, and a minimum value of -107dBi. Figure 5 
illustrated the antenna radiation of Polystyrene. It produced 
values of 70Mhz for its frequency, a maximum value of 
4.74dBi, and a minimum value of -76.7dBi. Figure 6 
illustrated the antenna radiation of Fused Quartz. It produced 
values of 70Mhz for its frequency, a maximum value of 
4.74dBi, and a minimum value of -69dBi. 
 

 
 

Figure 1: Results A 
 
 
 

 
 
 

Figure 2: Results B 
 

 
 

Figure 3: Results C 
 

 
Figure 4: Results D 

 

 
 

Figure 5: Results E 
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Figure 6: Results F 
 

10. ANALYSIS OF DATA 

After pairing the obtained directivity values with the 
corresponding dielectric constants, the researchers found that 
the directivity of the horizontally mounted dipole antenna 
increased as the dielectric constant of the material decreased 
[37]. It was found that, among the five selected dielectric 
materials, air returned the highest directivity of 8.7201 for the 
horizontally mounted dipole antenna. Characteristically, the 
air has the lowest dielectric constant of KAir = 1.00059 at 1 
atm. The material with the second-highest obtained directivity 
was foam, with directivity of 4.7431. This material has the 
second-lowest dielectric constant of KFoam = 1.03. The next 
highest obtained directivity was obtained from Teflon, with 
directivity of 4.7425. The dielectric constant of Teflon is the 
third-lowest among the five, being KTeflon = 2.1. The 
material with the fourth-highest directivity was polystyrene, 
with directivity of 4.7422. The dielectric constant of this 
material is KPolystyrene = 2.55. Finally, the material with the 
fifth-highest directivity (i.e. the lowest directivity) was fused 
quartz, with directivity of 4.7415. It has a dielectric constant 
of KFused Quartz = 3.78. 

A notable observation on the changes between the 
directivities of the materials with respect to the type of 
dielectric material it is mounted on is that the variation 
between the two variables does not occur linearly. Between 
air and foam, there is a change of 0.02941 between their 
dielectric constants, and a change of 3.9776 between their 
dipole antenna directivities. This is the greatest change of 
directivity between all pairs. 

For all non-air dielectrics (i.e. solid dielectrics), the directivity 
was within the 4.74 range - much less than that of air. From 
this observation, the researchers recommend exploring further 
dielectric materials of different phases, such as water, 
methane gas, etc for future experiments. Also, the researchers 

recommend looking into other factors affecting dielectrics, 
such as their loss tangent, to be included in future 
experiments. 

11. CONCLUSION 
In conclusion, the directivity of a dipole antenna was affected 
by which dielectric substrate was used on the dipole antenna 
simulation. With the use of a matrix laboratory, the dipole 
antenna simulated was able to display the expected antenna 
radiation pattern. While also displaying the magnitude 
concentration of the radiation. As suspected the radiation of 
electromagnetic waves while having no substrate or air was 
used as a dielectric substrate would prove to have the greatest 
amount of directivity. This was due to how the antenna was 
not blocked by any dielectric substrate, while also having no 
constraints since no geometric object would block the path of 
propagation. On the other hand, foam, Teflon, polystyrene 
and fused quartz while having similar directivity magnitudes; 
respectively in decreasing order had a slight difference in the 
directivity magnitude. This suggests two things, first with the 
use of a substrate the directivity of the antenna decreases 
almost half in comparison to having no dielectric substrate at 
all. This offers an advantage since the antenna propagation 
would have a better area effect rather than focused on a 
specific area, although depending on the use case this could 
also be a disadvantage. The decrease in directivity would 
lessen the reach of the signal towards a specific area; although 
not ideal would still be a valuable use case for a dipole 
antenna. And second, the use of a dielectric substrate would 
also affect different aspects of the antenna hence in terms of 
directivity, the choice when choosing a dielectric substrate in 
a circuit, would depend on other factors like price and 
durability of the dielectric substance. In turn the circuitry 
would have more flexibility in design since different dielectric 
substrates contain different characteristics like how malleable 
or brittle the respective dielectric would be. Leaving this 
decision to the designer allows a better grasp on the circuitry 
and how the antenna would be applied in the technology. The 
database configurations of the system followed the studies of 
[38,39,40,41,42]. The program configurations follows the 
studies of [43,44,45]. 

12. RECOMMENDATION 

For future references, the researchers highly recommend 
increasing the number of dielectric substrates that would be 
researching on. The study only took into account 5 different 
dielectric substrates: Air, Teflon, Foam, Polystyrene, and 
Fused Quartz. There are other substrates that could be taken 
into consideration for the study such as FR4, Plexiglas, E 
glass, RO4725JXR, RO4730JXR, etc. Studying the different 
properties of these substances could help future researchers 
apply these substrates on different antenna applications. 
Additionally, future researchers could also take into 
consideration the properties of an antenna that could be used 
for different purposes. These properties include the Antenna 
Gain, the Aperture, the Bandwidth, Polarization, Effective 
Length or the Polar Diagram. All of which have different 
purposes that could be studied even further. By seeing which 
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substrates work on which properties of antennas, new 
conclusions could be made. Furthermore, a different antenna 
could be researched on. For this study, a dipole antenna was 
used. A different antenna may result in a different conclusion 
for a specific property or substrate. Also, by changing the 
polarization of the antenna to vertical or by changing the 
length of the antenna, the transmission of the signal may be 
changed as well. By doing so, the maximum and minimum 
values may be altered and so would the azimuthal and 
elevational angles. Additionally, other parameters that were 
not displayed by the researchers could be studied on such as 
the return loss, the voltage standing wave ratio (VSWR), the 
bandwidth, antenna efficiency, and the radiating efficiency. 
The MATLAB code that was made could also be improved to 
provide a better image that could illustrate the antenna 
radiation more efficiently. Correlation graphs could also be 
made, for example, the frequency versus the VSMR. By 
comparing several of the properties stated before, a 
relationship between some of these could further antenna 
efficiency studies. 
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