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[bookmark: _Toc172183895]Introduction
Electromagnetic wave propagation in waveguides and antenna design are crucial in communication systems. This study explores the characteristics of a rectangular waveguide and a half-wave dipole antenna using high-frequency structure simulation (HFSS) software. The waveguide's dimensions are derived from the student ID, affecting its modal behaviour and cutoff frequencies. Similarly, the dipole antenna's wavelength is ID-dependent, determining its operational frequency and radiation properties. This investigation aims to understand the theoretical and practical aspects of waveguide and antenna design.
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[bookmark: _Toc172183897]Task 1: Rectangular Waveguide Design
Waveguide Dimensions
· Width (a): First two numbers of the student ID - 22mm
· Height (b): (Third and fourth numbers of the student ID) / 2 - 19/2=9.5
· Length: 50 mm 

Simulation Setup
· Material: Perfect Electric Conductor (PEC)
· Filling: Vacuum and Teflon (relative permeability: 1, relative permittivity: 2.1)
· Frequency Sweep: 2 GHz to 30 GHz
· Wave Ports: Port 1 and Port 2 with 3 modes
Theoretical Formulas
· Cutoff Frequency: fc(mn)= C/a √((m/2)^2 + (n/b)^2)
· C = speed of light - 3.00x10^8 m/s
· M and N are mode indices  
Steps
1. Design Waveguide Model in HFSS with the specified dimensions and materials defined above.
2. Assign Wave Ports at both ends of the rectangle for modal analysis.
3. Perform Frequency Sweep from 2 GHz to 30 GHz.
4. Identify the mode types, Specifically the dominant mode.
5. Record Port Field Displays at Wave Port 1 and 2.
6. Obtain Field Magnitudes and Vectors for electric and magnetic fields.
7. Calculate Theoretical Cutoff Frequencies for the first three modes.
8. Plot Cutoff Frequencies and identify from the plot.
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Antenna Dimensions
· Radius: 1 mm
· Wavelength (λ): First three digits of the student ID - 221
Simulation Setup
· Material: Perfect Electric Conductor 
· Excitation: Lumped port with 50 Ohms impedance
· Radiating Surface: Rectangular
Theoretical Formulas
· Dipole Length: L=λ/2
· Operating Frequency: f=c/λ
Steps
1. Design Dipole Antenna Model in HFSS with specified dimensions defined above.
2. Apply Lumped Port Excitation and set port impedance.
3. Perform Frequency Sweep to find the operating frequency.
4. Plot S-Parameter and identify the operating frequency.
5. Obtain Radiation Pattern for the antenna.
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[bookmark: _Toc172183900]Task 1a: Waveguide with Vacuum
· Cutoff Frequencies: Theoretical and simulated values for the first three modes.
· Field Distributions: Electric and magnetic field vectors and magnitudes at ports.
· Dominant Mode Identification: TE10 mode analysis.
· Plots: Cutoff frequency visualization.
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Description automatically generated]The theoretical Cut off frequency is calculated by using Cutoff Frequency: fc(mn)= C/a √((m/2)^2 + (n/b)^2). The different modes are calculated by changing the M and N. Te1 is M=1 and N=0, Te2 IS M=0 and n=1 and Te3 M=1 and N = 1. Using these values in the formula it can be calculated to be Te1 = 6.8181GHz, Te2 = 15.7894GHz and Te3 = 17.1998GHz. This is then simulated using the Ansys software package and the result are shown in the figure below.
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As shown in the figure above M1 is very similar to the theoretical max being only 0.17% higher, this could just be the difference between theoretical and simulated results. M2 and M3 however weren’t as accurate. These were both 2GHz out. This could be down to a simulation error as it is 15.3% and 13.97%. over in respect to M2 and M3.
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· Cutoff Frequencies: Theoretical and simulated values for the first three modes.
· Field Distributions: Electric and magnetic field vectors and magnitudes at ports.
· Comparison: Cutoff frequencies between vacuum and Teflon-filled waveguides.
· Plots: Cutoff frequency visualization.
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[bookmark: _Toc172183903]Task 2: Half-Wave Dipole Antenna
· Antenna Length Calculation: Based on wavelength derived from student ID.
· Operating Frequency Calculation: Using theoretical formula.
· S-Parameter Plot: Identifying the operating frequency.
· Radiation Pattern: Visualizing the antenna's radiation characteristics.
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· Waveguide Analysis: Explaining mode behaviour,  cutoff frequency discrepancies, and field distributions in vacuum and Teflon-filled waveguides.
· Antenna Performance: Discussing the resonance, efficiency, and radiation pattern of the dipole antenna.
· Comparative Analysis: Between theoretical and simulated results, and across different waveguide fillings.
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The study successfully designed and simulated a rectangular waveguide and a half-wave dipole antenna. Key findings include the identification of dominant modes, accurate cutoff frequencies, and radiation patterns. The comparison between vacuum and Teflon-filled waveguides highlighted material impacts on wave propagation. The dipole antenna exhibited expected resonant behavior, validating theoretical calculations.
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