Lab number: 3

Lab title: Normal incidence of TEM wave onto media boundary
Date lab was performed: 28.04.2020
Names of lab group members: Krzysztof Rudnicki

Theoretical introduction:
We are gonna work with 2 cases in this laboratory:

Case 1 — TEM wave propagation in parallel-plate waveguide terminated with PEC and PMC, which is
filled homogeneously. We will be considering a phenomenon namely totally standing wave
phenomenon.

Case 2 — Our focus in this case is a partially standing wave when TEM wave impinges at 90 degree
angle onto onto one dielectric boundary

Our goal is to become familiar with reflection coefficient, standing wave ratio and power transmission
coefficient — parameters of standing wave.

a=7.5+0.5=8

Cases:

PEC — Perfect Electric Conductor

PMC - Perfect Magnetic Conductor

1. air filling, terminated with PEC (parplat_PEC):
a) f=alGHz],e,=1,u,=1,t9(5)=0

b) f=alGHz),e,=1,u,=1,tg(5)=0.1

s Yyp

2. air filling, terminated with PMC (parplat_PMC):
a) f=a[GHz],e,=1,u,=1,tg(5)=0
b) f=a[GHz],e,=1,u,=1,tg(5)=0.1

Y15%r

3. wave impinges from air to dielectric (parplat_diel):
a) f=alGHz),e.=4,u,=1,tg(5)=0
b) f=a[GHz],e,=1,u.,=4,tg(5)=0

> r

4. wave impinges from dielectric to air (parplat_diel):



a) f=a[GHz],e,.=4,u,=1,tg(6)=0
b) f=a[GHz],e,=1,u,=4,tg(5)=0

1a)

3.4

s r

Electrical conductivity value:

o[S/m]~e,

3.6

f|GHz]

g an (6)=0(lossles medium)

T Log Output " Model Files U Tasker Progress . Simulation Info

4Ok Optimiser Info

) Breakpaints Info

Quickiave Simulator started with licence: STUDENT RELEASE

Setting file: C:/ZlewTekst/BPHY /lab3/PEC jparplat_PEC.ta3

Environment file: C:/ZlewTekst/BPHY1ab3/PEC /parplat_PEC.eng

Breakpoints file: C:/Zlew/Tekst/EPHY/lab3/PEC jparplat_PEC.br3

Breakpoints not defined

Start of the Simulator-Tue Apr 28 16:56:03 2020

Cell Descriptors Reading passed: 183, Cells nurmber: 90

Misring. Sxoitstion poist outsige metsd - Hot conguctor sefecied by the soffware!
Circuit type: t2dgs

Mo Postprocessings.

Excitation: name: SourcePort, Pulse type: step, Amplitude=1, Delay= 0 [ns], Resistance=+INF [Ohm]
Template calculations for port EM fields : Quasistatic Template SourcePort_parplat_PEC, lim=500000, check=1000, tol=0.005

Ternplate calculations completed and saved to SourcePort_parplat_PEC file
£c=376.7303, Eef= 1.0000

Cell Descriptors Reading passed: 5, Cells number: 19440

Circuit type: t3d

Mo Postprocessings.

Required SubTask 1 started: Save_Waveforms: from 1 to 184 iteration

Excitation: name: SourcePort, Pulse type: sinus, Amplitude=1, Delay= 0 [ns], Frequency=8 [GHz]

Required SubTask 1 finished: Save_Waveforms: from 1 o 184 iteration
All SubTasks finished

Z.of input=376.7303[ Q]

Z .—impedance

3.7



e
e

L

L

"jr’x

-3.666439e-01

Direction of EM wave propagation is z. It is the only direction in which the wave is visible.
3.8

0.40004 Warkers

Efean(76.73..) [Virmm]
{ Var 0 390005

%= 3078 ]
Yool 265

028574 Val= -0 000802362
%= 21 26 ]
Heell= 247
X_shif=0.50 [mmm]0
7= 250 [mm]

017145 V=100 ]

0.05715

-0.05715

017145

-0.28574

-0.40004

-40.25 <3291 2557 -18.23 -10.89 -3.85 380 1114 18.48 2582 33.16 40.50
[mmn]




0.40004

028574

017145

005715

-0.05715

-0.17145

-0.28574

-0.40004

-40.25 3291 2557 -18.23 -10.89 -355 380 114 16.48 2582 33.16

wavelength A=37,5[mm|
Emax
SWR=""%=—44,44
Emin
if Gamma > 0:

1+SWR _

I"(derived fromSWR )= TSWR

—1,04

Power transmission coefficient T ,=1 —1*=-0,09
Wave impedance|Z | |at 0=0[Q]

Wave impedance|Z |at /18=354,37[Q]

Wave impedance|Z |at 2./4=377,00[ Q]

Wave impedance|Z |at 3 114=376,94[Q]

Wave impedance|Z | |at A=—301,686138235021[Q]

1b)
3.4
Electrical conductivity value:
o[SIm]~e, %tan (6)=0,047 (lossy medium)

3.6

40.50

Warkers
Efeq(376.73...) [v/mm]
fya= 0

X= 40,00 [mm]
Xesll= 322

Val= 000180388

¥= 250 [mm]
eel= 172
X_shift=37 50 [mem]0

7= 250 [mm]
Y= 1.00 [rmm]



E’Q. Log Cutput c?‘i‘. Madel Files Lﬂ'. Tasker Progress  Simulation Info E‘l Optimiser Info o Breakpoints Info ﬂ- \Warnings

Quick\ave Simulator started with licence: STUDENT RELEASE

Setting file: C: /Zlew Tekst/EPHY/lab3/PEC /parplat_PEC a3

Environment file: C: fZlewTekst/EPHY lab3,/FEC parplat_PEC.end

Breakpoints file: C:/Zlew,/ Tekst/EPHY/lab3/PEC Aarplat_PEC.br3

Breakpoints not defined

Start of the Sirmulator-Tue Apr 28 17:19:41 2020

Cell Descriptors Reading passed: 183, Cells number: 90

IErring. Excitstion poist outside metss - ot conductor selected by the software!

Circuit type: 2dgs

Mo Postprocessings.

Excitation: name: SourcePart, Pulse type: step, Amplitude=1, Delay= 0 [ns], Resistance=+INF [Ohm]
Template calculations for port EM fields : Quasistatic Ternplate SourcePort_parplat_PEC, lim=500000, check=1000, tol=0.005
Ternplate calculations completed and saved to SourcePort_parplat_PEC file

Z0=376.7303, Eef= 1.0000

Cell Descriptors Reading passed: 5, Cells number: 19440

Circuit type: t3d

Mo Postprocessings.

Required SubTask 1 started: Save_Waveforms: from 1 to 184 iteration

Excitation: name: SourcePort, Pulse type: sinus, Amplitude=1, Delay= 0 [ns], Frequency =8 [GHz]
Required SubTask 1 finished: Save_Waveforms: from 1 to 184 iteration

All SubTasks finished

Z .of input =376,7303[ Q]
Z .—impedance

3.7

dox

-1.915061e-01

Direction of EM wave propagation is z, it is the only direction which is visible.
3.8



023512

0.17008

0.10208

0.03402

-0.03402

-0.10205

-0.17008

023812

017008

010205

0.03402

-0.03402

-0.10208

-0.17008

wavelength A=37,25[mm |

E max
SWR=—"%=27,46
E

min

T (derived fro mSWR)zM
1-SWR

if SWR < 0:

=—1,07557475111969

Warkers
Efeq(376.73...) [v/mm]

§ Va=0.20637

= 30.75 [mm]
Yeelk= 285
Val= 0221883
¥= 550 [mm]
eel= 136
X_shift=37 25 [mem]0

7= 250 [mm]
Y= 1.00 [rmm]

Markers
E/s4t(376.73...) [imm]

* Val= 0.00856677
¥=39.75 [mm]
eell= 321

Val=0.238023
¥=-25.50 [mm]
Xeell= 60
X_shift=55.25 [mm]d

7= 250 [mm)]
V= 1.00 [mm]



Power transmission coefficient T ,=1 —I°=-0,16
Wave impedance|Z || at 0=754,43[ Q]

Wave impedance|Z |at A/8=369,79[Q ]

Wave impedance|Z |at A14=381,79[ Q2]

Wave impedance|Z |at 3 A/4=385,49[Q ]

Wave impedance|Z | |at A=456,31[Q]

2a)
3.4
Electrical conductivity value:

G[S/m]werf[cl;ié{z]tan (0)=0(lossless medium)

3.6

E'U Simulator Log

Ty
=

'l Log Output U Model Files 'L Tasker Progress = Simulation Info '@y Optimiser Info ) Ereakpoints Info Warnings

QuickWave Simulator started with licence: STUDENT RELEASE

Setting file: C: /Zlew /Tekst/EPHY/lab3 /PMC parplat_PMC.ta3

Environrent file: C:/Zlew Tekst/EPHY/1ab3/PMC parplat_PMC.eng

Breskpoints file: C:/Zlew Mekst/EPHY/lab3 FMC parplat_PMC.br3

Breakpoints not defined

Start of the Simulator-Tue Apr 28 17:35:14 2020

Cell Descriptors Reading passed: 183, Cells nurber: 90

Ering: Excitstion poiit outsioe metsd - hot conductor selected by the softwsred

Circuit type: t2dgs

Mo Postprocessings.

Excitation: narme: SourcePort, Pulse type: step, Amplitude=1, Delay= 0 [ns], Resistance=+INF [Ohm]
Template calculations for port EM fields : Quasistatic Termplate SourcePort_parplat_PMC, lim=500000, check=1000, tol=0.005
Ternplate calculations completed and saved to SourceFort_parplat_PMC file

Zc=376.7303, Eef= 1.0000

Cell Descriptors Reading passed: 5, Cells number: 19500

Circuit type: t3d

Mo Postprocessings.

Required SubTask 1 started: Save_Waveforms: from 1 to 295 iteration

Excitation: narme: SourceFort, Fulse type: sinus, Amplitude=1, Delay= 0 [ns], Frequency=3 [GHz]
Required SubTask 1 finished: Save_Waveforms: from 1 to 295 iteration

Al SubTasks finished

Z .of input =376,7303[ Q]
Z ,—impedance

3.7



Direction of EM wave propagation is z, it is the only direction visible.

3.8
0.40001 /, \
0.28572 / / / /
/ A4 N\ /
017143 / \ \
0.05714 / \ / \ /
005714 X\\ / \ /><\
017143
\ /S \ /[ \
028572 \\ \\ / \
A e e 255 513 084 A48 ame 12 185 %5 @

[mm]

40.62

A

-2.436348e-01

Markers

E/sqrt(376.73...) [Vimm]

* Val= 0399975
%= 10.17 [mm]
Heell= 203

Yal= -0.00361324
%= -5.05 [mm]
Koell= 142
¥_shift=15.22 [mm]D

Z= 2.50 [mm]
Y= 1.00 [rm]



0.40001 Markers
E/sqrt(376.73..) [Wifmm]

0.28572 * val= -0.0057727
¥= 26.15 [mm]
Xcell= 263
0.17143
‘al= 0.00253348
¥=-35.01 [mm]
Hoell= 22
0.05714
¥_shift=60.18 [mm]0
-0.05714 7= 2.50 [mm]
¥= 1.00 [mm]
017143
-0.28572
-0.40001
4025 3290 2555 18419 1084 -3.49 3.56 11.22 18.57 25.92 3327 40.62

[mm]

wavelength A=60,16[mm |
SWR=-110,7

T'(derived from SWR ):% ~—0,98
Power transmission coefficient T ,=1 ~1°=0,018
Wave impedance|Z | at 0=208[ Q]

Wave impedance|Z |at 1/18=471,9[Q ]

Wave impedance|Z |at A/4=377,9[Q]

Wave impedance|Z |at 3 114=377[Q]

Wave impedance|Z |at A=377[Q]

2b)
3.4
Electrical conductivity value:

f|GHz]

g an (6)=0,047 (lossless medium)

o[S/m]~e,

3.6



ﬂ Log Cutput Bﬂ Model Files ﬂ Tasker Progress ; Sirmulation Info m Optimiser Info o Breakpoints Info Lﬂ. Warnings

Quickiave Simulator started with licence: STUDENT RELEASE

Setting file: C:/Zlew,Tekst/EPHY lab3/PMC parplat_PMC.ta3

Erwironrment file: C:/Zlew Tekst/BPHY/lab3 PMCparplat_PrC.ens

Breakpoints file: C:/21ew Tekst/BPHYlab3/FMC foarplat_PMC.br3

Breakpoints not defined

Start of the Simulator-Tue Apr 28 17:45:38 2020

Cell Descriptors Reading passed: 183, Cells number: 90

MiErming. Sxoftstion podt outsige metsd - hot conclctor selected by the software!

Circuit type: t2dgs

Mo Postprocessings.

Excitation: name: SourcePort, Pulse type: step, Amplitude=1, Delay= 0 [ns], Resistance=+INF [Ohm]
Template calculations for port EM fields : Quasistatic Ternplate SourcePart_parplat_PRC, lirm=500000, check=1000, tol=0.005
Template calculations completed and saved to SourcePort_parplat_PRIC file

Zc=376,7303, Eef= 1.0000

Cell Descriptors Reading passed: 5, Cells number: 19500

Circuit type: £3d

Mo Postprocessings.

Required SubTask 1 started: Save_Waveforms: from 1 to 295 iteration

Excitation: narne: SourcePort, Pulse type: sinus, Amplitude=1, Delay= 0 [ns], Frequency=5 [GHz]
Required SubTask 1 finished: Save_Wawveforms: from 1 to 293 iteration

All SubTasks finished

Z .of input =376,7303[ Q]

Z .—impedance

3.7

\r—’r‘x

-2.114367e01

Direction of EM wave propagation is z, it is the only direction visible.
3.8



0.23318 ¥

0.16656

0.09234

0.03331

-0.03331

-0.08594

-0.16656

-0.23318

-3.48 3.86 18.587 2592

[mm]

-40.25 -32.50 -25.55 -18.19 -10.84 1.22

33.27

40.62

023318

0.16656

0.09994

0.03331

-0.03331

-0.09294

-0.16656

-0.23318

-40.25 -3.49 3.86

[rrm]

-32.90 -25.55 -18.19 -10.84 1.22 1857 2592

wavelength A=59,41[mm |
SWR=9,05

I"(derived fromSWR)Z%:— ,

Power transmission coefficient T ,=1 —~1%=0,36
Wave impedance|Z |at 0=co [Q]

Wave impedance|Z |at A/8=455,7[Q2]

Wave impedance|Z |at A14=47,5[Q]

Wave impedance|Z |at3 4/ 4=1354,63[Q]

33.27

40.62

Markers

E/sqrt(376.73...) [Vimm]

* Wal= 00257649
%= 26.15 [mm|
Heell= 263

Yal=0.233157

¥=-20.03 [rmm]
Heell= 82

¥_shift=45.15 [mm]O

Z= 2.50 [mm]
Y= 1.00 [rm]

Markers

Efsqri(376.73...) [Vimm]

* Yal= 0.0257649
¥= 25.15 [mm]
¥eell= 263

al= 0137067
¥=-34.51 [mm]
Heell= 24
¥_shift=59.68 [tmm]O

Z= 2.50 [mm]
¥=1.00 [mm]



Wave impedance|Z | |at A=816,04[ Q]

3a)
3.4
Electrical conductivity value:
GHz ;
o[SIm]~e, ”1—8]tan (6)=0(lossless medium)
3.6
U Simulator Log
EWlog Output U Model Files &'l Tasker Progress = Simulation Info DY Optimiser Info O ereakpoints Infa ' Warnings

Quick\ave Simulator started with licence: STUDENT RELEASE

Setting file: C:/Zlew Tekst/EPHY/lab3/diel/jparplat_diel.ta3

Environment file: C:/Zlew,/Tekst/EPHY/lab3/dielfparplat_diel.ens

Breakpoints file: C: /ZlewTekst/EPHY flab3/diel/parplat_diel.br3

Breakpoints not defined

Start of the Simulator-Tue Apr 28 18:07:30 2020

Cell Descriptors Reading passed: 183, Cells number: 90

WaErning.: Sxcftation pot outside metsd - kot congucior selected by the software!

Circuit type: t2dgs

Mo Postprocessings.

Excitation: narme: SourcePort, Pulse type: step, Amplitude=1, Delay= 0 [ns], Resistance=+INF [Ohm]
Template calculations for port EM fields : Quasistatic Template SourcePort_parplat_diel, lim=300000, check=1000, tol=0.003
Template calculations completed and saved to SourcePort_parplat_diel file

Zc=188.3652, Eef= 4.0000

Cell Descriptors Reading passed: 183, Cells number: 90

Misrning. Excitation point outsige mets! - hot congucior selected by the software!

Circuit type: t2dgs

Mo Postprocessings.

Excitation: narme: LoadPort, Pulse type: step, Amplitude=1, Delay= 0 [ns], Resistance=+INF [Ohm]
Template calculations for port EM fields : Quasistatic Termplate LoadPort_parplat_diel, lim=500000, check=1000, tol=0,005
Template calculations completed and saved to LoadPart_parplat_diel file

Zc=188.3652, Eef= 4.0000

Cell Descriptors Reading passed: 7, Cells number: 19440

Circuit type: t3d

Mo Postprocessings.

Required SubTask 1 started: Save_Waveforms: from 1 to 184 iteration

Excitation: name: SourcePort, Pulse type: sinus, Amplitude=1, Celay= 0 [ns], Frequency=8 [GHz]
Required SubTask 1 finished: Save_Waveforms: from 1 to 184 iteration

all SubTasks finished

Z.of input =188,3652[ Q]
Z .—impedance

3.7



Direction of EM wave propagation is z, it is the only direction visible

3.8

0.26664

/N

0.19045

011427

\/

0.03809

v
\

-0.03309

011427

-0.19045 V-\h

l/

-0.26664

AN
/N /

\
\
\
\
ya

-40.25

-32.91

-25.57

-18.23

-3.55 3.80

[mm]

-10.89

11.14

18.48

25.82

33.16

40.50

e

-1.414894e-01

Markers

Elsqrt(376.73...) [imm]

* Val= (1.286603
%= 10.50 [mm]
¥cell= 204

Val= 0.13342
%= 1.28 [mm]
Heell= 167
%_shift=9.25 [mm]0

7= 2.50 [mm]
Y= 1.00 [mm]



0.26664 Markers
E/sqrt(376.73..) [Wifmm]

0.19045 * Yal=0.266609
¥= 1050 [mm]
Keell= 204
011427
Yal= 0.266591
¥=-27.00 [mm]
— Heell=54

¥_shift=37.50 [mm]Q

-0.03809 Z= 250 [mm]
¥=1.00 [mm]
011427
-0.19045
-0.26664
4025 3291 2857 1823 1089 358 3.80 11.14 19.48 25.82 33.16 40,50
[mm]

wavelength A=37,5[mm|

SWR=1,98
if SWR > 0:
I"(derived from SWR )zm =-3,05
1-SWR

Power transmission coefficient T ,=1 ~T*=-8,3
Wave impedance|Z |at 0=0

Wave impedance|Z |at 1/18=192,14[Q]

Wave impedance|Z |at 2./4=397,82[Q]

Wave impedance|Z ||at 3 114=377[Q]

Wave impedance|Z | |at A=376,97 Q]

3b)
3.4
Electrical conductivity value:

f|GHz]
18

o[S/Im]~e, tan (0 )=0(lossless medium)

3.6



Lﬂa Log Cutput cﬂ". Maodel Files u‘fﬂ‘. Tasker Progress ; Sirnulation Info @ Ciptimiser Info o Breakpoints Info L'ﬂ'a WiErnings

QuickiWave Simulator started with licence; STUDENT RELEASE

Setting file: C:/Zlew,/TekstyEPHY/lab3/diel/parplat_diel.ta3

Erwirornment file: C:/ZlewTekst/EPHY/lab3/diel fparplat_disl.eng

Breakpoints file: C: /Zlew, Tekst/EPHY lab3/diel/parplat_disl.br3

Breakpoints not defined

Start of the Simulator-Tue Apr 28 18:17:36 2020

Cell Descriptors Reading passed: 183, Cells nurmber: 90

Misrming: Excitation podet outside meatzd - hot conductor selactad by the software!

Circuit type: t2dgs

Mo Postprocessings.

Excitation: name: SourcePort, Pulse type: step, Amplitude=1, Delay= 0 [ns], Resistance=+INF [Ohm]
Template calculations for port EM fields : Quasistatic Ternplate SourcePort_parplat_diel, lim=500000, check=1000, tol=0.005
Termplate calculations completed and saved to SourcePort_parplat_diel file

Zc=376.7303, Eef= 1.0000

Cell Descriptors Reading passed: 183, Cells number: 90

GG Sroitstion poit outside setsd - ot condbictor selscted by the software!

Circuit type: t2dgs

Mo Postprocessings.

Excitation: name: LoadPort, Pulse type: step, Amplitude=1, Delay= 0 [ns], Resistance=+INF [Ohm]
Template calculations for port EM fields @ Quasistatic Ternplate LoadPort_parplat_diel, lim=500000, check=1000, tol=0.005
Template calculations completed and saved to LoadPort_parplat_diel file

Fo=753.4606, Eef= 4.0000

Cell Descriptors Reading passed: 7, Cells number: 19440

Circuit type: t3d

Mo Postprocessings.

Required SubTask 1 started: Save_Waveforms: from 1 to 184 iteration

Excitation: name: SourcePort, Pulse type: sinus, Amplitude=1, Delay= 0 [ns], Frequency=8 [GHz]
Required SubTask 1 finished: Save_Waveforms: from 1 to 184 iteration

All SubTasks finished

Z .of input =753,4606[ Q]
Z .—impedance

3.7

w—-L—'x

-2.667559e-01



Direction of EM wave propagation is z, as it is the only direction visible.

3.8
0.26678 Markers
Efsqri(376.73...) [Wémm]
0.13056 * ‘al= 0.266765
¥=-17.50 [mm]
Heell= 92
0.11433
Yal= 0.133436
¥=-27.00 [mim]
003et Xoell= 54
¥_shift=9.50 [mm]O
-0.038M 7= 2.50 [mm]
Y= 1.00 [mm]
-0.11433
-0.19056
-0.26678
4025 329 2557 1823 41089 385 3.80 11.14 18.48 25.82 33.16 40.50
[mm]
0.26678 Markers
E/sqri(376.73...) [vémm]
0.13056 * ‘al= 0.266769
¥= 1.25 [mm]
¥cell= 167
0.11433
“al= 0266759
¥=-36.25 [mm]
0.05611 wecell= 17
¥_shift=37 50 [mm]0
-0.03811 Z= 250 [mm]
¥=1.00 [mm]
011433
-0.19056
-0.26678
025 3291 2557 1823 1089 358 3.80 11.14 18.48 25.82 33.16 40.50
[mm]

wavelength A=37,5[mm|
SWR=2

I"(derived fro mSWR):M =
1-SWR



Power transmission coefficient T ,=1 -I’=-8
Wave impedance|Z |at0=0

Wave impedance|Z ||at 2./8=748[Q]

Wave impedance|Z ||at A14=347[Q]

Wave impedance|Z |at3 A/ 4=356,4[Q]

Wave impedance|Z | |at A=377[Q]

4a)

34

Electrical conductivity value:
G[S/m]merf[(figz]tan (0)=0(lossless medium)

3.6

U Simulator Log

¢ Log Cutput 'l Model Files 'l Tasker Progress s+ Simulation Info 4Ok Optimiser Info : Breakpoints Info

)<

QuickiWave Simulator started with licence: STUDENT RELEASE

Setting file: C:/Zlew/Tekst/EPHY/lab3/diel/parplat_diel. ta3

Ervironment file: C: /2 lew/Tekst/EPHY/lab3/diel/parplat_diel.ens

Breakpoints file: C:/Zlew Tekst/BPHY/lab3/diel/parplat_disl.br3

Breakpoints not defined

Start of the Simulator-Tue Apr 28 18:26:58 2020

Cell Descriptors Reading passed: 183, Cells nurmber: 90

Mg, Sxoitation pogst outsige metad - Hot conglctor selected by the software!

Circuit type: t2dgs

Mo Postprocessings,

Excitation: name: SourcePort, Pulse type: step, Amplitude=1, Delay= 0 [n=], Resistance=+INF [Ohrm]
Template calculations for port EM fields : Quasistatic Termplate SourcePort_parplat_diel, lim=500000, check=1000, tol=0.005
Template calculations completed and saved to SourcePort_parplat_diel file

Zc=185.3652, Eef= 4,0000

Cell Descriptors Reading passed: 183, Cells nurber: 90

Warrming. Croitation pogst outsige metad - Hot conglictor selected by the software!

Circuit type: t2dgs

Mo Postprocessings.

Excitation: name: LoadPort, Pulse type: step, Amplitude=1, Delay= 0 [ns], Resistance=+INF [Ohm]
Template calculations for port EM fields : Quasistatic Termplate LoadPort_parplat_diel, lim=500000, check=1000, tol=0.005
Template calculations completed and saved to LoadPort_parplat_diel file

ZC=376.7303, Eef= 10000

Cell Descriptors Reading passed: 7, Cells nurmber: 19440

Circuit type: t3d

Mo Postprocessings.

Required SubTask 1 started: Save_Waveforms: from 1 to 184 iteration

Excitation: name: SourcePort, Pulse type: sinus, Amplitude=1, Celay= 0 [ns], Frequency=8 [GHz]
Required SubTask 1 finished: Save_Waveforms: from 1 to 184 iteration

All SubTasks finished

Suspend sirmulation-Tue Apr 28 18:27:05 2020




Z.of input =376,7303[Q]

Z .—impedance

3.7

Direction of EM wave propagation is z, it is the only direction visible

3.8

0.18860

013472

0.08083

0.02694

-0.02694

-0.08083

-0.13472

-0.18360

-40.25 -32.91

-25.57

-18.23

-10.89

-3.55

3.80
[mm]

11.14

18.48

25.82

33.16

40.50

0.18860

013472

0.08083

0.02694

-0.02694

-0.08083

-0.13472

-0.18860

-40.25 -32.91

-25.87

-18.23

-10.89

-3.85

3.80
[mm]

11.14

18.48

25.82

33.16

40.50

Markers

E/sqrt(376.73...) [¥¥mm]

* Yal= 0.188491
%= 10.75 [mm]
¥eell= 205

Val= (1.0943957
Y= 6.00 [mm]
¥eell= 185

%_shift=4.75 [mm]0

Z= 2.0 [mm]
¥=1.00 [mm]

Markers

Efsqri(376.73...) [Vimm]

* Wal= 00944324
%= 15.25 [mm|
Heell= 223

Val= [0.054413

%= -3.50 [mm]
Kcell= 148
%_shift=18.75 [mm]|D

I= 250 [mm]
Y= 1.00 [mm]




wavelength A=18,75[mm |
SWR=2

I"(derived from SWR )zﬂ =-0,33
1+SWR

Power transmission coefficient T ,=1 —~1%=0,89
Wave impedance|Z ,|at 0=378,43[Q]
Wave impedance|Z |at A/18=112,17[Q]
Wave impedance|Z |at A14=112,028[Q]
Wave impedance|Z |at3 1/4=376,6[Q]
Wave impedance|Z | at A=94,36[ Q]
Wave impedance is variable because
Boundary conditions for Ez and Hy are

4b)
3.4
Electrical conductivity value:

f[GHz]

g an (6)=0{(lossless medium)

o[S/m]~e,

3.6
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LU Simulator Log

e Log output U Model Files 'l Tasker Progress  Simulation Info ) optimiser Infa ) Breakpoints Info

QuickWave Simulator started with licence: STUDENT RELEASE

Setting file: C:/Zlew/Tekst/BPHY/lab3/diel/parplat_diel.ta3

Environment file: C:/Zlew, Tekst/BPHY/lab3/diel/parplat_diel.eng

Breakpoints file: C:/Zlew Mekst/EPHY/1ab3/dielparplat_diel.br3

Breakpoints not defined

Start of the Simulator-Tue Apr 28 18:34:05 2020

Cell Descriptors Reading passed: 183, Cells number: 90

MiErming: Excitation point outsigs metal - kot concuctor selected by the softwars!

Circuit type: t2dgs

Mo Postprocessings.

Excitation: name: SourcePort, Pulse type: step, Amplitude=1, Delay= 0 [ns], Resistance=+INF [Ohrm]
Template calculations for port EM fields : Quasistatic Template SourcePort_parplat_diel, lim=300000, check=1000, tol=0.005
Ternplate caloulations completed and saved to SourcePort_parplat_diel file

Zc=753.4606, Eef= 4.0000

Cell Descriptors Reading passed: 183, Cells number: 90

Misirriag: Excilation poft outside metal - hot conductor selected by the software!

Circuit type: 2dgs

Mo Postprocessings.

Excitation: name: LoadPort, Pulse type: step, Amplitude=1, Delay= 0 [ns], Resistance=+INF [Chm]
Template calculations for port EM fields : Quasistatic Ternplate LoadPort_parplat_diel, lim=500000, check=1000, tol=0.005
Ternplate calculations completed and saved to LoadPort_parplat_diel file

ZC=376.7303, Eef= 1.0000

Cell Descriptors Reading passed: 7, Cells number: 19440

Circuit type: 3d

Mo Postprocessings.

Required SubTask 1 started: Save_Waveforms: from 1 1o 184 iteration

Excitation: name: SourcePort, Pulse type: sinus, Amplitude=1, Delay= 0 [ns], Frequency=8 [GHz]
Required SubTask 1 finished: Save_Waveforms: from 1 to 184 iteration

All SubTasks finished

Z .of input =376,7303[ Q]
Z .—impedance
3.7

Direction of EM wave propagation is z, it is the only direction visible
3.8



0.37743
Efsqrt(376.73...) [Wimm]
0.26360 * ‘al= 0.168998
¥= 10.75 [mm]
Xcell= 205
0.16176
‘al= 0.376002
¥= 6.25 [mm]
— Xcell= 187
¥_shift=4.50 [mm]0
-0.05392 7= 2.50 [mm]
¥= 1.00 [mm]
016176
-0.26960
037743
028 3291 2557 1823 -10.83 355 3.80 11.14 18.48 25.82 33.16 40.50
[mm]
037743 Markers
Efsqrt(376.73...) [Wimm]
0.26360 * ‘al=0.189148
¥= 10,50 [mm]
Xcell= 204
0.16176
Yal=0.189315
¥= -8.25 [mm]
— Xcell= 129
¥_shift=18.75 [mm]0
-0.05392 Z= 250 [mm]
¥= 1.00 [mm]
016176
-0.26960
037743
028 3291 2557 1823 -10.83 355 3.80 11.14 18.48 25.82 33.16 40.50
[mm]

wavelength A=19[mm]
SWR=2

I'(derived fro mSWR):M =-3,02
1-SWR

Power transmission coefficient T ,=1 ~I°=-8,13

Markers




Wave impedance|Z |at 0=352,21[Q]

Wave impedance|Z |at A/18=107,21[Q]

Wave impedance|Z |at A/14=99,3[ Q]

Wave impedance|Z |at3 1/ 4=379,3[Q]

Wave impedance|Z |at A=100,01[Q]
Wave impedance is variable because it depends on lambda.
Boundary conditions for Ez and Hy are 1 and -1

Questions:

a) Frequency is proportional with standing wave parameters.

b) We asses the sign of " by using the equation for I".

¢) Physically possible range of SWR and T is from -1 to 1

d) PEC and PMC would be realized in the easiest way in practical application by

e) SWR and T value in illuminated dielectric is negative because the dielectric properties.

f) We cannot obtain a totally standing wave in a lossy medium because there will always be some
losses.



