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Exam Winter Semester 2022

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 Resistance of a Wire by Resistivity
(written test, approx. 6 % of a 60-minute written test, WS2022)

2. héwtingatingnelennead ésof sedl ich herae tivire weibhta actemdpencsse ofi ¢l 80usadhid GhdelBatric
BasHi power dissipation (= heat flow) of $P=40 ~\rm{W}$ is necessary.

Nadbudehe ke aomenbé | Blinked€d ranuperatioly. for heating elements.

The Nichrome wire has a resistivity of $1.10\cdot 10" {-6} ~\Omega \rm{m}s.

"he heating element is $3 ~\rm{m}$ long and has a diameter of $3.57 ~\rm{mm}S$.

olieDiadetion te fetrARa Wneordslimgiinlinett.

>olution
\begin{align*} P = U \cdot | = R \cdot 1™2 \quad \rightarrow \quad I=
\sqrt{\frac{P}{R}} = \sqrt{\frac{40 ~\rm{W}}{0.33 ~\Omega}} \end{align*}

\begin{align*} R &= \rho \cdot \frac{l} {A} && | \text{with } A =r"2 \cdot \pi =
\frac{1}{4} d~2 \cdot \pi \\ R &= \rho \cdot \frac{4 \cdot I} {d"~2 \cdot \pi} && \\ R &=
1.10\cdot 10" {-6} ~\Omega \rm{m} \cdot \frac{4 \cdot 3~\rm{m}}{(3.57\cdot

107 {-3}~\rm{m})~2 \cdot \pi} && \\ \end{align*}

2025/11/22 19:25
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Exercise E2 Temperature-dependent Resistance
(written test, approx. 6 % of a 60-minute written test, WS2022)

3. tRdgaidinag| g uesspiiotsda e e fadines tenEoedt enmektie gredremmsist can Sitreditterigidgtdd has a
ReEill & recopesikteenron (kG s ah ex33natiom @} gour answer.

Its temperature coefficients are: $\alpha=0.01 ~{{1}\over{\rm{K}}}$ and $\beta=71 \cdot
10~ {-6}~{{1Nover{\rm{K}~2}1%

Rfs'réL&I:mperature inside the refrigeration system can reach down to $-40 ~°\rm{C}$.

. oegindatisn o fsfem @ DHEanAraesat dend {ahgithy ¢

Resipmnretrahtfierrekstoic§Pendigydnit]of thécdotuit 2md gehe o heafRTheérisfore, a

>0l uiggbiplersiets binertight Reat up the refrigeration system.
Therefore, with constant $U$ and increasing $R$ the power decreases. Ten times more
resistance decreases the heat flow to one-tenth.

\begin{align*} R &= R_0 \cdot (1 + \alpha \cdot \Delta T + \beta \cdot \Delta T"2) && |
\text{with } \Delta T =T_{\rm end} - T_{\rm start}\\ R &= 10 ~\rm{k}\Omega \cdot
\left(1 + 0.01 ~{{1}H\over{\rm{K}}} \cdot (-40~°\rm{C} - 25~°\rm{C} ) + 71 \cdot
10~ {-6}~{{1H\over{\rm{K}~2}} \cdot (-40~°\rm{C} - 25~°\rm{C})”"2 \right) \\
\end{align*}

2025/11/22 19:25
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Exercise E3 Pure Resistor Network Simplification
(written test, approx. 13 % of a 60-minute written test, WS2022)

TheHelbwtoh shallibovithe Rldsed0QataOiategdt éGuRaRB-raditahOmneRaf\anceiis deitween
Begthgined. $\rm BS.

so0lution
\begin{align*} R_{\rm eq} &= 133.8 ~\Omega \\ \end{align*}

Now a wye-delta transformation is necessary.
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Since $R_2=R_3$ and based on the equations for the transformation, the transformed
$R_Y$ is given as: \begin{align*} R_{Y} &= {{R_2\cdot R 2}\over{R 2 + R 2 +

R 2}} \\ &= {{(100 ~\Omega)~2}\over{3 \cdot 100 ~\Omega}} \\ &= {{1}\over{3}}
\cdot 100 ~\Omega = 33.33 ~\Omega \end{align*}

The equivalent resistor is given by a parallel configuration of resistors in series:
\begin{align*} R {\rmeq} &=R Y+ (RY+R 1+ R 1)[|(RY+R 2)\R {\rmeq} &=
33.33 ~\Omega + (33.33 ~\Omega + 400 ~\Omega)||(33.33 ~\Omega + 100
~\Omega)\\ \end{align*}

1. The switch shall now be open. Calculate the equivalent resistance $R_{\rm eq}$ between
$\rm A$ and $\rm B$.

Solution
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$3R

SSR_... OSSR §SRL.. |

The equivalent resistor is given by a parallel configuration of resistors in series:
\begin{align*} R {\rmeq} &= (R2+R 1+ R 1)[[(R 2+ R 2)\R {\rmeq} &= (100
~\Omega + 200 ~\Omega + 200 ~\Omega )&&||(100 ~\Omega + 100 ~\Omega ) &&\\
R_{\rm eq} &= (500 ~\Omega )&&]||(200 ~\Omega )&&\ R_{\rm eq} &= {{500

~\Omega \cdot 200 ~\Omega }\over{500 ~\Omega + 200 ~\Omega} } &&\\
\end{align*}

2025/11/22 19:25
network simplification, exam eel ws2022

Exercise E4 Equivalent linear Source
(written test, approx. 14 % of a 60-minute written test, WS2022)

The circuit in the following has to be simplified.
Result

\begin{align*} U_{\rm s} &= U_{\rm AB} &&= 4.5 ~\rm{VI\ R _{\rm i} &= R _{\rm
AB} &&= 6 ~\Omega \end{align*}
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$$R_,

Calculated the internal resistance $R \rm i$ and the source voltage $U \rm s$ of an
equivalent linear voltage source on the connectors $\rm A$ and $\rm B$. \begin{align*}

R 1=5.0 ~\Omega, & U 2=6.0 ~\rm{V}, && R 3= 10 ~\Omega, \\ | 4=4.2 ~\rm{A}, &&
R 5=10 ~\Omega , & R _6=7.5 ~\Omega, \\ R_7=15 ~\Omega && && \end{align*} Use
equivalent sources in order to simplify the circuit!

Solution

The best thing is to re-think the wiring like rubber bands and adjust them:
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$$R_)

$$u_l,

The linear voltage source of $U_2$ and $R_1$ can be transformed into a current
source $1 2={{U 2}\over{R_1}}$ and $R 1$:
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Msi .. )
$$R_.|:| SR .. SR .

Now a lot of them can be combined. The resistors $R_1$, $R 3%, $R 5% are in parallel,
like also $1_2$ and $1_4$: \begin{align*} R_{135} &= R _1||R_3||IR 5\\| {24} &=1_2 -
| 4 = {{U 2}\over{R 1}} - I 4 \end{align*} The resulting circuit can again be
transformed:

€5nss
€555
£$ IJ-L $R_”l
$BS$
SR_.. L‘i .

Here, the $U_{24}$ is calculated by $I_f(24}$ as the following: \begin{align*} U_{24}
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&= R {135} \cdot | {24} \\ &= ({{U _2}\over{R 1}} -1 4)\cdot R_1||R 3||R_5
\end{align*}

On the right side of the last circuit, there is a voltage divider given by $R _{135}$,
$R 6%, and $R _7%.

Therefore the voltage between $A$ and $B$ is given as: \begin{align*} U_{\rm AB}
&= U {24} \cdot {{R_7}\over{R 6 + R 7 + R 1||R 3|[R 5}} \\ &=

({{U 2}\over{R 1}} -1 4)\cdot {{R 7 \cdot R 1||R_3||R 5}\over{R 6 + R 7 +
R_1||R_3[|R_5}} \\\end{align*}

For the internal resistance $R i$ the ideal voltage source is substituted by its
resistance ($=0\0mega$, so a short-circuit): \begin{align*} R_{\rm AB} &=R 7 || (
R_6 + R_1||R_3||R_5) \\ \end{align*}

with $R_1||R_3||R_5 =5 ~\Omega || 10 ~\Omega || 10 ~\Omega = 5 ~\Omega || 5
~\Omega = 2.5 ~\Omega$:

\begin{align*} U_{\rm AB} &= ({{6.0 ~\rm{V}}over{5.0 ~\Omega}} - 4.2 ~\Omega)
\cdot {{15 ~\Omega \cdot 2.5 ~\Omega}\over{7.5 ~\Omega + 15 ~\Omega + 2.5
~\Omega}} \\R_{\rm AB} &= 15 ~\Omegal| ( 7.5 ~\Omega + 2.5 ~\Omega) \\
\end{align*}

2025/11/22 19:25
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Exercise E5 Charging Capacitors
(written test, approx. 16 % of a 60-minute written test, WS2022)

Zh Bmjita vt i Heouivediitiaptioy) disa thsdsidoaBeRi Hhidie i e mtr s

P k85 8 2B i ppen [ VTHSe voltage across the capacitor is again $0 ~\rm{V}$ at the
moment $t_0=0 ~\rm{s}$ when the switch $S_1$ is closed. Calculate the voltage $u_c (t_2)$
across the capacitor at $t 2=1 ~\rm{ms}$ after closina the switch.

RARIRE solve this, first create an equivalent linear voltage source from $U$, $R_1$, and
;R_\RAgR{align*} Delte3D) ABniAdzsweddhaigH{andalign*}

>olubidgiEs{ atigakpnDeltanY¥hR & Nedttadlv Clta de=s§iida chiés {arpyiddstthc aadtag e D\ &=
sUEN2vard{MAsdod@pendent Qifthicdedi¢iar ~\rm{V})~2 \end{align*}
On an alternative view, one can try to create an equivalent linear voltage source
again. Then, the internal resistance is given by substituting the ideal voltage source is
again short-circuiting $R_2$.
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"he circuit contains }Lﬁlz ~\rm{V}$, a switch $S_1$, a resistor of $R_1=20
-\Omega$ and a g)itg‘ of $C=1§0 ~\rm{uF}$.

"he switch $S 2% iti

asks. At the momegt ® 0=0 ~\r
-apacitoris $u c (t p )=

— RTH

L. First do not consigler the light bullp - it i connected to the RC circuit.
—1)=0.5\cdot U$.

An equivalent linear voltage source can be given with $U$, $R_1$, and $R \rm B$ as
thé%rﬁ in yellow.

Therefore, the voltage of the equivalent linear voltage source is: $U_s = U \cdot
{{R_\rm B}\over{R 1 + R \rm B}} = 1/2 \cdot U$ The internal resistance is given by
substituting the ideal voltage source with its resistance ($=0 ~\Omega$, short-circuit).
\begin{align*} R i &= 6"711 [l I}%\lrm B \\ &= 10 ~\Omega \end{align*}

\begin{align} Ty &= (R_i\cdot C)}) \\ &= {{1}\over{2}}
\cdot U \cdot (14e {1~\rm{ms}/ (10 @m ga\cdot 100 ~\rm{uF})}) \end{align*}

l l C

So, here only R_1 and C gives the time constant: $\tau = R_1 \cdot C$

The following formula describes the time course of $u_C(t)$ which has to be $u ¢

(t 1)=0.5\cdot U$: \begin{align*} u_c (t) = U \cdot (1- e~ {t\tau}) = 0.5\cdot U
\end{align*} It has to be rearranged to $t$ \begin{align*} (1- e~ {t/\tau}) &= 0.5 \\
e~ {t\tau} &= 0.5 \\ t/\tau &= In(0.5) \\ t &= \tau \cdot In(0.5) \\ t &= R_1 \cdot C \cdot
In(0.5) \end{align*}

2025/11/22 19:25
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charging capacitors, dc network analysis, pure resistor network simplification, delta wye
transformation, exam eel ws2022

Exercise E6 Analyzing complex Impedances
(written test, approx. 14 % of a 60-minute written test, WS2022)

3. dlalwidafigitid ptas eommipotesd eaveiivbEH ooy npidst ol b B tdudmirk) Ghikb thive tgio the
Bﬁtﬂbnents.($R$ and $\underline{X}_1$) shall be given.

Ahis rcamapysie nthehfd| | be idigfensiothes fbintbedmp edan tealy iseextirae tech b eiltg g Baare}in
gmlrfﬁal{iﬁ[hbe‘ﬂhﬁs{é Dhovedt-d{eh i} }1+5{\rm j} \right) \Omega \end{align*}

. Cdlegiatationth Gsieal 03 kusrofithk eval ¢etigndients.
solutiegin{align*} Rukeedidve {})megh0\7 &rth 26 H\rudrpHi} i\&rd {BTi@6°Nend {align*}

solution
\begin{align*} \underline{1} &= {{\underline{U} Nover{\underline{Z}}} \\ &= {{50
Thert{Yeheuad bR4ge\Braeg pHaddrohie \eseied HEnt@rpasa dtnMid= Ll real)
reg0MiNg Inoyeatfké% uyRreanr ZH\rm ihiehé 68 29mega }} \cdot {{ 0.24
Thererge -themadrh -ﬁﬁjsk@rﬁﬁt@éwmi&ﬂ&ek@m@%sdl\ﬁ@ jalgdaif4.68

TS bR ) YRIHE ERDURE Brrb g Bkt (¢ 68 Yeverhapaith 1}
%@?ﬁ»\%@wﬁ%@ﬁm& Ot & IAehem IRV 314 & 2

Sta & (B

[YMoVel (9 reidses “\%{@(M\a:@éi@\ﬂﬂ%@a 199QLENG (aigry) + S 1\rm
VrighaibsdDineegal Ve SR U redH0i2d {1 P B2 §ribg katchiatedjdsridpegir{cineda \\ &= 0.24
fiadeztaet 1${réo K |tiot debiéhe {Orgyavaré&uRdedmex 21Kk \\ fendffdign*}
~\rm{V}}over{| 0.24 ~\Omega + {\rm j} \cdot 4.68 ~\Omega |}} \\ &= {{50
Wit Fsnetexspart comes-hitmpdysjedl valuessbegimiaga)r e X1 dendoraiegeh \\ L
&= {{X_L}P\over{2\pi \cdot f}} \\ &= {{4.68 ~\Omega}\over{2\pi \cdot 300
Fhenpftazk}$\Yekehd {slcam<be calculated as \begin{align*} \varphi_i &= \arctan \left(
{{\im()N\over{\Re()}} \right) \\ &= \arctan \left( {{-4.68 ~\Omega}\over{0.24
~\Omega}} \right) \\ \end{align*}

2025/11/22 19:25
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Exercise E7 Impedances at different Frequencies
(written test, approx. 18 % of a 60-minute written test, WS2022)

Bak $IR £ e edaisioit watids2iBdaha retmber, edrd s A0 ahingpaments| of 33} 2+B.0
ResWITg, /ith %52 (=45t kHahige mEneesteTarcantedit ES0 {BR=rbAS~\rm A$ through
$RAFgsistor $R_1$ shall have the same absolute value of the impedance as a capacitor

$C 1=40 ~{\rm nF}$ at $f 1=4 ~{\rm MHz}$.

solution
solubegin{align*} R_1 &

> ) 1.00 ~\Omega \\ \end{align*}
olubiegin{align*} R 3 &

10.0 ~\Omega \\ \end{align*}
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A series circuit means that the current is constant on every component.
eotiglaliantitRehdesHat tering tlidi§E biloathendd IRyReptR)iISegRtbIgiotC_1}}
etniddipieponineue el dear vl 13 §AL tobddr kled NMBRY e pOIPHEREERL +
{¥m {PCdod@invendaripad!fa{eh \sinddadigniit jSadueetorlegs thots perpendicular
furlerinaid ka3Bd Sitn prfirandiciiag fe{dligidgriret!}_{3C}$ (It has to, since $R_3$
is{Renaenstieulen ieokdMRanbedrte (X X 363t toP k.= R 2|~2 +
Roaeriaree txg resaltine qurrent of thadasallehdfgt)s Digen @e: Apeaind ghigTth} 1 ~2
\ungtetliagghi {3} &= \underline{I}_{3R} + \underline{I}_{3C} \\

[\underline{I} {3}|"2 &= |\underline{l}_{3R}|~2 + |\underline{l} {3C}|~2\\

THis £3@)o&remer{gad t6J40 2R 3} 8B a2y hehR Biga= )sart{ \left( {{U Hover{l
}}\right)~2 - X_{L2}72 } \\ &= \sqrt{ \left( {{1~{\rm V}Hover{60~\rm mA}}
BagitFo zhe( Myt fedptuao\egindalign{¢dur\gdot {Hh {3R) 8= H¥X kehdGaI\gHeF
{1}_{3C} \R_3 &= {X}_{3C} \cdot {{{I1}_{3C}Hover{{I}_{3R}}}\\ &=
{{1}H\over{2\pi \cdot f \cdot C_3}} \cdot {{\sqrt{|{I} _{3}|"2 -

[{1}_{3R}"2} Nover{{l}_{3R}}} \\\end{align*}

2025/11/22 19:25
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Exercise E8 Complex Impedance Circuit
(written test, approx. 15 % of a 60-minute written test, WS2022)

3. Qaduitlefes e iroitg e e {GSH ) parigpicr (13 {713 L haad
3&&%“pulhne{;&ej_ﬂﬁlﬁmdﬁagﬂmwccﬂ$u( t) = 3.0 ~{\rm V} \cdot \sin(2\pi \cdot 15 ~{\rm
KHpd3edot &fpwifiriateintatite) fastsioaad ofrité Ot-e@vnegas.

$R|E’q'iﬂ@ar source is connected with an inductor of $330 ~ {\rm uH}$ and a capacitor of
’Glﬂﬁon{\rm WF}$, all in series.

D‘m@trh@bigauﬂt B g3 ke \@istmn a0 63 48.2 ~\Omega \\ Z &= 19.8 ~\Omega

ah&ﬁ%@ﬁfﬁﬂoﬁentﬁ voltaaes. and currents.
\begin{align*} Z &= {{Yhat{U} Nover{\hat{I}}} \\\hat{I} &= {{\hat{U}}over{Z}} \\

\badife{aig*} Z C &= {{1}\over{2\pi \cdot f\cdot C} }\\ &= {{1}\over{2\pi \cdot 15
Restf{\rm kHz} \cdot 0.22 ~{\rm uF}}}\ \end{align*}

Witgis!| i} wvesAsarpi 2dddnededonaty §$: ARsiocdediv9*} {\&FkHz} \cdot 0.22

{imoper\serd 2ditgnedot {{\hat{U} Nover{Z}} \\ &= {{1}over{\sqrt{2}} }\cdot

\oleh h £l Y 12 \0\@e{ § 9148ovP s gip\ch ot \errdba oyl &= {{1}\over{2\pi \cdot 15

~{\rm kHz} \cdot 330 ~{\rm yH}} }\\ \end{align*}

\begin{align*} \underline{Z} &= R + \underline{Z} L + \underline{Z} C\\&=R +j

\cdot {Z} L -j\cdot {Z} C\&=R +j\cdot ({Z} L-{Z} O\ |\||nrlor||naf71| £.—

(7} &=
\sqrt{R"2 + (\underline{Z} L - \underline{Z} C)"2 }\\ \end{allgn*}
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