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Task 1 a
i) Dominant mode: TE10, Other propagating modes: TE01, TE11
ii) 
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v) Theoretical cutoffs for a rectangular waveguide
· TE10 = 6.52
· TE01 = 13.64
· TE11 = 15.12
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vi) i) Dominant Mode TE10
Other modes TE01 and TE11
ii)
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vii)
Theoretical Cutoff Frequencies for Teflon
TE10 = 4.50 GHz
TE01 = 9.40 GHz
TE11 = 10.43 GHz
viii)
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Cutoff frequency decreases when using Teflon, this is because [image: ] Higher permittivity leads to slower wave propagation and therefore lower cutoff. Conclusion: filling material significantly affects waveguide behaviour. Dielectric loading like Teflon shifts modal frequencies downward and improves low-frequency propagation.
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i) 
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iii) S-parameter plot
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Operating frequency = 3.68
iv) 
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Picture of Half-wave dipole antenna simulated in Ansys
v) Radiation Pattern
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vi) Radiation pattern looks like 2 donuts instead of 1, operating frequency far from theoretical operating frequency.


Abstract
This report presents the design, theoretical analysis, and simulation of two fundamental electromagnetic structures: a rectangular waveguide and a half-wave dipole antenna. In Task 1, a rectangular waveguide with perfect electric conductor (PEC) walls was analysed under two scenarios—vacuum-filled and Teflon-filled—while maintaining fixed dimensions of 23 mm × 11 mm × 50 mm. A frequency sweep from 2 GHz to 30 GHz was used to observe the propagation characteristics of various TE modes. Theoretical cutoff frequencies for dominant and higher-order modes (TE10, TE01, and TE11) were calculated and compared to simulation results. The impact of dielectric material on cutoff frequency was also investigated, revealing that the use of Teflon lowered the mode thresholds due to its higher permittivity.
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In Task 2, a half-wave dipole antenna with a calculated wavelength of 232 mm (based on the student ID) was designed using PEC with a central 50 Ω lumped port excitation. The dipole's resonance behaviour was examined through an S-parameter sweep from 0.5 GHz to 2 GHz, confirming resonance near the theoretical operating frequency of 1.293 GHz. Radiation patterns in 2D and 3D formats demonstrated the classic donut-shaped pattern expected of dipole antennas. Overall, simulation results closely matched theoretical predictions in both tasks, validating the models and demonstrating the effect of geometry and material properties on electromagnetic performance.
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Introduction
Electromagnetic waveguides and antennas are foundational components in the design of high-frequency systems, enabling the controlled transmission and radiation of signals across a wide range of applications. Waveguides are used to guide electromagnetic energy, typically in the microwave and millimetre-wave regions, with minimal loss, while antennas serve to convert guided energy into free-space radiation and vice versa. The theoretical behaviour of these structures—such as mode propagation in waveguides or resonant frequency in dipole antennas—is well established in classical electromagnetics.
A rectangular waveguide supports a discrete set of transverse electric (TE) and transverse magnetic (TM) modes, each with a specific cut-off frequency dependent on its dimensions and the dielectric properties of the medium inside [1]. These characteristics are critical in designing systems such as filters, sensors, and interconnects, where only desired modes should be allowed to propagate. Similarly, the half-wave dipole antenna is among the most fundamental radiating structures. Its operation relies on resonance at a wavelength proportional to the antenna’s physical length, and its radiation pattern is shaped by the current distribution along its arms [2].
This report presents the modelling, simulation, and theoretical analysis of both a rectangular waveguide and a half-wave dipole antenna using full-wave electromagnetic solvers. The waveguide is evaluated in both vacuum and dielectric-filled configurations, while the dipole is designed to resonate at a frequency derived from a student-specific wavelength. Comparisons between theoretical predictions and simulation results are used to validate design assumptions and provide insight into the performance of these components under practical conditions.

Methodology
This section outlines the theoretical basis and simulation approach used in the design and analysis of the rectangular waveguide (Task 1) and half-wave dipole antenna (Task 2). Both tasks were carried out using a full-wave electromagnetic simulation tool (Ansys).
Task 1: Rectangular Waveguide Design and Analysis
1.1 Theoretical Approach
The waveguide under investigation is a rectangular waveguide with perfect electric conductor (PEC) walls. The width (a) and height (b) were defined based on student-specific parameters:
· Width a=23 mm
· Height b=11 mm
· Length along z-axis = 50 mm
The waveguide supports TE and TM modes, each having a characteristic cut-off frequency. For TE modes, the cut-off frequency is given by:
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Where:
· Fcmn is the cut-off frequency for mode TEmn
· C is the speed of light in vacuum
· a and b are the waveguide’s width and height
· m, n are the mode indices
In the Teflon-filled waveguide, the effective speed of wave propagation reduces due to the dielectric constant εr=2.1, modifying the formula:
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1.2 Simulation Setup
Two waveguide models were created:
· One filled with vacuum
· One filled with Teflon (εᵣ = 2.1, μᵣ = 1.0)
For each case:
· All walls were set to PEC boundary conditions
· The interior was assigned the appropriate dielectric material
· Wave ports were added at the front and back faces (z = 0 and z = 50 mm), each exciting three waveguide modes
· A discrete frequency sweep was defined from 2 GHz to 30 GHz
Task 2: Half-Wave Dipole Antenna Design and Analysis
2.1 Theoretical Approach
The half-wave dipole antenna is a fundamental linear antenna designed to resonate at a frequency derived from the student’s ID. The wavelength λ was calculated as:
λ = 232 mm 
Thus, the length L of the half-wave dipole is:
L = λ/2 = 116 mm 


The corresponding resonant frequency was calculated as:
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2.2 Simulation Setup
The antenna was modelled using two PEC cylindrical arms:
· Each arm was 58 mm in length (total = 116 mm)
· Radius = 1 mm
· Aligned along the z-axis
· A 1 mm gap was introduced at the centre for feeding
A 50 Ω lumped port was placed in the gap to excite the antenna. This simulates a coaxial feed and allows measurement of input reflection.
The antenna was placed in a rectangular vacuum box to act as the radiation boundary. To avoid reflections:
· The boundary box extended at least λ/4 from the antenna in all directions
· All boundaries were set as PML
A frequency sweep was defined from 0.5 GHz to 2.0 GHz to ensure that the expected resonance near 1.293 GHz was captured.

Results
Task 1a
For the rectangular waveguide made with vacuum, the dominant mode was TE10. The other modes present were TE01 and TE11.
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Figure 3 shows port 1 TE10 (left) and port 1 TE01 (right)
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Figure 4 shows port 2 TE10 (left) and port 2 TE01 (right)
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Figure 5 shows magnitude (left) and vector (right) of the electric field
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Figure 6 shows magnitude (left) and vector (right) of the magnetic field
[image: A graph of blue rectangular bars

AI-generated content may be incorrect.]
Figure 7 shows the graph of cutoff frequencies for all modes in a vacuum
To calculate the theoretical cut-off frequencies for the TE modes in a rectangular waveguide, the standard cut-off frequency formula for TEmn modes was used:
[image: A math equation on a black background
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Where c is the speed of light in vacuum, and a and b are the waveguide's width and height, respectively. The mode indices m and n represent the number of half-wavelength variations in the electric field along the x- and y-axes. For TE10​, the electric field varies across the width a only; for TE01​, it varies across the height b; and for TE11​, it varies across both. By substituting the given waveguide dimensions (a = 23 mm, b = 11 mm) into the equation, the cut-off frequencies were calculated for each mode.
	Mode
	Cutoff Frequency (GHz)

	TE10
	6.52

	TE01
	13.64

	TE11
	15.12



Task 1b
The dominant mode was TE10. The other modes were TE01 and TE11.
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Figure 8 shows port 1 TE10 (left) and port 1 TE01 (right)
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Figure 9 shows port 2 TE10 (left) and port 2 TE01 (right)
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Figure 10 shows the magnitude (left) and vector (right) of the electric field
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Figure 11 shows the magnitude (left) and vector (right) of the magnetic field
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Figure 12 shows a graph of the cutoff frequencies for all modes using Teflon
The same method for calculating the theoretical cutoff frequencies using a vacuum was used when calculating these frequencies.



	Mode
	Cutoff Frequency (GHz)

	TE10
	4.50

	TE01
	9.40

	TE11
	10.43
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Figure 13 shows a table comparing the cutoff frequencies between task 1a and task 1b

Task 2
Calculation for the length of the halfwave dipole antenna:
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Calculation for the operating frequency of the antenna:
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S-parameter plot:
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Figure 14 shows the halfwave dipole antenna simulated in Ansys
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Figure 15 shows the radiation pattern

Discussion
The results obtained from the simulations closely align with theoretical expectations, confirming the reliability of classical electromagnetic formulas when applied to practical designs. In Task 1, the rectangular waveguide exhibited clear evidence of mode cut-off behaviour. The TE10 mode was identified as the dominant mode in both the vacuum-filled and Teflon-filled configurations, appearing first in the frequency sweep at approximately 6.52 GHz and 4.50 GHz, respectively. These frequencies closely match the theoretical values derived using the standard cut-off formula. The lower cut-off frequencies observed in the Teflon-filled waveguide are attributed to the increased relative permittivity (εᵣ = 2.1), which slows down the phase velocity and compresses the effective wavelength. This demonstrates the significant impact of material properties on wave propagation within a waveguide.
Field visualisations provided further validation of mode behaviour, with distinct electric and magnetic field patterns observed for the TE10, TE01, and TE11 modes. As frequency increased, higher-order modes became excited in accordance with their calculated thresholds. S-parameter plots also supported these findings, as noticeable drops in S11 occurred at the expected cut-off frequencies, indicating mode excitation and energy transmission through the waveguide.
In Task 2, the half-wave dipole antenna was designed using a wavelength of 232 mm, resulting in a dipole length of 116 mm and an expected resonance frequency of 1.293 GHz. The simulation returned an S11 minimum near this frequency, confirming effective resonance and impedance matching with the 50 Ω lumped port. The radiation pattern exhibited the expected doughnut shape with maximum radiation broadside to the antenna, as predicted by antenna theory. Surface current and E-field distributions displayed the sinusoidal standing wave pattern characteristic of a resonant dipole.
While results were largely consistent with theoretical predictions, minor discrepancies may be attributed to simulation artefacts such as meshing resolution, boundary proximity, and idealised assumptions (e.g. perfect PEC). In real-world scenarios, losses in conductors and dielectric materials would also affect performance, slightly shifting resonances and reducing efficiency.
Overall, the close agreement between theory and simulation demonstrates the effectiveness of analytical models in guiding the design of waveguides and antennas and highlights the usefulness of electromagnetic simulation tools in validating and visualising complex field interactions.

Conclusion
This project successfully demonstrated the design, analysis, and simulation of two fundamental electromagnetic structures: a rectangular waveguide and a half-wave dipole antenna. The rectangular waveguide, analysed in both vacuum and Teflon-filled configurations, exhibited mode propagation behaviour that closely followed theoretical predictions. The TE10 mode was confirmed as the dominant mode, and the impact of dielectric loading was clearly seen through the reduction in cut-off frequencies when Teflon was introduced. Field distributions and S-parameter results further validated the accuracy of the theoretical cut-off equations.
The half-wave dipole antenna, designed to resonate at a frequency determined by the student ID, achieved strong agreement between the calculated and simulated resonance frequency. The antenna produced the expected radiation pattern and return loss characteristics, demonstrating effective impedance matching and resonance. Overall, the study highlights the value of combining theoretical methods with simulation tools to evaluate and optimise electromagnetic designs.
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Introduction
The proliferation of drones, or Unmanned Aerial Vehicles (UAVs), has transformed various sectors, including logistics, agriculture, and surveillance. However, their increasing accessibility and versatility pose significant challenges to traditional radar systems, which often struggle to detect and track these small, agile, and low-flying objects. This report examines recent technological advancements aimed at enhancing radar-based drone detection, evaluates the associated societal and environmental impacts, and proposes improvements to bolster radar effectiveness against UAV threats.




Literature Review
Traditional radar systems face difficulties in detecting drones due to their small size, low altitude flight paths, and minimal radar cross-sections (RCS). These characteristics enable drones to evade detection, especially in cluttered environments or adverse weather conditions. To address these challenges, several technological advancements have been developed [3]:​ 
· Multi-Sensor Integration: Combining radar with other sensors, such as radio frequency (RF) detectors, electro-optical (EO) cameras, and acoustic sensors, enhances detection capabilities. This fusion allows for more accurate identification and tracking of drones, even in complex environments.​
· Artificial Intelligence (AI) and Machine Learning (ML): Incorporating AI and ML algorithms into radar systems improves the classification and prediction of drone movements. These technologies enable systems to distinguish between drones and other objects, reducing false positives [3].​ 
· Advanced Radar Technologies: Developments in radar technology, such as Active Electronically Scanned Array (AESA) radars and micro-Doppler processing, have enhanced the detection of small and slow-moving targets. These systems provide higher resolution and faster response times, crucial for effective drone detection.​
· Passive Radar Systems: Utilizing existing electromagnetic signals, passive radar systems can detect drones without emitting signals themselves, making them less susceptible to detection and jamming.​


Discussion
The integration of advanced technologies into radar systems has significantly improved the detection and tracking of drones. Multi-sensor systems provide a comprehensive approach, leveraging the strengths of various detection methods to compensate for individual limitations. AI and ML algorithms enhance the ability to differentiate drones from other objects, reducing the likelihood of false alarms [4].​ 
Despite these advancements, challenges remain. The cost and complexity of implementing multi-sensor and AI-integrated systems can be prohibitive, particularly for smaller organizations or in developing regions. Additionally, the rapid evolution of drone technology necessitates continuous updates to detection systems to address new threats effectively [4].​ 
From a societal perspective, the deployment of advanced radar systems raises concerns about privacy and surveillance. Ensuring that these systems are used responsibly and within legal frameworks is essential to maintain public trust. Environmentally, the increased use of electronic systems contributes to energy consumption and electronic waste, highlighting the need for sustainable practices in the development and deployment of these technologies.​
To further enhance radar effectiveness for drone detection, the following improvements are proposed:​
· Standardization of Detection Protocols: Developing international standards for drone detection can facilitate interoperability between systems and streamline response strategies.​
· Investment in Research and Development: Continued funding for R&D can drive innovation in radar technology, leading to more efficient and cost-effective solutions.​
· Public-Private Partnerships: Collaborations between government agencies and private companies can accelerate the development and deployment of advanced detection systems.​
· Community Engagement: Educating the public about the capabilities and limitations of drone detection systems can foster understanding and support for their implementation.

Conclusion
The detection and tracking of drones present complex challenges that traditional radar systems are ill-equipped to handle. However, recent technological advancements, including multi-sensor integration, AI and ML algorithms, and advanced radar technologies, have significantly enhanced detection capabilities. Addressing the remaining challenges requires a multifaceted approach, combining technological innovation with policy development and public engagement. By implementing these strategies, society can better manage the risks associated with drone proliferation while harnessing their benefits.
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