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3. Abstract
This Report investigates the different factors that affect Rectangular Waveguides and Dipole antenna design.  Design criteria given in the assignment brief were used to create two different waveguides on the ANSYS simulation software for task 1a and 1b. A Halfwave Dipole Antenna also was simulated for Task 2. The screenshots of the results were then presented and a discussion on justifying these results is included in this report.   
4. Task 1a and 1b
4.1 Introduction 
A Rectangular waveguide with the dimensions of 20mm(a) x 15mm(b) x 50mm with a perfect electric conductor(PEC) walls filled with a vacuum is compared with a waveguide with the same dimensions but constructed from a PEC a filled with Teflon with a relative permittivity of 2.1 and relative permeability of 1.
A frequency sweep between 2 Ghz and 30 Ghz will be completed to analyse the waveguides behaviours across a range of frequencies. The dominant mode and modes propagating through the waveguide will be identified; the port field display of the waveguides will be compared both port 1 and port 2; the magnitude and vectors of electric and magnetic fields for each mode will be compared; the cut off frequency for both waveguides will be calculated theoretically and then the simulation visualized by the use of rectangular plots. [1]
What is an Electromagnetic (EM) Wave?
An EM wave is a type of radiation which is formed from an electric field and a magnetic field. An electric field is equal to the force experienced per unit positive test charge. A magnetic field is equal to the force experienced by a charge, the velocity of the charge and the velocity vector and the magnetic field. [2]
What is a waveguide?
A waveguide is a structure that guides waves with minimal energy loss by restricting energy transmission to one direction. This enables efficient propagation. Waveguides can be categorised depending on their properties: shape, mode of propagation and material used. [3]
What is the Cut off frequency?
Each waveguide has a specific cut off frequency. Only above that cut off frequency does propagation occur. Below the Cut off frequency the reflection that occurs acts as a high pass filter this is called attenuation this occurs exponentially.


For rectangular waveguides the cut off frequency is calculated by:
 
Where:
Fc = Cut off frequency
C = speed of light in vacuum
m and n = mode numbers
a and b = waveguide dimensions [4]


What is relative permittivity and permeability?
Relative permittivity is a measure of how much a material can store electrical energy compared to a vacuum. Vacuums have the lowest permittivity with factors such as material composition, temperature, crystal structure and impurities affecting relative permittivity of materials. Different relative permittivity materials are chosen depending on what type of waveguide. Rectangular waveguides will ideally use low permittivity materials as this allow for higher cut off frequencies with broader bandwidth; Electromagnetic waves will travel faster; fewer absorption losses. Other types of Waveguides rely on the contrast between the cladding and the core hence high relative permittivity materials are ideal to create the total internal reflection needed.
Relative permeability is a measure of how easily a material can become magnetized compared to a vacuum. Materials with a high permeability are magnetically responsive like iron with relative permeability above 1 while superconductors have a relative permeability near 0. Permeability affects the phase velocity in a waveguide; cut off frequency will decrease if the permeability increase; impedance increases if permeability increases a difference in impedance will introduce power losses through reflection.   [5]
What are modes and mode propagation?
Modes describe the distribution of the electromagnetic field in the cross sectional plane of a waveguide. This can be broken down into 4 types. Transverse electromagnetic (TEM), Transverse electric (TE), Transverse magnetic (TM) and Hybrid waveguides. Subscript m and n is used to refer to the mode number. 
TEM waveguides: the electric field is contained within the dielectric material between the inner and outer conductor with the magnetic field circulating around the inner conductor. Waveguides with TEM modes are usually co axial cables. 
TE waveguides: the Magnetic field (H mode) is along the direction of propagation while the electric field component is not. This means the electric field is perpendicular to the direction of propagation. 
TM waveguides; these are the opposite of the TE waveguides. These have no magnetic field component in the direction of propagation while the Electric field (E mode) is.
Hybrid Waveguides: these have a non-zero electric and magnetic field in the direction of propagation and have the properties of both a TE and TM waveguide. [6] [7]

4.2 Method
Using the ANSYS software package the two waveguides described in the introduction were modelled. A frequency sweep between 2 GHz and 30 GHz was simulated so that the behaviours of the waveguides could be analysed against those assigned in the assignment brief.  
4.3 Results 
Results gained from the Ansys simulations are shown in this section in the Figures below.
Part 1a Vacuum
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Figure 1 - Rectangular Plot Vacuum 
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Figure 2 - Port field display - Port 1 mode 1 
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Figure 3 - Port field display - Port 1 mode 2 
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Figure 4 - Port field display - Port 1 mode 3 
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Figure 5 - Port field display - Port 2 mode 1 
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Figure 6 - Port field display - Port 2 mode 2 
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Figure 7 - Port field display - Port 2 mode 3 
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Figure 8 - Electric field vector mode 1 Vacuum [image: A computer screen shot of a computer program
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Figure 9 - Electric field vector mode 2 Vacuum





[image: A computer screen shot of a computer screen

AI-generated content may be incorrect.]
Figure 10 - Electric field vector mode 3 Vacuum
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Figure 11 - Electric field magnitude mode 3 Vacuum
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Figure 12 - Electric field magnitude mode 2 Vacuum
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Figure 13 - Electric field magnitude mode 1 Vacuum
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Figure 14 - Magnetic field Vector mode 1 Vacuum
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Figure 15 - Magnetic field Vector mode 2 Vacuum
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Figure 16 - Magnetic field Vector mode 3 Vacuum
[image: A computer screen shot of a computer program

AI-generated content may be incorrect.]
Figure 17 - Magnetic field magnitude mode 3 Vacuum
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Figure 18 - Magnetic field magnitude mode 2 Vacuum
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Figure 19 - Magnetic field magnitude mode 1 Vacuum





Part 1b - Teflon
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Figure 20 - Rectangular plot Teflon
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Figure 21 - Port 1 mode 1
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Figure 22 - Port 1 mode 2
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Figure 23 - Port 1 mode 3
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Figure 24 - Port 2 mode 1
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Figure 25 - Port 2 mode 2
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Figure 26 - Port 2 mode 3
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Figure 27 - Electric field vector Teflon mode 1 
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Figure 28 - Electric field vector Teflon mode 2
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Figure 29 - Electric field vector Teflon mode 3
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Figure 30 - Electric field magnitude Teflon mode 3
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Figure 31 - Electric field magnitude Teflon mode 2
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Figure 32 - Electric field magnitude Teflon mode 1
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Figure 33 - Magnetic field vector Teflon mode 1 
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Figure 34 - Magnetic field vector Teflon mode 2 


[image: A computer screen shot of a computer program

AI-generated content may be incorrect.]
Figure 35 - Magnetic field vector Teflon mode 3 
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Figure 36 - Magnetic field magnitude Teflon mode 3 
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Figure 37 - Magnetic field magnitude Teflon mode 2 
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Figure 38 - Magnetic field magnitude Teflon mode 1




4.4 Discussion
i) The dominant modes and the modes propagating are:
· Mode 1 TE10, Mode 2 TE01 and Mode 3 TE11 
· The Dominant mode is the TE10 as this is has the lowest cut of frequency
ii) The Port field display of the has been presented in the above section in figures 2 to 7, Port 1 shows the input and Port 2 shows the output of the waveguide. The results from the port field support the decisions made in part i of the discussion. They show the direction of the EM radiation as a 2D vector plot on the face of the waveguide.








iii) The Magnitude and Vector values of the electric and magnetic fields are presented in the results section in figure 8 to 19 
The peak values are presented in the tables below.
	
	Peak value (V/m)

	Mode 1
	1500.905

	Mode 2
	1207.606

	Mode 3
	1187.473


Table 1 - Electric Field Magnitude peak value (V/m)
	
	Peak value (A/m)

	Mode 1
	6.000

	Mode 2
	6.439

	Mode 3
	9.926


Table 2 - Magnetic field Magnitude Peak value (A/m)
Mode 1 is the dominant mode due to a greater electric field peak magnitude value of 1500.905 V/m than the other 2 modes. The Magnetic field values also support the TE modes as the Vector values of the magnetic field are perpendicular to that of the electric field. 
  
iv) The cut off frequency for the vacuum filled waveguide’s first 3 modes are as follows:


Mode 1
 = 7.50Ghz
Mode 2 
 = 10.0Ghz
Mode 3 
 = 12.5Ghz



v) A rectangular plot of the vacuum filled waveguide is shown in figure 1 and the Cut off frequencies identified were:
Mode 1 = 7.460Ghz
Mode 2 = 10.050Ghz
Mode 3 = 12.430Ghz
vi) The dominant modes and the modes propagating are:
The same as those identified in part i. Mode 1 is the dominant mode with the lowest cut off frequency which is TE10, Mode 2 is a TE01 and Mode 3 is TE11
The Port field display of Teflon filled waveguides have been presented in the above section in figures 21 to 26 
The Magnitude and Vector values of the electric and magnetic fields are presented in the results section figure 27 to 38 The Peak values are in the tables below. 
	
	Peak value (V/m)

	Mode 1
	2570.981

	Mode 2
	1355.063

	Mode 3
	1259.865


Table 3 - Electric Field Magnitude peak value (V/m)
	
	Peak value (A/m)

	Mode 1
	10.219

	Mode 2
	7.219

	Mode 3
	10.530


Table 4 - Magnetic field Magnitude Peak value (A/m)

vii) The Theoretical Cut off frequency for the first three modes on the Teflon filled Waveguide are:


Mode 1
 = 5.173Ghz
Mode 2 
 = 6.898Ghz
Mode 3 
 = 8.622Ghz



viii) A rectangular plot is presented in Figure 20 and the Cut off frequencies identified were:
Mode 1 = 5.080 Ghz
Mode 2 = 6.830 Ghz
Mode 3 = 8.580 Ghz





ix) The Cut off frequencies identified in iv, v, vii and viii comparisons:
	Mode 
	Vacuum Filled(Ghz)
	Teflon Filled(Ghz)

	
	Theoretical
	Port field
	Theoretical
	Port field

	1
	7.50
	7.460
	5.173
	5.080

	2
	10.0
	10.05
	6.898
	6.830

	3
	12.5
	12.43
	8.622
	8.580


Table 5 – Comparison chart of Cut Off frequencies
The difference between theoretical and simulation software are usually as a result of theoretical equations idealizes the calculations and does not take into account the material properties, imperfections like surface roughness. Other reasons that could have resulted in differences include Numerical accuracy, Computational cost and the parasitic effect which occurs when currents and fields interact with each other. The ANSYS software also uses different solvers and equations which will result in slightly different answers.  
The difference between the two waveguides is as a result of the higher permittivity of the material. This results in slowing the speed of the EM wave and hence decreasing the size of the wavelength.  This decrease in wavelength reduces the amount of signal propagation and introduces attenuation. 


4.5 Conclusion
The main findings of the simulations of the two different designs of waveguides were:
· Theoretical results for Cut Off frequency or similar to those simulated on ANSYS
· The Cut off frequencies decrease if Permittivity increases
· The Port field display of the simulation identifies the modes that propagate
· That TE10 mode is the dominant mode compared to others such as TE11 modes due to the lower cut off frequency
· The H mode is emits along the direction of propagation in a TE waveguide
· The E Mode emits perpendicular to the direction of propagation
· This investigation shows how Teflon can be used to lower the cut off frequency which is useful for high frequency noise environments. 




5 Task 2
5.1 Introduction 
A Halfwave Dipole Antenna with a radius of 1mm designed to radiate Electromagnetic wavelength of 203mm. The antenna has PEC properties and an excitation is applied through the lumped port with an impedance of 50 ohms. Antenna is placed in a rectangular radiating surface. 
What is an Antenna? 
An Antenna converts electric current into an EM wave and vice versa. This is also known and transmitting and receiving. Transmission occurs when an alternating current (AC) flows through an antenna which creates and oscillating EM field which radiates outwards as radio waves or microwaves. Reception occurs when Radio waves or microwaves hit an antenna and induce an AC current. This can then be processed into a useable signal via the use of Duplexers, Amplifiers, Mixers, Modulators and Detectors. [8]  
Different types of antennas
There are a variety of different types of Antenna which can be categorised by Physical structure, Directional, Operating frequencies and Polarisation. 
The antenna designed in this report is a Dipole antenna. These are created by straight conductive wires divided into two equal halves, each extending in opposite directions from a central feed point. The feed point is connected at the centre of the Antenna there is lower impedance. [9]
Properties of Dipole antennas
· At resonance the current is maximum at the centre and minimum at its end. 
· Voltage is minim at the centre and maximum at ends
· Most efficient when the length is an odd multiple of the half wavelength 
· Gain is low
· Good directivity 
· Designed for specific frequency ranges and degrades outside of that range
· Have an impedance of 73 ohms at resonance 
· Produce fringing fields which are electric fields beyond the radiating elements substrate which effectively extends length of antenna [10]
What is maximum power transfer theorem and Impedance? 
Maximum transfer occurs when the load impedance equals the conjugate of the source impedance. This means that the resistance is equal and the reactance is equal in magnitude but in opposite directions.
Impedance is opposition to the flow of current. This is given by the relationship between resistance and reactance of an antenna. Understanding impedance allows for the designer to design the antenna to undergo impedance matching which allows maximum power transfer as defined above [11]
What is operating frequency?
Operating frequency is the specific frequency ranges that the antenna can transmit and receive EM waves. The properties of Antennas as described earlier in this report affect the operating frequency ranges. An example of operating frequency ranges are early WIFI routers which have an operating frequency of 2.4Ghz with newer WIFI routers have a 5Ghz which allows for faster data transfer.  [12]
What are radiation patterns?     
Radiation patterns represent the area in which an Antenna can transmit and receive signal. This can be described as either far field or near field. Far field radiation is where the distance from the antenna is much greater than the wavelength of the EM wave and near field is where the distance from the antenna is smaller than the wavelength. [13]The radiation pattern can be broken down into 3 different types: 
· Omnidirectional is where radiation is emitted roughly equally in all directions. 
· Directional is where radiation is emitted in a certain direction as a beam. This main beam is referred to as a lobe but smaller lobes are also produced as well as null regions where destructive interference reduces radiation intensity.
· Isotropic is where radiation is emitted perfectly equally and is purely theoretical and can never be achieved. [14]
5.2 Method
The Halfwave length antenna described in the introduction was modelled on the software ANSYS. This model was then placed inside a rectangular radiating surface where the radiation pattern and the properties of the antenna could be analysed against the criteria outlined in the assignment brief. The dimensions used for the Simulations are shown in the below figures and the equations used are shown in the results section 5.4.
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Figure 39 - Shape of Halfwave Dipole antenna
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Figure 40 - Dimensions of Dipole antenna
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Figure 41 - Antenna properties
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Figure 42 - Antenna gap properties










5.3 Results 
Screenshots of the results given by Ansys are shown in the below figures.
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Figure 43 - Gain Plot of Antenna
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Figure 44 - S Parameter Plot of Antenna



5.4 Discussion
i) Length of halfwave dipole antenna.



ii) Operating frequency of the antenna.




iii) The S parameter plots have been presented in the results section in figure 44
The Operating frequency is identified by looking at the trough of the wave which is found at 1.35Ghz

iv) The radiation pattern of the antenna is omnidirectional as the radiation emits is emitted equally in all directions except along the axis of the antenna. 

5.5 Conclusion
The main findings into the simulation of the Halfwave guide dipole antenna were:
· Properties like fringing were not taken into account for the design of this antenna as a result the maximum power transfer did not occur and resulted in a different operating frequency.
· Multiple troughs occurred in the S parameter plot which show the resonant behaviours of antennas which occurs during impedance matching.
· Uses of 1.4Ghz antennas include for communication which provides better coverage than higher frequency channels. [15]
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