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[bookmark: _Toc230600455]Abstract
This report presents the design and simulation analysis of a rectangular waveguide and a half wave dipole antenna. The rectangular waveguide being simulated first using ideal PEC material as a wall with a vacuum inside. Then changing the material to Teflon a dielectric material to observe the changes in cutoff frequency and radiation pattern. This resulted in the Teflon waveguide having a much lower cutoff frequency however, both modes and antenna radiation mostly stayed the same. A half wave dipole was simulated afterwards in cst and comparing the operating frequency for the simulation and theoretical formula it showed that the simulation having a lower operating frequency then the formula. At the end is a detailed explanation on the types of radar used to detect drones and UAVs.
[bookmark: _Toc230600456]Introduction
This report is split into 3 sections. The first 2 sections detail the design and simulation of a rectangular waveguide and a half wave dipole. The rectangular waveguide was first simulated using PEC walls and a vacuum interior. Afterwards another waveguide was designed and simulated in cst using the same dimensions with the material being change to Teflon a dielectric with permittivity of 2 And permeability of 1 to see how the material changes the characteristics of the waveguide. The half wave dipole was designed with a wavelength of 241mm and 50ohm was used as lumped port to simulate a coaxal cable. Final part of the report details the types of radar used in detection of drones and the wider impacts on a societal and environmental scale of the use of this radar.
A waveguide is a structure that directs and confines wave restricting their spread to one direction. Waveguides are usually metal and hollow. The perfect electric conductor (PEC) waveguide is a hollow metal pipe with walls that have infinite electrical conductivity and zero electrical resistance. When using waveguides the terms used to refer to how electromagnetic waves propagate through a waveguide are called transverse electric (TE) and transverse magnetic (TM).In TE mode the electric field is transverse to the direction of propagation this means it has no component along the direction of the wave propagation through a waveguide whereas the magnetic field will have components in all three directions including the direction of propagation of wave. TM mode is where the magnetic field is perpendicular to the direction of propagation while the electric field is in the direction of propagation. The numbers in TE and TM mode indicate the number of half wavelength patterns of the field formed across the cross section of a waveguide. M indicate the number of half wave variations along the width of the waveguide. N is the number of half wave lengths across the height of the waveguide.
[image: ]
Figure 1 Transverse direction diagram
[image: ]
Figure 2 TE modes diagram

Cutoff frequency of waveguides is the specific frequency below which the mode cannot propagate. This frequency is determined by the waveguide’s dimensions and the mode of operation. For rectangular waveguides the cutoff frequency equations can be seen below [1].Cutoff frequency is very important for working out the dominant mode this being the lowest possible electromagnetic wave pattern that can propagate through the waveguide.
[image: ]
Figure 3 Cutoff frequency equation
The material Teflon (ptfe) used in the other waveguide is known for its dielectric properties that being an electric insulator that can be polarised when an electric field is added. It has a dielectric constant of around 2.1. The dialectic constant (€) measures a materials ability to store electrical energy when exposed to an electric field. The higher the dielectric constant the more charge the material can hold. Teflon has a low dielectric constant meaning it resists electrical breakdown compared to materials with higher € values. Teflon has minimal energy loss making it efficient for high frequency applications [2].dielectric waveguides are typically used in optical communication and integrated circuits.
[image: ]
Figure 4 Cutoff frequency other version equation

Half wave dipoles are a fundamental and widely used resonant narrow band antenna. The structure of a half wave dipole antenna consists of   2 lengths of a wire or tubbing each ¼ of the wavelength long at the desired frequency. So the total lengths of the 2 wires is half the desired wavelength. It’s a basic unit for more complex antenna which are constructed. The current is at a maximum at the centre and minimum at the ends while voltage is minimum at the centre and maximum at the ends Every time there is a change in the polarity of the applied signal there is a change in the direction of flow of electrons inside the conducting material. The back-and-forth movements of electrons causes them to become charged which generates current and a field is radiated from the half wave dipole. Energy is fed into the antenna at its centre which is known as centre feed or current feed. It’s fed at the centre to provide the least transmission loss. [3].The antenna has an omnidirectional radiation pattern in one plane this means it sends and receives signals equally in all directions. Practically half wave dipoles don’t have perfect omnidirectional radiation patterns and instead have 2 main lobes these being areas where the radiation is concentrated and will have nulls areas next to the 2 main lobes these being areas with no radiation. When designing half wave dipole antenna its important to match the impedance (resistance) as it ensures maximum power transfer between transmitter and antenna while preventing hardware damage.




[image: Dipole Antenna How It Works at Dennis Marquis blog]
Figure 5 Half wave dipole antenna diagram
[image: ]

[bookmark: _Toc230600457]Design
[bookmark: _Toc230600458]Waveguide designs
A rectangular waveguide using perfect electric conductor (PEC) was created and simulated using the cst studio learning software. After an identical rectangular waveguide was created using Teflon as the material instead…The dimensions were as followed for both versions of the waveguide are as follows
· Height (b) 9mm
· Width (a) 24mm
· Length 50mm
The width was generated using the first 2 numbers of the student id along with the hight being generated using the 3rd and 4th number being divided by 2. The waveguide was designed to have 3 different modes. The structure consists of a hollow rectangular geometry that guides electromagnetic waves along its length. The waveguide walls were assigned to PEC material properties to represent an ideal conductor with infinite conductivity. This simplifies the simulation by ensuring that electromagnetic waves are completely confined within the waveguide it also gave an ideal baseline for a waveguide to compare with the Teflon. The vacuum has properties of a relative permittivity of 1 and a relative permeability of 1 creating an ideal lossless propagation medium. The addition of waveguide ports at both ends allows complete analysis of wave propagation characteristics the important ones being both the electrical and magnetic field patterns and scattering parameters which show the reflection and transmission performance through the waveguide. A setup frequency sweep from 2GHz to 30GHz was used to analysis the waveguide behaviour across a range of frequencies and record. Teflon was chosen as the second material to show the difference a dielectric material would do. The Teflon had a permittivity of 2.1 And a permeability of 1.
[bookmark: _Toc230600459]Half wave dipole design 
A half wave dipole was designed in cst learning edition studio. The dimension can be seen below for the dipole
· Radius 1mm
· Wavelength 241mm
· 50-ohm lumped port
· Dipole length 60.25mm
· Total length 120.5mm
The wavelength of 241mm was chosen to meet the design requirements of it being the first 3 digits in the student id. The dipole in cst consists of 2 PEC cylinders with a length of a quarter of the wavelength. The total length of the dipoles being 120.5mm and for one dipole being 60. 25mm.These were calculated by combining the equation  and  to get 
The 50-ohm lumped port is used to represent the antenna feed connection in the middles from a rf source. The lumped port excites the antenna and defines the reference impedance used for the s parameters. In a real-life scenario, a dipole would usually be fed by a 50-ohm coax cable or SMA connector.50 ohms is used as it’s the standard impedance used in most RF systems as it’s a practical compromise between power handling and attenuation. 
[bookmark: _Toc230600460]Results

[bookmark: _Toc230600461]Task 1A results:
	Mode
	Cutoff frequency (GHz)
	Identified mode

	E1
	6.243
	TE10

	E2
	12.469
	TE20

	E3
	16.596
	TE01



[image: ]
Figure 6 PEC waveguide port 1 electric field mode 1
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Figure 7  PEC waveguide port 1 electric field mode 2
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Figure 8 PEC waveguide port 1 electric field mode 3
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Figure 9 PEC waveguide port 2 electric field mode 1
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Figure 10 PEC waveguide port 2 electric field mode 2
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Figure 11 PEC waveguide port 2 electric field mode 3
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Figure 12 PEC waveguide electric field TE10......
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Figure 13  PEC waveguide electric field TE10......
[image: ]Figure 14 s parameter graph for PEC waveguide
[bookmark: _Toc230600462]Task 1b results:

	Mode
	Cutoff frequency (GHz)
	Identified mode

	E1
	4.30891
	TE10

	E2
	8.61175
	TE20

	E3
	11.4772
	TE01
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Figure 15 Teflon waveguide port 1 electric field mode 1
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Figure 16 Teflon waveguide port 1 electric field mode 2
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Figure 17 Teflon waveguide port 1 electric field mode 3
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Figure 18 Teflon waveguide port 2 electric field mode 1
[image: ]
Figure 19 Teflon waveguide port 2 electric field mode 2
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Figure 20 Teflon waveguide port 2 electric field mode 3
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Figure 21 Teflon waveguide electric field TE10......
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Figure 22 Teflon waveguide electric field TE20......
[image: ]
Figure 23 S parameter graph for Teflon waveguide


[bookmark: _Toc230600463]Task 2 results:
[image: ]Figure 24 half wave dipole electric field frequency 0.5Ghz
[image: ]
Figure 25 half wave dipole electric field frequency 1.25Ghz
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Figure 26 half wave dipole electric field frequency 2.0GHz
[image: ]
Figure 27 Half wave dipole S parameter graph
[image: ]
Figure 28 radiation pattern at 0.5GHz
[image: ]
Figure 29 radiation pattern at 1.25GHz
[image: ]
Figure 30 radiation pattern at 2.0GHz
[bookmark: _Toc230600464]Discussion

[bookmark: _Toc230600465]Task 1A and B
Comparing the results from the simulation of both the simulation of the PEC and Teflon waveguide a clear pattern emerges that the Teflon due to its dielectric properties causes the cutoff frequency to be significantly lower than compared to the PEC waveguide this being a difference of around 45% higher. The dominant mode for the PEC waveguide is mode TE10 which corresponds to 6.243GHz comparing the dominant mode for the Teflon waveguide it is mode TE10, but the frequency is 4. 3081Ghz.When comparing other characteristics like radiation pattern and modes they both perform the same. The reason why the cutoff frequency is lower is due to the cutoff frequency being proportional to wave velocity. When the dielectric increases the permittivity and a larger permittivity makes wave velocity smaller. As the wave travels slower in the structure the propagation is at a lower frequency. Teflon causes the beam to be slightly narrower and due to the wave speed changes the phase of the wave changes. While the PEC performs better than Teflon it’s not a usable material as it’s an idealized boundary condition which assumes that all walls are a perfect lossless metal and was only used as an ideal reference to analyse the performance of the Teflon waveguide. The Teflon performs very well compared to the PEC waveguide with only real change to the behaviour being the decreased cutoff frequency and phase. For future iterations a change to reduce loss in the waveguide would be to improve the impedance matching as impedance matching reduces reflection losses in the waveguide. They are used in modern RF systems as they guide extremely high frequency signals with virtually zero power loss and can handle massive amounts of transmitting power.
[bookmark: _Toc230600466]Task 2:
The theoretical operating frequency for the half wave dipole is equal to 1.24GHz issues I ran into when first simulating the dipole was the lumped port gap being incorrectly set which caused it to be meshing into the cylinder causing the antenna to b electrically short causing the antenna to resonate at a higher frequency which at first I was seeing as its was showing the frequency to be 1.8Ghz.When the issue had been resolved the operating frequency was 1.09Ghz which is a lot closer to thew theoretical operating frequency of 1.24Ghz.The reason why the operating frequencies aren’t a lot closer is due theoretical formula assumes an infinite ideal thin dipole in free space while the simulation includes the real electromagnetic effects. The formula assumes a infinitely thin wire compared to the simulation which has a radius of 1mm and the thicker dipole causes it to resonate at a slightly lower frequency. Another reason why they are different could be due to the current fringing effect where the current doesn’t stop at the end of the physical end of the metal. It spills slightly beyond the ends making the antenna electrically longer which could give a lower resonant frequency. Looking at the radiation pattern for the simulation it performs like the theoretical omnidirectional pattern as can be seen in figure 30 however, the radiation pattern slightly changes from the different frequencies as it changes the electrical length of the antenna relative to wavelength. Waveguides comply with safety standards primarily through their closed unshielded geometry that traps 100% of the electromagnetic fields inside the structure. 


[bookmark: _Toc230600467]Radar technology
The different types of radar used to detect and track drones or (UAVs) are:
AESA radar: a type of radar where radio energy is spread across a grid of computer-controlled antennas. Shifting the phase of each antennas signal it steers radar beams without moving parts allowing it to track hundreds of low flying targets simultaneously.
[image: Electronically Steered Array (ESA) Radar - MATLAB & Simulink]
Figure 31 AESA radar diagram

Micro doppler: radar measures the micro-oscillations of a target. The body of a drone creates a standard doppler shift but the spinning props create a distinct micro shift that can be distinguished from a bird
[image: Radar Application: Stacking Multiple Classifiers for Human Walking ...]
Figure 32 Micro doppler
[image: ]
Figure 33 Micro doppler radar rotating blade
mm Wave radar: transmits shot high frequency waves uses normal doppler shift to track target.
Passive radar: drones can be detected by analysing reflected ambient signals from commercial broadcasts and satellites. This method emits no radio frequencies of its own making it invisible to enemy targeting and anti-radiation weapons,

[bookmark: _Toc230600468]Societal impacts
The use of radar can for civilian safety can greatly decrease the risk of civilian and infrastructure damage this can be seen in Ukraine was and the conflict in the middle east. The early detection from the use of radar like AESA and micro doppler allows the early detection and warning of an unauthorised drone before it’s able to initiate an attack. [4] The gate wick drone incident is a recent issue where the use of early warning detection from radar would have decreased the amount of disruption caused by the unauthorised drone [5]. The increased use of radar and other systems to detect drones and UAVs could become more of a privacy concern due to the use of rf sniffers and other acoustics sensors however this can be offset by the privacy concerns linked to unauthorised drones as they can carry cameras and other sensors which can be used to track people. This is especially prevalent with camera drones like the dji mini-series.

[bookmark: _Toc230600469]Environmental impacts
Recent studies show that drones can cause environmental issues due to the noise created from the propellers along with the batteries used in drones being difficult to recycle. Recent studies have shown that drones usage may disturb animal life due to the noise created from there propellers. [6]The use of passive radar shouldn’t influence wildlife due to the technology not emitting any radiation compared to other forms of radar which could potentially be harmful due to them having to emit radiation to detect drones and other UAVs
[bookmark: _Toc230600470]Conclusion
The main points for task 1 is that the Teflon waveguide produced a lower cutoff frequency and dominant mode compared to the ideal PEC waveguide however all TE modes were the same and both produces similar electric and magnetic fields. The half wave dipole simulation results produced an s parameter operating frequency slightly lower than the formula predicted this is due to the formula not considering other environmental impacts.
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