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Exam Summer Semester 2022

Additional permitted Aids

e non-programmable calculator,
e formulary (4 one-sided DIN A4 pages)

Hits

e The duration of the exam is 120 min.

e Attempts to cheat will lead to exclusion and failure of the exam.

e Withdrawal is no longer possible after these exam has been handed out.

» Please write down intermediate calculations and results on the assignment sheet. (when more
space is needed also on the reverse side. In this case: Mark it clearly).

¢ Always use units in the calculation.

¢ Use a document-proof, non-red pen.

Tasks

Exercise E1 Electrostatics |
(written test, approx. 10 % of a 120-minute written test, SS2022)

Bi\bthai t isb b eenapgetneRt-off Bt atss khdpd@stbt keqa dhaedeetav4 3 ryenahade 08 thenpagenous
Bﬁﬁt@ﬁs’s&r_@l& Which value needs $E_4$ to have to get a resulting force of $0 ~\rm N$ on
$q_0$?
Pathe $q 0=-1 ~\rm nC$
e $q_1=-2 ~\rm nC$
athﬁ‘%\p&B{%ﬁ}W} = ﬁmf/t {\begm{array}{cccc} 19.97 {~\rm \mu N} \ 0 \\
n tW&lﬁEQ\ﬁW’Xﬁémﬁtwwmm[Eo$qn¢%®ve\¢emn:@jsculate the resulting magnitude of the
"hefpeetntMREA SRR e geati{theBRaI T aFEDLhRCECE 33383 (s Y N I\ O\kn As/vms
\begin\eA ay: }\Végt{?fg &= \sqrt{\left( \sum_i F_{i,x} \right)"~2 + \left( \sum_i
In thre PrompEEnzi0s ekl \gis i dibagsndaraptde Anehi B LA TOS AN HN IML201190.05
keren v iiriirrihidcmnaasee B\ dehfbaens\vac (fgh s \frem 49.9$ o $s:
\BroY 3\ieHd{Aveats}_{01}| &= |E_4| \cdot |[g_Of \ \rightarrow E_4 &=
{{|\vec{F} _{01}|}\over{|g O|}} \\ &= {{19.97...\cdot 10" {-6} {~\rm N} Hover{l
\cdot 10" {-9} ~\rm C }} \\ &= 19.97... \cdot 10™ {3} {{\rm N}\over{\rm C}} \\ &=
19.97... \cdot 10~ {3} {{\rm VAs/m}\over{\rm As}} \\ &= 19.97... \cdot 10"~ {3} {{\rm
VHover{\rm m}} \\ \end{align*}
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------------------------------------------------------------------------------
-----------------------------------------------------------------------

________________________________________________________________________

1. Calculate the single forces $\vec{F} {01}$, $\vec{F} {02}$, $\vec{F} {03}$, on the
charge $q _0$!

Path

First, calculate the magnitude of the forces, like $\vec{F} {01}$.

The force $\vec{F} {01}$ is purely on the $x$-axis and therefore equal to

$F {01,x}$. \begin{align*} \vec{F} {01} =F {01,x} &=
{{1}\over{4\pi\varepsilon}}\cdot {{q 1\cdot g OY\over{r~2 {01}}} \\ &=
{{1}\over{4\pi\cdot 8.854 \cdot 10" {-12} ~\rm As/Vm}}\cdot {{1 \cdot 10~ {-9}
~\rm C \cdot 2 \cdot 10™{-9} ~\rm C}Hover{(3 \cdot 10"~ {-2} ~\rm m)"~2}} \\ &=
19.97...\cdot 10~ {-6} {\rm {{(As)”™2 \cdot Vm}over{As \cdot m™~2}}} = 19.97...
\cdot 10~ {-6} {\rm {{VAsHover{m}}} = 19.97... \cdot 10" {-6} {\rm
{{WsHover{m}}} \\ &= 19.97... {\rm \mu N} \quad \text{(to the right)} \end{align*}

Similarly, we get for $\vec{F} {02}$ and $\vec{F} {03}$ \begin{align*}
\vec{F} {02} =F {02,x} &=-28.09... {\rm \mu N} \quad \text{(to the right)} \\
\vec{F} {03} &=-22.47... {\rm \mu N} \quad \text{(to the top left)} \\ \end{align*}

For $\vec{F} {03}$, we have to calculate the $x$- and $y$-component.

This is possible, by using the angle $\alpha$ between the line through $q_0$ and
$q_3% and the positive $x$-axis (pointing to the right).

So, $\alpha$ has to be between $90°$ and $180°$. It can be calculated by:
\begin{align*} \alpha = \arctan(\rm {{-4~cm}\over{+2~cm}}) = \pi- 1.1071... =
180° - 63.4...° = 116.6...° \end{align*}

Based on this, the $x$- and $y$-component is: \begin{align*} F_{03,x} &=
[\vec{F} {03}|\cdot\cos\alpha = 10.05... {~\rm \mu N} \text{(to the left)} \\
F {03,y} &= |\vec{F} {03}]| \cdot \sin \alpha = 20.10... {~\rm \mu N} \text{(to the
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top)} \\ \end{align*}

Exercise E2 Electrostatics |
(written test, approx. 10 % of a 120-minute written test, S52022)

B\t i fdethieemapgetineRt-off Bt arssidgdesdb? eqa ahaegeeton4 T roenahadés 08 thenpogenous
Bestd¥s8rd$. Which value needs $E_4$ to have to get a resulting force of $0 ~\rm N$ on

$q_0%7?
Pathe $q 0=-1 ~\rm nC$

e $q_1=-2 ~\rm nC$

‘at
C WE“_%%&?@%@}W} = @flt {\begm{array}{cccc} 19.97 {~\rm\mu N} \\ 0 \\

n thWitie g RPMEGHRE 2nd i G m hentss ve \can mddculate the resulting magnitude of the
“hefpeetittMREA SRR peattithaBRaMTaFEDLORCECE 8883 (st EPY Nb 1\ O\km As/vms
\begln\&!ﬂ ay: }\VéQQF)ﬁ &= \sqrt{\left( \sum_i F_{i,x} \right)~2 + \left(\sum_i
{17y ez !\t b egendatrmalpldAnER K ARSI L0119 0.05
- Ieremflid peendRaeee o0 deif e vac ifdnlPLis \frem 4999, o $qAS:
\Reg ok apipsTd (AverEs}_{01}|i&= |E_4| \cdot |q;0| \\ \rightarrow E_4 &=
. {{]\veddF 3£01,}I}\over{lq 01} \\ §={{19.97.5. \cdot 10~ {-6} {~\rm N} }over{1
\Cdot 10"{ 9} ~\rm C }} \\ &= 109. 97 \cdot 10 {3}{{\rm N}\over{\rm C}} \\ &=

---------------------------------------------------------------------------
-----------------------------------------------------------------------

_________________________________________________________________________

1. Calculate the single forces $\vec{F} {01}$, $\vec{F} {02}$, $\vec{F} {03}$, on the
charge $q _0$!

Path

First, calculate the magnitude of the forces, like $\vec{F} {01}$.
The force $\vec{F} {01}$ is purely on the $x$-axis and therefore equal to
$F {01,x}$. \begin{align*} \vec{F} {01} =F {01,x} &=
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{{1}\over{4\pi\varepsilon}}\cdot {{g 1\cdot g OY\over{r~2 {01}}} \\ &=
{{1}\over{4\pi\cdot 8.854 \cdot 10" {-12} ~\rm As/Vm}}\cdot {{1 \cdot 10" {-9}
~\rm C \cdot 2 \cdot 10™{-9} ~\rm C}over{(3 \cdot 10"~ {-2} ~\rm m)"~2}} \\ &=
19.97...\cdot 10~ {-6} {\rm {{(As)”"2 \cdot Vm}over{As \cdot m™2}}} = 19.97...
\cdot 10~ {-6} {\rm {{VAsHover{m}}} = 19.97... \cdot 10"~ {-6} {\rm
{{WsHover{m}}} \\ &= 19.97... {\rm \mu N} \quad \text{(to the right)} \end{align*}
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Similarly, we get for $\vec{F} {02}$ and $\vec{F} {03}$ \begin{align*}
\vec{F} {02} =F {02,x} &=-28.09... {\rm \mu N} \quad \text{(to the right)} \\
\vec{F} {03} &=-22.47... {\rm \mu N} \quad \text{(to the top left)} \\ \end{align*}

For $\vec{F} {03}$, we have to calculate the $x$- and $y$-component.

This is possible, by using the angle $\alpha$ between the line through $q_0$ and
$q_3% and the positive $x$-axis (pointing to the right).

So, $\alpha$ has to be between $90°$ and $180°$. It can be calculated by:
\begin{align*} \alpha = \arctan(\rm {{-4~cm}\over{+2~cm}}) =\pi- 1.1071... =
180° - 63.4...° = 116.6...° \end{align*}

Based on this, the $x$- and $y$-component is: \begin{align*} F_{03,x} &=
[\vec{F} {03}|\cdot \cos\alpha = 10.05... {~\rm \mu N} \text{(to the left)} \\

F {03,y} &= |\vec{F} {03}| \cdot \sin\alpha = 20.10... {~\rm \mu N} \text{(to the
top)} \\ \end{align*}

Exercise E3 Electrostatics Il
(written test, approx. 10 % of a 120-minute written test, S52022)

The figure below shows an arrangement of ideal metallic conductors (gray hatched) charged
up to $q=+1 ~\rm nCs$.

In white a dielectric (e.g. vacuum) is shown.

Several designated areas are shown by dashed frames and numbers $x$, which are partly
inside the object.

Arrange the designated areas clearly according to ascending field strengths $|\vec{E} x |$
(absolute magnitude)!
Indicate also, if designated areas have quantitatively the same field strength.
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_____

Result

$|E_3|=|E_5|=0 < |[E_1| < |E_4| < |E_2|$

Exercise E4 Electrostatics Ii
(written test, approx. 10 % of a 120-minute written test, SS2022)

The figure below shows an arrangement of ideal metallic conductors (gray hatched) charged
up to $g=+1 ~\rm nC$.

In white a dielectric (e.g. vacuum) is shown.

Several designated areas are shown by dashed frames and numbers $x$, which are partly
inside the object.

Arrange the designated areas clearly according to ascending field strengths $|\vec{E} x |$
(absolute magnitude)!

Indicate also, if designated areas have quantitatively the same field strength.

_____
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Result

$|E_3|=|E_5|=0 < |[E_1| < |E_4| < |E_2|$

Exercise E5 Electron Velocity in Semiconductors
(written test, approx. 6 % of a 120-minute written test, S52022)

A current of $I=1~\rm mAS$ flows through a cross-sectional area $A=10~\rm \mu m~2$ in a
Bastitonductor.

The electron density in the semiconductor is given by the number of dopant atoms per
volume.

"he doping shall provide 1 donator atom (= one electron) per $10”~{10}$ silicon atoms.

“he tMofar voIgnvedsf difl Chmiy VM S aheLSi$4L 1P ot tiesRegdafdiohi 3/mols , with
SN _{\rm A} = 6.022 \cdot 10~ {23}$ silicon atoms per $1 ~\rm mol$.

The elementary charge is given as: $e_0 = 1.602 \cdot 10" {-19} ~\rm As$

What is the average electron velocity $v_e$ in this semiconductor?

Path

The following formula gives the speed, where $n_e$ is the number of electrons per
volume. \begin{align*} v_e &= {{I}\over{n_e \cdot e 0 \cdot A}} \\ \end{align*}

$n_e$ can be derived from the overall number of Si-atoms per volume (${{N_{\rm

A} Hover{V_{\rm mol,Si}}}$) and the fraction $k_{\rm Donators}$ of these atoms,
which got substituted by donators. \begin{align*} v_e &= {{IN\over{{{N_{\rm

A} Nover{V_{\rm mol,Si}}} \cdot k_{\rm Donators} \cdot e 0 \cdot A}} \\ \end{align*}

Putting in the numbers: \begin{align*} v_e &= {{1 \cdot 10" {-3} ~\rm
ARover{{{6.022 \cdot 10™ {23} 1/ \rm mol}\over{12\cdot 10~ {-6} ~\rm m~3/mol}}
\cdot 10™{-10} \cdot 1.602 \cdot 10" {-19} ~\rm As \cdot 10 \cdot (10™~{-6} ~\rm
m)~2}} \\ \end{align*}

Exercise E6 Electron Velocity in Semiconductors
(written test, approx. 6 % of a 120-minute written test, $52022)
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Raguitent of $I=1~\rm mA$ flows through a cross-sectional area $A=10~\rm \mu m~2$ in a
semiconductor.

The electron density in the semiconductor is given by the number of dopant atoms per
rolume.

“he $losirg TRA I\ gslol k"B dbmatoy stdabps topé lete¥isorf) fher gEed fdightllicon atoms.

"he molar volume of silicon is $V_{\rm mol,Si} = 12\cdot 10"~ {-6} ~\rm m~3/mol$ , with
$N_{\rm A} =6.022 \cdot 10" {23}$ silicon atoms per $1 ~\rm mol$.

The elementary charge is given as: $e_0 = 1.602 \cdot 10" {-19} ~\rm As$

What is the average electron velocity $v_e$ in this semiconductor?

Path

The following formula gives the speed, where $n_e$ is the number of electrons per
volume. \begin{align*} v_e &= {{I}\over{n_e \cdot e 0 \cdot A}} \\ \end{align*}

$n_e$ can be derived from the overall number of Si-atoms per volume (${{N_{\rm

A} Hover{V_{\rm mol,Si}}}$) and the fraction $k_{\rm Donators}$ of these atoms,
which got substituted by donators. \begin{align*} v_e &= {{IN\over{{{N_{\rm
A}Hover{V_{\rm mol,Si}}} \cdot k_{\rm Donators} \cdot e 0 \cdot A}} \\ \end{align*}

Putting in the numbers: \begin{align*} v_e &= {{1 \cdot 10" {-3} ~\rm
AY\over{{{6.022 \cdot 10"~ {23} 1/\rm mol}\over{12\cdot 10" {-6} ~\rm m”~3/mol}}
\cdot 10™{-10} \cdot 1.602 \cdot 10" {-19} ~\rm As \cdot 10 \cdot (10™~{-6} ~\rm
m)~2}} \\ \end{align*}

Exercise E7 Capacitor
(written test, approx. 7 % of a 120-minute written test, S5S2022)

3. Rttt e hios o pegi@ Gito tish defh Sid b leyeithatieectnl brethwidim$ehfiloms:c } =0.1 ~\rm
BeawES of air ($\varepsilon_{r, \rm c}=1%$), while the thickness of the dielectric material
remaikerpehsafdayer overlap: $1=1.5 ~\rm mm$
fathe Riskensevbebwaemsinalefayers: $d=1.0 ~\rm \mu m$

e Depth of component: $w=0.7 ~\rm mm$

$ ENGYORAI0 iilBBEF fawmsHifetn in }th$ picture): 3 left-side and 3 right-side layers.
>ath

The capacity can be derived from the geometry by: \begin{align*} C = \varepsilon_0
\varepsilon_r {{A}\over{d}} \end{align*}

The air builds another capacitor in series to the dielectric material. Therefore, the
EQpLRR P rem HRdUiR N1aved L tiRIG iR BRGNS ATS3 A0 & \dRk e faring each
AiPENMover{C + C_{\rm Air}}} \end{align*}
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The capagiiye@f air is \begin{align*} C_{\rm Air} &= \varepsilon 0 \varepsilon_{r,\rm

Air} {{N : 0~{-12} ~\rm As/Vm

\cdot 1 \ @b EFFF It edor T 1= : 57 jcdot 107~ {-3} {~\rm
d‘n Hov § — nF \end{align*}

3y thist ® ¥0.139... ~\rm nF \cdot

0.465... e O 13T A — 0455 b \end{align*}

How many ,Jmultiple plates” $N$ dq we have to consider?

For this, we ' - N=5%.

"he material shall have a dielectric permittivity of $\varepsilon_r=3$.
"he following calculations shall ignore boundary effects on the end of the layers.

>\varepsilon_0 = 8.854 \cdot 10" {-12} ~\rm As/Vm$

.. What is the field strength in the dielectric material between the layer, when a voltage of
U=6.3 ~\rm V$ is applied?

’ath

The electric field strength $E$ is given by: \begin{align*} E &= {{U}\over{d}} \\ &=
{{6.3 ~\rm V}\over{1 \cdot 10" {-6} ~\rm m}} \\ \end{align*}

Therefore, the formula is \begin{align*} C &= \varepsilon_0 \varepsilon_r {{N \cdot |
\cdot wHover{d}} \\ &= 8.854 \cdot 10~ {-12} ~\rm As/Vm \cdot 3 \cdot {{5 \cdot 1.5
\cdot 10~ {-3} {~\rm m} \cdot 0.7 \cdot 10"~ {-3} {~\rm m} Hover{1 \cdot 10" {-6}
{~\rm m} }} \end{align*}

Exercise E8 Capacitor
(written test, approx. 7 % of a 120-minute written test, S52022)
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E%%lowé ptrho ls,a&qgttoccﬁg ?&fp Ygyethatrréecgo\}lé)rvélcl1 %lgh%%[\?errr]r? c}=0.1 ~\rm
\mu m_$e%ﬁllr&$ é(?é?%?)@’l‘aé%\lmi%} ‘{'rﬁ% rWMie the thickness of the dielectric material
Pem*al@ﬁ sarngm,mn i

ci
IowuliIve Vo 21

- @& 1
1 1 Iu J YUT L.V AL v (N}
Nh?ﬁ%%i% glrj!lhc% }‘}B‘m mms$
Fiay Bh V\$ n in the picture): 3 left-side and 3 right-side lavers.

P F o 3

,,,,,,,,,,,,,,,,,,,,,,,,

?ul"
7.
,,-'

7

~Vate aVa) a H o a a A =
WIS RS AV AR s IR .w:) kel Ib-_"- li?ﬁ RS FRLASUL IR R TTA l‘ x

relddherefaensheach
cdot C_{\rm

i

l C_{\rm Air} &= \varegsilon_0 \varepsilon_{r)\rm
Air} {{N \cq® v S 4 ot 10" {-12} ~\rm As/Vm
\cdot 1 \cdot {{5 \cdot 1. 5 \cdot 10"{ 3} {~\rm m} \cdot 0.7 \cdot 10"~ {-3} {~\rm

"he M taAUeERAil NedetalBiefebtid pEimmivity dr&T&réhsior k3 yF \end{align*}

"he follawing calculations shall ignore boundary effects on the end of the layers.
By this the overall capacity is \begin{align*} C_{\rm c} &= {{0.139... ~\rm nF \cdot

A o) BRGNS d MBisn ARorsiiE T \end i)

For this, we have to count facing areas $A 0$. There are $N=5%.
.. What is the field strength in the dielectric material between the layer, when a voltage of

= a')_\rm It ic annlinA?
IJUT V. A\ vy 1o u'JfJIICu

’ath

The electric field strength $E$ is given by: \begin{align*} E &= {{U}\over{d}} \\ &=
{{6.3 ~\rm V}over{1 \cdot 10" {-6} ~\rm m}} \\ \end{align*}

Therefore, the formula is \begin{align*} C &= \varepsilon_0 \varepsilon_r {{N \cdot |
\cdot wHover{d}} \\ &= 8.854 \cdot 10~ {-12} ~\rm As/Vm \cdot 3 \cdot {{5 \cdot 1.5
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\cdot 10™{-3} {~\rm m} \cdot 0.7 \cdot 10~ {-3} {~\rm m} }\over{1 \cdot 10~ {-6}
{~\rm m} }} \end{align*}

Exercise E9 Magnetic Circuit
(written test, approx. 7 % of a 120-minute written test, S52022)

The magnetic setup below shall be given. Draw the equivalent magnetic circuit to represent
Besdlitup fully. Name all the necessary magnetic resistances, fluxes, and voltages.

The components shall be designed in such a way, that the magnetic resistance is constant in
it

‘ormulas are not necessary.

dath

Watch for parts of the magnetic circuit, where the width and material are constant.
These parts represent the magnetic resistors which have to be calculated individually.
Be aware, that every junction creates a branch with a new resistor, like for an
electrical circuit - there must be a node on each , diversion®“. \begin{align*} R_{\rm m}
= {{1}over{\mu_0 \boldsymbol{\mu_{\rm r}}}

}{\boldsymbéi}\&yperg\k;&&ymboI{w}\cdot h}} \end{align*}

SR | $$R {..
$$\tT $R {... $$R_{.. i$\t
$$\t.l SR {..
¢+ I ¢¢R [ ctl¢\0—
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differen$$\...

: B
R -

Exercise E10 Magnetic Circuit
(written test, approx. 7 % of a 120-minute written test, S52022)

The magnetic setup below shall be given. Draw the equivalent magnetic circuit to represent
Besdlitup fully. Name all the necessary magnetic resistances, fluxes, and voltages.

The components shall be designed in such a way, that the magnetic resistance is constant in
it

‘ormulas are not necessary.

>ath
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Watch for parts of the magnetic circuit, where the width and material are constant.
These parts represent the magnetic resistors which have to be calculated individually.
Be aware, that every junction creates a branch with a new resistor, like for an
electrical circuit - there must be a node on each , diversion®. \begin{align*} R_{\rm m}
= {{1}Hover{\mu_0 \boldsymbol{\mu_{\rm r}}}
}{\boldsymbol{I}\over{\boldsymbol{w}\cdot h}} \end{align*}

$S\L... $$\L...
—> P... P.—>
‘- Y P T $\P $ . differeng$\...
S [$sRL. | T isdr g$\t...
N % $$E$f$R{ : L
s VT S
e

Exercise E11 Self Induction
(written test, approx. 8 % of a 120-minute written test, S52022)

2 ctithert tial lyn ea meotion winit merg imidLoe aofdd @ v Lta §6, winmh rthe Hfrdaicdmeekierohizs 2@ C voltage
BegttEsndiich is fused with a circuit breaker.

Sketcindinié bifegkame (3%t fae ditauif ingin @k (3 $witibhat bercattudd thic- 63l uarof e Mol cedrent

imtehred linearly down to $0 ~\rm A$ within $1 ~\rm \mu s$.

The inner resistance of the motor shall be neglected.)
$u_{\rmind} (t) = 3150 ~\rm V$
>ath

.. Draw the circuit (the circuit breaker can be drawn as a switch), with all voltage and current
1Irrows.

For the maximum voltage on the circuit breaker one has to consider the following:
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Result e external voltage of the voltage source $U \rm s$
e voltage $u_{\rm ind} (t)$ induced by the change of the current

The first one is not given in the exercise, and therefore not considered here.

The induced voltage can be calculated by linearizing the following: \begin{align*}
u_{\rmind} (t) &=-L {{ {\rm d} it\over{ {\rm d} t }}\\ \rightarrow u_{\rm ind} (t)
&= - L {{ \Delta i}\over{ \Delta t }}\\ \end{align*}

With the given details: \begin{align*} u {\rmind} (t) &=-L{{0-1Hover{t 1-t 0
}I\ &= 50 \cdot 10" {-6} {~\rm H} {{ 63 ~\rm A}\over{ 1 \cdot 10™{-6} ~\rm s} }\\
&= 3150 {{ ~\rm VsHover{ ~\rm A}} \; {{ ~\rm A}\over{ ~\rm s} }\\ \end{align*}

$$u..ingS\...

$$U_...

—>
$3i(.. $$5$5
$SU$. SR
$$L$ E$u.“

Exercise E12 Self Induction
(written test, approx. 8 % of a 120-minute written test, $52022)

A c¥ithertitis| y earmeodion wnit ey mid o arf b @ v Lta § 6, wWniah riihe H$r ¢ i¢dmeekiezdhias D C voltage
BegttEsndRich is fused with a circuit breaker.

Fketcindhi¢ biragkaeme e (i3t ditauif iinsin @k $swithhatbercaitudéttie- 63| v roh thk iHlokeicedrent
imteheeed linearly down to $0 ~\rm A$ within $1 ~\rm \mu s$.

The inner resistance of the motor shall be neglected.)
$u_{\rmind} (t) = 3150 ~\rm V$
Yath

.. Draw the circuit (the circuit breaker can be drawn as a switch), with all voltage and current
1Irrows.

For the maximum voltage on the circuit breaker one has to consider the following:
esult
 external voltage of the voltage source $U \rm s$

e voltage $u_{\rm ind} (t)$ induced by the change of the current

The first one is not given in the exercise, and therefore not considered here.
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The induced voltage can be calculated by linearizing the following: \begin{align*}
u_{\rmind} (t) &=-L {{ {\rm d} iNover{ {\rm d} t } }\\ \rightarrow u_{\rm ind} (t)
&= - L {{ \Delta i}\over{ \Delta t }}\\ \end{align*}

With the given details: \begin{align*} u_{\rmind} (t) &=-L{{0-1Hover{t 1-t 0
}H\ &= 50 \cdot 10~ {-6} {~\rm H} {{ 63 ~\rm AY\over{ 1 \cdot 10"~ {-6} ~\rm s}}\
&= 3150 {{ ~\rm VsHover{ ~\rm A}} \; {{ ~\rm ARover{ ~\rm s} }\\ \end{align*}
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Exercise E13 Series Resonant Circuit
(written test, approx. 10 % of a 120-minute written test, S52022)

B 3T eipomenare tilde exd ridgksie dham b § fanitrelgly an Hapdvdterdodinaddr
&Rﬁ%%ﬂ@@hﬁﬂ&&%lmmductance $LS.
I ¢ cise, sted I rhagriited evihttieei fiopledangevalfu®G: 0$ would be $X _{C0}=Z {RLC}$.
Which value would $C_0$ have for the given $f 0$7?
>athe $C=10 ~\rm nF$

$ GR=BB 6-
athe $L_%%Léfggr}})ﬁ-$g%%~%hmmmaz$ega s
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The resonance frequency is given as \begin{align*} f {\rm r} &=
{{1H\over{2\pi\sqrt{LC}}} \\ &= {{1}\over{2\pi\sqrt{60 \cdot 10"~ {-12}{~\rm H}

Trarha = A 1A\ FcbrdA 1 A A AR~ A i dTA UMD 1@ s DA RARN A ,c,\.a-md.nul-mmamrr-ﬁrmf\k\
WU LU YLOUZU U U Tl ]_\.C\IJI 4 JUNVEW AP TIAY WAVG SQLD YU LW PR G Y

\begin{align*} Z {RLC} &= X {CO} \\ &= {{1}\over{2\pi f\cdot C}} \\ \rightarrow C
Arqsonapeer thepimpessze(is1aiyen Rerglynyike resistor.

With values: \begin{align*} C &= {{1}\over{2\pi 100 \cdot 10™~{6} {~\rm MHz}\cdot
0.1500... {~\rm\Omega} }} \\ &= 10.6... ~\rm nF \end{align*}
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1. What is the impedance $\underline{Z} {RLC}$ of this real capacitor for $f 0=100 ~\rm
MHz$? (Phase and magnitude)

Path

The impedance $\underline{Z} {RLC}$ is given by: \begin{align*}

\underline{Z} {RLC} &= R + \underline{X} {L} + \underline{X} {C} \\&=R + {\rm
jH\omega L - {{\rm j}\over{\omega C}} \\ &= R + {\rm j}\cdot \left(\omega L -
{{1}\over{\omega C}} \right)\\ &= R + {\rm j}\cdot {X} {LC} \\\end{align*}

Putting in the numbers, only for the reactive part ${X} {LC}$: \begin{align*}
{X}_{LC} &= 2\pi\cdot \quad \quad f_0 \quad \quad \cdot \quad L \quad \quad \quad \;
- {{1}Hover{2\pi \cdot \quad \quad f_0 \quad \quad \cdot \quad \quad C \quad\quad}}
\\ &= 2\pi \cdot 100 \cdot 10~ {6} {~\rm Hz} \cdot 60 \cdot 10~ {-12}{~\rm H} -
{{1}H\over{2\pi \cdot 100 \cdot 10"~ {6} {~\rm Hz} \cdot 10 \cdot 10~ {-9}{~\rm F}}}
\\ &= -121.45... ~\rm m\Omega \\ \end{align*}

With the real and imaginary parts, we can derive the magnitude and phase:
\begin{align*} Z {RLC} &=\sqrt{R"2 + {X} {LC}"2} \\ &=\sqrt{(88 ~\rm
m\Omega)”~2 + (-121.45 ~\rm m\Omega)”~2} \\ &= 150.0... ~\rm m\Omega \\
\end{align*}

\begin{align*} \varphi &=\arctan \left( { {{{X}_{LC}}\over{R}}} \right)\\ &=\arctan
\left( { {{-121.45 ~\rm m\Omega}\over{88 ~\rm m\Omega}}} \right)\\ &= -0.9437...
=-54.07...° \\ \end{align*}
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Exercise E14 Series Resonant Circuit
(written test, approx. 10 % of a 120-minute written test, S52022)
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I ¢hp= case, sted I rhaggiited evahttieei fiopledangevalfu®G: 0$ would be $X_{C0}=Z {RLC}$.

Which value would $C_0$ have for the given $f 0$7?
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The resonance frequency is given as \begin{align*} f {\rmr} &=
{{1}\ove
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= {{1}\over{2\pi\sqrt{60 \cdot 10~ {-12}{~\rm H}
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CO} \\ &= {{1}\over{2\pi f\cdot C}} \\ \rlghtarrow C

With valegss\begin{align*} C}&= {{1}\over{2\pi 100 \cdot 10" {6} {~\rm MHz}\cdot

\
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\Omega} }

= 10.6... ~\rm nF \end{align*}
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| C

1. What is the impedance $\underline{Z} {RLC}$ of this real capacitor for $f 0=100 ~\rm

MHz$? (Phase and magnitude)

Path

The impedance $\underline{Z} {RLC}$ is given by: \begin{align*}

\underline{Z} {RLC} &= R + \underline{X} {L} + \underline{X} {C} \\&=R + {\rm
jHomega L - {{\rm j}\over{\omega C}} \\ &= R + {\rm j}\cdot \left(\omega L -
{{1}H\over{\omega C}} \right)\\ &= R + {\rm j}\cdot {X} {LC} \\ \end{align*}

Putting in the numbers, only for the reactive part ${X} {LC}$: \begin{align*}
{X}_{LC} &= 2\pi\cdot \quad \quad f_0 \quad \quad \cdot \quad L \quad \quad \quad \;
- {{1}\over{2\pi \cdot \quad \quad f_0 \quad \quad \cdot \quad \quad C \quad\quad}}
\\ &= 2\pi \cdot 100 \cdot 10"~ {6} {~\rm Hz} \cdot 60 \cdot 10~ {-12} {~\rm H} -
{{1}\over{2\pi \cdot 100 \cdot 10" {6} {~\rm Hz} \cdot 10 \cdot 10™~{-9}{~\rm F}}}
\\ &= -121.45... ~\rm m\Omega \\ \end{align*}

With the real and imaginary parts, we can derive the magnitude and phase:
\begin{align*} Z {RLC} &=\sqrt{R"2 + {X} {LC}"2} \\ &=\sqrt{(88 ~\rm
m\Omega)”™2 + (-121.45 ~\rm m\Omega)~2} \\ &= 150.0... ~\rm m\Omega \\
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\end{align*}

\begin{align*} \varphi &=\arctan \left( { {{{X}_{LC}}Nover{R}}} \right)\\ &=\arctan
\left( { {{-121.45 ~\rm m\Omega}Hover{88 ~\rm m\Omega}}} \right)\\ &= -0.9437...
= -54.07...° \\ \end{align*}
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