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[bookmark: _Toc137806434][bookmark: _Toc196483537]Abstract
This report asses the difference in dielectric properties of a vacuum filled waveguide v a Teflon waveguide. The report concludes that Teflon waveguide has lower cutoff frequency due to dielectric properties and is able to support lower frequencies. The report also makes use of Ansys software to simulate the radiation pattern of a halfwave dipole antenna. This antenna generated an isotropic radiation pattern and demonstrated the ideal radiation pattern of this antenna. 
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[bookmark: _Hlk196248859][bookmark: _Toc196483541]1.0 Introduction 
[bookmark: _Hlk196252744]The brief gives 2 Tasks both subsections.  Task 1a and 1b focus on a rectangular waveguide with two different mediums. Task 2 focusing on a halfwave dipole antenna. Simulations using Ansys Electronic Desktop student software were required for all tasks. 
This report covers the simulation designs, including specific elements that may impact the results. It follows with taught and researched knowledge to analyse the simulations results, including theoretical equations to find specific information requested in the brief. 
Rectangular waveguides were first theorised by J.J Thomson and proved by Oliver lodge1893-94 [1]. Waveguides support different modes of electromagnetic wave propagation. The two most common modes are transverse electric and transverse magnetic, these modes help to optimise signal transmission while reducing losses [2] [3]. This report will look at the impact of different mediums. In the modern era a trend towards miniaturization has meant that waveguides have got smaller, and advances in materials like low lose di-electric substances have improved wave guide efficiency. 
A half wave dipole antenna is usually made of two metal rods, with the feed point in the centre. In 1887 Heinrich Hertz demonstrated the existence of radio waves using a dipole antenna [4]. The radiation pattern produced by a dipole antenna is examined later but in theory should be a broadside pattern. Meaning a strong radiation perpendicular to its length. Modern developments have created more efficient wave guides with lower losses. [5] 


[bookmark: _Toc196483542]2.0 Methodology
For both Tasks Ansys Electronic Desktop student software was used. 
Within all calculations the speed of light is rounded up from 299,792,458m/s to 3x108. [6]

[bookmark: _Toc196483543]Task 1 
Task 1 consisted of two parts, requiring software to create a rectangular waveguide, with the medium changed and the results compared. The waveguide walls were made of perfect electric conductor (PEC) using identical dimensions; 50mm length, with height and width based on the student number 2313447, calculated using equation 1. Furthermore, the wavelength was also to be based on the student number (first 3 digits). 
[image: ]
[bookmark: _Ref196251932][bookmark: _Toc196483579]Equation 1 - How to work out the width (a) and hight (b) of the wave guide.
Waveguide Dimensions: 
· Length 50mm 
· Width 23 mm 
· Hight 7 mm   
· Wavelength 231mm 
[bookmark: _Toc196124167][bookmark: _Toc196124528][bookmark: _Toc196483580][image: A drawing of a cube
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[bookmark: _Ref196050794][bookmark: _Toc196124529][bookmark: _Toc196483581]Figure 1 – Perfect E boundary  
 
Once dimensions had been decided, the properties tool assigned the outside of the material (PEC), and the medium. Figure 1 shows perfect E boundary. 
Wave ports were added on the shape’s two smallest faces and assigned ‘wave port modal function. 3 modes were selected, and port impedance set at 50 ohms. Then, maximum and minimum frequencies were set, 7Hz and 60Hz, sweep frequency set to, 2-30GHz. 
Modifying for Teflon medium requires properties box selection to Teflon and editing relative permeability and relative permittivity to 1 and 1.2 [7] [1]. No further modification is required and once validated can be rerun. 


[bookmark: _Toc196483544]Task 2 
Task 2 involved drawing a halfwave dipole antenna (using Ansys software) to identify brief’s output. 
Changing the units to millimetres (mm), enables drawing of the modal cylinder with z co-ordinate -half the high of the cylinder and a radius of 1, then assigning the PEC material.
To create a lumped port, a space was created at the centre of cylinder 1. Cylinder 2 was created with a height and radius of 1mm, in the centre of cylinder 1, with the properties of a vacuum and then removed, creating the gap in cylinder 1. To create port, cylinder 2 had the plane changed to YZ, creating a rectangular plane. Finally, an impedance of 50 Ohms at mode 1 was set. An integration line was drawn to complete the port.  
The next step is to create an open region by setting the operating frequency to 1GHz and changing boundary settings to PML, creating a rectangular open region. 
Finally, a solution setup was created: setting the frequency at 5GHz with 99 maximum number of passes, a start frequency of 1GHz, end frequency of 7.5GHz. Once validated the simulation was ready to run. 


[bookmark: _Toc196483545]3.0 Results  
[bookmark: _Toc196483546]Task 1a 
[bookmark: _Toc196483547]1a i 
This task identifies the dominant mode propagating through the wave guide by running the simulation and analysing the wave ports. Figures 2, 3 and 4 show the port field display; evaluating the transverse electric (TE) values shows the shape and size of the wave. The TE value for each mode is: mode 1 TE10, mode 2 TE20 and mode 3 TE30. The dominant mode is the lowest order mode, in this case mode 1. 

[bookmark: _Toc196483548]1 A ii 
Below are the port field modes for all three modes, as the display is the same on both ports, only 1 display per mode will be shown in this report. 
[image: Picture 11, Picture]
[bookmark: _Ref196051095][bookmark: _Toc196124530][bookmark: _Toc196483582]Figure 2 – Mode 1 wave port 
[image: Picture 12, Picture]
[bookmark: _Ref196051097][bookmark: _Toc196124531][bookmark: _Toc196483583]Figure 3 – Mode 2 wave port 
[image: Picture 13, Picture]
[bookmark: _Ref196051099][bookmark: _Toc196124532][bookmark: _Toc196483584]Figure 4 – Mode 3 wave port 
The port field displays demonstrate the peaks and troughs of a wave travelling across the wave guide. The TEmn value measures these peaks; the m value represents the number of half wave variations on the azimuthal direction (width), the n value shows the number of half wave variation in the radial mode (height).
[bookmark: _Toc196483549]1A iii 
This simulation delivers the magnitudes and vectors for the magnetic and electric fields; results shown below. 
 Mode 1 
[image: Picture 14, Picture]
[bookmark: _Toc196124533][bookmark: _Ref196481448][bookmark: _Toc196483585]Figure 5 – Electric field strength 
 
[image: Picture 15, Picture]
[bookmark: _Toc196124534][bookmark: _Toc196483586]Figure 6 – Electric field direction and strength of direction 
 
[image: Picture 16, Picture]
[bookmark: _Toc196124535][bookmark: _Toc196483587]Figure 7 – Magnetic field strength 
 
[image: Picture 18, Picture]
[bookmark: _Toc196124536][bookmark: _Toc196483588]Figure 8 – Magnetic field direction and strength indirection 
 
Mode 2  
[image: Picture 19, Picture]
[bookmark: _Toc196124537][bookmark: _Toc196483589]Figure 9 – Electric field strength 
 
[image: Picture 20, Picture]
[bookmark: _Toc196124538][bookmark: _Toc196483590]Figure 10 – Electric field direction and strength indirection 
 
[image: Picture 21, Picture]
[bookmark: _Toc196124539][bookmark: _Toc196483591]Figure 11 – Magnetic field strength 
 
[image: Picture 22, Picture]
[bookmark: _Toc196124540][bookmark: _Toc196483592]Figure 12 – Magnetic field direction and strength in direction 
 
Mode 3    
[image: Picture 23, Picture]
[bookmark: _Ref196074943][bookmark: _Toc196124541][bookmark: _Toc196483593]Figure 13 – Electric field strength 
 
[image: Picture 24, Picture]
[bookmark: _Toc196124542][bookmark: _Toc196483594]Figure 14 – Electric field direction and strength in direction 
[image: Picture 25, Picture]
[bookmark: _Toc196124543][bookmark: _Toc196483595]Figure 15 – Magnetic field strength 
 
[image: Picture 26, Picture]
[bookmark: _Toc196124544][bookmark: _Ref196481440][bookmark: _Toc196483596]Figure 16 – Magnetic field direction and strength in direction 
 



[bookmark: _Toc196483550]1A iv
Task iv requires the use of equation 2 and each mode’s TE values. Combining the equation and the simulation information enables the following calculations to be conducted. 
[image: A screenshot of a math problem

AI-generated content may be incorrect.]All information must be in SI units, requiring converting a and b into meters. Each table highlights data entered in Equation 2 to calculate the frequencies cut. 
[bookmark: _Ref196251659][bookmark: _Toc196483597]Equation 2 - Cutoff frequency in a rectangular wave guide [16]

Mode 1 
To calculate the theoretical cutoff frequency for Mode 1, equation 2 and the data below was used. 
[bookmark: _Toc196124185][bookmark: _Toc196124390][bookmark: _Toc196124430][bookmark: _Toc196124546][bookmark: _Toc196483598][bookmark: _Toc196483743]Table 1 – Data for cutoff frequency calculation of mode 1 
	Representing letter
	Value with units 
	Value (with SI units)

	M
	1
	1

	N
	0
	0

	a
	23mm
	0.023m

	b
	7mm
	0.007m

	c
	3x108
	3x108


The theoretical cutoff frequency for mode 1 is, 6.52x109 Hz or 6.52GHz. 


Mode 2 
	Representing letter
	Value with units 
	Value (with SI units)

	M
	2
	2

	N
	0
	0

	a
	23mm
	0.023m

	b
	7mm
	0.007m

	c
	3x108
	3x108


[bookmark: _Toc196124186][bookmark: _Toc196124391][bookmark: _Toc196124431][bookmark: _Toc196124547][bookmark: _Toc196483599][bookmark: _Toc196483744]Table 2 – Data for theoretical cutoff frequency calculation of mode 2
The theoretical cutoff frequency for mode 2 is, 1.304x1010Hz or 13.04GHz.

Mode 3 
	Representing letter
	Value
	Value (with SI units)

	M
	3
	3

	N
	0
	0

	a
	23mm
	0.023m

	b
	7mm
	0.007m

	c
	3x108
	3x108


[bookmark: _Toc196124187][bookmark: _Toc196124392][bookmark: _Toc196124432][bookmark: _Toc196124548][bookmark: _Toc196483600][bookmark: _Toc196483745]Table 3 – Data for theoretical cutoff frequency calculation of mode 3 
The theoretical cutoff frequency for mode 3 is, 1.957x1010Hz or 19.57GHz. 


[bookmark: _Toc196483551]1A v
Post simulation figure 17 was plotted 
[image: Picture 10, Picture]
[bookmark: _Ref196050860][bookmark: _Toc196124549][bookmark: _Toc196483601]Figure 17 – A graph to show the simulated cutoff frequencies
Figure 17 shows the simulated cutoff frequencies which are mode 1 6.48 GHz, mode 2 13.06 GHz and mode 3 19.50 GHz. demonstrating the dominant mode is mode 1. 












[bookmark: _Toc196483552]Task 1b 
The task requires the same information as above using the same method but a different medium. 
[bookmark: _Toc196483553]1b i 
Task 1bi identifies the dominant modes propagating through the wave guide. Figures 18, 19 and 20 show the port field display, showing the transverse electric (TE) values. 
The TE value reflects the shape of shape and size of the wave. For each mode a TE value has been worked out: mode 1 TE10, Modes 2 TE20 and Mode 3 of TE30. The dominant mode is the lowest order mode, in this case mode 1. 

[bookmark: _Toc196483554]1b ii
Below are the port field modes for all three modes; as the display is the same on both ports, only 1 display per mode is shown in this report. 
[image: A graph with many colored dots

AI-generated content may be incorrect.]
[bookmark: _Ref196051202][bookmark: _Toc196124550][bookmark: _Toc196483602]Figure 18 – Port display, mode 1 for a Teflon waveguide. 


[image: A graph with lines and dots

AI-generated content may be incorrect.]
[bookmark: _Ref196051203][bookmark: _Toc196124551][bookmark: _Toc196483603]Figure 19 – Port display, mode 2 for a Teflon waveguide
[image: A graph with colorful dots
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[bookmark: _Ref196051205][bookmark: _Toc196124552][bookmark: _Toc196483604]Figure 20 – Port display, mode 3 for a Teflon wave guide


[bookmark: _Toc196483555]1b iii 
This simulation delivers the magnitudes and vectors for the magnetic and electric fields; results shown below. 
[image: Picture 28, Picture]
[bookmark: _Ref196051495][bookmark: _Toc196124553][bookmark: _Toc196483605]Figure 21 – Electric field magnitude for mode 1
 
[image: Picture 29, Picture]
[bookmark: _Toc196124554][bookmark: _Toc196483606]Figure 22 – Electric field vectors for mode 1 
 
[image: Picture 31, Picture]
[bookmark: _Toc196124555][bookmark: _Toc196483607]Figure 23 – Magnetic field magnitude for mode 1 
 
[image: Picture 32, Picture]
[bookmark: _Toc196124556][bookmark: _Toc196483608]Figure 24 – Magnetic field vectors for mode 1 
 
[image: Picture 33, Picture]
[bookmark: _Ref196068913][bookmark: _Toc196124557][bookmark: _Toc196483609]Figure 25 – Electric field magnitude for mode 2
 
[image: Picture 34, Picture]
[bookmark: _Toc196124558][bookmark: _Toc196483610]Figure 26 – Electric field vectors for mode 2 
 

[image: Picture 35, Picture]
[bookmark: _Ref196068924][bookmark: _Toc196124559][bookmark: _Toc196483611]Figure 27 – Magnetic field magnitude for mode 2 
 
[image: Picture 36, Picture]
[bookmark: _Toc196124560][bookmark: _Toc196483612]Figure 28 – Magnetic field vectors for mode 2 
 
[image: Picture 37, Picture]
[bookmark: _Ref196075011][bookmark: _Toc196124561][bookmark: _Toc196483613]Figure 29 – Electric field magnitude for mode 3
 
[image: Picture 38, Picture]
[bookmark: _Ref196050934][bookmark: _Toc196124562][bookmark: _Toc196483614]Figure 30 - Electric field vectors for mode 3 
 [image: Picture 39, Picture]
[bookmark: _Ref196074953][bookmark: _Toc196124563][bookmark: _Toc196483615]Figure 31 – Magnetic field magnitude for mode 3
[image: Picture 40, Picture]
[bookmark: _Ref196051499][bookmark: _Toc196124564][bookmark: _Toc196483616]Figure 32 – Magnetic field vectors for mode 3 


[bookmark: _Toc196483556]1b iv 
In contrast to 1a iv, the Teflon medium, requires a new equation.
All information must be in SI units, requiring converting a and b into meters. Each table shows Equation 4 data enabling the frequencies cut calculations. 
[image: A math problem with numbers and symbols

AI-generated content may be incorrect.]
[bookmark: _Ref196052010][bookmark: _Toc196124204][bookmark: _Toc196124565][bookmark: _Toc196483617]Equation 3 – An equation showing the permittivity and the permeability of the medium
 Combining Equation 2 and Equation 3 the following equation is created. 
[image: A math equations and formulas

AI-generated content may be incorrect.]
[bookmark: _Ref196252107][bookmark: _Toc196483618]Equation 4 – the equation used to calculate the theoretical cutoff frequencies for a Teflon waveguide [8]

Mode 1 
To calculate the theoretical cutoff frequency for Mode 1, the data below and equation  4 was used.  
[bookmark: _Toc196124206][bookmark: _Toc196124393][bookmark: _Toc196124433][bookmark: _Toc196124567][bookmark: _Toc196483619][bookmark: _Toc196483746]Table 4 – Data for cutoff frequency calculation of mode 1 
	Representing letter
	Value 
	Value (with SI units)

	ε
	2.1
	2.1

	μ
	1
	1

	M
	1
	1

	N
	0
	0

	a
	23mm
	0.023m

	b
	7mm
	0.007m

	c
	3x108
	3x108


The calculated theoretical cutoff frequency for mode 1 was, 4.500427561 x 109Hz or 4.5GHz


Mode 2 
To calculate the theoretical cutoff frequency for Mode 2, the data below and equation 4 was used.  

[bookmark: _Toc196124207][bookmark: _Toc196124394][bookmark: _Toc196124434][bookmark: _Toc196124568][bookmark: _Toc196483620][bookmark: _Toc196483747]Table 5 – Table showing the data required to calculate the theoretical cutoff frequency of mode 2 Task 1b
	Representing letter
	Value 
	Value (with SI units)

	ε
	2.1
	2.1

	μ
	1
	1

	M
	2
	2

	N
	0
	0

	a
	23mm
	0.023m

	b
	7mm
	0.007m

	c
	3x108
	3x108


The calculated theoretical cutoff frequency for mode 2 is, 9.000855122 x109 Hz or 9 GHz 



Mode 3 
To calculate the theoretical cutoff frequency for Mode 3, the data below and equation 4 was used.  

[bookmark: _Toc196124208][bookmark: _Toc196124395][bookmark: _Toc196124435][bookmark: _Toc196124569][bookmark: _Toc196483621][bookmark: _Toc196483748]Table 6 – Table showing the data required to calculate the theoretical cutoff frequency of mode 2 Task 1b
	Representing letter
	Value 
	Value (with SI units)

	ε
	2.1
	2.1

	μ
	1
	1

	M
	3
	3

	N
	0
	0

	a
	23mm
	0.023m

	b
	7mm
	0.007m

	c
	3x108
	3x108


The calculated theoretical cutoff frequency for mode mode 3 is, 1.350128268x1010Hz or 13.5GHz. 


[bookmark: _Toc196483557]1b v 
Post simulation figure 33 was plotted. 
[image: Picture 27, Picture]
[bookmark: _Ref196128797][bookmark: _Toc196124570][bookmark: _Toc196483622]Figure 33 – A graph showing the simulated cutoff frequency of a waveguide with a Teflon medium 
Figure 33 shows the simulated cutoff frequencies, mode 1 4.52GHz, mode 2 9.00GHz and mode 3 13.48Ghz, demonstrating the dominant mode is mode 1.


[bookmark: _Toc196483558]Task 2 
This Task requires designing a halfwave dipole antenna, then extrapolating an information set from simulation output, identified in subsets i-iv. 
[bookmark: _Toc196483559]i 
To calculate the length of the halfwave dipole equation 5 was used. 
[image: A black text on a white background

AI-generated content may be incorrect.]
[bookmark: _Ref196052161][bookmark: _Toc196124210][bookmark: _Toc196124571][bookmark: _Toc196483623]Equation 5 – An equation to calculate the length of a halfwave dipole antenna [9]
Using the wavelength of 231mm, the following calculation is done: 
0.231meters /2 = 0.1155m
L = 0.1155m

[bookmark: _Toc196483560]ii 
[image: A white background with black text

AI-generated content may be incorrect.]
[bookmark: _Ref196052333][bookmark: _Toc196124211][bookmark: _Toc196124572][bookmark: _Toc196483624]Equation 6 – An equation to calculate the theoretical operating frequency of the antenna [9]

The theoretical operating frequency is calculated using equation 6 - shown below (data in SI units):  
f = 3x108/0.231 = 1298701299Hz or 1.299GHz 
[bookmark: _Toc196483561]iii 
[image: Picture 5, Picture]
[bookmark: _Ref196050957][bookmark: _Toc196124573][bookmark: _Toc196483625]Figure 34 – A graph showing the simulated operating frequency of the antenna
 
Figure 34 shows the simulated operating frequency of 1.2GHz. 

[bookmark: _Toc196483562]iv 
[image: Picture 4, Picture]
[bookmark: _Ref196051043][bookmark: _Toc196124574][bookmark: _Toc196483626]Figure 35 – The simulated radiation pattern for a halfwave dipole antenna 


[bookmark: _Toc196483563]4.0 Discussion 
[bookmark: _Toc196483564]Task 1a 
[bookmark: _Toc196483565]Task 1a i – ii 
Figures 2, 3 and 4 show the port faces for the waveguide with a vacuum medium. The dominant is mode1. The TEmn values increase through the modes. 
[bookmark: _Toc196483566]Task 1a iii 
Figures 5 -  16 show the electric (E) fields and magnetic (H) field magnitudes and vectors for mode 1 – 3. The figures showing the magnitude of the E field illustrate the distribution and intensity of the electric field within the waveguide, influenced by the waveguide's permittivity and the specific propagation modes.  Permittivity being properties that describes how a material responds to an electric field. Analysing these modes, there’s significantly greater magnitude of magnetic field than electric field on the outside of the waveguide. Regarding vectors, the arrow shows the direction, and the colour represents the magnitude. The figures depicting vectors show all fields in an outwards direction from the waveguide, each vector diagram has a similar set of directions.  The large variation in direction of the vectors suggests there are complex interactions within the waveguide. 
[bookmark: _Toc196483567]Task 1a iv – v 
The results section details the cutoff frequencies found using equation 2 and the simulation. The close results correlation, see Table 7,  suggests an accurate simulation, assuring further simulation data trustworthy. 
[bookmark: _Ref196051629][bookmark: _Toc196124214][bookmark: _Toc196124396][bookmark: _Toc196124436][bookmark: _Toc196124575][bookmark: _Toc196483627][bookmark: _Toc196483749]Table 7 – Table comparing theoretical and simulated cutoff frequency for Task 1A
	Mode 
	Theoretical cutoff frequency
	Simulated cutoff frequency
	Difference

	1
	6.52GHz
	6.48GHz
	0.04GHz

	2
	13.04GHz
	13.06GHz
	0.02GHz

	3
	19.57GHz
	19.50GHz
	0.07GHz



[bookmark: _Toc196483568]Task 1b 
[bookmark: _Toc196483569]Task 1B i-ii 
The TEmn value’s indices characterise the number of half-wavelength variation along the structure’s two principal directions. This means each value represents the number of half-wavelengths in either of the two directions, vertically (n) and across the width (m). 
With this information the number of half wavelength variations increase width ways through the modes in both Task 1a and b. The dominant mode is mode 1. 
[bookmark: _Toc196483570]Task 1biii 
As in Task 1a iii the H and E fields represent the magnitude and vectors of a magnetic and electric field the wave guide. In comparing the two fields the H field has a significantly higher magnitude. This is especially obvious when comparing figure 25 and figure 27.  Although large variations within the direction of the vectors, the figures showing magnetic field vectors appear more uniform suggesting a more uniform pattern compared to the electric field vectors’ complex interactions. 

[bookmark: _Toc196483571]Task 1b iv-v 
The results section details the cutoff frequencies found using equation 4 and the simulation. The close results correlation, see Table 8,  suggests an accurate simulation, assuring further simulation data trustworthy.
[bookmark: _Ref196051689][bookmark: _Toc196124215][bookmark: _Toc196124397][bookmark: _Toc196124437][bookmark: _Toc196124576][bookmark: _Toc196483628][bookmark: _Toc196483750]Table 8 – Table comparing theoretical and simulated cutoff frequency for Task 1A
	Mode 
	Theoretical cutoff frequency
	Simulated cutoff frequency
	Difference

	1
	4.50GHz
	4.52GHz
	0.02GHz

	2
	9.00GHz
	9.00GHz
	0.00GHz

	3
	13.50GHz
	13.48GHz
	0.02GHz


[bookmark: _Toc196483572]Comparing a vacuum filled waveguide to a Teflon filled waveguide
[bookmark: _Ref196051726][bookmark: _Toc196124216][bookmark: _Toc196124398][bookmark: _Toc196124438][bookmark: _Toc196124577][bookmark: _Toc196483629][bookmark: _Toc196483751]Table 9 – A table showing the cutoff frequencies for Task 1a and 1b 
	 
	Vacuum wave guide 
	Teflon wave guide 

	Mode
	Calculated 
	Simulated 
	Calculated 
	Simulated 

	1
	6.52GHz
	6.48GHz
	4.50GHz
	4.52GHz

	2
	13.04GHz
	13.06GHz
	9.00GHz
	9.00GHz

	3
	19.57GHz
	19.50GHz
	13.50GHz
	13.48GHz



As table 9 shows, the Teflon filled waveguide has a significantly lower cutoff frequency compared to the vacuum filled waveguide.  With each mode increase, the difference in cutoff frequency increases N+2. This pattern can be extrapolated to find the cutoff frequency of either waveguide. 
The cutoff frequencies differences are due to the relative permittivity (di electric constant) of a vacuum compared to Teflon. A vacuum has a relative permittivity of 1 but Teflon’s value is 2.1, impacting the speed the electromagnetic waves propagate though it, waves propagating slower through Teflon. Using the same frequency the wavelength of a wave is shorter due to the slower speed. The cutoff frequency for a waveguide’s mode is limited by the dimension of the waveguide and the wavelength of the wave, a shorter wavelength means the waveguide can support a lower cutoff frequency demonstrating why Teflon medium can support a lower cutoff frequency. 
The magnitude and vectors of electric and magnetic fields can also be compared. It’s important to note a vacuum has permeability(µ_r) and permittivity (ε_r) of 1, whereas Teflon has permeability of 1.000058 and permittivity value 2.1 [7]. When comparing (ε_r) fields, although the colouration does not look dramatically different, the key shows the maximum amperes/meter value achieved by the waveguide with a vacuum was 27.5A/m compared to the 56A/m in figure 27. The difference is due to the larger permeability value which supports more powerful magnetic field intensity.
Teflon’s higher permittivity value allows it to store more electrical energy when influenced by an electric field. However, the results presented in this report show a mix of data, between mode 1 and 2 the Teflon E field has a higher maximum value, however in mode 3 (Figure 13 v Figure 29) the Teflon has a lower value and seems to contradict the theory. The differing data suggests that there was an error in this simulation, human or digital, and this caused the differing data.  
These specific dielectric properties allow Teflon to be used in components such as low loss transmission lines. [10]  In a vacuum the field distribution is only affected by the geometry of the shape and source. However, in a Teflon medium the dielectric properties can generate additional boundary conditions can concentrate the source leading to changes in field direction and might be what is causing a disruption to expected patterns. 



[bookmark: _Toc196483573]Task 2 
[bookmark: _Toc196483574]Task 2 i 
Using equation 5 the halfwave dipole antenna calculated length was 0.1155m. The length is important as if incorrect, it won’t transmit the desired frequency efficiently leading to poor transmission and difficulty in reading data transmitted at this frequency. Using the equation 7 and taking the result of Task 2 ii we define value 0.1155 as the antenna’s ideal optimum length. Using equation 7 the results of equation 5 can be validated thereby proving equation 5’s accuracy.
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[bookmark: _Ref196052631][bookmark: _Toc196124217][bookmark: _Toc196124578][bookmark: _Toc196483630]Equation 7 – An equation linking Frequency and length of dipole antenna [8]

Below are the calculations done to verify the results of Task 2 i 
492/1298.7013Mhz = 0.3788ft 
0.3788ft = 0.1155m 
[bookmark: _Toc196483575]Task 2ii -iii
The operating frequency of an antenna is the frequency at which it operates most effectively. 
Using equation 6 the theoretical operating frequency was calculated to be 1.299GHz. Figure 34 shows a simulated operating frequency of about 1.2GHz. The close relationship between theoretical and simulated theoretical operating frequency suggests there’s either similarity in the method of simulating and calculating or each option used different methods to come to similar answers. Assuming both methods are different, this result proves the accuracy of both methods. 
[bookmark: _Toc196483576]Task 2 iv 
Figure 35 shows the simulated radiation pattern of the antenna, resembling a sphere and is an isotropic radiation pattern which is ideal and can only exist in theory, this antenna would likely give off an omnidirectional radiation. 
Examining figure 35. most of the sphere’s outside is bright red and according to the key, means it has a gain of between 0-10dB. The higher the gain the more effectively the antenna can transmit signals in that direction. On the top of the sphere the colours fade to yellow/green suggesting any transmission from the top of the antenna will be more difficult to receive. It’s only by doing a simulation of the radiation pattern that this can be drawn. 


[bookmark: _Toc196483577]5.0 Conclusions
Task 1 initial conclusion is the equations used to calculate cutoff frequencies were accurate, enabling future data calculation. Secondly, a Teflon medium results in lower cutoff frequencies than using a vacuum. When comparing these mediums, it became clear the Teflon dielectric properties reduce the wave’s phase velocity allowing it to handle lower cutoff frequencies. 
Task 2’s conclusion shows an antenna ideal length of 0.1155m with operating frequency of 1.2GHz; its isotropic radiation pattern enables signal transmission in all directions making it suitable for signal tower use.
Ultimately this report demonstrates the difference between a vacuum filled and a Teflon filled waveguide, analysing the difference using theoretical and simulated results, whilst also analysing the length, operating frequency and radiation pattern of an halfwave dipole antenna. 
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Cutoff Frequency in Rectangular Waveguide:
The frequency below which the modes cannot propagate in a waveguide is called the

cutoff frequency.
m\2  m\?
@) +G)
Where,

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
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U - permeability of the medium
£ — permittivity of the medium
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Where

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

¢-Velocity of light

11 - permeability of the medium

£ - permittivity of the medium
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Half wave dipole antenna:

e lItis a dipole antenna, where the frequency of operation is half of its
wavelength.

e The length of the total wire, which is being used as a dipole, equals
half of the wavelength ( A/2).

Copo?
2

e Itis also known as Hertz antenna.
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Where:
f- resonant frequency,
c-speed of light,

2-wavelength
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The total length (L) of the dipole antenna in feet is calculated as:

L=468/f

where f is the frequency in MHz.
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