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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*}

electrical_engineering_and_electronics:task kytl5wlle3sempb2 with_calculation
resistivity, power, exam eel 552023

Exercise E4 Analyzing a Scope Plot
(written test, approx. 12 % of a 60-minute written test, S52023)

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


https://mexle.te.hs-heilbronn.de/electrical_engineering_and_electronics/task_kyt15w11e3sempb2_with_calculation
https://mexle.te.hs-heilbronn.de/tag/resistivity?do=showtag&tag=resistivity
https://mexle.te.hs-heilbronn.de/tag/power?do=showtag&tag=power
https://mexle.te.hs-heilbronn.de/tag/exam_ee1_ss2023?do=showtag&tag=exam_ee1_ss2023

2026/03/19 18:32 4/16

chiosngiiE i iftfdHoiainthssleraidelt bee? dimdradisentand degree)?
The measured current curve shall be visible as a dashed line.

The continuous line shows the voltage.
5olution

W%W\wm ThWF 35 Farm-ArRendateoro g lign*}
\begin{align*} Wai'phi &MS} & =\a0a5066} + Woh\V\dapha &ew B0\ kemB8#8ipk+10.6
’ Q@ 0.3535... -j\rm A \rightarrdw |_{\rppARMSNE 0.35 $+\rm A

Exam Summer Semester 2023

s ’.:;“:', Y | ' ﬂ/bﬂ%@’]m@ﬂﬁuﬁm M Wﬁﬁ@?{{l}
bmmﬁhi i xafuie b et i s the cogrent
A fy«fﬂ r|od Has an awgle o\ 60°$ 4r $2\p|$ in $\ dian$. N\
hedlng ad i Uy aarod BRGS S8l aoiel 6 disficafitg 24 46

a2k =Yt thaover
sqrt# N \cdot
N\

! ) \over \3l ” : a7 A L .
egin{align*} \vardhidst= Ay B osef %v?/r{l ¥/Dpixendéabentpi \endl{align*}
/Similar for the current.

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*}

electrical_engineering_and_electronics:task_1m3izw2szosswtto_with_calculation
exam eel ss2023

Exercise E5 Complex voltage dividers
(written test, approx. 16 % of a 60-minute written test, $52023)

Zh Bariral dhisthevo cinmjiddepaempiiiabthes| fmthidle esitheg pHespndoe Hindfobetaleenpedance
Bﬁﬁ\d%imﬁ%ﬂom@%mdmuopeiﬁheﬁdaﬂng factor and write it down.
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JebuithR = 1.1 ~\rm k\Omega$
\bé&dir 3lyrAFriulhF nedH } &=550{vimyiketoteB3{aNgn#\Omega \end{align*}
oayimtaligna Wngenine {8} P} &= 0.5 ~\rm V - j\cdot 1.5 ~V \end{align*}
e $f 0 = 150 ~\rm kHz$
The formula to start with is the (complex) voltage divider: \begin{align*}
Riradradrequeney te @bselHtrMaees df {MReAaners \RTiqsiee (&) i paeabto
2\unpiprlizad heT0F leads tordbenipdrliapterd {Ram\entpfit dor 4 {R} ) \u@st{ 2\pi
) Hpoet TRGrivdyot e vien{AT\énd RRynEZ\pi \cdot 3.5 \cdot
{\rm {As} \ovér{V} .} }} \end{align*}

™ [kl
Qll\j lQo

1. 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*}

electrical_engineering_and_electronics:task c9fj1si71797equs_with_calculation
impedance, phasor, cutoff, exam eel ss2023

Exercise E1 Pure Resistor Network Simplification
(written test, approx. 12 % of a 60-minute written test, $52023)

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

The values in the circuit are
Solution

e $R 1 =60 ~\Omega$

WnehegiatigiRnt R et e i Ssinlifd~+ e girteitod dlioogdned switch. \begin{align*}
R $fm egd&=\QpRIWmMega \end{align*}

PheRsditagb0dividenfegapde $\rm K$ has the same proportionality as the voltage
digider ion Ble S\L K\gmTigrefore, 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*}

electrical_engineering_and_electronics:task_cgeyprm6oboukcci_with_calculation
network simplification, exam eel ss2023

Exercise E2 Pure Resistor Network Simplification |
(written test, approx. 14 % of a 60-minute written test, $52023)

Zhdlawdihé bepow shibddgeesyiaiéibe given as $U_{\rm AB} = 60 ~\rm V$. What is the value for
Besuil the circuit?

solution
\begin{align*} B &¥m 2e\r&=V5R \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 $(4R||4R)+2R+2R$. Its resistance is just

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


https://mexle.te.hs-heilbronn.de/electrical_engineering_and_electronics/task_cgeyprm6oboukcci_with_calculation
https://mexle.te.hs-heilbronn.de/tag/network_simplification?do=showtag&tag=network_simplification
https://mexle.te.hs-heilbronn.de/tag/exam_ee1_ss2023?do=showtag&tag=exam_ee1_ss2023

2026/03/19 18:32 8/16 Exam Summer Semester 2023

the same as the upper left branch $6R$.
Therefore, half of the current flows to the left half to the right g&e.

The voltage $U$ is consequently: \begin{align*} gy {{I_{\rm AB} Hover{ 2\cdot

R {\rmeqg} }}\\ &= {{U_{\rm AB} \cdot 2R }\o _{\rmeq} }}\\ &= {{60
~\rm V Hover{ 5 }} \end{align*}

4.
‘B
1

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*}

electrical_engineering_and_electronics:task_erlctd760zmvox0t_with_calculation
network simplification, exam eel ss2023

Exercise E3 Equivalent Linear Source
(written test, approx. 10 % of a 60-minute written test, $S52023)

The circuit below has to be simplified. Use equivalent linear sources for simplification.

Baredtate the internal resistance $R_\rm i$ and the source voltage $U \rm s$ of an equivalent
linear voltage source.

e $R 1 =5 ~\Omega$

Yoy nd st FWmrugs &= U_{\rm AB} =1.11...~\rm V\\ R_{\rm i} &= 5.55...
«\GRn2ga Yehd{Digrth$

e $1 3=0.5~\rm A%

e $R 4 =10 ~\Omega$

e U 5=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*}

electrical_engineering_and_electronics:task lefxcuaxiu8ewcr9 with_calculation
network simplification, equivalent sources, exam eel ss2023

Exercise E6 (Dis)Charging Capacities
(written test, approx. 14 % of a 60-minute written test, $S52023)

B h Ptz ditiddie i # iz O laa Wﬁlﬂmiﬂmm%mmg PB&loat. will be the
ﬂ%bﬂhmppmmdy@msmmma% 1$ SW|tches to the situation shown in the drawing. What is
Bkt Qconeta M

e $C 1 =200 ~\rm nF$
>0lUsigR 1 = 8.0 ~\rm k\Omega$
>0l UBIGIR A 247 MRN8 3-8 or-nsn\end ia{ahish* }

\oegind atigh FuE( R B deediahantitau} ) \\ &= 10~\rm V \cdot(1-

@ "H-4-ntsRBrnmsiA$ \end{align*}

I&b@iﬁUlth’@fiﬁféh@ﬁﬂk?ﬁlﬂ@‘éﬁé%%@f\/’éwaﬁr%@giﬂ%il ot &0 mradlet with
W{-blﬁgm}wwhou paraIIeI reS|stors the current sotir@e wg Id charge the

e Isofs ﬁRllﬁRzmdétc [&= (8~\rm
\mbs F &= 25\cdot 10 { \ldot 0.2

etdqgngtéalion”

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

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 {{V}\over{A}}{{As}\over{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 ($\propto (1-e”{-x})$).

electrical_engineering_and_electronics:task p8yrdjr60k6bvc4n_with_calculation
charging, capacities, exam eel 552023

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

Bt Avb ninixiou erithiehCs Bow SR-Radowimig jdgirapieieandbive ithemsanatlipB3s! B8 value Uthe
Bepeliztescasuarempaditd =with $6h 3nAS.6 ~\rm nFs$.
1. An inductor with $X_{L1} = 60 ~\rm m\Omega$ and $L 1 = 15.9 ~\rm \mu H$.

solution
olution

\begin{align*} f &=3ATHIAA. >--{\eriwitizA i eammomf 12— @B00~\rimrki2 \emdi{align*}
kHz}\end{align*}

\begin{align*} X {2} &=X{ {TB YoVaotheyedh\dwdbt3Cs23 {{ H\bVeA\enEpiF 2
\bgsird aliop) Hpitel IokaoprEgRl (Makxtbm P3¢ elal doderioh mrgarafidvie3
e (P ergR R0 \sqa kAP ) drold R imioruBE g Renb REat d2ioeeptrpiP )
\eiF TR YowandnSeE dateetasiotdl@ i3 bl yoved diZdpgiedet 11P. 9 1ade6vdH(rinbi/hdrm
o dt s Neyerf Ahkeddesegr<f {VsHover{A}}}} \\ \end{align*}

electrical_engineering_and_electronics:task_uzbbnoz8abe6201d_with_calculation
exam eel ss2023

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

Mwmmmesﬁp@smlbmfﬁxibhey\?m V$ The battery shall provide energy for a

bitbtiettievimmneidienloadaedisi@nasead iR Sirmlis2 +94GonegakeT ake fodnteirngorelips isrcfrom
HRUIERD hodoh DAt ErYAatasheels.

\begner{raaigmmamgﬂw

iR D A il farig kg ¢ § &l [y B4}
it 4=R~\xrm|ms \ &= {{2
~\Dypm]s\axmtt? $\m®®ga\1+rr0rﬁih$\0mega}} \end{align*}
\mepst efitriehdy Yonhighestrouseodosd {& $in{\rfober ffaximib $hR_tasejthe
.. Deffidigm@qgtilvalent circuit diagram with the internal resistance and an external load.
abdbedindibgrsland{bumréeitst }={{QHover{g_\rm e}} \\\ Q &= 2.6 {~\rm Ah} \\ &=
ettt BeGd etardAd N W & 3368 _jrmrincaor 9rpid{s-maxE}\eued {Hliyie 51+ \\
&=1-R \rmi\cdot {{I {\rm Dis max}}Hover{U \rm S}} \\ &=1-0.05 {~\rm
es\imega} \cdot {{3~\rm A}\over{3.5 ~\rm V}} \\ \end{align*}
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electrical_engineering_and_electronics:task_ w3wf215v2u98ty07 with_calculation
efficiency, charges, power, exam eel ss2023
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