Lab number: 2

Lab title: TEM Wave in lossy media

Date lab was performed: 21.04.2020

Names of lab group members: Krzysztof Rudnicki

Theoretical introduction:

We are gonna perform simulation using rectangular dielectric slab with perfect electric
conductor at the top and the bottom and perfect magnetic conductors at the lateral walls.
We know from boundary conditions that TEM is how electric polarization and corresponding
magnetic component are gonna propagate.

Dielectric medium which files the line is characterized by ¢ ,, pand tgé . Input port excites a
sinusoidal TEM wave. Frequency (f)is in GHz.

Now, since we are dealing with low lossy dielectric where tan(3) = 0.1 we have to change
some of our equations from the previous task, more specifically equation for

attenuation coefficient o

o= 5|2

a=85
Cases:
a) f=85[GHz],e,=1[F/m], p,=1[H/m], tan(d) = 0.1 (lossy case)
b) f = 85[GHz], e, =85[F/m], p,=1[H/m], tan(d) = 0.1
c) f=85[GHz], e, =1[F/m], p,=85[H/m], tan() = 0.1
f — frequency, €, — permittivity, W, — permeability, tgd — loss tangent, 6 — conductivity

BeRe=  u, (R)=Ju’(U) + u*(D)

a)

3.7)

Ll simulator Log

' Log Output £l Model Files 'l Tasker Progress = Simulation Info 4"k optimiser Info /j Breakpoints Info U Warnings

Quickywave Simulator started with licence: STUDENT RELEASE

Setting file: C:/Zlew/Tekst/EPHY/lab2/parplat.ta3

Environment file: C:/Zlew,/Tekst/EPHY lab2 /parplat.eng

Breakpoints file: C:/Zlew /Tekst/EPHY/lab2 fparplat.br3

Breakpoints not defined

Start of the Simulator-Tue Apr 21 16:58:12 2020

Cell Destriptors Reading passed: 183, Cells nurber: 90

Warming. Excitation pomt outside mets! - ot conductor sefectad 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 Template SourcePort_parplat, lim=500000, check=1000, tol=0.005
Template calculations completed and saved to SourcePort_parplat file

Zc=376,7303, Eef= 1.0000

Cell Destriptors Reading passed: 183, Cells nurmber: 80

Warming. Excitation post outside metad - hot conductor selected by the software!

Circuit type: 2dgs

Mo Postprocessings.

Excitation: name: LoadPart, Pulse type: step, Amplitude=1, Delay= 0 [ns], Resistance =+INF [Ohm]
Template calculations for port EM fields : Quasistatic Template LoadPort_parplat, lim=300000, check=1000, tol=0,005
Termplate calculations completed and saved to LoadPort_parplat file

Zc=376.7303, Eef= 1.0000

Cell Destriptors Reading passed: 5, Cells number: 19440

Circuit type: t3d

Mo Postprocessings.

Required SubTask 1 started: Save_Waveforms: from 1 10 173 iteration

Excitation: name: SourcePort, Pulse type: sinus, Amplitude=1, Delay= 0 [ns], Frequency=8.5 [GHz]
Required SubTask 1 finished: Save_Waveforms: from 1 to 173 iteration

All SubTasks finished

Figure 1: Impedance value for 1a)
Z . of input = Z . of output = 376.7303 [Q]

Z . — impedance
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Figure 2: Envelope windows Ez(upper) Hy(lower) for 1a)

Wavelength — A = X_shift = 35.5 [mm]

Formula for phase coefficient p using measured \ :

A= 2—;=> [322—{‘:>[3 ~176,99[1/m ]

Analytical formula for B = ® * \{Txe=2nx*f*\Lxe~=178,10[1/m]

B arkers — P hase coefficient calculated from lambda from markers

B wnatyricar — P hase coefficient calculated from analytical formula

Relative error = 100 % + i Bowia - o

analytical



E(xl)
E(x,)

. .. . 1
attenuation coefficient from markers o. = ﬁln(

) = 8,890 [unit less]
attenuation coefficient from analytical formula a. = 5 = |Z| = 8.897 [unit less]

o —a .
. _ markers analytical

Relative error a. = 100 % * ————mr—u=0.07 %

o analytical
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Figure 3: Envelope windows Ez(upper) Hy(lower) with marked En and Hn for 1a)

From markers:

E, =013V / mm]
H,=0.13[A4/mm]

E = E *~Z,=2,5[V /mm)
H =2 =0.007[4/

2 A/ mm}
Zw=% %7 = 376,991[Q]
From analytical formulas:

Z =[5 =376.81[Q]

Relative error = 100% * % ~0.05 %
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Figure 4: Time domain View Envelope window for 1a)
T =ty = 0.1178 [ns]
T e = 7= =0.0,1176[ns]

Relative error = % x* 100% = 3%

real

f = % =8476[GH:]

f .= 85[GHz]

real —

f% % 100% = 0,3%
B=2mx*f*\mxe~=177,57[1/m]

B anatyticar = 178,10 [1/m]

Relative error = Sisi By 10004 ~ 0,3%

B analytical

B compared with B from 3.7 :
Relative error with B from 3.7 : B*E{—im * 100% ~ 0,33%

Relative error =




1b) f = 8.5[GHz), £, =85[F /m], u,=1[H/m], tan(d) = 0.1

3.7)

' Simulator Log

& Log Output £ Model Files 0 Tasker Progress ; Sirnulation Info ﬂ:ﬂl Optimiser Info C Breakpoints Info 0 Warnings

Quick\Wwave Sirmulator started with licence: STUDENT RELEASE

Setting file: C:/Zlew/Tekst/EPHY/labZ/parplat.ta3

Environrment file: C:/Zlew,Tekst/EPHY/lab2/parplat.eng

Breakpoints file: C:/Zlew/Tekst/EPHY/lab2fparplat.bra

Breakpoints not defined

Start of the Simulator-Tue Apr 21 17:54:42 2020

Cell Descriptors Reading passed: 183, Cells number: 90

vsring: Excitation point outside metsd - hat conductor selactad by the softwara!

Circuit type: 2dgs

Mo Postprocessings.

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

£c=129.2174, Eef= 8.5000

Cell Descriptors Reading passed: 183, Cells number: 90

WiEring. Excitation pofit outsige mets - hot conduictor selectiad 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 Template LoadPort_parplat, lim=500000, check=1000, t0l=0.005
Ternplate calculations completed and saved to LoadPort_parplat file

Zc=129,2174, Eef= 8,5000

Cell Descriptors Reading passed: 5, Cells nurnber: 19440

Circuit type: t3d

No Postprocessings.

Required SubTask 1 started: Save_Waveforms: from 1 to 173 iteration

Excitation: name: SourcePort, Pulse type: sinus, Amplitude=1, Delay= 0 [ns], Frequency=8.5 [GHz]
Required SubTask 1 finished: Save_Waveforms: from 1 10 173 iteration

All SubTasks finished

Figure 1b: Impedance value for 1b)
Z . of input = Z . of output = 129,2174 [Q]

Z . — impedance
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Figure 2b): Envelope windows Ez(upper) Hy(lower) for 1b)
Wavelength — L = X_shift =12 [mm]

Formula for phase coefficient B using measured \ :

A= 2—5‘=> B=2=>B =523,599[1/m]

Analytical formula for B = ® * \xe=2nx*f*\Lxe~1519,26[1/ m]

B arkers — P hase coefficient calculated from lambda from markers

— Phase coefficient calculated from analytical formula

ﬁ markers B analytical ~ 084%

B analytical

B analytical
Relative error = 100 % =

E
attenuation coefficient from markers o. = ﬁln(Egli) =26, 3 [unit less]
2 7 2

attenuation coefficient from analytical formula a. = 5 = |Z| = 25,939 [unit less]
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Figure 3b): Envelope windows Ez(upper) Hy(lower) with marked En and Hn for 1b)

From markers:
E,=0,045[V /| mm]
H,=0.13[4/mm]
E =FE,*~Z,=0,88[V /mm]
H=3%2=0,007[4/

. LA /mm]

Zw=7*Z = 128,8Q]
From analytical formulas:
Z=1/E=130[Q]

Relative error = 100% * &= =0,37%
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Figure 4b): Time domain View Envelope window for 1b)
T =ty = 0.1178 [ns]
T e = 7= =0.0,1176[ns]

Relative error = % x* 100% = 3%

real

= % ~ 8.476 [GHZ]
f .= 85[GHz]

real —

ff—’l’ £ 100% = 0, 3%

B=2mx*f*\mxe~=177,57[1/m]
B ~ 178,10 [1 / m]

analytical ~

Relative error = S By 10004 ~ 0,3%

B analytical

Relative error =

B compared with B from 3.7 :
Relative error with B from 3.7 : ﬁ*g—im * 100% ~ 0,33%

1¢) f =85[GHz), e, =1[F/m], n,=85[H/m], tan(d) = 0.1

3.7)




¢l Simulator Log

' Log Output £l Model Files (U Tasker Progress = Simulation Infa @Y Optimiser Info '::‘ Breakpoints Info £ Warnings

Quick\wave Simulator started with licence: STUDENT RELEASE

Setting file: C:/Zlew Tekst/BEPHYlab2/parplat.ta3

Environment file: C:/Zlew Tekst/BPHY/lab2/parplat.ens

Breakpoints file: C:/Zlew,/Tekst/EPHY/lab2parplatbr3

Breakpoints not defined

Start of the Sirmulator-Tue Apr 21 18:08:04 2020

Cell Descriptors Reading passed: 183, Cells nurmber: 90

Mg, Excitstion poist outside meta! - fiot conducior selectad 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, lirm=500000, check=1000, tol=0.005
Template calculations completed and saved to SourcePort_parplat file

Zc=1098.3480, Eef= 8.5000

Cell Descriptors Reading passed: 183, Cells nurmber: 90

Mg, Excitstion poist outside meta! - fiot conducior selectad 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, lim=500000, check=1000, tol=0.005
Template calculations completed and saved to LoadPort_parplat file

Zc=1098.3480, Eef= 8.5000

Cell Descriptors Reading passed: 5, Cells number: 19440

Circuit type: t3d

Mo Postprocessings.

Required SubTask 1 started: Save_Waveforms: from 1 to 173 iteration

Excitation: name: SourcePort, Pulse type: sinus, Amplitude=1, Delay= 0 [ns], Frequency=8.5 [GHz]
Required SubTask 1 finished: Save_Waveforms: from 1 to 173 iteration

All SubTasks finished

Figure 1c: Impedance value for 1c)
Z . of input = Z . of output = 1098,348 [Q]

Z . — impedance
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Figure 2c): Envelope windows Ez(upper) Hy(lower) for 1c)
Wavelength — L = X_shift =12 [mm]

Formula for phase coefficient p using measured \ :

A= 2—5‘=> B=2=>B =523,599[1/m]

Analytical formula for B = ® * \ixe=2n*f*\[Lxe~1519,26[1/ m]

B arkers — P hase coefficient calculated from lambda from markers

B anatyiicr — P hase coefficient calculated from analytical formula

ﬁ markers B analytical ~ 084%

B analytical

Relative error = 100 % =

E
attenuation coefficient from markers o. = ﬁln(Egli) =26, 5 [unit less]
2 7 2

attenuation coefficient from analytical formula a. = 5 *|Z| = 26 [unit less]

X_shit=12.00 [rm]a

Z= 250 [mm)
¥=1.00[mm
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100 % % O arkers aanalyli@al — 2, 13 %
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Figure 3c): Envelope windows Ez(upper) Hy(lower) with marked En and Hn for 1c)

From markers:
E,=0,045[V /| mm]
H,=0.13[A4/mm]
E = E,*~Z,~2,58[V / mm]
H=42L=0002[4/

7 0 [4/ mm]

Zw=% 7= 1107,04[Q]
From analytical formulas:

— no_
Z = ~|% =1098,6 [Q]

Relative error = 100% * % ~0,77%




005168

s 5
1844 118.43 1841 18.39 ne.ar 118.35 ne.33 8.32 18.30 ns.28

Figure 4c): Time domain View Envelope window for 1c)
T =ty = 0.1178 [ns]
T e = 7= =0.0,1176[ns]

Relative error = % * 100% = 3%

real
f = % =8476[GH:]
S o = 8.5 [GHZ]

Relative error = ff—’l’ + 100% = 0,3%

B=2mx*f*\mxe~=177,57[1/m]
B analytical ~ 178’ 10 [1 /m]

Relative error = S B 1000, ~ 0,3%

B analytical

B compared with B from 3.7 :
Relative error with B from 3.7 : B*E{—i“o * 100% ~ 0,33%

Answering the questions:
a) Envelope in a lossy case has a shape like an exponential function.
b) It does not influence phase shift.



