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All throughout daily life electromagnetic radiation (EMR) is present. Everything from visible light seen with human eyes [1] to advanced guided weapons such as  Storm shadow (SCALP) [2] missile,  falls under the wide spectrum that is EMR. This report will discuss the methods used to transmit and direct electromagnetic waves, such that they can provide utility for an operator or technician.
 Task 1 will be focused on the creation of a waveguide. Waveguides are hollow metallic channels which nominally have a rectangular or cylindric cross section [3], they direct EMR waves from a source to receiver, allowing the waves to be directed. There are several key parameters for waveguides which will be examined in throughout task 1. 
Task 2 will be focussed on the creation of a dipole antenna. Dipole antennas are devices used to transmit or receive electromagnetic waves (most commonly Radio waves). The antenna consists of a wire with a break in the middle to allow it to be fed from a transmission line. [4] The Details of this will be examined throughout task 2. 
[bookmark: _Toc196463901]Method (Task 1)
To generate a waveguide, it was first crucial to understand what key parameters were needed. The key physical parameters are as follows [5]: 
Waveguide flange (connection interface), 
Waveguide shape (rectangular or circular),
Waveguide size (length width height).
Waveguide material (in this instance Perfect electrical conductor with a vacuum/Teflon core)

To complete task 1, the waveguide flange was not considered, this is because the modelling software which was chosen does not require this to function (this is handled by the boundary conditions).  As specified in task 1 [6] the waveguide examined is a rectangular one, and has the following dimensions, Width (a), Height (b) and length 50mm; a and b are calculated using the following two formulae.
 
   (rounded to the nearest integer)
In the case of the author a=21 and b=13/2=6.5 therefore b=7.
The dimensions of the waveguide examined are Width 21mm, Height 7mm and length 50mm. 
In accordance with task 1 two waveguide cores were to be studied, task 1A was for a Vacuum and task 1B for a Teflon core. 

The model was generated in Anys Electronics Desktop (student) software, in accordance with the method described in ‘Design of Rectangular Waveguide, High Frequency Structure Simulation Software which was provided to all students in the module. The document can be found within the UWTSD Moodle[footnoteRef:1] [1:  https://moodle.uwtsd.ac.uk/mod/resource/view.php?id=591939] 


[bookmark: _Toc196463902]Results (Task 1)
Task1 A (Vacuum core)
3 Modes were examined within the software, with the following results.
Mode 1:
[image: A grid with lines in it
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[bookmark: _Ref195261094][bookmark: _Toc195263952][bookmark: _Toc196463909]Figure 1 task 1A Port 1 Mode 1
Figure 1 shows the first mode generated, this has a transverse electric mode of mn= 10
this is again repeated at port 2 where the mode is again mn=10, (see Figure 2)
[image: A graph with red and yellow lines
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To further analyse what this means, using the data viewer the Electric field and magnetic field can be seen. 
[image: A multicolored rectangular object with spikes
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[bookmark: _Ref195261718][bookmark: _Toc195263954][bookmark: _Toc196463911]Figure 3 Task 1A mode 1 Electric field
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Figure 3 shows the electrical field alternating as it propagates through the waveguide. As shown in Figure 4 a similar but opposite effect is generated, this is in accordance with the understanding that electromagnetic waves  propagate through each field inducing the other. [7] This is further highlighted in Figure 5 and Figure 6 where the vectors are shown. This further evidences the idea that it is a transverse electric mode, The alternating ‘up and down’ can be seen in electric field vector diagram, whereas the ‘circular’ movement of the magnetic field can also be seen.
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Mode 2:
Mode 2 is similar to mode 1, in its function as a TE mode. However, there is an additional half-wavelength present in the boundary. This means that the mode is now mn=20.  This is shared across both ports can be seen clearly in all figures (7-10). 
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Mode 3:
[image: A graph with red and green lines
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[bookmark: _Toc195263962][bookmark: _Toc196463919]Figure 11 Task 1A mode 3 port 1
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[bookmark: _Toc195263963][bookmark: _Toc196463920]Figure 12 Task 1A mode 3 port 2
Mode 3 presents somewhat of an anomaly. Port 1 presents as mode mn=01 whilst port 2 presents as mn=30. After further investigation through analysing the cutoff frequencies, port 2 still appears to be valid. When calculating the cutoff frequencies both modes result in the same Fc.  It is not clear why both appear simultaneously in the model and would need further investigation before the author has confidence in the reasoning for this. It is however clear from figures 11-16, that this mode presents differently to modes 1 and 2. 
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[bookmark: _Toc195263964][bookmark: _Toc196463921]Figure 13 Task 1A mode 3 E field
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The cutoff frequency of each mode was also measured and compared with calculated values. Figure 17 show the simulated results for cutoff frequency being as follows:

	Mode
	Simulated cutoff Frequency (GHZ)
	Calculated cutoff Frequency (GHZ)

	1
	7.11
	7.14

	2
	14.25
	14.29

	3
	21.39
	21.43
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[bookmark: _Ref195264679][bookmark: _Toc196463925]Figure 17 Task 1A Cutoff Frequency for all modes
[image: Equation for Rectangular Waveguide Cut-Off Frequency]
[bookmark: _Toc196463926]Figure 18 equation for rectangular waveguide cutoff frequency [8]

Mode 1

Mode 2

 
Mode 3
If Port 1 

If Port 2

Task1 B (Teflon core)
Again, within task 1B 3 modes were examined. The only change between the modes is replacing the core material (vacuum) with Teflon. Teflon has a lower permittivity than free space, and as such this influences the cutoff frequencies and propagation.
Mode 1:
Mode 1 shows a similar result to mode 1 task 1A.  with a TE mode (mn) of 10.  The propagation appears much more ‘tightly packed’ than in task 1. This is especially evident in Figure 21 where there appears to be 3 full wavelengths compared to task 1a’s 2 full wavelengths.
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[bookmark: _Toc196463927]Figure 19 task 1B mode 1 port 1
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[bookmark: _Toc196463928]Figure 20 task 1B mode 1 port 2
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[bookmark: _Toc196463930]Figure 22 task 1B e field vectors
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[bookmark: _Toc196463931]Figure 23 task 1B h field




Mode 2:
Mode 2 is again showing a TE pattern, with the mode mn 20. Similar to mode 1, in task 1b, there is more, full wavelength being shown in the E field visualisation in this case 3 full wavelengths when compared to the 1 full wavelength in task 1A. 
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[bookmark: _Toc196463932]Figure 24 task 1B mode 2 port 1
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[bookmark: _Toc196463933]Figure 25 task 1B mode 2 port 2
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[bookmark: _Toc196463934]Figure 26 task 1B mode 2 e field
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[bookmark: _Toc196463935]Figure 27 task 1B mode 2 e field vectors
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[bookmark: _Toc196463936]Figure 28 task 1B h field
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[bookmark: _Toc196463937]Figure 29 task 1B h field vectors


Mode 3:
Mode 3 again presents a variation in the modes at the two ports. Port 1 shows a mode mn of 01, while port 2 shows an mn of 30. In common with the other two modes of task 1b, the propagation appears to cover more wavelengths in the e field. 
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[bookmark: _Toc196463938]Figure 30 task 1B mode 3 port 1
[image: A colorful lines on a grid

AI-generated content may be incorrect.]
[bookmark: _Toc196463939]Figure 31 task 1B mode 3 port 2
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[bookmark: _Toc196463940]Figure 32 task 1B mode 3 e field
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[bookmark: _Toc196463941]Figure 33 task 1B mode 3 e field vectors
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[bookmark: _Toc196463942]Figure 34 task 1B mode 3 h field
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[bookmark: _Toc196463943]Figure 35 task 1B mode 3 h field vectors

The cut-off frequencies for all modes were again both calculated and simulated with the following results
	Mode
	Simulated cutoff Frequency (GHZ)
	Calculated cutoff Frequency (GHZ)

	1
	4.87
	4.93

	2
	9.84
	9.85

	3
	14.74
	14.78
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[bookmark: _Toc196463944]Figure 36 task 1B cutoff frequencies
[image: Equation for Rectangular Waveguide Cut-Off Frequency]
[bookmark: _Toc196463945]Figure 37 equation for rectangular waveguide cutoff frequency [8]
In task 1b. ‘c’ is no longer the speed of light as it is transiting another medium. As such the speed of light within Teflon must be calculated.
Using the following equation
   where:
 V= the speed of light in the material 
ε =ε0εy=permittivity of free space * relative permittivity of free space.
μ= μ0 μy = permeability of free space *relative permeability


Mode 1

Mode 2

 
Mode 3
If Port 1 

If Port 2


[bookmark: _Toc196463903]Discussion (Task 1)
The two waveguides both function as interned, providing direction to an electromagnetic wave.  Within the two waveguides the cutoff frequencies vary between a minimum of 4.93GHz and a maximum of 21.43GHz.  These fall into the G band and K band of microwave sub bands respectively.  The frequencies between them means that waveguide operates in the following sub bands [9] (IEEE)
· C-band (e.g. commercial satellite comes, tv broadcasting, Wi-Fi and remote radar
· X-Band (e.g. Police Radar, Meteorological Radar, Satellite Communications, Military and Civil Radar, Radio Communications)
· Ku-Band (e.g. Satellite Television Broadcasting, Terrestrial Wireless Communications, Aircraft Communications, Meteorological Radar)
· K-band (e.g. Automotive Radar, Traffic Control Radar, High Frequency Radar, Near Field Wireless Communication). 

It is important to match the waveguide to the use case.  If the waveguide is not matched there may be issues in transmission as a result of unacceptably high losses.
It was also note that in the case of mode 3 there is a variation in both task 1 simulations, it is possible that is because the same cutoff frequence can be achieved from either mode, as such the model displays both. However, the author is not confident in that conclusion, and it would require further investigation before definite conclusion is reached. 

In both tasks the simulated cutoff frequency is similar to the calculated frequency. This suggests that the model is functioning as intended.  It is noted that the cutoff frequency for the Teflon cored waveguide is significantly lower than its vacuum-based counterpart. This is likely due to the relative increase in permeability. The critical angle for the Teflon waveguide is smaller than that of the vacuum as it has the higher refractive index. This meaning that a greater percentage of the EM waves would be captured in total internal reflection, resulting in improved directional propagation in a Teflon cored system. 
	Mode
	Simulated cutoff Frequency (GHZ)
	Calculated cutoff Frequency (GHZ)

	
	Task 1A
	Task 1B
	Task 1A
	Task

	1
	7.11
	4.87
	7.14
	4.93

	2
	14.25
	9.84

	14.29
	9.85

	3
	21.39
	14.74
	21.43
	14.78












[bookmark: _Toc196463904]Method and Results (Task 2)
Task 2 was to create a halfwave dipole antenna with a radius of 1mm, to radiate an EM wave with a wavelength of λ, where λ is the first 3 digits of the Authors Student ID. In this case λ=211. The antenna has a PEC, and the excitation applied through the lumped port which has an impedance of 50ohms.  The antenna was created within Ansys Electronics Desktop (student) software, using instructions within the ‘Designing Dipole Antenna and its Radiation Pattern’ document[footnoteRef:2] [2:  https://moodle.uwtsd.ac.uk/mod/resource/view.php?id=591938] 


i. Length of the dipole antenna
To calculate the length of the dipole the following formula is used:

Therefore, the total length of the dipole is 
ii. The Operating Frequency is then calculated using:

iii. [image: A graph showing a red line

AI-generated content may be incorrect.]Figure 38 shows the s parameter plot generated from the Ansys model. It shows the operating frequency as 1.2876GHz, a deviation from the calculated value. This will be examined in the discussion section.[bookmark: _Toc196463946]Figure 38 S parameter plot

iv. [image: A red and yellow ovals with lines and dots

AI-generated content may be incorrect.]The initial radiation pattern seen in Figure 39 suggested that there was an issue with the model due to the large ‘necking’ around the centre of the model. This suggested that the model was not working as intended. It was then realised that the sample rate at which the model was operating was too high, although there were many passes, the 5GHz rate ‘skipped’ over the target zone. By reducing this figure to 1GHz, with 10 passes the radiation pattern seen in Figure 40 was produced. This shows that the antenna is generating EM wave in an omni-directional manner. 










[bookmark: _Ref195275992][bookmark: _Toc196463947]Figure 39 initial radiation pattern
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[bookmark: _Ref195276156][bookmark: _Toc196463948]Figure 40 Corrected Radiation Pattern
[bookmark: _Toc196463905]Discussion (Task 2)
The Simulated results within the Ansys environment differs from the calculated value. Specifically, the Operating frequency is lower in the simulation. This could be a result of a few factors, such as the wire thickness of the antenna, the presence of the 1mm gap at the centre. The issue around directionality is also very important; a key feature of a dipole antenna is that is omnidirectional making it ideal for receiving signals on moving vehicles such as cars or boats [10]. It was therefore apparent that there was an issue after the initial simulation. After updating the sample rate, this problem was fixed, however it is critical that this is not missed in any future attempts. 
[bookmark: _Toc196463906]Conclusion
In conclusion the author was able to complete both taskings presented. There are several key points, such as the importance of the physical properties of both wave guides and antennas, both can be greatly affected by minor variations in their dimensions and material choice. Within waveguides there is a trade-off between the velocity of which a signal can be transmitted and losses over distance. In the case of a Teflon core, a signal will travel much slower than that over a vacuum core, but will suffer much less from attenuation and losses, as the critical angle is much smaller.  When modelling antennas, it is key to ensure that the sample rates chosen are appropriate or unexpected results may occur. It may be beneficial when designing an antenna for a real application, to iterate around the specified physical parameters, ensuring that even after natural engineering tolerances, the device will function as intended.
[bookmark: _Toc196463907]References
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