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1. [bookmark: _Toc173090455]Introduction
This report details the process of simulating the behaviour of a rectangular waveguide and a halfwave dipole antenna using the ANSYS electrical simulation software. The goal of these simulations is to compare a more complete simulation with theoretical calculations to note any differences that occur.


2. [bookmark: _Toc173090456]Method
2.1. [bookmark: _Toc173090457]Task 1 – rectangular wave guide
In ANSYS,  a waveguide is defined by creating the inside of the waveguide, and assigning it as being made of the material filling the wave guide. The surroundings of the fill are then assumed to be a Perfect Electrical Conductor (PEC) which resulted in the external dimension of the waveguide not being required for this task. ANSYS has standard materials as presets, including the aforementioned PEC and a perfect vacuum. The goal of task one is to compare the propagation properties of a perfect vacuum to those of a Teflon standard.
The simulated waveguide has dimensions 22 x 9 x 50 mm. the first 3 modes are under investigation. A sweep is conducted between 2 and 30 GHz to show the overall effect of the waveguide on electromagnetic radiation. As this is an electromagnetic wave travelling through a rectangular waveguide, the Transverse Electrical (TE) mode dominates, with the 3 modes being simulated being TE10, TE20 and TE01, with the numerals referring to the number of half-wavelengths present in the x and y planes respectively. The magnitude and phase of the fields throughout the waveguide are affected by the fill material, as shall be discussed in the results section. 

[bookmark: _Toc173090458]	2.2 Task 2 – Halfwave dipole antenna
A halfwave dipole antenna is a cylindrical antenna with length equal to half of the wavelength for the desired electrromagnetic waves. Running an ANSYS simulation of this antenna allows for consideration of real world phenomena such as capacitance that will affect the resonant frequency and hence operating range of the antenna. The desired wavelength to be transmitted/ received is 221mm, so the antenna’s length is 110.5mm. The antenna is constructed of PEC, with a 1mm gap in its centre treated as vacuum to serve as the lumped port that the wave will be transmitted through. To determine the theoretical operating frequency it is necessary to calculate the frequency of 221mm waves, with f = c/lambda. This gives a frequency of 1.357 GHz. Hence a sweep between 0.8 GHz and 1.9 GHz is conducted to produce a clear graph that will show the operating frequency. In order to observe propogation through the antenna, the antenna is mounted in a rectangular simulated air chamber to account for behaviour of the radiation. 


3. Results
3.1 Teflon vs. vacuum waveguide fill
[image: A screen shot of a graph
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Description automatically generated]	The TE10, TE20 and TE01 modes for the vacuum and Teflon fills are as follows:[bookmark: _Toc173096972]Figure 1 - TE01 in vacuum, the 3rd transmission mode
[bookmark: _Toc173096973]Figure 2 - TE20 in vacuum, the 2nd transmission mode
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[bookmark: _Toc173096974]Figure 3- TE10 in vacuum, the 1st
 transmission mode
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Description automatically generated][bookmark: _Toc173096975]Figure 4 - TE10 in Teflon, the 1st transmission mode
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Description automatically generated][bookmark: _Toc173096976]Figure 5 - TE01 in Teflon, the 3rd transmission mode
[bookmark: _Toc173096977]Figure 6- TE20 in Teflon, the 2nd transmission mode












As can be seen from the images, the modes take on the same profiles in both vacuum and Teflon. The difference however comes in the intensity of the waves, with the vacuum fill have perfect permittivity and permeability, i.e. a relative permittivity and permeability of 1.
Viewed from the second port at the other end of the waveguide, the pattern is the same, with the only difference being a slight shifting due to a phase change, as the waveguide is not an integer multiple of the wavelength. 
[image: A square root of a function

Description automatically generated]The minimum frequency of radiation that the modes are present for are given by the cutoff frequency for each mode, with the equation being:



With a and b being the dimensions of the cross section and m and n being the relevant modal indices for the given mode.
Hence for TE10, fc = 6.8 GHz
For TE20, fc = 13.6 GHz
For TE01, fc = 16.7 GHz

These are confirmed by the graph of the vacuum fill frequencies (figure. 7), with values of 6,8 GHz, 13.6 GHz and 16.7GHz respectively.
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Description automatically generated][bookmark: _Toc173096978]Figure 7 - Frequency response for a vacuum filled waveguide

When Teflon is used as the fill the graph (fig. 8) shows the cutoff frequencies decrease.
Hence for TE10, fc = 4.8 GHz
For TE20, fc = 9.2 GHz
For TE01, fc = 11.2 GHz
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Description automatically generated][bookmark: _Toc173096979]Figure 8 - Frequency response for a vacuum filled waveguide

The difference in behaviour between the waveguide fills can also be seen in the distribution and direction of the magnetic and electrical fields through the guide:
[bookmark: _Toc173096980]Figure 9 - electric field magnitudes and vectors for TE10, TE20, TE01 in the vacuum fill, giving max field strength of 7530 V/m


[bookmark: _Toc173096981]Figure 10 - Magnetic field magnitudes and vectors for TE10, TE20, TE01 in the vacuum fill, giving max field strength of 61.5 A/m



[bookmark: _Toc173096982]Figure 11 - electric field magnitudes and vectors for TE10, TE20, TE01 in the Teflon fill, giving max field strength of 15.5 kV/m


[bookmark: _Toc173096983]Figure 12 - Magnetic field magnitudes and vectors for TE10, TE20, TE01 in the Teflon fill, giving max field strength of 75.6 A/m

3.2 – Response of a halfwave dipole antenna
[image: A graph with red lines

Description automatically generated]The response of the antenna is shown in an S-plot, wherein the amplitude of the signal drops significantly around a single frequency, this is the resonant frequency of the antenna, and shows the antenna absorbing energy from the wave at that wavelength, this ios how it receives a signal and hence defines the operating frequency. As before, the desired frequency for 221mm signal is 1.357GHz. In the S-plot (fig. 13) the operating frequency of the designed antenna is actually 1.24 GHz. This drop is due to the capacitive effect of having a long conductor, as capacitance is a function of size, and as the conductor length increases the effective capacitance also increases. Hence the energy required to excite the free electrons is less, due to the potential energy stored by the position of those electrons.

Figure 13 - S-plot of an halfwave antenna for 221mm waves
The radiation pattern of the antenna is a sphere with the antenna at its centre (fig. 14).
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Figure 14 - radiation pattern for the halfwave dipole antenna




4. Conclusion

The use of the ANSYS simulation software allows the visualization of complex patterns that emerge in the study of electromagnetic waves. In the cases reported on here, the simulations have shown the difference in behaviour between Teflon and vacuum filled waveguides, and the effect of capacitance on the operating frequency of a simple halfwave antenna.
The waveguide fill comparison shows that, depending on application, Teflon is likely the better fill due to having a lower cutoff frequency, so can redirect a wider variety of electromagnetic waves, and has stronger electric and magnetic fields within, so maintains signal integrity better. 
The halfwave dipole antenna simulation demonstrates the importance of considering real-world phenomena, such as capacitance, when designing electromagnetic systems, as the simulated result is noticeably different from the calculated frequency from the design, and that is despite use of a PEC, a real material would compound this issue even more.
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