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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.

Only EEE1-relevant Part

This part is only for about 25 minutes !

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

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

Nadbubene ke aomembéiiNinked€drontperatkoy. 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 $3.57 ~\rm{mm}$.

20lieDiadativn te Rtk ARe WnroRdsimgiiriaeit.

solution
\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

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

A. tRegiidinag| ig vespibasa e fadinaes Eankibedrs enmed g mdismnsos cen ditrediiterndgtdd has a
ReEill & recopesikteenron (kG s ah ex33natiom @} gour answer.

Its temperature coefficients are: $\alpha=0.01 ~{{1}\over{\rm{K}}}$ and $\beta=71 \cdot
107~ {-6}~{{1Nover{\rm{K}"2}}$

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

TheHelbwtoh shallibovithe Rldsed 00ataOiateddte 6GuRaRB-+r2diotahOeneRaf\ancis deitween
Beguthgined. $\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

MEXLE Wiki - https://wiki.mexle.org/
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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*}

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 $R 1$:

MEXLE Wiki - https://wiki.mexle.org/
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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://wiki.mexle.org/
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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*}

Full Exam

These is the full exam

Full exam

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

2. detingadirgnerenmead ésaf sse i ith herake tivire webhta aciemdpenassse ofi ¢l #0usadnid @hs.
s,av@ower dissipation (= heat flow) of $P=40 ~\rm{W}$ is necessary.

Nadbudenhe ke aomemb s Blicked€d romuperatikoly. 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 $3.57 ~\rm{mm}$.

ol hieDiadation e fsthkARaWrieordslimgtdrlinert.

solution
\begin{align*} P = U \cdot | = R \cdot 1”2 \quad \rightarrow \quad I=
\sgrt{\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
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3~\rm{m}}{(3.57\cdot 10"~ {-3}~\rm{m})"~2 \cdot \pi} && \\ \end{align*}

electrical_engineering_and_electronics:task rjOr6j4apumukrj6_with_calculation
resistivity, power, exam eel ws2022

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

3. tRegiidinad| i vespibas e ETine fa dinees wmEnkiHedrt ennpiitg  redhemunsios can Jthraddittertiidtod
R restictmes e b 0 warse kG \Oererg agma stz £51yo (€ hfiswer.

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

I:‘F‘réuclémperature inside the refrigeration system can reach down to $-40 ~°\rm{C}$.

. chegisdatigntadisfin e drtvadianaraesat\ dend {ahgnry ¢.

Reeismnetrahtferrekistoic $Pendigydnttiof thécdotuit 2md gdnegtoheatR} 1 $ is

ol diredtent sortsistieatsBasor might heat 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
T72) && | \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}~{{1}\over{\rm{K}~2}} \cdot (-40~°\rm{C}
- 25~°\rm{C})”"2 \right) \\ \end{align*}

electrical_engineering_and_electronics:task _70jjg4yzznocarsq_with_calculation
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)

IhaHelkwito shaliibovitbé Rldsed00akOlategdt éGuR-aRR+20tah0meRagandiis
BetitleSh\isnghteand $\rm B$.

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

Now a wye-delta transformation is necessary.

MEXLE Wiki - https://wiki.mexle.org/
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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+ (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://wiki.mexle.org/
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The equivalent resistor is given by a parallel configuration of resistors in series:
\begin{align*} R_{\rmeq} &= (R 2+ 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*}

electrical_engineering_and_electronics:task x357drkaqv84jnsc_with_calculation
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{V}\\R_{\rm i} &=
R_{\rm AB} &&= 6 ~\Omega \end{align*}

MEXLE Wiki - https://wiki.mexle.org/
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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://wiki.mexle.org/
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$$R_,

ssu |

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 $R_1$:

Now a lot of them can be combined. The resistors $R_1$, $R_3$, $R 5% are in

MEXLE Wiki - https://wiki.mexle.org/
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parallel, like also $1_2$ and $1_4$: \begin{align*} R_{135} &= R_1||R_3||R_5\\
| {24} &=12-14 = {{U 2} over{R 1}} - | 4 \end{align*} The resulting circuit
can again be transformed:

$SR_.

£S ’J}SR Mw“ Ssul%ms

Here, the $U_{24}$ is calculated by $I_{24}$ as the following: \begin{align*}
U {24} &= 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_75.

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 ~\Omega|| ( 7.5 ~\Omega +
2.5 ~\Omega) \\ \end{align*}

electrical_engineering_and_electronics:task 6tgttquele2nf2c7 with_calculation
dc network analysis, pure resistor network simplification, delta wye transformation, exam eel
ws2022
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Exercise E1 Charging Capacitors
(written test, approx. 16 % of a 60-minute written test, WS2022)

: pregisnEigismpen). The voltage across the capaator 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

Reition
1int\orgSHiotanTe, HreltesRhR Friiaementatel g0 8adhirce from $U$, $R_1$, and

R \rm R¢
Jl\_\llll L

lbdges{atigatpnDeltan YWh §=T hedttadlVv €& de=s§f ica chids {XpYidestthd aadtald € 2
>0lUkfi % 12 Howef\( 23 jhctbpgel@iert\onthis yasdoor12 ~\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 $R_2$.

51 Ry

a switch $S_1$, a resistor of
sR_1=20 ~\Omega$ and a capacitor of $C=100 ~\rm{uF}$.

"he switch $S_2$ to an additional consvmer $R_2$ will be considered to be open for the
irst tasks. At the moment $t 0=0 ~\rm{s} 5 the switch $S_1$ is closed, the voltage
1cross the capacitor is $u_c (t 0 )=0 ~vm{V}$.

.. First do not conS|der the light bulb - it is not connected to the RC circuit.
“alculate the point en $u_c (t_1)=0.5\cdot U$.

S

solution

2 1 g == |uc

Oai U ! ue

An equivalent lifjea¥ voltage source crn beWiven with $U$, $R_1$, and $R \rm B$
as-seen-inyellows C

e e eniyeRv gk Obthesadne tiienitinsemiobge soRrck \isd$UCS = U \cdot
{{R_\rm B}\over{R_1 + R \rm B}} = 1/2 \cdot U$ The internal resistance is given
By fplteninm formeliaedeseliaee haurraa e ek ktahtd $ utch\aadgdis Su_C
Ehdh=Ard\aelotibtyirbegigrialignt ke R (1) FR) \edd (16&"Hd/\tq0Mmegd.5\cdot U
\end{align*} It has to be rearranged to $t$ \begin{align*} (1- e~ {tA\tau}) &= 0.5
\\ e~ {tAtau} &= 0.5 \\ t/A\tau &= In(0.5) \\ t &= \tau \cdot In(0.5) \\ t &= R_1 \cdot
Oegiof dhi@n3} \erd{@BYs:s U s \cdot (1- e~ {t_2/(R_i\cdot C)}) \\ &=
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{{1}\over{2}} \cdot U \cdot (1- e~ {1~\rm{ms}/(10 ~\Omega \cdot 100
~\rm{uF})}) \end{align*}

electrical_engineering_and_electronics:task _tb6pi8dghOm2e2pw_with calculation
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 Qlaluidatiattiti pdab eomidagreest heavdins-EHcolnpiashadinES e o) és b thive tglo

Besdibniehts.($R$ and $\underline{X} 1$) shall be given.
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\end{align*}

>olution
\begin{align*} \underline{l} &= {{\underline{U}}\over{\underline{Z}}} \\ &=
Trhe Gurvend ¥hd\ouRED 8 3 NQMEsE ohdarRdie\ileh - B8 uO Btasa ) = \pdre
AP reSiming ihperdre 24 \oMaerase iz Y imdhdeddiey &3 2¥mega }} \cdot {{
@P‘?e‘l“efé@é“ﬁg@ cot| d\bh@dﬁbé 8 a"(\.@ HPYRthE J4hmd Qpxeliate {Md bf

L AB: it el L
RN LG éderoxik ﬁgg VRULS Y &
@%ma&g\sma x\f%msea%?@m oAb dﬁt\s%al{{awaﬁ }

m j} \right) ~\Omega \\ &= \left(0.24 - 0.32{\rm j} + 5{\rm j} \right)
Fhemiega \tdva L@ 4 odeetaet| T $nadh \oel b k.6l tetOame gz yistalRom* F\rm j}
Kubderine{a}ig&%3 {|{\underline{U}|}over{|\underline{Z}|}} \\ &= {{50
~\rm{V} Hover{| 0.24 ~\Omega + {\rm j} \cdot 4.68 ~\Omega |}} \\ &= {{50
Wt Tive FRs0BiexsBprt corpastitnidysjeal valuessbegdmatar X1 &= \omega
teWd{&FghtX_LHover{2\pi \cdot f} } \\ &= {{4.68 ~\Omega}\over{2\pi \cdot 300
~\rm{Hz}}} \\ \end{align*}

The phase $\varphi_i$ can be calculated as \begin{align*} \varphi_i &= \arctan
\left( {{\Im()\over{\Re()}} \right) \\ &= \arctan \left( {{-4.68
~\Omega}\over{0.24 ~\Omega}} \right) \\ \end{align*}
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Exercise E1 Impedances at different Frequencies
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(written test, approx. 18 % of a 60-minute written test, WS2022)

Bak IR s whei et aiskort watihesd@isthha \reybp B feid an A @0 hekingpaments| of 35} =1.3
Besalk G~ a208 with$#HZz$ ) 50hicrg deers tpsremibes at afrsént3R } 2160 ~\mm ASAS.
thrduighigRr $R_1$ shall have the same absolute value of the impedance as a capacitor
$C 1=40 ~{\rm nF}$ at $f 1=4 ~{\rm MHz}$.

solution
>olufegin{align*} R 1 &

SN _ 00 ~\Omega \\ \end{align*}
solubiegin{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 \beain{align*}

qKaHabﬂrﬁé eReHIRifheriakage is the gapng mrhﬂ&ﬁﬁeqom \;f &@F;E 2

aglgaié Setabging IRIEARIRS Shkbi b !rieléﬁei{ M

@@}!ﬁé burdddaueriaidaror riTraie \eegkAiser &i&pt\

ﬁﬁa@ﬂﬁﬁél{}uﬁ3\%%@\9%@11%:{4!?}}tq@hqdezl&e{pr}j?@$+ (It has to, since
ABn3ersrremrEndioyler ta\dtdfem ooyt h Y 3648t toR)s= {R 2}~2 +
Terefprethe\ nesidtiaggexyent of the parallel circuit is given as: \begin{align*}
\underline{l} {3} &= \underline{l} {3R} + \underline{l} {3C} \\
Noisdeatire{ Feaf B gediie gemsierige (begidR3[92*} RubhEerlisqfit \EEFQH {E \\
Hoves} &gtk {R HX{802722 K1} &3R3q 2 Neftdf ligr{Xim
V}Hover{60~\rm mA}} \right)~2 - (2\pi \cdot 450~ {\rm kHz} \cdot 4.7 ~ {\rm
Bagk+Q the fiesiafmawey \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*}
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Exercise E1 Complex Impedance Circuit
(written test, approx. 15 % of a 60-minute written test, WS2022)

4. Datoitldis threel imisidide pe e d@{ﬂ@j@[ﬁ_,%tﬁlgddﬁ{lﬁéiﬂx_ﬂ&md

3&6%prhne§&d_@@tﬁ1&d@dmwccﬁ$u( ) = 3.0 ~{\rm V} \cdot \sin(2\pi \cdot 15
EHdovekétz b hpdop kigtevitadndrieertal ardistabe ét afayli®. ~\Omega$.

$H E'tlliﬂ'aar source is connected with an inductor of $330 ~ {\rm uH}$ and a canacitor of

’B'QEOH{\rm uF}$, all in series.
Result

. DeRgimtatigRt} B dRim3dtEm \gRietrnitato6es 48.2 ~\Omega \\ Z &= 19.8

abé‘l\Qmﬁ‘Qﬁﬁﬁﬁgr{@ﬁ%ﬁaoeq and currents
\begin{align*} Z &= {{that{U} Hover{\hat{I}}} \\\hat{I} &=

\vabat{alidnby et {Z 5=\ \ehp\dakgH2Ypi \cdot f \cdot C} }\\ &= {{1}\over{2\pi
Residtlot 15 ~{\rm kHz} \cdot 0.22 ~{\rm uF}}}\ \end{align*}
Wishig!| g} vesisarpl 2dddiededobaty &< Mpsioicdsdivs*} \&FkHz} \cdot
6 OHoyert \pant{ 2ddd fetiihkf \hat{U} Nover{Z}} \\ &=
{{1}\over{\sqrt{2}}}\cdot {{3.0 ~{\rm V}}Nover{19.28 ~\Omega}} \\
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\badifelaigr<} Z C &= {{1}\over{2\pi\cdot f \cdot C} }\\ &= {{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
+ i\cdot {Z} L-i\cdot {Z} C\ &=R + j\cdot ({Z} L-{Z} C)\\ Nunderline{Z}|
&= \sqrt{R~2 + (\underline{Z} L - \underline{Z} C)~2 }\\\end{align*}
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