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Exercise E1 Resistivity and temperature dependent Resistance
(written test, approx. 7 % of a 60-minute written test, SS2023)

Ubéreddiist Hnies esfidtiondicpditierdaietiRé aims fiaddp RoEAyropyiet B cbetitatddscribed by the
BB venl fitrincapaciponkasiaifortental butfis e afe Akd st fitnwimld 2 £RD5 eHsEAHAR0$ for
HEHmenvten #2065 oh EP dha \$F0AMArm °C$)

ii’ﬂl;“F@sﬁstivity of the dielectric material is $\rho_{\rm PP}(20 ~\rm °C)=10"{17} ~\Omeqa

n$.
‘or e align e R63Bre\rankarSem B0 BRI AERE YeRbH VY —\rm °Cg

-\rm °C$ are given as $\alpha =-0.048 ~\rm 1/K$ and $\beta=+0.00057 ~\rm 1/K™
\begin{align*} R(55 ~\rm °C) &= R(20 ~\rm °C) \cdot (1+\alpha\cdot\Delta T +

\beta\cdot T2 + ...)\\ &= 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*}

¢ER
Yoo
$.

S
N

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
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\rm m \cdot {{0.8\cdot 10" {-6} ~\rm m}\over{l ~\rm m”~2}} \end{align*}

Exercise E1 Resistivity and temperature dependent Resistance
(written test, approx. 7 % of a 60-minute written test, SS2023)

Uhéraisitst ke exfidtiodibfpdifiterdisietRi cm it sp PébArropyki i bititatddscribed by the
BBovenl ftnncapaciponbasiarfarteatal butfis e ases Akd b@st fitnwdmlt 2% #BRS dist5raR0$ for

bEleey ten 12 0es oh$ AEP e \$A0Am$rm °C$)
PR HAtivity of the dielectric material is $\rho_{\rm PP}(20 ~\rm °C)=10~{17} ~\Omega

n$.
‘or Bedinalign e R63Bre\ranarSe B0 BRI AERE YeRbH VY —\rm °Ce

-\rm °C$ are given as $\alpha =-0.048 ~\rm 1/K$ and $\beta=+0.00057 ~\rm 1/K™
\begin{align*} R(55 ~\rm °C) &= R(20 ~\rm °C) \cdot (1+\alpha\cdot\Delta T +

\beta\cdot T2 + ...)\\ &= 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*}

¢ER
P
$.

S
N Q

Calculate the resistance for the dielectric material for $20 ~\rm °C$.
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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 E1 Analyzing a Scope Plot
(written test, approx. 12 % of a 60-minute written test, $52023)

sehitiosnigdes Wi i tfohofaingwsierdmdidert bed? dmdradreentand degree)?
iRlﬁiélﬂﬂieasured current curve shall be visible as a dashed line.

The continuous line shows the voltage.
Solution

\begin{align*} thati86.&= 1\lfrmkhhz‘l’ \,kikﬁ&tairb\&a%&lr—s LorhArkerkdHalemdddlign*}
YoeginT alig AW &S &F\GQWWWWﬁRO.6

~\rm m RMSNg= 0.3535... 4\rm A \rightarraw |_{yfn RMS} S\0.35 frm A
:',::‘:':j. s B/bm @ ﬁ?ﬂEMMM W_BQ@@{{].}
mﬁmﬁmbmmmwmmmmmmmw Jags the cogrend,

A fyﬂ fdians. AR ;
bt el Uhudhamd BNS Yk agie{ e Srrenmiliviicadd 24 k\d;):h—\ {L flpdover
R%@mﬁtz}e\m% k-5\r-|°r\m\f1 $I {\lrm RMS},& f}/ 1} \over {2} } sqrt{zz \cdot

LLIN Aoy 1\Q (21 \bdet 6 LIRS PR S| PRROL

\ULI* {8 } —.11J.r \\SA'A=1 LLJ‘ i \:Q{L Z ¢ L’ &) \C||.u1a| YT _r.
ygm{ahgn*} \DakpHirete=\ Y, @Mgﬁf# iwy/r{l ¥/Dpixendéabentpi \end{align*}

/

/Similar for theé current. N

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

Exercise E1 Complex voltage dividers
(written test, approx. 16 % of a 60-minute written test, S52023)

Zh Bariirel dhistbevo dinmiiideypmemeiliab this| fmthidle reslthag phespindoe Hindfobetaleenpedance
Bﬁﬂd%imﬁ%ﬂpm@%mdmuopeiﬁheﬁdhﬂng factor and write it down.
e $R = 1.1 ~\rm k\Omega$

Solusign = 3.5 ~\rm mH$
deBuiGNuNnderline{U} \rm | = 5 ~\rm V$

Yoagin{aliht HufdkeHzEdR } &E& S0 vimitketoteBd{aNign®Omeaa \end{align*}
\begin{align*} \underline{U} {\rm O} &= 0.5 ~\rm V - j\cdot 1.5 ~V \end{align*}

Ahaybeffreaskes Wiernkselete yrprRsoR onpedanwsch\updgninaigiL$ is equal to
RHaegrH is \gadetimapegindehion™fcldh mp repielé SR £ {fkin\pMetd2\pi

.. Calculate the impedance $\underline{Z}_L$%.

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

The values in the circuit are
Solution

e $R 1 =60 ~\Omega$
Wnehegatigient Rt g i Ssinlifd~+ e girteitof dligogdned switch. \begin{align*}
R ${m eqdB=\@B®RITMega \end{align*}
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e $R 4 =100 ~\Omega$
Fhel dteyAdiyidet for Yiou¥ $\rm K$ has the same proportionality as the voltage

divider for node $\rm K'$. Therefore, 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.

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 E1 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 E2 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 E1 (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 E1 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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Exercise E2 Analyzing a Scope Plot
(written test, approx. 12 % of a 60-minute written test, $52023)

ghittiEneifgddE g if troHoifain g gl idelit dedf dmdradiaentand degree)?
iRlﬁiélﬂﬂieasured current curve shall be visible as a dashed line.

The continuous line shows the voltage.
Solution

\begin{align*} that{86.&= 15 \khieV \kidtabfbw £ &5 Hon-Arkarkdalmmtdalign*}
\begin{align*} Wafphi &MST & E\20e6066} 3 \ph\V\éghbadew- 3 0P\kemBM8ihr*10.6
~\rm V\\ |_{\rm RMS} &= 0.3535... ~\rm A \rightarrow |_{\rm RMS} = 0.35 ~\rm A
Tved bt ppisitite Supivte demvgly brcalyi ve diSTimabidiegutic giveneb BitoeRilsgge { {1}
W tferei X b inasERshiéolismies)d tiveave ydahmiedithate lags the current.

A full period has an angle of $360°$ or $2\pi$ in $\rm radian$.
Oedindaéemite] budermi Ve ydsagelds Sananialivfismatad dedpdt\iad Wtz bf thdover
pRFE Bpre2le\si6b I\l MNE1_{\rm RMS} & ={{1} \over {2} } \sqrt{2} \cdot
\hat{I} ={{1} \over {2} } \sqrt{2} \cdot 0.5 ~\rm A \end{align*}

\begin{aliga*} \bakpHi e\ Amr-\[T0 BiwoAat wvarm §/Dbivendabe?ipi \end{align*}
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SITHIal TOT the CuUrrerit.

- - ——
Ry SN ’ N
P “. ’ N
7 N J/ \\
Z \\ 4 A
’ \ ’ K
’ N
’ \ )/ \

/ N\ |/
N\

N

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

Exercise E3 Complex voltage dividers
(written test, approx. 16 % of a 60-minute written test, $52023)

Zh Bariiral dhistbevo dinmiiiddeypmempiliab thes| fmithidle eslthag pHespindoe Hindfobetaleenpedance
Bﬁﬁ\db@imm UGChoose famnapifivapeidiibe 8daling factor and write it down.
e $R = 1.1 ~\rm k\Omega$
Soluéign = 3.5 ~\rm mH$
3eBuigunderline{U} \rm | =5 ~\rm V$
Yoagin{alihr ~ufukratidR} &£ S0{¥imitketoteBd{aNgn*hOmega \end{align*}
\begin{align*} \underline{U} {\rm O} &= 0.5 ~\rm V - j\cdot 1.5 ~V \end{align*}
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At cut off frequency the absolute values of impedances $\underline{Z} L$ is equal to
$henflertio BarRilvithhis thads émplegindatigedividemsatofflalign{{ R} \over {2\pi
\adoieH giat\LAGS {Veng ULV X \avian{¥eH dt X YRIerof2vpi R §tria5 ductivt

200 133§ &emubiisr g ¢olV X\inm H\eoddiaigR¥Nover {R+{\rm j}\cdot Z L }} \cdot
F— i}\cdot Z L}l‘n er {}i {\rm jH\cdot Z L }}\\ \end{align*}

YT

.. 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 E1 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.

MEXLE Wiki - https://mexle.te.hs-heilbronn.de/



2026/05/05 11:32 26/30 Exam Summer Semester 2023

$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 E4 (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.

MEXLE Wiki - https://mexle.te.hs-heilbronn.de/



2026/05/05 11:32 28/30 Exam Summer Semester 2023

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 E5 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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