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'~~#@eel _taskctr.#~~'

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*}

'~~#@eel taskctr.#~~'

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

3. tRdganidinag| g uespiions e e fadinas EnEoeat enmedtie gedremmnsist can Sitreditierigidgtdd has a
ReEilt i recopesikteenron (kMG g an exE3natiom @} gour answer.

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

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

. Oegigdatisnte ffim e DR Aresat deng {agnthy ¢

Resipmnetrahtfierrekistoic§Pendigydnitiof thécdotuit 2md gahe e heafRTheérisfore, a

0l aibralersets 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}Hover{\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*}
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'~~#@eel taskctr.#~~'

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

3. dlialuid atigtiti ptab e omicotesd eavdiiviaEH ool npidstadin b B tdudmiHrs) Ghib thive tgio the
B@&Lﬂbnents.($R$ and $\underline{X} 1$) shall be given.
Ahis rcamabysig nthehd || be idigrfensioihe fointhedmp edan tealy isecxtirae teca N eqitt§ g Baare}in

hhrrt@rl(ﬁal(‘mat@‘ﬂhﬁﬂé ohooedrt-wa{erh i} 1+5{\rm j} \right) \Omega \end{align*}
>olution

.. Cdleglat@atignbh¢sical 0asofithe eve (efigyoients.
>olubiegin{align*} Rusidellitde {1 egh0\07 &=rih 28 H\riad mhi} i\&d {&Tig6°H\end {align*}

>olution
\begin{align*} \underline{I} &= {{\underline{U}}over{\underline{Z}}} \\ &= {{50
Fher{lYeheyad bi24ge\raeg pHaddrohik \eseied HEn@rpasa dmid= Hlae real)
resuMiNg heveadfed4 yRraanme 7§\ rih etk 4 68 ~2@mega }} \cdot {{ 0.24
Thererge, -thendh ﬁﬁjgkférﬁ éwrd/WHme&Qm@%deta jdalgeasf4.68
;igamgr}?ﬂ\ &@%h&%}\m é@@@m{@ R Bk ré@ser\*@mé@ihjb 13}
\69@ \ EER s J. feles

i ; ) L 41\}
\Pdvel19hbl eiRises “\%{\% (éd?&t\aV@éw\ﬂﬁe%bla \GIGE ARG + 50rm j)
VighilosqlDbecgal e A0 efE0.a 4 F/8 2 4i1ne FofcBAeTh% IBe mOMGAgH 1 6 0.24

Riadetaef 11{réo5 H | ot debithe {OFigdavardfuRdedimen{ 41X 1 \\ Send{Bign*}
~\rm{V}}over{| 0.24 ~\Omega + {\rm j} \cdot 4.68 ~\Omega |}} \\ &= {{50

Wih f1ve Fsnetexshtt (opes-titnidysjcdl va(uessbemimalan s X1 &eniqaiageh \\ L
&= {{X_L}Y\over{2\pi \cdot f}} \\ &= {{4.68 ~\Omega}\over{2\pi \cdot 300
Fhepftazsg I3\ 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*}

'~~#@eel taskctr.#~~'

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

3. ddadvik s tweeel g g Seri shepr{ i ¢St Gibautdlgrade{iAe {1} sikaad
ﬁﬁéﬁlﬁpulhne@Z&dj{mlmadmgwsmccﬁ$u( t) = 3.0 ~{\rm V} \cdot \sin(2\pi \cdot 15 ~{\rm
KHpddedot dppwdpiniateistatima) fastsioace ofrité 0t e@megas.

$R|E‘q'iﬂ'3ar source is connected with an inductor of $330 ~ {\rm uH}$ and a capacitor of
’Glﬁlﬁon{\rm WF}$, all in series.

. D\%@Ql’h{aa&'i%uft B3 oot e VERiatrn a0 645 48.2 ~\Omega \\ Z &= 19.8 ~\Omega
abdRi@Bpthents, voltages, and currents.
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esMbegin{align*} Z &= {{\hat{U}}over{\hat{I}}} \\hat{I} &= {{\hat{U}}\over{Z}} \\
\end{align*}
\begin{align*} Z C &= {{1}\over{2\pi \cdot f \cdot C} }\\ &= {{1}\over{2\pi \cdot 15
WitrfilieH AX Iddov er2 Bar{{2d LREH ot teatd {Bdigibegin{align*} | &=
Yolelli kofegid g riA{ 218 F\edor \€ dutat {ddbl \owex 2N b\ Edot {3 M owen kb {eddtbcdat
L@ pEYI\Yhd eMeifd9.28 ~\Omega}} \\ \end{align*}
\begin{align*} Z C &= {{1}\over{2\pi \cdot f \cdot C} }\\ &= {{1}\over{2\pi \cdot 15
~{\rm kHz} \cdot 330 ~{\rm puH}}}\ \end{align*}
\begin{align*} \underline{Z} &= R + \underline{Z} | + \underline{Z} C\\&=R + |
\cdot {Z} L-j\cdot {Z} C\ &=R +j\cdot ({Z} L- {Z} C)\\ \underline{Z}| &=
\sqrt{R”~2 + (\underline{Z} L - \underline{Z} C)"2 }\\ \end{align*}

MEXLE Wiki - https://mexle.te.hs-heilbronn.de/
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'~~#@eel taskctr.#~~'

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

Bak $IR s Sheried aischoit it s @2ddhaha eibmid e, fusierd en & D Neahvbgpameitel of 33} 2+3.0
Re&WItKS, itB %2 00=4Fon -zt kHahige nmatestaTarcanteplt DESO BR=bAG~\rm A$ 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

soluegin{align*} R 1 &= 1.00 ~\Omega \\ \end{align*}

>O|qbég|n{al|gn*} &= 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*}
gxaHgbﬁlmé ?&s\ﬁe\e’hlaﬁrtb@ruﬁ& 08 s the gane nRrAsend \&=R 2

B0 i BHESY Yo Rt nE ANARI b i gﬂi%ﬂ%ﬂ Al _@mms;
1{}3@3{ bhdieves Addeienrpitia {3 élké? }erirgets Liebnemdtalign*}
%muﬁaémﬂél{}ui?\Do}/%ﬂ%\aﬁmﬁnﬁ@{alﬁrFQ@hﬂp‘ezlme{pF}_i?Cz}ﬁ (It has to, since $R_3$
suprI@endicxiarioe $t € ildedot {Il3EHT aedht) ~2 &= {R 2}72 + {X_{L2}}"2
Wherrfeegigitve resulting current of the parallel circuit is given as: \begin{align*}
\underline{I} {3} &= \underline{l} {3R} + \underline{l} {3C} \\
Naisoeatine paf Bl §ed&e Jeingierise {begi3R3[g2*) Ruhderisqfif \KFAH T Wover{|
11} \HGI) S2= g (L@ 112 (BN &2 A4 { {BRY( {21 \dh allghtler{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
{I3_{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*}

'~~#@eel_taskctr.#~~"

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

2. Ndwtingatingnelennead ésof sedl ith herae tivire weibhta actemdpenasse ofi ¢l 80usdchid GhdelBatric
BeeHK power dissipation (= heat flow) of $P=40 ~\rm{W}$ is necessary.

Nalbubene tihe aomembéiNicked€drondperatkoly. 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 $3.57 ~\rm{mm}$.

olheDindation e Rt AR\ @nroRdslimgidriineit.
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solution
\begin{align*} P = U \cdot | = R \cdot 12 \quad \rightarrow \quad I=
\sqrt{\frac{P}{R}} = \sqrt{\frac{40 ~\rm{W}}{0.33 ~\Omega}} \end{align*}

\begin{align*} R &= \rho \cdot \frac{I} {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*}

'~~#@eel_taskctr.#~~'

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

Zh Bejita tri e Heoireditspbioy) disa thsdwsidoaB R b e e mbraoalsityie
WM@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.

BaRUe solve this, first create an equivalent linear voltage source from $U$, $R_1$, and
;R_\RagR{align*} 3 elte3D) ABnAdzsweddhatigh{@andalign*}

solutidois{ abiy akpiDeltanythi & hadtadlly Qlts Ge=s§ilda dikds {2bYiddsttha addtag e 2\ &=
sUER2vardX{Mhedodéplndent Qifhixdetisid ~\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 $R_2$.

$$5 .. $$5 .. $SR ...

1] 'C
SR_.. )iw% ;misu‘%“

"he circuit contains a voltage source $U=12 ~\rm{V}$, a switch $S_1$, a resistor of $R_1=20
-\Omega$ and a capacitor of $C=100 ~\rm{uF}$.

"he switch $S_2$ to an additional consumer $R_2$ will be considered to be open for the first
asks. At the moment $t 0=0 ~\rm{s}$ the switch $S_1$ is closed, the voltage across the
-apacitoris $u_c (t 0 )=0 ~\rm{V}$.

Ja

.. First do not consider the light bulb - it is not connected to the RC circuit.
“alculate the point of time $t_1$ when $u_c (t_1)=0.5\cdot U$.

>olution

MEXLE Wiki - https://mexle.te.hs-heilbronn.de/
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So, here only R 1 and C gives the tii e .unstant: $\tau = R_1 \cdot C$

The following formula describes the «imz course of $u_C(t)$ which has to be $u_c
(t_1)=0.5\cdot U$: \begin{align*} u_c (t) = U \cdot (1- e~ {t/\tau}) = 0.5\cdot U
\end{align*} It has to bearearranged to $t$ \begin{align*} (1- e~ {t/\tau}) &= 0.5\\

e~ {tAtau} &= (5 \\ t/\tau &= Ir](0.5) \\ t &= \tau \cdot In(0.5) \\ t &= R_1 \cdot C \cdot
In(0.5) \end{alidh*} 51

Q|7

Ry

C
[]RB == lup

An equivalent linear voltage source can be given with $U$, $R_1$, and $R_\rm B$ as
seen 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 &= 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*}

'~~#@eel taskctr.#~~"

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

Thetelbwtoh shallibovithe Rldsed 0QataOiategdt éGuRaRB-raoitahOentRaf\anceiis deitween
Begthgined. $\rm BS.

Solution

MEXLE Wiki - https://mexle.te.hs-heilbronn.de/
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“begin fejignidit tfamsfeqh&tiol 83 edGamgga \\ \end{align*}

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 + (R.Y+R_1 + R_1)||(R.Y + R 2)\R_{\rm eq} &=
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

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

'~~#@eel_taskctr.#~~"

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:

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*}

'~~#@eel taskctr.#~~'

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

3. tRdganidinag| g uespiions e e fadinas EnEoeat enmedtie gedremmnsist can Sitreditierigidgtdd has a
ReEilt i recopesikteenron (kMG g an exE3natiom @} gour answer.

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

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

. Oegigdatisnte ffim e DR Aresat deng {agnthy ¢

Resipmnetrahtfierrekistoic§Pendigydnitiof thécdotuit 2md gahe e heafRTheérisfore, a

0l aibralersets 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}Hover{\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*}
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'~~#@eel taskctr.#~~'

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

3. dlialuid atigtiti ptab e omicotesd eavdiiviaEH ool npidstadin b B tdudmiHrs) Ghib thive tgio the
B@&Lﬂbnents.($R$ and $\underline{X} 1$) shall be given.
Ahis rcamabysig nthehd || be idigrfensioihe fointhedmp edan tealy isecxtirae teca N eqitt§ g Baare}in

hhrrt@rl(ﬁal(‘mat@‘ﬂhﬁﬂé ohooedrt-wa{erh i} 1+5{\rm j} \right) \Omega \end{align*}
>olution

.. Cdleglat@atignbh¢sical 0asofithe eve (efigyoients.
>olubiegin{align*} Rusidellitde {1 egh0\07 &=rih 28 H\riad mhi} i\&d {&Tig6°H\end {align*}

>olution
\begin{align*} \underline{I} &= {{\underline{U}}over{\underline{Z}}} \\ &= {{50
Fher{lYeheyad bi24ge\raeg pHaddrohik \eseied HEn@rpasa dmid= Hlae real)
resuMiNg heveadfed4 yRraanme 7§\ rih etk 4 68 ~2@mega }} \cdot {{ 0.24
Thererge, -thendh ﬁﬁjgkférﬁ éwrd/WHme&Qm@%deta jdalgeasf4.68
;igamgr}?ﬂ\ &@%h&%}\m é@@@m{@ R Bk ré@ser\*@mé@ihjb 13}
\69@ \ EER s J. feles

i ; ) L 41\}
\Pdvel19hbl eiRises “\%{\% (éd?&t\aV@éw\ﬂﬁe%bla \GIGE ARG + 50rm j)
VighilosqlDbecgal e A0 efE0.a 4 F/8 2 4i1ne FofcBAeTh% IBe mOMGAgH 1 6 0.24

Riadetaef 11{réo5 H | ot debithe {OFigdavardfuRdedimen{ 41X 1 \\ Send{Bign*}
~\rm{V}}over{| 0.24 ~\Omega + {\rm j} \cdot 4.68 ~\Omega |}} \\ &= {{50

Wih f1ve Fsnetexshtt (opes-titnidysjcdl va(uessbemimalan s X1 &eniqaiageh \\ L
&= {{X_L}Y\over{2\pi \cdot f}} \\ &= {{4.68 ~\Omega}\over{2\pi \cdot 300
Fhepftazsg I3\ 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*}

'~~#@eel taskctr.#~~'

Exercise E8 Complex Impedance Circuit
(written test, approx. 15 % of a 60-minute written test, WS2022)

3. ddadvik s tweeel g g Seri shepr{ i ¢St Gibautdlgrade{iAe {1} sikaad
ﬁﬁéﬁlﬁpulhne@Z&dj{mlmadmgwsmccﬁ$u( t) = 3.0 ~{\rm V} \cdot \sin(2\pi \cdot 15 ~{\rm
KHpddedot dppwdpiniateistatima) fastsioace ofrité 0t e@megas.

$R|E‘q'iﬂ'3ar source is connected with an inductor of $330 ~ {\rm uH}$ and a capacitor of
’Glﬁlﬁon{\rm WF}$, all in series.

. D\%@Ql’h{aa&'i%uft B3 oot e VERiatrn a0 645 48.2 ~\Omega \\ Z &= 19.8 ~\Omega
abdRi@Bpthents, voltages, and currents.
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esMbegin{align*} Z &= {{\hat{U}}over{\hat{I}}} \\hat{I} &= {{\hat{U}}\over{Z}} \\
\end{align*}
\begin{align*} Z C &= {{1}\over{2\pi \cdot f \cdot C} }\\ &= {{1}\over{2\pi \cdot 15
WitrfilieH AX Iddov er2 Bar{{2d LREH ot teatd {Bdigibegin{align*} | &=
Yolelli kofegid g riA{ 218 F\edor \€ dutat {ddbl \owex 2N b\ Edot {3 M owen kb {eddtbcdat
L@ pEYI\Yhd eMeifd9.28 ~\Omega}} \\ \end{align*}
\begin{align*} Z C &= {{1}\over{2\pi \cdot f \cdot C} }\\ &= {{1}\over{2\pi \cdot 15
~{\rm kHz} \cdot 330 ~{\rm puH}}}\ \end{align*}
\begin{align*} \underline{Z} &= R + \underline{Z} | + \underline{Z} C\\&=R + |
\cdot {Z} L-j\cdot {Z} C\ &=R +j\cdot ({Z} L- {Z} C)\\ \underline{Z}| &=
\sqrt{R”~2 + (\underline{Z} L - \underline{Z} C)"2 }\\ \end{align*}
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'~~#@eel taskctr.#~~'

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

Bak $IR s Sheried aischoit it s @2ddhaha eibmid e, fusierd en & D Neahvbgpameitel of 33} 2+3.0
Re&WItKS, itB %2 00=4Fon -zt kHahige nmatestaTarcanteplt DESO BR=bAG~\rm A$ 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

soluegin{align*} R 1 &= 1.00 ~\Omega \\ \end{align*}

>O|qbég|n{al|gn*} &= 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*}
gxaHgbﬁlmé ?&s\ﬁe\e’hlaﬁrtb@ruﬁ& 08 s the gane nRrAsend \&=R 2

B0 i BHESY Yo Rt nE ANARI b i gﬂi%ﬂ%ﬂ Al _@mms;
1{}3@3{ bhdieves Addeienrpitia {3 élké? }erirgets Liebnemdtalign*}
%muﬁaémﬂél{}ui?\Do}/%ﬂ%\aﬁmﬁnﬁ@{alﬁrFQ@hﬂp‘ezlme{pF}_i?Cz}ﬁ (It has to, since $R_3$
suprI@endicxiarioe $t € ildedot {Il3EHT aedht) ~2 &= {R 2}72 + {X_{L2}}"2
Wherrfeegigitve resulting current of the parallel circuit is given as: \begin{align*}
\underline{I} {3} &= \underline{l} {3R} + \underline{l} {3C} \\
Naisoeatine paf Bl §ed&e Jeingierise {begi3R3[g2*) Ruhderisqfif \KFAH T Wover{|
11} \HGI) S2= g (L@ 112 (BN &2 A4 { {BRY( {21 \dh allghtler{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
{I3_{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*}

'~~#@eel_taskctr.#~~"

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

2. Ndwtingatingnelennead ésof sedl ith herae tivire weibhta actemdpenasse ofi ¢l 80usdchid GhdelBatric
BeeHK power dissipation (= heat flow) of $P=40 ~\rm{W}$ is necessary.

Nalbubene tihe aomembéiNicked€drondperatkoly. 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 $3.57 ~\rm{mm}$.

olheDindation e Rt AR\ @nroRdslimgidriineit.
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solution
\begin{align*} P = U \cdot | = R \cdot 12 \quad \rightarrow \quad I=
\sqrt{\frac{P}{R}} = \sqrt{\frac{40 ~\rm{W}}{0.33 ~\Omega}} \end{align*}

\begin{align*} R &= \rho \cdot \frac{I} {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*}

'~~#@eel_taskctr.#~~'

Exercise E5 Charging Capacitors
(written test, approx. 16 % of a 60-minute written test, WS2022)

Zh Bejita tri e Heoireditspbioy) disa thsdwsidoaB R b e e mbraoalsityie
WM@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.

BaRUe solve this, first create an equivalent linear voltage source from $U$, $R_1$, and
;R_\RagR{align*} 3 elte3D) ABnAdzsweddhatigh{@andalign*}

solutidois{ abiy akpiDeltanythi & hadtadlly Qlts Ge=s§ilda dikds {2bYiddsttha addtag e 2\ &=
sUER2vardX{Mhedodéplndent Qifhixdetisid ~\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 $R_2$.

$$5 .. $$5 .. $SR ...

1] 'C
SR_.. )iw% ;misu‘%“

"he circuit contains a voltage source $U=12 ~\rm{V}$, a switch $S_1$, a resistor of $R_1=20
-\Omega$ and a capacitor of $C=100 ~\rm{uF}$.

"he switch $S_2$ to an additional consumer $R_2$ will be considered to be open for the first
asks. At the moment $t 0=0 ~\rm{s}$ the switch $S_1$ is closed, the voltage across the
-apacitoris $u_c (t 0 )=0 ~\rm{V}$.

Ja

.. First do not consider the light bulb - it is not connected to the RC circuit.
“alculate the point of time $t_1$ when $u_c (t_1)=0.5\cdot U$.

>olution
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So, here only R 1 and C gives the tii e .unstant: $\tau = R_1 \cdot C$

The following formula describes the «imz course of $u_C(t)$ which has to be $u_c
(t_1)=0.5\cdot U$: \begin{align*} u_c (t) = U \cdot (1- e~ {t/\tau}) = 0.5\cdot U
\end{align*} It has to bearearranged to $t$ \begin{align*} (1- e~ {t/\tau}) &= 0.5\\

e~ {tAtau} &= (5 \\ t/\tau &= Ir](0.5) \\ t &= \tau \cdot In(0.5) \\ t &= R_1 \cdot C \cdot
In(0.5) \end{alidh*} 51

Q|7

Ry

C
[]RB == lup

An equivalent linear voltage source can be given with $U$, $R_1$, and $R_\rm B$ as
seen 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 &= 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*}

'~~#@eel taskctr.#~~"

Exercise E3 Pure Resistor Network Simplification
(written test, approx. 13 % of a 60-minute written test, WS2022)

Thetelbwtoh shallibovithe Rldsed 0QataOiategdt éGuRaRB-raoitahOentRaf\anceiis deitween
Begthgined. $\rm BS.

Solution
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“begin fejignidit tfamsfeqh&tiol 83 edGamgga \\ \end{align*}

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 + (R.Y+R_1 + R_1)||(R.Y + R 2)\R_{\rm eq} &=
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

$9R_.. | SSRL. $SR_..

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*}
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