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Exam Summer Semester 2023

Additional permitted Aids

e non-programmable calculator,
e formulary (2 DIN A4 pages)

Hits

e The duration of the exam is 60 min.

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

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 Resistivity and temperature dependent Resistance
(written test, approx. 7 % of a 60-minute written test, SS2023)

Ub & edditst hlier el dtidib fp difitmrdstietit$ cime fifid dp P6biy ropsietEri s btitatddscribed by the
$BéL5;Eveai didnmcap axiponkasiainforteohal kutfas e ade) Akd 0@ st fitnwabmld 2% HBP S distar@0$ for

bEHmenvden {2025 o AEP dhd \$F0AMmErm °C$)
$R@F@§?stivity of the dielectric material is $\rho_{\rm PP}(20 ~\rm °C)=10"{17} ~\Omeqa

n$

:or.kh%%ﬂ,@i%%ﬁﬁﬁﬁ\f@rf,@r%@%@éﬁ@@@mﬁ@@%ﬂy@mﬁ ~\rm °C¢ and ¢55
-\rm °C$ are given as $\alpha =-0.048 ~\rm 1/K$ and $\beta=+0.00057 ~\rm 1/K"2%.

\begin{align*} R(55 ~\rm °C) &= R(20 ~\rm °C) \cdot (1+\alpha\cdot\Delta T +
\beta\cdot T*2 + ...)\\ &= 80 ~\rm G\Omega \cdot (1-0.048 ~\rm 1/K \cdot(35 ~{\rm
K}) + 0.00057 ~\rm 1/K~2\cdot\Delta (35 ~{\rm K})~2 ) \end{align*}
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Calculate the resistance for the dielectric material for $20 ~\rm °C$.

Solution

\begin{align*} R(20 ~\rm °C) &= \rho\cdot {{d}\over{A}}\\ &= 10" {17} ~\Omega
\rm m \cdot {{0.8\cdot 10™{-6} ~\rm m}\over{l ~\rm m~2}} \end{align*}

Exercise E4 Analyzing a Scope Plot
(written test, approx. 12 % of a 60-minute written test, $SS2023)

Brn\VénbdshatosngiideihififcHofiabogwslersiider betf §mdradiaentand degree)?
ReSWEeasured current curve shall be visible as a dashed line.
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jbletcuntinuous line shows the voltage.
\begin{align*} fhaty65.&=15mKHeY \Kigrebiths £ 05 Hein-Arkerd{algmtfalign*}
\oegm{angn | Warpm SMST { F\aUasUp0; - WMV \Vagpiaseyv BOrenavesph 10.6
~\rm V\ | {\fm RMS} &= 0.3535... §\rm A \rightarrgw |_{\rm RMS} & 0.35 f\rm A
\end{\allgn*},/ \L | | | 7\

ge{{1}

re}rﬁ
\

t{ﬁé}uéﬁﬂﬁléover
J aqlLrﬂ \cdot
={{1} \over {2} }\¢ ) . \end{al
gin{aligR*l \UarpRiceEm W DNGTAEaHEpi \end{align*}
N\ Pl
_/Similar for the current. N\ = /
[ N_A
5V /Div 0.1ms/Div 0.25A/Div

Use the correct symbols and units in your answers!

1. Calculate the frequency $f$ of the periodic signals.

Solution

Frequency $f$ is given by the period $T$. The period can be measured in the imagine
of the scope.

1. The sine waves repeat after $6 ~\rm divisions$ (e.g. from falling turning point to
falling turning point of one curve)
2. The scale is $0.1 ~\rm ms/Div$

\begin{align*} f &= {{1} \over {T}} W T &= 6 ~\rm Div \cdot 0.1 ~ms/Div \\
\rightarrow f &= {{1} \over {6 ~\rm Div \cdot 0.1 ~ms/Div}} \end{align*}

Exercise E5 Complex voltage dividers
(written test, approx. 16 % of a 60-minute written test, S52023)

2h Bariire A hietbevo dinpiiddaaenpliahtins| EmtOi}e reslltheg pHespindse thefbbetaleenpedance

B‘ﬁﬁ\ﬂb@imﬂ UGChoose faandpfivapeidiibe 8daling factor and write it down.
e $R = 1.1 ~\rm k\Omega$

Soluéign = 3.5 ~\rm mH$
3eBuigunderline{U} \rm | =5 ~\rm V$
Yoagio{alsd MuddieragdE} &&S0vmiiketoeBd{aNgniOmega \end{align*}
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\begin{align*} \underline{U}_{\rm O} &= 0.5 ~\rm V - j\cdot 1.5 ~V \end{align*}
The formula toBtart with is the (complex) voltage divider: \begin{align*}

Aredrnfeer I eR sl HER HAlees O IMReHaneRs: N\RTeHiee (& Liis paeabto
i5 legas to1dbegindRYgnda {Rann\ent pfit dor 4 R} \quegst{2\pi

LI FARGETIS (1]
\%1?&{ iW&ror{Z 1.3 @H 2BV dyat e vie{A\&nid\@iRinE2\pi \cdot 3.5 \cdot
r10 ~3 rm {As} \opverl{N }’1 \end{align*}

v

v

T

ZIJ_
v

.. Calculate the impedance $\underline{Z} LS.

Solution

\begin{align*} \underline{Z} L &= {\rm j} \cdot \omega \cdot L \\ &= {\rm j} \cdot
2\pi \cdot 150 ~\rm kHz \cdot 3.5 ~\rm mH \end{align*}

Exercise E1 Pure Resistor Network Simplification
(written test, approx. 12 % of a 60-minute written test, S52023)

Zh€alicalatdehevwshalydatgneere $\rm K$, when switch $\rm S$ is closed.
Result

The values in the circuit are
Solution

e $R_1 = 60 ~\Omega$

Wndhagiati gt R et e i Ssinlifd~+ e girtaitod dligogdned switch. \begin{align*}
R $Rm eqd®=\QpRoWmMega \end{align*}

FPheRvdlitagr0dividenfegapde $\rm K$ has the same proportionality as the voltage
digder fion iBie $\L K\gmIVigrefore, the potential of $\rm K$ is the same as for $\rm
K'$. There will be no current flow through $R_3$. The resistance does not create a
voltage drop and therefore does not interfere with the circuit.
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1. Calculate the voltage at node $\rm K$, when switch $\rm S$ is open.
It might be beneficial to redraw the circuit first.

Solution

Rearranging the circuit one can get:
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Once the switch $\rm S$ is opened, the upper part is a parallel circuit. Therefore,
$R_{\rm eq}$ is given as: \begin{align*} R_{\rm eq} &= (R_1+R 2)||(R_1+R_2)+R 4\\
&= {{1}\over{2}}\cdot(R_1+R 2)+R 4\\ &= {{1}\over{2}}\cdot(60~\Omega +
40~\Omega) + 100~\Omega \\ \end{align*}

Exercise E2 Pure Resistor Network Simplification |
(written test, approx. 14 % of a 60-minute written test, S52023)

Thawdiné bepoy shibddgeeshiaiébe given as $U_{\rm AB} = 60 ~\rm V$. What is the value for
Besuls the circuit?

solution
\begin{align*} B &% 2¢\r&=\SR \emdifaligm*}

The current through the circuit is given as $I_{\rm AB} = U_{\rm AB} \cdot R_{\rm eq}
$.

This current has to flow in summary through parallel branches. The voltage $U$ in
question in the upper right branch given by $(4R||4R)+2R+2RS$. Its resistance is just
the same as the upper left branch $6R$.

Therefore, half of the current flows to the left half to the right side.
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The voltage $U$ is consequently: \begin{align*} U &= {{I_#\rm AB} }\over{ 2\cdot
R {\rmeq} }} \\ &= {{U_{\rm AB} \cdot 2R }\over{ 2\cdot _%.
~\rm V Hover{ 5 }} \end{align*} 9.R

rmeq} }}\\ &= {{60

1. What is the equivalent resistance $R_{\rm eq}$?

Solution

Part of the circuit is shorted. Here the resistors (marked in red) are shorted by the
connections marked in blue:
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The circuit can then be rearranged for better interpretation:

Therefore, $R_{\rm eq}$ is given as: \begin{align*} R_{\rm eq} &= (2R||2R + R +
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R)||6R &&+ 6R [|(2R + 2R + 4R||4R) \\ &= (R + R + R)||6R &&+ 6R ||(2R + 2R + 2R) \\
&= 3R||6R &&+ 6R ||6R \\ &= {{3R\cdot 6R}\over{3R+6R}} &&+3R \\ \end{align*}

Exercise E3 Equivalent Linear Source
(written test, approx. 10 % of a 60-minute written test, $52023)

The circuit below has to be simplified. Use equivalent linear sources for simplification.
Reftitate the internal resistance $R \rm i$ and the source voltage $U \rm s$ of an equivalent
linear voltage source.

e $R 1 =5 ~\Omega$

Yagnd &g+ Wnrass &= U_{\rm AB} =1.11...~\rm V\ R_{\rm i} &= 5.55...
«~\PRn2ga Yebd{Divete$

e $1 3=0.5~\rmA$

e $R 4 =10 ~\Omega$

e U5 =4~\rmV$
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$$\r...

L h

Solution

The principle idea here is to find parts of the circuit which are already a linear (voltage
or current) source. Then this can be transformed into the equivalent other source, as
shown in the next picture.
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$3\r...

Y

In order to get the currents one has to calculate it by $1 x = {{U_x}\over{R x}}$
\begin{align*} |_0 &= {{U_O}\over{R_1}} = {{10~\rm V}\over{5 ~\Omega}} = 2
~\rm A\ | 5 &= {{U 5}\over{R 4}} = {{4 ~\rm V}\over{10~\Omega}} = 0.4 ~\rm A
\\ \end{align*}

$1 3% and $I 0% can be combined to $I {03}=I 0 -1 3$ facing upwards: \begin{align*}
| {03}=1.5~\rm A \end{align*}

Then, the linear current source $|_{03}$ with $R_1$ gets transformed into a linear
voltage source with $U_{03}=R_1\cdot | {03}$ facing down. \begin{align*}
U {03}=7.5~\rm V \end{align*}

Then, the resistors $R_1$ and $R 2$ can be combined to $R {12}=R 1 + R 2$.

After this, the next step is to make a linear current source out of $U_{03}$ and
$R _{12}$. The current will be $1 {0123}={{U_{03}}\over{R _{12}}}$, facing up
again. \begin{align*} 1 {0123}=0.6~\rm A \end{align*}

The second-last step is the sum up of the current sources $1_{0123}$ and $I_5% as
$1 {01235}=1 {0123}-1 5% and the resistors as $R_{124}=R {12}||R_4S.
\begin{align*} | {01235} &=0.2~\rm A\\R {124} &=5.55... ~\Omega \end{align*}
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The final step is the back-transformation to a linear voltage source, with $U_{\rm AB}
= R {124} \cdot | {01235}5.

The simplest and fastest (= for exams) is to work with interim results in the
calculation.
Here, there there is also a full final formula given:

\begin{align*} U \rm s &= U_{\rm AB} =1 {01235} \cdot R {124} \\ &= (I_{0123}-

| 5) \cdot (R_{12}]|R_4) \\ &= \left({{U_{03} }over{R _{12}}}-I_5\right) \cdot
\left((R_1 + R_2)||R_4\right) \\ &= \left({{R_1\cdot |_{03} F\over{R_1+R_2}}-I_5\right)
\cdot \left((R_1 + R_2)||R_4\right) \\ &= \left({{R_1\cdot \left({ {U_OH\over{R_1}} -
|_3\right)}\over{R_1+R_2}}-I_5\right) \cdot \left((R_1 + R_2)||R_4\right) \\ \end{align*}

Exercise E6 (Dis)Charging Capacities
(written test, approx. 14 % of a 60-minute written test, $52023)

T st i bR il RS ATkl et e finriiéings ti2efyvémg . DAloat. will be the
Mbﬁﬁmppmm&ymﬁmeﬁ@sha&s 1$ SW|tches to the situation shown in the drawing. What is
EoduisitimeQconeta ViR
e $C 1 =200 ~\rm nF$

>0lutigR 1 = 8.0 ~\rm k\Omega$

>0l UBI@IR Y 247} Ml n 8l 3- B o-ns\end fiaatith* }
\oeging atight 6 R B \deediahantAtau} ) \\ &= 10~\rm V \cdot(1-
@ "Hl-4-ntsRBrnmsa$ \end{align*}

X@giﬁultfﬂntiﬁféf@@ﬁﬁgﬁe@@waémw@mmea@rqb'txgmnaéil e} ot HE s i prigdletwith
@]d,{-blﬁgm}wmhou paraIIeI resistors, the current sotrr@e wg Id charge the

e I&Es ﬁRllﬁRzi\ﬁd@t C &= (8~\rm
\m F X &= 25\cdot 10~ {$] \&dot 0.2

, ot fghealion*
aci$I r, since it is in paraflel wit\ the

R, ucl

Before $t_0% all switches are switched as shown and the capacitor is fully discharged.
At $t 0=0 ~\rm s$ the switch $S_1$ shall switch to the voltage source.

1. Calculate the time constant for charging the capacitor.
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Solution

The time constant is generally given as: \begin{align*} \tau &= R\cdot C \end{align*}

Once $S 1% is closed and $S_2$ is open at $t_0$, the source $U$ drives the current
through the series circuit given by $S 1%, $C$, $R 1$ and $R_3$.

Therefore, $R= R 1 + R 3% \begin{align*} \tau_1 &= (R_1+R 3)\cdot C\\ &= (8~\rm
k\Omega + 7~\rm k\Omega) \cdot 0.2 ~\rm \mu F \\ &= 15\cdot 10~ {3} \cdot 0.2
\cdot 10~ {-6} ~\rm {{VHover{A}}{{AsHover{V}}\ \end{align*}

Solution

Both courses of the voltage for charging and discharging are described with an
exponential function. However, the curve for charging increases first steep and flattens
out for longer time scales ($\propto (1-e”{-x})$).

Exercise E7 Impedances at Frequencies
(written test, approx. 14 % of a 60-minute written test, S52023)

At Arbigiifitom enittie$CstRow BIER-Riminig JdéiraiaiemdsGive ihemaidtlesls! & value Uhthe
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Repeliridaciasunrichtti Rickyl tr §8-BnAtnd Cmegaband $L 1 = 15.9 ~\rm \mu H$.

Solution

\begin{align*} f &=3AHITA. -\ vaw iz ammmmIE— @E0o~Nrimrit2 \emd{aligm*}
kHz}\end{align*}

\begin{align*} X_{(2} &=Xp{lRja\koietddh At 1823 {{ M \bidghiGoeoaipl 382
\cOot{T 133 e @2} mcdot] L 83\ \EigH{amtr{iz thisATtiega G od el MRyttt 1757 B
Sedof {2 dr28a § {60 AT IORNE3 QRN DRIN B I t\idoB T2 of il 106k PN wih }

\sor{ A Tohosaid Y NsdioketAb g A s@¥\aiitAINeH A Soghfdbiph¥ } { {1 Hover\rm {V/As
\cdot A/Vs}} }\\\end{align*}

Exercise E1 Efficiency
(written test, approx. 14 % of a 60-minute written test, $52023)

ﬂﬂ%&%ﬁtmmme\h&ﬁesﬁp@ssiblbmﬁxkhey\?m V$ The battery shall provide energy for a

bitbtiettievimneidienloadaedisienaseai iR Sirmlis2 +94Goneg kel ake fodnteingorelis isrecfrom
HeAUtEmP hedoh HaftéryIlatasheels.

‘begnel{raiign*ﬂéﬁé‘ﬁmﬂ it DN ghdAestvdaifaignitehd § ol 84}
5 i mf:" 4=]R~\krm|¥\E\\ &= {{2
v\Dype@a]s\awmt? $\Dﬁ®®ga\1+rr0rﬂih$\0mega}} \end{align*}
\wavest aficihdy Yon highdstroueatosd {6 Hin{ \rfhober fRaximih #hR_daseijthe
.. Deffidigm@qgtilvalent circuit diagram with the internal resistance and an external load.
.abshedindttgrtland vurreittst }={{Q}over{q \rm e}} \\\ Q &= 2.6 {~\rm Ah} \\ &=
Weqtti! Res0 ElardAd W & ¢368_jrovrincaer L{aspiP{s-naxE} \eved {Hliyw S} \
&=1-R \rmi\cdot {{l {\rm Dis max}}\over{U \rm S}} \&=1-0.05 {~\rm
es\imega} \cdot {{3~\rm A}\over{3.5 ~\rm V}} \\ \end{align*}
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