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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*}

resistivity, power, exam eel ws2022

Exercise E1 Temperature-dependent Resistance
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(written test, approx. 6 % of a 60-minute written test, WS2022)

3. tRdgaidinag| g ueshiibasda e e fadnaes tEsedt ermekio grediemmnsis can ditreditierigidgtdd has a
ReEi} & recopsikteenron (k@M s ah exE3natiom @} gour answer.

Its temperature coefficients are: $\alpha=0.01 ~{{1}\over{\rm{K}}}$ and $\beta=71 \cdot
107~ {-6}~{{1Nover{\rm{K}~211}$

ResWemperature inside the refrigeration system can reach down to $-40 ~°\rm{C}$.

. oheginratisn to fsfem @ DrEanraesan dend {ahgithy ¢

Resipmnetrahtfierrekstoic§Pendigydnit]of thécdotuit 2md gahe o heafRTheérisfore, a
>0l uigBIbrnlersietss 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}\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*}

temperature dependent resistance, power, heat, exam eel ws2022

Exercise E2 Pure Resistor Network Simplification
(written test, approx. 13 % of a 60-minute written test, WS2022)

TheHelbwtoh shallibovithe Rldsed 0QataOiateddts éGuRaRB-+r2ditahOentRaf\anceis deitwieen
Beguthginad. $\rm BS.

solution
\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*}

network simplification, exam eel ws2022

Exercise E3 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*}

dc network analysis, pure resistor network simplification, delta wye transformation, exam eel ws2022

Exercise E1 Charging Capacitors
(written test, approx. 16 % of a 60-minute written test, WS2022)

Zh Bmlit a v G Heooiveditieotiody) disa thsdsidoaB SR Gidie it e mraomisiose
Feimia it 6 2 i @ pen ] Ve 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.

RARURE <olve this, first create an equivalent linear voltage source from $U$, $R_1$, and
;R_\RAgR{align*} Delte3D) ABiAdzs}wedthaigH{andalign*}

>olutidois{ atig akhnDeltn YWhi 6T hRdttadly Glta Ge=s§fldaditds {2y idestthd aditage of\ &=
sUERavard{Misdodépendent gifthix dedi¢ir ~\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 $R_2$.

$$5_.. $$S_.$SR ..

—{1 C
$C$9|
)i$U$$ = iﬁsu_,.. SR_..
{a
<
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"he circuit contains a voItaEq soufte $U 12 ~\rm{V}$, a switch $S 19, a resistor of $R_1=20
,\Omnn:tt sid a2 cs
"he switch $S_2$ tojanjadditiona consur1er$ 2% will
ask At the mo 31)1= ~\rm{s}$_t|_é7sw tch $S

ap. oris$u.c ~\m{v$. T~ |"¢

e considered to be open for the first
isigfosed, the voltage across the

.. First do not consigler the light bulb - Is not conpectdd to the RC circuit.
_aIcuIate the point of time $t 1$ when $u c (t 1)=0.5\cdot U$.

>olution

(o)

r'lR C
So, here only R_]l and C gives l_Jtirr?e conpta t:J'g\tau = R_1 \cdot C$

The following folmula describecthe time course of $u_C(t)$ which has to be $u_c
(t 1)=0.5\cdot Us$: \begin{align*} u_c (t) = U \cdot (1- e~ {tAtau}) = 0.5\cdot U

d{align*} It hasto b dto $t$ \b {align*} (1- {t\tau}) &= 0.5 \\
5 &ﬁté\gie@t Lo, YALA S SRR SP PE ONER Wb o 5 L5 a0k S B ot
\ At gn*}

Therep ore, the voItage 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 &= R 1 || R \rm B\\ &= 10 ~\Omega \end{align*}

\begin{align*} u_c (t 2) &= U _s\cdot (1- e~{t 2/(R i\cdot C)}) \\ &= {{1}\over{2}}
\cdot U \cdot (1- e~ {1~\rm{ms}/(10 ~\Omega \cdot 100 ~\rm{uF})}) \end{align*}

charging capacitors, dc network analysis, pure resistor network simplification, delta wye
transformation, exam eel ws2022

Exercise E4 Analyzing complex Impedances
(written test, approx. 14 % of a 60-minute written test, WS2022)

A. Qlalitatitititi ptas oiceresddheaveibrEHoo)npidss i b3 BE tdudeHize) G tbtitve ugio the
Bﬁtﬂbnents.($R$ and $\underline{X} 1$) shall be given.

Ahis rcamabysig nthehfd || bw idigrfensioihe foint bedmp edan tealy isecxtirae tech b egittd g Baare}in
phrederliGalfd o te eé<d 2 MpoadX-va{Weh j} }}+5{\rm j} \right) \Omega \end{align*}
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oltdlonlate the physical values of the two components.
\begin{align*} C = 103 ~\rm{puF} \end{align*}
\begm{allgn*} Rukaeteblitve HYQtegh0\d7 &=rih 28 H\rkad mHi} i\&=d {&Tige*Hend {align*}

)UIULIUII

The current and voltage are in phase once there is only a pure ohmic (= pure real)
reegifihgliengddemcedinadirite (A undgrmediHe overd \underline{Z} } } \\ &= {{50
ﬁ\ﬁfeﬁ“dﬁé‘\ﬂY@rcbﬂ\Bérre\erﬁﬁmbt d\eapbiclesion b the \Rmeagbb b\t &valdS @ f

Lned w %ﬁiﬁg ﬂg}n’%xétc{ 0.24
1‘- G wgg %ﬁ%\&%ﬁ éfffnﬂ}
gnt

\right)( \Omega \\ § \Ieft(0.§4 0. 32{\rm J} + 5{\rm j}\ri ~\Omega \\ &= 0.24
ThemessiutelVaTul dpdekdfide(\Proeam béeaRk utatdnb dgin\endiaiign*}
(Nl\mderllne{l}| &= {|{\underline{U}|}\over{|\underline{Z}|}} \\ &= {{50

ity %?%OBP%{I o4 CQ@%B%GPEY%?HEH& AkginiGH *a}|¥}L\\&& \arpega L\ L
&t %}'I%%?{ RGO SN\ BfrEg fA58 TAQE QIRRRENFPHIRRR%Iign*)
~\rm{Hz}}} \\ \end{align*}
The phase $\varphi_i$ can be calculated as \begin{align*} \varphi_i &= \arctan \left(
{{\im()Nover{\Re()}} \right) \\ &= \arctan \left( {{-4.68 ~\Omega}\over{0.24
~\Omega}} \right) \\ \end{align*}

complex impedance, exam eel ws2022

Exercise E1 Impedances at different Frequencies
(written test, approx. 18 % of a 60-minute written test, WS2022)

Bak $IREs s edaisioit watidd@i3dRha retmd e, udrd s A @O mhingpaments| of 33} 2+B.0
Reswltxs, #itB 52 (D=4 Fen-KirzskHahige pemaeestearcantet DESO {BR=rbAs~\rm A$ 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
solubiegin{align*} R_1 &

S _ 00 ~\Omega \\ \end{align*}
solubegin{align*} R_3 &

10.0 ~\Omega \\ \end{align*}

A series circuit means that the current is constant on every component.
The eauivalent impedance for $R$ and $L$ combined is given by \begin{align*}

aHabelrﬁé ?Wt’ litherual g}e}gsglaersaznxa amRrtend \\ &=R 2+
%Ef"” ey OIS A Foeh Sl
=(BE W@M@g Bt él}{é‘F ?%@ﬂﬁrge’agk}e et Ign*}
ﬂqndaéma&hi?\%b%ﬂ%\%ﬂ@ﬂd@gl]a}Iq@hmdezlme{p&j?@# (It has to, since $R_3$
|supRraendicxiario $t£2m Medot {Uol3EH 10Nt ~2 &= {R 2}72 + {X_{L2}}"2
Wherrfeegigitvg resulting current of the parallel circuit is given as: \begin{align*}
\underline{I} {3} &= \underline{l}_{3R} + \underline{l} {3C} \\

Noisdeatirtee{ frafBdngedde Jeintlerge {bpoiBR3[g2*} Ruh8er\sgftit \IETH {Q WNover{l
F\A Q) T2= ot 1112 (BN &2 A4 { {BRY(| { 23kt Mighkoyer{60~\rm mA} }
\right)”~2 - (2\pi \cdot 450~ {\rm kHz} \cdot 4.7 ~ {\rm yH})"~2 } \\ \end{align*}

Back to the first formula: \begin{align*} R 3 \cdot {I} {3R} &= {X} {3C} \cdot
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{1} {3C} \R_3 &= {X}_{3C} \cdot {{{I} {3C}Nover{{I} {3R}}}\\ &=
{{1}\over{2\pi \cdot f\cdot C_3}} \cdot {{\sqrt{|{I} {3}|~2 -
[{1}_{3R}|"2} Nover{{I}_{3R}}} \\ \end{align*}

complex impedance, exam eel ws2022

Exercise E1 Complex Impedance Circuit
(written test, approx. 15 % of a 60-minute written test, WS2022)

3. et lidtiaes timeel ok ey fch e ﬂ@{ﬁm_,mﬁmnﬁéimx_ﬂmhﬂﬂd
ﬁﬁéﬂlﬁpulhne@mdj{mmadmaﬂmmcw$u( ) = 3.0 ~{\rm V} \cdot \sin(2\pi \cdot 15 ~{\rm
KHpddedot dpgpwdtiniateistatima) fastsioacd ofrité 0t e@megas.

$R|E‘q'iﬂ'3ar source is connected with an inductor of $330 ~ {\rm uH}$ and a capacitor of

’Blﬁlﬂon{\rm WF}$, all in series.
Result

. DeRgmERHATY B JRin3deErs \@ietmiialg 63 48.2 ~\Omega \\ Z &= 19.8 ~\Omega

,ab&@%‘ﬁ_{ﬂﬂiﬂﬁohentq voltages, and currents.
\begin{align*} Z &= {{Yhat{U} Nover{\hat{I}}} \\\hat{I} &= {{\hat{U}}over{Z}} \\

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

Wihig! i) wvessarp{ 2ddotededobaty{ &$: 2Rsioirdali99*} f\&FkHz} \cdot 0.22

L0 mever{\serd 2aidnegot {{\hat{U} Nover{Z}} \\ &= {{1}over{\sart{2}} }\cdot

by th (lhgmeY 12 \o\Re{ 1 §128oviPaspR\ciot \eredibe Oy ik &= {{1}\over{2\pi \cdot 15

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

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

\rrlnf f71 I - | \rr’lni‘ J'71 C \\ £=R 1L |\rr|n1' (I71 | f71 F\ \\ |\||nr|nr||hnf7l|  —

uuuuuuuu L=J| &=

\sqrt{R"Z + \underlme{Z}_L \underllne{Z}_C ~2 }\\ \end{allgn*}
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