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Task 1
Abstract 
The first task of this paper was to generate two waveguides in a high frequency simulation software (HFSS). Then to discuss the results of the findings in the HFSS. This first waveguide was made of a PEC filled with vacuum. The second is made of PEC and filled with Teflon, both with the same dimensions and sweep and frequency(2GHz – 30GHz).
Introduction
[image: A screen shot of a computer

AI-generated content may be incorrect.]This section of the paper will outline a waveguide made of a perfect electrical conducting (PEC) material, filled with vacuum, the second with Teflon. The dimensions of the waveguide are in relation to the authors student number and with a z axis of 50mm. for the waveguide (see fig.[1]). The results and analysis of the first and second waveguide will also be included in this section with a discussion of what could be done better in the future and which one appears more effective.Figure 1 the waveguide before simulation

[image: ]To calculate the cut off frequency in a waveguide, first the speed of electromagnetic waves in open space needs calculating. [1] This is known as the speed of light (C) and calculated by the equation  C=


The speed of light across science is decided to be 3 x 10^8 or in a numerical value 299 792 458 m / s.
Once the speed of the wave is calculated, the cutoff frequency calculation can be performed. The equation to calculate the cutoff frequency in a waveguide is : 
[image: ]
This explains that the cutoff frequency (fc) = the speed of the wave/2 multiplied by the square root of (m/a)^2 + (n/b)^2. [2]
m = number of half-wavelength variations of the electric or magnetic field in the width of the waveguide 
n = number of half-wavelength variations in the height of the waveguide.
a = width of the rectangular waveguide
b =  height of the rectangular waveguide
c = Velocity of light 
in these examples the waveguide height remains constant. [3]
Methodology 
Firstly to work out the dimensions of the base waveguide it involved calculating the height and width. Using the number 2307075, the first 2 numbers are the height in mm. with 23mm for the height the width was the 3rd and 4th number divided by 2, rounded to the nearest number. This left a value of 4 as 0+7/2 =3.5. The z axis measurement was pre agreed to 50mm.
Next was to load up the HFSS in order to construct the waveguides. To start with, a simple box was made to the appropriate dimensions. After this, the material was selected, for both waveguides this was PEC. Following the material selection, the inside of the box needed a material to be filled with too. To investigate the difference in materials, for the task 1a waveguide a vacuum w3as selected and for the task 1b waveguide Teflon. This was to see how the different waveguides would react to the frequency sweep. [4]

Once the respective materials had been selected, excitation ports needed to be added to the waveguide. This is where the RF would go into the waveguide. The excitation points were selected, one on either end of the waveguide. (see fig.2). it was important for the ends to be selected as then the wave could correctly propagate through the waveguide, as electromagnetic waves are self propagating, this was important.
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Figure 2 the excitation point on the waveguide.

Once the waveguides were ready to undergo the frequency sweep, the simulation tool was then set up and validated in order to ensure that the simulation would be done properly and within the selected parameters. 
PEC waveguide sweep
First, the perfect electrical conductor waveguide was simulated in the high frequency simulation software, the first test was to analyse the waveguides cutoff frequency. The cutoff frequency is the frequency at which the wave being transmitted will not fit into the waveguide. As seen in figure 3 the cutoff frequency for the PEC waveguide is around 20GHz.

[image: A graph of different colored lines

AI-generated content may be incorrect.]Figure 3 the cutoff frequency graph




The graph explains any wave over 20GHz and any wave under around 6GHz will not be optimal to fit into the waveguide, and doing so will result in unwanted modulation and reflection of the electromagnetic waves back out of the port they were transmitted into. This causes noise and interference with signals and maybe even leakage of the signal which could potentially be dangerous. [5]
The next test executed was the radiation field. This displays the path the wave that’s transmitted goes through the guide. There are 2 separate examples. One for the electronic field, and for the magnetic field. The 2 examples are necessary as electronic waves propagate transverse to the magnetic field surrounding it. An optimal waveguide for TE mode will see the wave propagating down the waveguide with the magnetic field looping around it. See figures 4 and 5 for the radiation simulation. 
[image: ]
Figure 4 the E field radiation
[image: A rectangular object with a rainbow colored line
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Figure 5 the magnetic radiation pattern
From the two figures it can be analysed that the waveguide has a high reflection and low efficiency. The thin dark blue line at the top of both figures is an example of waveguide reflection. The simulation shows the waveguide parameters need changing in order to be optimized for the wave that is being transmitted down the port.

Teflon waveguide sweep
The setup for the Teflon waveguide was identical to the PEC waveguide. This keeps the simulation fair as the only variable is the material. Alike the PEC simulation first the sweep to asses the cutoff frequency was conducted. See figure 6 for the graph. [6]
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Figure 6 the teflon waveguide cutoff frequency 
[image: A graph with different colored lines

AI-generated content may be incorrect.]The graph shows the cutoff frequency of the Teflon waveguide differs from the one made of PEC.  See fig.7 for a comparison of the 2.
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AI-generated content may be incorrect.]Figure 7 a comparison of the 2 waveguides cutoff frequency (PEC left)


The runoff seen on the right of the comparison shows that the material of the waveguide has changed the cutoff frequency. The different colour lines represent the different modes of the waveguide. The red line represents the cutoff frequency. In the Teflon waveguide graph, the modes are higher on the y axis because the dielectric constant is higher, meaning the waveguide is less efficient.
The E field of the Teflon waveguide (seen in fig.8), demonstrates the radiation of the E field through the waveguide. The image shows that for the given frequency travelling through the waveguide is not radiating correctly. this is because the waveguide is not compatible with the given frequency. To work properly the waveguide would need to be bigger to accommodate the frequency.
[image: A computer screen shot of a rainbow colored object
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Figure 8 the E field of the Teflon waveguide




In figure 9 the H field of the Teflon waveguide is displayed, after simulation the waveguide was re-tested to double check results. The simulation software continued to display a warped magnetic field. Despite the errors in the simulation software, the waveguide still demonstrated the circular structure of magnetic waves.
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Figure 9 the H field of the teflon waveguide
As seen in the diagram above the propagation of the H field is incorrect. Despite various retests this was the case.
 
Results
The results of both of the waveguides testing shows multiple things, despite the waveguide being the incorrect size for the frequency in the given parameters in the brief. The Teflon waveguide shows that its dielectric efficiency is higher than that of a perfect electrical conductor. 
Discussion 
The study of the 2 different waveguides was a good indication of what a different material, other than a perfect electrical conductor, has on a waveguides pattern, propagation and cutoff frequency.
Using a PEC waveguide as a base to calculate the dimensions of a waveguide before implementing different materials. The change in material changes the cutoff frequency, because of its dielectric properties. [5]
The magnetic field and electric field in both examples demonstrate that the given frequency for testing is incorrect and the waveguide parameters make the waveguide too large for the wave to propagate through correctly and efficiently
Conclusion
In conclusion the Teflon waveguide comparison to the PEC waveguide displays the cutoff frequency is affected by the dielectric properties of the Teflon. For the dimensions and radiating fields of both waveguides, the dimensions of the waveguide would need to be made smaller, alternatively the frequency could be changed. This would be needed as the frequency and the waveguide dimensions are not compatible for successful propagation. 
If the testing was to be conducted again, the dimensions of the waveguide should be checked with the target frequency prior to simulation. This is so an accurate representation of the differences can be displayed. It will also show more information such as efficiency and propagation.
Task 2 
Introduction
The second task was to design a dipole antenna using certain parameters, with an excitation in the middle. In this section of the report the process of making and testing the dipole in the high frequency simulation software will be discussed. There will also be pictures and examples of the dipole working displaying the radiation field and frequencies of operation. 
Methodology
A dipole antenna is 2 radiating poles with a radiating surface in between the 2. When building the optimal dipole antenna the length of it should be ½ a wavelength of the desired frequency. 
To create the antenna for this task, first calculations needed to be done to figure out the length of the electromagnetic waves that it would be radiating. The length of the electromagnetic waves was given as the first 3 numbers from 2307075. With a 230mm wavelength the ideal dipole antenna is a half wavelength with an impedance of 50 ohms as this is the perfect compromise for minimising signal loss while still maintaining power handling capability. As the  wavelength is known the ½ wavelength equation is simple as a half wavelength is 230/2 which is 115mm.
Below is figure 10 showing an example of the dipole antenna with an excited surface in the middle. To make this in the HFSS all that was needed was 2 cylinders and a radiating surface in the middle. For the purpose of this antenna it was created out of PEC radiating into a vacuum. [7]
[image: ]
Figure 10 the dipole antenna in the high frequency simulation software
[image: ]
Figure 11 the radiating surface in between the 2 poles 
Once the antenna was constructed in the HFSS, the simulation could take place once the parameters were set up in order to get the correct and relevant results. A validation check was run before testing commenced to ensure the high frequency simulation software was debugged and fit to operate. 
Results
The simulation provided both the S parameters and the Farfield 3D diagram (figure 13). The S parameters (figure 12) demonstrate that the calculation for the antenna to operate at 1.3GHz is incorrect slightly and needs some slight changes. [image: ]
Figure 12 S parameters from antenna simulation
This shows that the antenna is about 1.125GHz out from the target 1.3GHz. to correct this the dipole would need to be edited in either width or length. The original length comes from the calculation of a 230mm wavelength divided by 2 as the length of the dipole.
The 3D far field diagram displays that the antenna is transmitting efficiently and correctly as there is full even coverage all around the dipole. The red on the diagram is showing the strength and efficiency of the transmitted field. [8]
[image: ]

Discussion 
Although the antenna is efficient and does transmit with an equal far field, the dipole is not operating at the correct frequency when following the calculations in the brief. To correct this the length would need to be changed in order to get the desired 1.3GHz transmission frequency.
Conclusion
In conclusion the brief’s dimensions of the dipole would need to be edited or the brief itself changed to detail corrective work if the apiole does not transmit at the desired frequency. the antenna would not need major modifications as it is close to the target frequency anyway. When doing real life examples after simulation it is also paramount that real world factors and environment are taken into account before deciding on a final design. [9]
		
Task 3 
Introduction
In this section RADAR (radio detecting and ranging) will be discussed as how it is used as an effective tool, and the barriers that it can face when attempting to detect UAVs (unmanned aerial vehicles) for example, drones. Recent technological advancements will be discussed and the changed that are made in order to enhance these systems. Alongside the effectiveness with the new technologies, other factors such as the societal and environmental impacts will also be discussed.
[image: ]Literature reviewFigure 13 an example of a aircraft RADAR

RADAR is a system that was drastically increased regarding capability in world war II and has the primary responsibility of detecting enemy aircraft on their approach, so that the allied forces could deploy appropriate countermeasures to nullify enemy attacks. [10]
RADAR works with two components, a receiving and a transmitting antenna. These can also be the same antenna in most cases (see figure 13). The transmitting antenna releases an electromagnetic wave and relies on the reflection of these transmitted waves, combined with the time it takes the waves to get back to the receiving antenna. The reflection of the wave identifies an object in the area that is being scanned and the size of the object. This is due to the change in frequency of the returning waves. Also known as the doppler effect. The time taken for the signal to get back to the receiving antenna identifies how far away the object is and the speed it is travelling at. [11]
[image: ]Due to this technology working with reflection of electromagnetic waves, the targets it is trying to detect can be altered and changed in an effort to go undetected by RADAR. For the optimal reflection and tracking the target object would need to be made of a material that holds considerable electrical conductivity. This is where barriers appear with the use of RADAR. As a technology used to identify imminent threats, RADAR is heavily relied on in aviation and especially military applications. For the signal to come to the receive antenna the object detected must reflect the signal back to the RADAR. UAVs and specially modified aircraft can bypass the traditional RADAR as they are small and made on non-conducting material, or modified in a way, usually by increasing the number of flat surfaces, to reflect the electromagnetic waves away from the RADAR unit. A good example of this is the F-177 nighthawk, which is a stealth fighter aircraft.(see figure14). [12]Figure 14 F-177 nighthawk

In order to mitigate the risks of enemy threat approaching undetected in the form of UAVs, new technology has been produced with modifications to a traditional RADAR. The newer adapted RADAR to detect UAVs is called the micro doppler RADAR. 
The micro doppler RADAR works by using different frequency bands to a traditional RADAR, this is because drone motors present a different frequency than traditional aircraft. The micro doppler RADAR is capable of detecting size, speed and even specific features about the platform it detects. For example the micro doppler RADAR can detect if the object is a bird, drone or even human. [13]
This is accomplished by analysing the micro frequency bands caused by different movements. An example of this is, human movement has a different micro frequency band as a drone would. The disadvantage of the micro doppler RADAR is that there can be difficulties when faced with a drone with 4 or more motors. This is because the different propellers may have different lengths and be operating at different speeds. This can cause the micro doppler RADAR to become confused when calculating the speed and size of the platform. Also due to the frequency bands that the micro doppler RADAR uses to function, the range is significantly shorter than that of a traditional RADAR. 
Discussion
The vital adaptation of the traditional RADAR to detect small UAV and UAS devices has become apparent in recent warfare theatres. Due to the capability of these systems to carry explosives, the societal impact of deploying such a system that can detect these threats before they reach their target is monumental. The environmental impacts of these systems are majorly positive as vital infrastructure and civilian lives are protected from the potentially lethal UAS threats in today’s battlefield. The applications of this technology outside of the battlefield are also groundbreaking in many life saving emergency fields, for example, search and rescue. This is as the technology, as mentioned in the literature review, can detect human movement, therefore, can save wounded casualties after devastating situations such as hurricanes or tornados.
The negative impacts of this technology can be linked to the positives. The ability to detect human movement could be implemented with the intention of targeting or causing harm to those detected by the RADAR. This would have a negative impact because in the wrong hands this technology could harm innocent lives and endanger infrastructure and economy. Due to the platform requiring many man-made materials, the environmental impact of deploying such systems is also damaging to the environment and the production of such systems on a mass level would have a large carbon footprint and a negative impact on the earths environment and atmosphere. 

Conclusion
The micro doppler RADAR system is a necessary improvement to the traditional RADAR. This is solely for its ability to detect UAS and UAV. It is proving vital in warfare to detect and remove the threat of drones armed with explosives targeting various infrastructure. The other applications for this technology are also a bonus and the RADAR can hopefully be adapted for emergency services to use in disasters where there have been mass casualties, and visibility may be poor. However, this application would need to be monitored as it could be used for hostile game of detecting people for cynical reasons.
The micro doppler RADAR has shown that with adaptations, traditional technology that is still used today can move up with the ever-changing technological world that there is today. The micro doppler RADAR has also created a platform for future technologies to be created.
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