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1

Exercise E1 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*}

$$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:

MEXLE Wiki - https://mexle.te.hs-heilbronn.de/
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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 $R 1$:

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

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

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*}

MEXLE Wiki - https://mexle.te.hs-heilbronn.de/
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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 $R 1$:

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

MEXLE Wiki - https://mexle.te.hs-heilbronn.de/
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&= R {135} \cdot | {24} \\ &= ({{U_2}\over{R 1}} -1 4)\cdot R 1||R_3||IR 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*}

Exercise E1 Analyzing complex Impedances
(written test, approx. 14 % of a 60-minute written test, WS2022)

3. dilalitiatistt it phas bumipmtent theavdtirEroo bR Badavrier it e tbtive tg/o the
Begtibnents.($R$ and $\underline{X} 1$) shall be given.
Ahis rcamabysig nthehd || bw idigrfensioihe fointbedmp edan tealy isecxtirae tech b egitt§ g Baare}in

hh?t@rlmel(‘mate‘ﬂhﬁdé ohovedt-wa{erh i} 1+5{\rm i} \right) \Omega \end{align*}
>olution

.. Ciegiateatigmbh ¢sredl 0& nesrofithe eval (e ligrdients.
solutiegin{align*} Ruedeldlidve HYPeghONa7 &&rih 28 - \rkad rpHi} i\&xd {2Ti@6*Nend {align*}

>olution
\begin{align*} \underline{l} &= {{\underline{U} Nover{\underline{Z}}} \\ &= {{50
Thent{Yiene st O R4ge\Draes pHaddrohike \esetedH8nt\Qrpaea dmicd= plRe real)
resOMiNg hoyead ke mkaanm fz{\rmihiednh 468 29mega }} \cdot {{ 0.24
Thererge, -themadrh ﬁﬁjsbérﬁ ét%(ﬁr\{llehzﬁef&@m@%sdl\ﬁfé jlalgdair4.68
W&'}ﬂ\ ﬁ@%&%ﬁr&\ﬁ}\}ﬁ éﬂ@@#ﬁ;{@ iRl réﬂ'\*@fhéﬂihjz }
\SGQ. \ G181 TS5 3 S n‘g

W S 30 : it 41\}

YV INH eiidnses ﬁ\w\i@‘ (éd?&t\av bhfebh 1900 EXG Iy + S{\rm j}
ringhéipsdDiteegal Ve &R U ref10i2d {4 $2@krmq}:aﬂc5|{a\t Jasribegir{eigeda \\ &=10.24
fadezgaet 13{ré }{K@mcneﬁlawe{OMéW\ar&Pwﬁdbr{Nnm{Z}}m \\ fend{iBign*}
~\rm{V}}over{| 0.24 ~\Omega + {\rm j} \cdot 4.68 ~\Omega |}} \\ &= {{50

Wik Ve Fos0BRIgXsBRtT ¢0Pes-titnpdysjcal valuessbeqmal a2 X1 Gendqaaga) \\ L
&= {{X_L}Y\over{2\pi \cdot f}} \\ &= {{4.68 ~\Omega}\over{2\pi \cdot 300
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Fhenpftazsg 8\ Yexehd {&laam*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*}

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

3. dlaluidatidtiti ptkas comigotesd weavdiitbaHco)npidstadi b3 B tducmirt) G b thive ugio the
Bﬁtﬂbnents.($R$ and $\underline{X} 1$) shall be given.

Ahisrcanabhysignthehtd || beidigrfensiaites foint bedima edan tealy lisecxtirae tech NO agiti§ g Baartin
Qh;aﬁggrli@al@ﬂl}ate‘ﬁhﬁs{é; ohooedt-na{berh i} 1+5{\rm i} \right) \Omega \end{align*}
>olution

. Cdlegiatatigabh Csieal 03 ubsrofithik evs ¢ahgrdients.
solubiegin{align*} RuSeded|ve {Y)Begh0\T &= 28 H\rmdrpHi} i\&md @Ti@6°Nend{align*}

>olution
\begin{align*} \underline{l} &= {{\underline{U} }\over{\underline{Z}}} \\ &= {{50
Ther{Yeheuae bi#4ge\raeg pHaddrhie \afsied HEnt@rpase dmid= Hle real)
resOMiNg hayeadfedd mkeanre fz\rmihiednh 468 29mega }} \cdot {{ 0.24
Therarge -themdm s k@fﬁ%imr\{l iB2the Yamegmsdivite Malgdaif4.68

W b e R e e
\69@%\%%%@&&%@@ 6 1“!’}‘.‘ EWieRTe : Vﬁﬂij})ﬂ\}&é‘

Ny V&= e ({7 aves {9 t (340 ) + 5{\rm j}
e O o e e & 024
fuBdeztaet e H|{totdetthe (O dyavargiuRderine A1X b \\ SendEdyn*)
~\rm{V}}over{| 0.24 ~\Omega + {\rm j} \cdot 4.68 ~\Omega |} } \\ &= {{50

Wit Tive FRs0eiexsBart corpastionidysiedl alusssbegimadan*? X148 dendqmegad \\ L
&= {{X_LY\over{2\pi \cdot f}} \\ &= {{4.68 ~\Omega}\over{2\pi \cdot 300
Hephdzg S \Yerehd {$lcam*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*}

Exercise E3 Impedances at different Frequencies
(written test, approx. 18 % of a 60-minute written test, WS2022)

Bak $IREs s edaisioit watids2iBaaha retmb e, fudrd s A0 ahingpaments| of 33} 2+B.0
Reswlig, /ith 52 (D=4 -z kHahige mEneesteTarcantedit ES0 {BR=rbAS~\rm A$ 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

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



2026/03/21 10:01 12/26 Exam Winter Semester 2022

>olution

Yoegireatigadiy Mda&s-tha1he Quregrat\\s\eod4t@igrdi} every component.
Yorgiialgreht Fod &oadéeGor \OResad\s\8nedAAEY is given by \begin{align*}
{{\underline{U}}\over{\underline{I}}} &= R 2 + \underline{X} {L2} \\&=R 2 +

{\rm j} \cdot \omega L \end{align*} Since ${\rm j} \cdot \om ath? L $ is perpendicular
Rl amm&mmmmmwmmmmmm fiCcast f\cdot C 1}}

\oAGHHAME O WABTARTEE M VR 1B 2 4 Ao deiertl HRBRY. Yen@iaiighttiiot

ﬁ\?ﬁhdé?ﬁr}e\FﬁPt{\H@QP‘bf\?(I'éﬁti3{%}% f??*\} éﬁ‘t}t‘@e@ilﬁi‘rzl}h‘aﬁ +{X_{L2}}"
d@ {3R}$ is perpendicular to $\underline{l} {3C}$ (It has to, since $R $

|s perpendi cuIarto$ {\rm jH\cdot {X} {3C}$, too).

Therefarodheaieaniiind teugeans RIAbe\pasatea ket ks Bigen\agripeindgiantiover{l

Wngeshee(d)- 3eFAandarine{dqriBhdftt {ynderime U} {3 f60~\rm mA}}

\gretenme {Pkpi T Sru8 e~ Wndading AdddBR ¥ ~20irynaertiney \t \é36EaNignk}

{1} {3C} &=\sqrt{|{1}_{3}|"2 - {1} _{3R}|"2} \end{align*}

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

Exercise E7 Impedances at different Frequencies
(written test, approx. 18 % of a 60-minute written test, WS2022)

Bak $IR [ e ed aisiont At @Rthaha ieibmder, i 6 £@ (0 Nekingpaicnen(®| of 33 2£B.0
ResWIig, /ith %52 (D=4t kHahige mEneesteTarcantesit ES0 (BR=rbAS~\rm A$ through
$RA3gsistor $R_1$ shall have the same absolute value of the impedance as a capacitor

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

>olution
soluiegin{align*} R 1 &

> ) 00 ~\Omega \\ \end{align*}
solupeqin{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 \beagin{align*}

Exaﬂale‘ﬁlrﬁénﬁwmtjmbéma@ g s khe game ambRrBtend \\ &=R2+
cainisian’ wm i MR e R
NB&R{ %W@Eﬁ@@e\ﬁlﬁ&trﬁ éﬁ(é? }“ﬁ gtk klebnemdtali n*}
MUﬁIQQmﬁél{}u}Z?\Do}/"éﬂ%\nﬂ@@ﬂﬁ@glpr}tq@hmdezlme{pﬁiﬁcﬂ (It has to, since $R_3$
|suprr@eneicxiar(ie $tHom Maedof {Uhol3EH$ Htatdnt) ~2 &= {R_2}~2 + {X_{L2}}"2
Wherrfoegigitvg resulting current of the parallel circuit is given as: \begin{align*}
\underline{l} {3} &= \underline{l} {3R} + \underline{l} {3C} \\

Noisdeatirtee{ frafBdngede Jeintlerge {bpoiBR392* ) Ruh8er\sgftit \IESTH {Q Wover{l
FH\A G T2= ot 1112 (BN &2 A4 { {BRY(| { 23kt Mighkoyer{60~\rm mA} }
\right)~2 - (2\pi \cdot 450~ {\rm kHz} \cdot 4.7 ~ {\rm uH})"2 } \\ \end{align*}

Back to the first formula: \begin{align*} R_3 \cdot {I} {3R} &= {X} {3C} \cdot
{I1_{3C} \R_3 &= {X}_{3C} \cdot {{{I}_{3C}Hover{{I}_{3R}}} \ &=
{{1}\over{2\pi \cdot f \cdot C_3}} \cdot {{\sqrt{|{I} {3}|"2 -

MEXLE Wiki - https://mexle.te.hs-heilbronn.de/
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{I}_{3R}|"2} Nover{{I}_{3R}}} \\ \end{align*}

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

3. aduitlatesteeslittinprinsvise e ider@ste]s Saniloree (7 {73 tithad
3&&%“puhneﬁ£ﬁ$kﬁhadﬁagab&nwccﬁ$u( t) = 3.0 ~{\rm V} \cdot \sin(2\pi \cdot 15 ~{\rm
KHpddedut dfpvatiniateintatimy fasteaand ofritad 0t -d@wmegas.

$R|E’qm'3ar source is connected with an inductor of $330 ~ {\rm uH}$ and a canacitor of

:@Iﬁgon{\rm WF}$, all in series.

. DRR@imtatignt} BE BR300k ms\GiietnkiHalo6es 48.2 ~\Omega \\ Z &= 19.8 ~\Omega

ab&%ﬂ@lﬁﬁo}]entg voltaaes, and currents
\begin{align*} Z &= {{that{U} }\over{\hat{I}}} \\ \hat{I} &= {{\hat{U}Nover{Z}} \\

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

Withis| i} wvesAsarpi 2dddnededonaty §$: Rsioicdedive*} {\fFkHz} \cdot 0.22

L{imepen{\serd2aignedot {{\hat{U} Nover{Z}} \\ &= {{1}over{\sqrt{2}} \cdot

\oleh h £l Y 12 0 \Re{ § §148ov P as g\ Ot \erreba oyl &= {{1}\over{2\pi \cdot 15

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

\begin{align*} \underline{Z} &= R + \underline{Z} L + \underline{Z} C\\&=R +j
\rrlr\i- I7l | _ | \rrlr\i- J'71 F \\ K - D 4 |\rrln+ (I71 | f71 F\ \\ |\||nt~|ar||nn.f71| j -

uuuuuuuu Le=J| &=

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

MEXLE Wiki - https://mexle.te.hs-heilbronn.de/
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$LEPSS\U...
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Exercise E8 Complex Impedance Circuit
(written test, approx. 15 % of a 60-minute written test, WS2022)

2. et liatiaes timeel ok e fcak e MEMJWQMHEQiM}B_ﬁ.WWBS
Qﬁéﬁlﬁpulhne@mdj{mmadmmlsmcMW( t) = 3.0 ~{\rm V} \cdot \sin(2\pi \cdot 15 ~{\rm
KHpp3edot djpndfitiateintative fasisiaacd ofrifé Ot -d@mnegas.

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

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

_ DYRR@imEaHGAT X Hﬁd@%&d&\kﬁ%\@m&%@mﬂ% 48.2 ~\Omega \\ Z &= 19.8 ~\Omega

ab&ﬂ?%q{(ﬂﬂﬂﬂohent: voltages, and curren
\begin{align*} Z &= {{\Tiat{U}}\over{\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
xes{\rm kHz} \cdot 0.22 ~{\rm pF}}}\\ \end{align*}

Wegis! idrid) wyversarpl Xdddtededobaty &$: Rsioindadiv5™} \&FkHz} \cdot 0.22

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

Yoy th gy 12 0\ Re{ 19128 ovEP2spR\cH O Yerraibe Ok &= {{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

\rr~|n+ f71 I - | \rrlr\i' I71 C \\ £=R 1L |\rr|r\+ (f71 | f71 P\ \\ |\||nr|or||nof7l|  —

uuuuuuuu L=J| &<—

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

MEXLE Wiki - https://mexle.te.hs-heilbronn.de/
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$LEPSS\U...

ss\u.| () v
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Exercise E1 Pure Resistor Network Simplification
(written test, approx. 13 % of a 60-minute written test, WS2022)

Thé&Helkwital shallibovithe Rldsed0QatiOlateddt 6uR:aR3=afietahOentRaf\an ks deitdeen
Beguthgined. $\rm BS.

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

Now a wye-delta transformation is necessary.

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+R2)\R {\rmeq} &=

33 33 10men 4,33 33 OFFER 400 SNSRIl 3333 7089 1995 betweer
TS 4 E%Rih 109 bet

olution
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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*}

Exercise E2 Charging Capacitors
(written test, approx. 16 % of a 60-minute written test, WS2022)

2h Bejita i GeiHeouireditsipboly) disw isdidowBRRT Bindie A0 srimys eSraomss 3
MMQQM@@M{W’@G 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.

RaRIRY solve this, first create an equivalent linear voltage source from $U$, $R 1%, and
;R _\Ragsz{align*} Delta3l) R3uidzs}weddbatgh {aniddalign*}

solutidoes{ etk De ltanYYhi §=T NedttadlVv 6ltd de-s§ {ica cud$ {2 bYidesttid aadtade D\ &=
sUERavard{\Médodépandent gifhix 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 $R_2$%.

$55_.. $55_..$9R ..
o a
)iww
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"he circuit contains a voItaE@ soufte $U 12 ~\rm{V}$, a switch $S 1%, a resistor of $R 1=20

,\Omnn:tt sid a2 cs

"he switch $S_2$ toJanjadditional consur

3%= ~\rm{s}$ théSufech s5
~\rm{V}$.

\t the mo
oris $u c

ask
ap.

.. First do not consigler the light bulb -

her $Ry 2$ will be considered to be open for the first

isigfosed, the voltage across the

U

s not conpectdd to the RC circuit.

_aIcuIate the point of time $t 1$ when $u c(tl)=

>olution

.5\cdot U$.

r

(o)

So, here only R_]l and C gives l_

The following fo

RS\l

Whign*
Therep o

It .
Jtirr?e conptafft: §\tau = R_1 \cdot C$

[ula deccribeckhne time course of $u_C(t)$ which has to be $u_c
(t 1)=0.5\cdot U$: \begin{align*} u.ci(t) =
nd{align*} It has to be rearranged to $t$ \begin{align*

fﬂ&%&y@#@t"a%ammasowwx\ Rfiie

U \cdot (1- e~ {t\tau}) = 0.5\cdot U
&= 0.5\\

ot s cnh gt S oo

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*}

Exercise E5 Charging Capacitors

(written test, approx. 16 % of a 60-minute written test, WS2022)

Zh Bmlita trt i Heouirediitisptioy) disa thsdwsidoaB R B e el mtraoalsityhie
MM@mm@m{m 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 closing the switch.

BaRueg solve this, first create an equivalent linear voltage source from $U$, $R 1%, and
;R_\RagR{align*} W3elte3D) ABnAdzsweddhatigh{andalign*}
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solution

\bdgis{atiguhpnDeltn ythih & hedttadllv 6lta e=s§§lcaciids {RpYiddsttia addtade D\ &=
sUER2vard{Misdodépandent aifthix dedisir ~\rm{V}) "2 \end{align*}

On an alternative view, one can try to create an equivalent linear voltage source
again. Then, the interndfresisfénce is given by substituting the ideal voltage source is

again short-circT&'mgQ@D—-—@—
| ~ |
C
lU — lﬂ.g ®RB

: @

$$5_. $$S_.$$R ..
e

)i$U$$

"he circuit contains $U=12 ~\rm{V}$, a switch $S_1$, a resistor of $R_1=20
-\Omega$ and a capacitor_ of $C=190 ~\rm{uF}$.

"he switch $S_2$ tojan adbcf"i’eional umer $R_2$ will be considered to be open for the first
asks. At the momept $t_0=0 ~\r Rihe switch $S_1$ is closed, the voltage across the
-apacitoris $u c (t P )0 ~\rm{V

[}
o
LIS
—in s
z
. T
Roid
IJJ

U
.. First do not conC)r the light bul
“alculate the point §f e $t 19

- it is notjconnected to the RC circuit.
$u_gAt]1)40.5\cdot U$.
By == |uc

>olution

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

Therefore, the voltage gﬁt_f;&
{{R \rm BHovelTR T+ 3
substituting theldepl voltage source
\begin{align*ﬁ) FR_1 || R\rm

valent linear yoltage source is: $U_s = U \cdot

$ The internal resistance is given by
i@j itp resistance ($=0 ~\Omega$, short-circuit).
@ ~\Omega \end{align*}

\begin{align*} J c¥t 2) &= U_s\cdoff(1- e¥{t 2/(R i\cdot C)}) \\ &= {{1}\over{2}}
\cdot U \cdot (1 cdot 100 ~\rm{uF})}) \end{align*}
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*}
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Exercise E1 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 ¢

Resismretrahidfierrekistoic $Pendigydnitiof thécdot uit 2md pne gt heatR Fhérisfore, 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*}

Exercise E2 Temperature-dependent Resistance
(written test, approx. 6 % of a 60-minute written test, WS2022)

A. tRedinidiad|ig uesspias2e: @i s fadnas mkiHedt enmpdie gruadiemnsies cen dtreditierteigtid has a
ReEil s recopisiiteenron (kG Ejag an exE5natiom @} gour answer.

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

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

. Cegigdatisnte ffim e DR at deng {ahgnthy ¢

Reeismne trahifierrekistoic§Pendigydnttiof thécdotuit 2md gdnegtohestRFhérisfore, a
0l aIbralersers bnertight 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
107 {-6}~{{1}Hover{\rm{K}~2}} \cdot (-40~°\rm{C} - 25~°\rm{C})"~2 \right) \\
\end{align*}
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Exercise E3 Pure Resistor Network Simplification
(written test, approx. 13 % of a 60-minute written test, WS2022)

Thé&Helkwital shallibovithe Rldsed0QatiOlateddt 6uR:aR3=afietahOentRaf\an ks deitdeen
Beguthgined. $\rm BS.

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

Now a wye-delta transformation is necessary.

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+R2)\R {\rmeq} &=

33 33 10men 4,33 33 OFFER 400 SNSRIl 3333 7089 1995 betweer
TS 4 E%Rih 109 bet

olution
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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*}

Exercise E1 Resistance of a Wire by Resistivity
(written test, approx. 6 % of a 60-minute written test, WS2022)

2. éstingadingnerenmead ésof el ith herae tivire webhta actemdpenasse ofi ¢l 80usachid @hdelBatric
B@sHE power dissipation (= heat flow) of $P=40 ~\rm{W}$ is necessary.

Nadbubehe ke aomembéiNinked€d rontperatikoy. for heating elements.

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

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

olieDiatetien te fstrARa Wneordslimgtinlinett.

>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 1} {d"2 \cdot \pi} && \\ R &=
1.10\cdot 10~ {-6} ~\Omega \rm{m} \cdot \frac{4 \cdot 3~\rm{m}}{(3.57\cdot

10~ {-3}~\rm{m})"~2 \cdot \pi} && \\ \end{align*}
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Exercise E1 Resistance of a Wire by Resistivity
(written test, approx. 6 % of a 60-minute written test, WS2022)

2. fdatihgatirgnelannead ésof se il ich heake tvére weibhta actemdpenastssee ofi ¢l &0usachid GhselBatric
B@sHE power dissipation (= heat flow) of $P=40 ~\rm{W}$ is necessary.

Nadbubene ke aomembéiNinked€drondperatikoy. for heating elements.

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

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

0lieDiadativn te Rtk aRe I WnroRdslimgiiriaeit.

solution
\begin{align*} P = U \cdot | = R \cdot 1”2 \quad \rightarrow \quad |=
\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*}
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