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[bookmark: _Toc197110388]Abstract 

[bookmark: _Hlk197107949]Task 1 investigated a rectangular Perfect Electric Conductor (PEC) waveguide with dimensions derived from a student ID, simulated when filled with vacuum (ϵr​=1) and Teflon (ϵr​=2.1). The first three Transverse Electric (TE) modes (TE10, TE20, TE30) were identified, and their cutoff frequencies were calculated theoretically and determined from simulation results (Gamma plots).The results were found to be like their theoretical counterparts for both Vacuum and Teflon, as well as this Teflon was identified as having a lower cut off frequency due to its higher permittivity that reduced its phase velocity.
Task 2 Involved designing and simulating a half-wave dipole made of PEC using a wavelength derived from a student ID, the theoretical resonance frequency was calculated as ∼ 1.30GHz while simulated results yielded ∼ 1.19GHz identified using the S11 plot however the dipole had good impedance matching as well as its expected omnidirectional radiation pattern.















[bookmark: _Toc197110389]Introduction  


This report aims to understand the catalyst that allowed for modern communication, Electromagnetic waves (EM). Our society has been able to harness and use these EM waves through specialised instruments such as waveguides and antennas that has allowed for the rapid rise of the Radio, Television, and now the internet. Part one of this report will look at different types of wave propagation through different mediums as well it will compare simulated data to theoretical calculations, to gain a deeper understanding of the minimum operating frequency’s also known as cut off frequency’s . Part two of this report will analyse a simulated Dipole antenna against its theoretical resonant frequency by measuring its performance against parameters such as input impedance matching (S11) and its radiation pattern.
























[bookmark: _Toc197110390]Method Task 1 – Rectangular Waveguide Simulation
For Task 1 of this project, a rectangular waveguide was designed and simulated. The waveguide was constructed using Perfect Electric Conductor (PEC) walls, and two interior configurations were investigated: one filled with a vacuum and the other with Teflon. Teflon is a dielectric material with a relative permittivity (ϵr ) of 2.1.
The physical dimensions of the waveguide were determined based on the student ID’s.
E.G
The waveguide width (a) was set to 23 mm, derived from the first two digits. The height (b) was calculated as 14/2 = 7 mm. The length of the waveguide for the simulation was defined as 50 mm along the z-axis.

[bookmark: _Toc197110391]Port field distributions 
The ports were set up to support three TE (Transverse Electric) modes—TE10, TE20, and TE30 were identified by their distinct field patterns. Each mode has a characteristic electric field distribution across the waveguide cross-section [1]: 
TE10 Mode (Figure 1): This mode shows a single half-wave variation across the waveguide width (x-direction). The electric field is strongest at the centre and decays symmetrically toward the sidewalls, with no variation along the height (y-direction). This is the dominant mode, meaning it is the first to propagate as frequency increases.
[image: ]
[bookmark: _Toc197110408]Figure 1Mode1

TE20 Mode (figure 2): The TE20 mode features two half-wave variations across the width. This is visualized by two distinct lobes of electric field intensity, with a clear null (zero field) along the centreline of the waveguide. Like TE10, there is no field variation along the height.
[image: ]
[bookmark: _Toc197110409]Figure 2 Mode 2


TE30 Mode (figure 3): This higher-order mode displays three half-wave variations across the width. The electric field pattern consists of three lobes separated by two null lines, showing more complex distribution as the mode order increases.
[image: ]
[bookmark: _Toc197110410]Figure 3 Mode 3

These mode patterns confirm that the waveguide and port definitions are correctly exciting the intended modes, and they provide a visual reference for how energy is distributed within the waveguide for each mode.
The modes observed were the same for both the vacuum-filled and Teflon-filled rectangular waveguides, with consistent mode patterns across the top and bottom halves.

See the Appendices to see how the electromagnetic energy propagates through the waveguides.
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[bookmark: _Toc197110393]Gamma plot for vacuum
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[bookmark: _Toc197110411]Figure 4 Vacuum Gamma plot
 
Calculations for vacuum 
As the Antenna is a rectangular wave guide, I will use the cutoff frequency formula for rectangular waveguides

Cut off frequency 
Speed of light 
Wave guide width 
Waveguide length 
Mode number
Mode number

So TE10 Mode (m = 1, n = 0) 


TE20 Mode (m = 2, n = 0)


TE30 Mode (m = 3, n = 0)

	Mode
	Cutoff frequency (GHz)

	TE10
	6.52 GHz

	TE20
	13.04 GHz

	TE30
	19.56 GHz


	Mode
	Theoretical calculated Cutoff (GHz)
	Actual Cutoff from Gamma Plot (GHz)
	Difference (GHz)

	TE10
	6.52
	6.48
	0.04

	TE20
	13.04
	12.99
	0.05

	TE30
	19.56
	19.50
	0.06


In the vacuum-filled waveguide simulation, the actual cutoff frequencies observed from the Gamma plot were very close to the theoretically calculated values. For example, the TE10 mode had a theoretical cutoff of 6.52 GHz, while the simulation showed a value of approximately 6.48 GHz — a difference of only 0.04 GHz. Similar sub-0.1 GHz differences were observed for the TE20 and TE30 modes.
This small discrepancy is entirely expected and is primarily due to numerical and environmental factors within the simulation environment. These include:

· Finite Mesh Resolution: The simulation mesh has a limited resolution, meaning the waveguide geometry is represented by small elements. This leads to approximations, especially near edges and ports, potentially causing slight shifts in field behaviour.

· Port Excitation Tolerances: Ports are idealized in theory but modelled with real geometries and field settings in simulation, introducing minor deviations.

· Boundary Conditions and Box Size: The finite simulation environment differs from the theoretical assumption of an infinitely long guide, which can slightly influence the field distributions and observed mode onsets.

· Software used:  The simulation software uses a step-by-step approach to find the solution, which can introduce tiny rounding errors in the results. [2]
Despite these factors, the similarity between my theoretical calculations and the simulated results were good. All modes appeared within 0.1 GHz of their predicted cutoff, confirming the accuracy of the theoretical model by using the conformation from the simulation. 


[bookmark: _Toc197110394]Gamma plot for Teflon
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[bookmark: _Toc197110412]Figure 5 Teflon Gamma plot
 
Calculations for Teflon
The relative permittivity ϵr   plays a critical role in determining wave propagation characteristics inside a waveguide. For a vacuum-filled waveguide, ϵr=1 so , meaning the phase velocity equals the speed of light , and the standard cutoff frequency formula applies directly. However, for Teflon, with a relative permittivity of ϵr=2.1 so , the wave propagates more slowly. This reduced phase velocity compresses the wavelength inside the waveguide and results in a denser field distribution. Therefore, modified cutoff frequency calculations that account for the dielectric filling will be included to accurately reflect the behaviour observed in the simulation.
Modified Cutoff Formula for Dielectric-Filled Guide:

TE10 (m=1, n=0):

TE20 (m=2, n=0):

*Doubled

TE30 (m=3, n=0):

	Mode
	Cutoff frequency (GHz)

	TE10
	4.50 GHz

	TE20
	9 GHz

	TE30
	13.50 GHz


	Mode
	Theoretical Cutoff (GHz)
	Actual Cutoff from Gamma Plot (GHz)
	Difference (GHz)

	TE10
	4.50
	4.45
	0.05

	TE20
	9.00
	8.90
	0.10

	TE30
	13.50
	13.40
	0.10



In the Teflon-filled waveguide simulation, the actual cutoff frequencies observed from the Gamma plot were also very close to the theoretically calculated values when incorporating the relative permittivity ϵr =2.1. For instance, the TE10 mode had a theoretical cutoff of 4.50 GHz, and the simulation showed a value of 4.45 GHz — a difference of only 0.05 GHz. The TE20 and TE30 modes also differed by just 0.10 GHz from their theoretical calculations.
These minor differences are due to similar factors seen in the vacuum simulation, but they are slightly more noticeable because of the dielectric material:
· Mesh Accuracy at Dielectric Boundaries: Accurately modelling the Teflon, particularly at its edges and interfaces, requires a very fine mesh. Small imperfections in this mesh can slightly alter how the simulation calculates field behaviour within the dielectric.

· Approximations in Material Properties: The simulation uses a numerical value for Teflon's permittivity (ϵr =2.1), but the software's internal precision or rounding during calculations can introduce minor variations in how the material properties affect wave propagation.

· Enhanced Sensitivity within the Dielectric: Electromagnetic fields are more spatially compressed within the Teflon due to the lower phase velocity. This means the simulation becomes more sensitive to even tiny errors in meshing, geometry, or boundary conditions in these regions, slightly impacting the observed cutoff point.

· Inherent Solver Resolution Limits: Like any numerical simulation, the software has a finite resolution. This means it can only capture the electromagnetic fields with a certain level of detail, which can slightly affect the precise determination of the cutoff frequency.
Nevertheless, the simulated results remained within 0.1 GHz of the theoretical predictions, indicating strong agreement. This reinforces the reliability of the analytical cutoff equation when modified for ϵr and validates the accuracy of the simulation setup.


[bookmark: _Toc197110395]Comparison 
	Mode
	Vacuum (GHz)
	Teflon (GHz)

	TE10
	6.52
	4.50

	TE20
	13.04
	9.00

	TE30
	19.56
	13.50



The comparison between the vacuum-filled and Teflon-filled waveguides clearly demonstrates how material permittivity affects waveguide behaviour. In both simulation cases, the actual cutoff frequencies observed from the Gamma plots were closely matched to the theoretically calculated values, with only minor differences (≤ 0.1 GHz). These small discrepancies are attributable to simulation factors such as meshing and boundary conditions.
The key observation is that the cutoff frequencies for the Teflon-filled waveguide are consistently lower than those of the vacuum-filled waveguide. This occurs because Teflon has a relative permittivity of ϵr =2.1, which reduces the phase velocity of electromagnetic waves inside the guide. This slower wave speed means that each mode begins to propagate at a lower frequency compared to propagation in a vacuum, even though the physical dimensions of the waveguide remain unchanged.
Both simulations show consistency between theory and results, reinforcing the validity of the cutoff equation when modified for ϵr, and effectively highlighting the clear material effect on wave propagation characteristics.

[bookmark: _Toc197110396]Conclusion Rectangular waveguides

In conclusion, the analysis of rectangular waveguides, both vacuum-filled and Teflon-filled, provided valuable insight into mode propagation characteristics and the significant influence of material properties on cutoff frequencies. The simulations successfully demonstrated the expected behaviour of the TE10, TE20, and TE30 modes, with the observed cutoff frequencies closely matching the theoretical predictions. As noted previously, the minor differences between theoretical and simulated results, typically less than 0.1 GHz, are attributable to standard simulation factors such as meshing accuracy and boundary effects.
A key observation from this study was the clear impact of the dielectric filling: the Teflon-filled waveguide consistently exhibited lower cutoff frequencies across all modes when compared to the vacuum-filled guide. This phenomenon is fully consistent with electromagnetic theory, as the relative permittivity (ϵr =2.1 for Teflon) reduces the phase velocity of electromagnetic waves within the guide. This decreased wave speed allows each mode to begin propagating at a lower frequency than in a vacuum, despite the physical dimensions of the waveguide remaining unchanged.
Both simulation setups demonstrated consistency between theory and results, reinforcing the validity of the analytical cutoff equation and highlighting the clear material effect on wave propagation characteristics. From a practical standpoint, the Teflon-filled waveguide could be considered advantageous for applications requiring operation at lower frequencies, as it facilitates earlier mode propagation within the same physical geometry. Conversely, the vacuum-filled waveguide offers benefits in scenarios where a higher phase velocity or minimal dielectric loss is preferred.
Overall, the simulations of both waveguide configurations successfully validated the theoretical principles of waveguide behaviour and the impact of material properties, contributing to a strong understanding of mode propagation and cutoff frequencies.


[bookmark: _Toc197110397]Task 2 Dipole Antenna

Task 2 consisted of designing and simulating a Halfwave Dipole Antenna made as a Perfect Electric Conductor (PEC) with a radius of 1mm with the desired aim of producing a wavelength (λ) that corresponds to the first 3 digits of our student numbers. 
E.G Student ID number = 231 = λ 
To be able to achieve this, the length of the Dipole had to be first calculated to produce the desired wavelength.

Lenth 
Wavelength

The reason it is divided by 2 is because a dipole consists of “two poles that have opposite and equal electrical charge or magnetic force, with a space between them”[3]
This Space between them shown in figure 6 was created so that a lumped port with an impedance of 50ohms could be applied 
[image: A diagram of a red and white diamond pattern
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[bookmark: _Toc197110413]Figure 6 Air gap
The Dipole antenna was then placed inside of a rectangular radiating surface pictured below and the theoretical resonant frequency of the antenna was calculated using the formular:

Frequancy 
Speed of light (in a vacuum) 
Wavelength 


[image: A screenshot of a computer
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[bookmark: _Toc197110414]Figure 7 Air box
following the construction of the dipole antenna model, including the central gap for the 50-ohm lumped port, a simulation was conducted to evaluate its performance. This simulation yielded several key results: an S11 (return loss) plot, a 3D radiation pattern, and a gain plot. Analysis of these outputs provides insight into the antenna's resonant behaviour and radiation characteristics.

[image: A graph with red lines and black text
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[bookmark: _Toc197110415]Figure 8 S plot

The S11 plot is important for assessing the antenna's impedance matching with the transmission line across different frequencies. A low S11 value (a deep null) near the theoretical resonant frequency, expected around 1.30 GHz in this case, signifies efficient power transfer and minimal reflection. A return loss below –10 dB is generally considered acceptable for practical applications. [4]
[image: A red apple with a green stem
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[bookmark: _Toc197110416]Figure 9 Gain plot angle 1
[image: A red sphere with yellow and green dots

AI-generated content may be incorrect.]
[bookmark: _Toc197110417]Figure 10 Gain plot angle 2
Furthermore, the 3D radiation pattern and gain plot reveal the antenna's directional properties. For a half-wave dipole, the anticipated pattern is a doughnut shape, exhibiting maximum gain in the plane perpendicular to the antenna elements and minimal radiation along the axis of the elements (the ends). These patterns serve to validate that the antenna radiates as designed.
The simulation results showed the S11 plot featuring a clear resonance dip at approximately 1.195 GHz. While this is slightly lower than the predicted 1.30 GHz, potentially due to factors like the finite simulation environment (airbox), meshing imperfections, or the lumped port's presence, the dip is sharp and reaches below –15 dB, indicating excellent matching. The gain plot shows a maximum gain of approximately 8.93dB. The radiation pattern confirms the expected doughnut shape, which, for a dipole typically oriented along the vertical axis in such plots, is omnidirectional in the horizontal plane.


[bookmark: _Toc197110398]Possible improvements for accuracy 

· Mesh Refinement The level of mesh refinement used in the simulation may have influenced the accuracy of the results, particularly around the lumped port and along the dipole arms where electric field intensity is highest. At the time of simulation, there was limited familiarity with how to manually adjust meshing settings within the software, so default values were used. In future work, gaining a deeper understanding of mesh control options would be a priority, as a finer mesh could help capture more detailed field behaviour and yield a more precise prediction of the resonant frequency, potentially better capturing the effects of fringing fields. [5]
· Balun or Feed Structure In real-world applications, a dipole antenna is often fed using a balun (balanced-to-unbalanced converter) to ensure that the antenna receives a symmetrical current distribution. My current model used a simple 50-ohm lumped port, which is suitable for basic simulation, but it may not fully replicate the complex field distribution near the feed point and thus could influence the accuracy of the simulated resonant frequency and impedance matching compared to a physical implementation. In future simulations, I would aim to either include a simplified balun structure or investigate alternative excitation methods that better replicate physical dipole feeding. [6]
· Impedance Matching and Smith Chart Analysis After further research I found another way i could analyse the antenna's performance that by using a smith chart. In application I would consider plotting the input impedance using a Smith Chart, allowing me to visually assess how well the antenna is matched across a range of frequencies and identify any mismatch conditions that could result in reflected power. Incorporating this form of impedance analysis would add another layer of validation alongside the S11 plot and could help guide any tuning or matching network adjustments if needed for more practical designs. [7] [8]

[bookmark: _Toc197110399]Conclusion Dipole antenna 


In conclusion, Task 2, which involved the design and simulation of a half-wave dipole antenna, provided valuable insight into its fundamental operating principles and performance characteristics. The simulation successfully demonstrated the expected behaviour of a dipole, with key performance indicators closely aligning with theoretical predictions.
The S11 plot revealed a clear resonance dip at approximately 1.195 GHz. While this simulated operating frequency exhibited a slight downward shift compared to the theoretical calculation of 1.30 GHz, primarily attributed to the effect of fringing fields and other simulation-related factors, the depth of the dip, reaching below –15 dB, indicated excellent impedance matching at the simulated resonance.
Analysis of the 3D radiation pattern and gain plot further validated the antenna's performance, confirming the expected doughnut-shaped radiation pattern with maximum gain observed perpendicular to the antenna axis. A peak gain of approximately 8.93 dB was obtained, consistent with the directional properties of a half-wave dipole.
Both the theoretical calculations and the simulation results demonstrated consistency, reinforcing the validity of the dipole antenna design principles and highlighting the clear relationship between physical dimensions and resonant behaviour.
Overall, the simulation results successfully validated the theoretical principles of half-wave dipole antennas, contributing to a strong understanding of their behaviour and key performance characteristics.
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Source 1.1=1 imagines 
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Vector E
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Magnitude of the magnetic field (Mag H1)
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Source 1.2=1 Vaccuum 
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Source 1.3=1Vaccuum
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Teflon 1.1=1 images 
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1:2 =1  Teflon
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1.3=1 Teflon 
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E field Mag E 1 
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
Vector E
[image: ]
[image: ]
[image: ]
H field mag H
[image: ]
[image: ]
[image: ]
Vector H
[image: ]
[image: ]
[image: ]
[image: ]










	
	
	



image3.png
Ansls

STUDENT

>

L N

st B

10 (mm)




image93.jpg
o





image94.jpg
o4





image95.jpg
€ Fietd vim

-sEYEERERE]

pei
o e
ee o o
Boniin
" M

Ansys




image96.jpg
Ans)

,.NMN.».«”VW -

Senhata L s

€ Fiekd vim |

EIEEERIRGE-P o
| B IE





image97.jpg
€ Fiekd vim

B-3EyEsEEgEE





image98.jpg
H Fila

0
28
e

R

6%

Ansys




image99.jpg
[wrea | Ans)
i =

0
28
ne
o0

R





image100.jpg
Ans)
5
=





image101.jpg
o4





image102.jpg
HFila Ansys

0
06
28
ne
o8
2
R

B
4





image4.png
tome | xjo | v Gamma Plot 1 Ansys
m | a0 [ocom HFSSDesion 2024 R2
2| mon o stuvent
m | s Jocam — et
Pl
— i
Pt
— imGanmat|
s ety
75
5 20
1]
o]
125 - " ; . T
o B ) " E) % E
Freq (GHz]




image103.jpg
HFila Ansys

28
ne
o8
2

R

i
il





image104.jpg
W Fila Ansy
am) 7]

28
ne
o0
2

R





image5.png
e e s Gamma Plot 2 wssomign ADSYS
e o shoaon
= e )
|Senmt S
s ™
]
]
wl]
]
.
T b

&
Fealorel




image6.png




image7.png
k.,

"200 (mm)

Ansys




image8.png
Name.

@B(S(1.1)

xgona) | ¥

11850 |.152056)

S Parameter Plot 1

Ansys
HESSDesignt -\ ool
STUDENT

— (s,
Setot - Sweeo_ ||

-10dB
4 Threshold
Bandwidth
around
200MHz
PO NN 0 N 54 N . S Y Y N A S A
124
Resonance
e .
dip
AN
100 135 15 175 20 235 2% 275 300
Freq [GHz]
Theoretical

resonance frequency
(1.30GHz)





image9.png
rsys o

o

753

Gain Plot 1

Ansys
74
Stuoent





image10.png
2 )

a8 GainTea)

Plot1

Ansys
74
Stuoent





image11.jpg
[HFSSDesignt] Edit post process sources

™ Incude P Pot Processng Efects

Sysem powerfor gan cacatons:
 Specty Sysem Power:
& Use Masimum Avdatl Power

Sevetotie

|

Losd From i

o | IE |





image12.jpg




image13.jpg
o4





image14.jpg
€ Foa vm.
vt
P
y ]
: 2
ey
- 3 A2q
= A
= 2 v OSSR 3 :
= thelSgl AR
W ::L‘.“
» I
e

£ d
2 ee P
:“‘N\\ '..»‘*PA“
~ Teaees 393,
nuo.»»\c‘*"”» Lhpbad
m‘ oS ,;r:t«'
""" D soestial





image15.jpg
AL NI
SRy
A

\ i

0
a0

B3EEERE

(€ Fikd vim.
e v
50

e





image16.jpg
€ Fietd vim).

e v

a0

(iR

50

Botnans £ S WDQ ”‘u‘f’(
Pl i) -f::’&l‘x#‘..x‘

Y =gy TE e

Ansys




image17.jpg




image18.jpg




image19.jpg
e[| Ans)
w5 —
e
i
~
i
-
=
-
=





image20.jpg
T — ]
BEFERSSERE 5 -
— = ~)





image21.jpg
z kil T
i NNy
I MR
a2
= , P PR :
o S lray e 2

] —e——|




image22.jpg
W |1 o4

a7
o
w75
1o
1050
o1
s
%0

om0
i o3





image23.jpg
W |1

a7
o
w75
1o
1050
o1
s
%0

om0
[ o3

Ansrs

St




image24.jpg
(W Fio

s 7T

o
w75
o
1050
o1
s
%0
om0

i o3

>
33

N
El!




image25.jpg
i

Fad

.




image26.jpg
[HFSSDesign1] Edit post process sources

Soucl Pk | Srce oot |

Cr S S L S T S I S I |
. gl Pot W Odeg
=] 12 Pot 1w Ocdeg.
] 13 Pat ow Odeg
=] 21 Pat ow Odeg.
] 22 Pat ow 0deg
] 2 Pt ow Odeg
™ nchude Port Post Pocessing Efects
System powefor gan caulations:
€ Specty System Pover: | — |

@ Use Maxinum Avafable Power

Savetofie

Load From Fie.

_Gose | oo |




image27.jpg
Ansys




image28.jpg




image29.jpg
€ Fiekd vim |

o
o

o4




image30.jpg
€ Fiekd vim | Ansyx
C

o





image31.jpg
o4




image32.jpg
Ans)

i
s





image33.jpg
€ Fiekd vim

C
o
m
iy





image34.jpg
€ Fieka vim
C

o

Anse




image35.jpg




image36.jpg




image37.jpg
CED

cessrsussus

(s

Anre




image38.jpg
Ans)

szzvaRaz=seo

o

(xza





image39.jpg
Ansys
Srent

EEEEEEEE T

id
o

(T





image40.jpg
EEEEEEEE T

id
o

e





image41.jpg
H
H

H

|
l#]

2ussses

G == B J

~

AN

Ansys




image42.jpg
Wax. 9682495

9700
87130
[HFSSDesign1] Edit postproces sources

Sk | S ot |

T S S N |
) ot W £
T Pt ow e
Gl n» fa W e
= Pt ow i
7z fet ow e
- 2 Pot ow oo
I it P ot ey Sk
Srtenponertroan i
 Spechy System Power. g [
Lo M At Pover
Setote LostFom e
=T e





image43.jpg
€ Fiekd vimy |
o0

[R1 R

i

gl=3

=5 = .




image44.jpg
€ Foa vimi |

i
3318883333

Ans)
74




image45.jpg




image46.jpg




image47.jpg
Ansys

€ Fea vimi |

BEREgIERIC-
| P |

¥





image48.jpg
& Fea vimi |

[RLEEEE

-s3Y

'f“"

52

i




image49.jpg
Hriea 1|
wm g
0
28
e

o4





image50.jpg
[uFea i Ans)
i e
=
=





image51.jpg
H Fila
)

0
i
e

Ansys




image52.jpg
HFila
)

0
i
e

3y

Ansys




image53.jpg
H Fila
i

0
s
ne
o0
2

e Bt67

Ansys




image54.jpg
e Bt67

Ansys




image55.jpg
e Bt67





image56.jpg
hE





image57.jpg
[E Fild vim]
I om0 7

BggREssaas-
[ " |





image58.jpg
[E Fild vim] Ansys
I om0 7

U/‘

4




image59.jpg
dit
EH

/. F
B-sugssgznggl





image60.jpg
[E Fioid i)

i w7

0
o

Ansys





image61.jpg
[E Fiid vim]
i w7

s¥BEERIEE

o

"




image62.jpg
o4




image63.jpg
[E Fioid i) Ansys
i w7
0

v—isy





image64.jpg
a4
[E Fiod i s





image65.jpg
HEEEREREEES. %
m o

[E Fild vim]





image66.jpg
[E Fiekd il Ans)
e 2

4





image67.jpg
HFila

(2
w2
04
2
e 67

Ansys




image68.jpg
[wrea | Ans)
B .

0
w2
04
52
2
e 67





image69.jpg
Anrs
e

w2
04
2

e 67





image70.jpg
H Fila Ansys

20

w2
04
52
2
e 67





image71.jpg
o4





image72.jpg
Ans)

W Fila
i

67





image1.png
Ansls

STUDENT

st B

10 (mm)




image73.jpg




image74.jpg




image75.jpg




image76.jpg
e varoat
a0

Bosy8EELE

o4




image77.jpg
[E Feta i | Ansys
e .
-

Boz¥sgast

.;.-





image78.jpg
o4

50





image79.jpg
Ansys





image80.jpg
s

BEfgsegens-
| ' B |

(€ Fiekd vim).
e veroa1

50





image81.jpg
(€ Fiekd vim).

e veroa1

0
a0

(LR

500

o4




image82.jpg
v ad s ovaads
S rasr it
VRIS
el gRaVET,
vr

srar v o eide
beesdiva
b ovoosd
3 o av e b
vasoneelo g
rvobs,l
i A ire

Vil
e veroa1

BEfgsegens-
| ' B |

50

=%

B




image2.png
nsys
ot
STUDENT

st B

10 (mm)




image83.jpg
H Fila

%0
62
3

e 657

B

Ansys




image84.jpg
HFila

e 657

oy





image85.jpg
il

%0
62
26

e 677

Ansys




image86.jpg
Wil

:
2
3

i

Ansys

Stent




image87.jpg
o4





image88.jpg
s

H Fila

X





image89.jpg
[HFSSDesignT] Edit post process sources

™ incude Part Post Processing Effects

System powerfor gan cacuations

€ Specty System Poner:
@ Use Maimum Avadable Porer

Savetofle

Load From Fle

Lo o= | o |





image90.jpg
€ Fieka vim |

-3EYEEEEEEY

Anse




image91.jpg
€ Fiekd vim Ansys

-sEYEERERE]





image92.jpg
€ Fiekd vim | Ansys
e st
o0
00
50





