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Exercise E9 Efficiency (written test, approx. 14 % of a 60-minute written test, SS2023)
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Exam Summer Semester 2023

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 Resistivity and temperature dependent Resistance
(written test, approx. 7 % of a 60-minute written test, SS2023)

Unéraisitst thie exfiationdibfpdifiterdisietRi cm it sp Pébrropyki i bitittddscribed by the
BBoGvenl ftnncapaciponbasiarfarteatal butfis e ases Akd b@st fitnwdmlt 2% #BRS dist5raR0$ for

bEeey ten 12 0es oh$ AEP M \$a0Am$rm °C$)
PR HActivity of the dielectric material is $\rho_{\rm PP}(20 ~\rm °C)=10~{17} ~\Omega

n$.
‘or Bedinalign e RE3Bre\rankarSe B0 BRI AERE YeRbH VY —\rm °Ce

-\rm °C$ are given as $\alpha =-0.048 ~\rm 1/K$ and $\beta=+0.00057 ~\rm 1/K™
\begin{align*} R(55 ~\rm °C) &= R(20 ~\rm °C) \cdot (1+\alpha\cdot\Delta T +

\beta\cdot T*2 + ...)\\ &= 80 ~\rm G\Omega \cdot (1-0.048 ~\rm 1/K \cdot(35 ~{\rm
K}) + 0.00057 ~\rm 1/K~2\cdot\Delta (35 ~{\rm K})~2 ) \end{align*}
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Calculate the resistance for the dielectric material for $20 ~\rm °C$.

Solution

\begin{align*} R(20 ~\rm °C) &= \rho\cdot {{d}\over{A}}\\ &= 10" {17} ~\Omega
\rm m \cdot {{0.8\cdot 10™{-6} ~\rm m}\over{l ~\rm m~2}} \end{align*}

Exercise E2 Pure Resistor Network Simplification
(written test, approx. 12 % of a 60-minute written test, $SS2023)

ThEaiculatdehewshaldatgnoere $\rm K$, when switch $\rm S$ is closed.
Result

The values in the circuit are
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solutidiR_1 = 60 ~\Omega$
Vddaul atigierit Reegh e Hi Ssinlifdr-tOime garteitdfidhgogiéned switch. \begin{align*}
R $Rm3 eqd B=Q6®RIGMega \end{align*}
e $R 4 =100 ~\Omega$
Phelvaltegerdivigel dor rod® $\rm K$ has the same proportionality as the voltage
divider for node $\rm K'$. Therefore, the potential of $\rm K$ is the same as for $\rm
K'$. There will be no current flow through $R_3$. The resistance does not create a
voltage drop and therefore does not interfere with the circuit.

1. Calculate the voltage at node $\rm K$, when switch $\rm S$ is open.
It might be beneficial to redraw the circuit first.

Solution

Rearranging the circuit one can get:
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Once the switch $\rm S$ is opened, the upper part is a parallel circuit. Therefore,
$R_{\rm eq}$ is given as: \begin{align*} R_{\rm eq} &= (R_1+R 2)||(R_1+R_2)+R 4\\
&= {{1}\over{2}}\cdot(R_1+R 2)+R 4\\ &= {{1}\over{2}}\cdot(60~\Omega +
40~\Omega) + 100~\Omega \\ \end{align*}

Exercise E3 Pure Resistor Network Simplification |
(written test, approx. 14 % of a 60-minute written test, S52023)

Thawdiné bepoy shibddgeeshiaiébe given as $U_{\rm AB} = 60 ~\rm V$. What is the value for
Besuls the circuit?

solution
\begin{align*} B &% 2¢\r&=\SR \emdifaligm*}

The current through the circuit is given as $I_{\rm AB} = U_{\rm AB} \cdot R_{\rm eq}
$.

This current has to flow in summary through parallel branches. The voltage $U$ in
question in the upper right branch given by $(4R||4R)+2R+2RS$. Its resistance is just
the same as the upper left branch $6R$.

Therefore, half of the current flows to the left half to the right side.
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The voltage $U$ is consequently: \begin{align*} U &= {{I_#\rm AB} }\over{ 2\cdot
R {\rmeq} }} \\ &= {{U_{\rm AB} \cdot 2R }\over{ 2\cdot _%.
~\rm V Hover{ 5 }} \end{align*} 9.R

rmeq} }}\\ &= {{60

1. What is the equivalent resistance $R_{\rm eq}$?

Solution

Part of the circuit is shorted. Here the resistors (marked in red) are shorted by the
connections marked in blue:
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The circuit can then be rearranged for better interpretation:

Therefore, $R_{\rm eq}$ is given as: \begin{align*} R_{\rm eq} &= (2R||2R + R +

MEXLE Wiki - https://wiki.mexle.org/
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R)||6R &&+ 6R [|(2R + 2R + 4R||4R) \\ &= (R + R + R)||6R &&+ 6R ||(2R + 2R + 2R) \\
&= 3R||6R &&+ 6R ||6R \\ &= {{3R\cdot 6R}\over{3R+6R}} &&+3R \\ \end{align*}

Exercise E4 Equivalent Linear Source
(written test, approx. 10 % of a 60-minute written test, $52023)

The circuit below has to be simplified. Use equivalent linear sources for simplification.
Reftitate the internal resistance $R \rm i$ and the source voltage $U \rm s$ of an equivalent
linear voltage source.

e $R 1 =5 ~\Omega$

Yagnd &g+ Wnrass &= U_{\rm AB} =1.11...~\rm V\ R_{\rm i} &= 5.55...
«~\PRn2ga Yebd{Divete$

e $1 3=0.5~\rmA$

e $R 4 =10 ~\Omega$

e U5 =4~\rmV$
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$$\r...

L h

Solution

The principle idea here is to find parts of the circuit which are already a linear (voltage
or current) source. Then this can be transformed into the equivalent other source, as
shown in the next picture.

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



2026/03/18 11:50 11/26 Exam Summer Semester 2023

$3\r...

Y

In order to get the currents one has to calculate it by $1 x = {{U_x}\over{R x}}$
\begin{align*} |_0 &= {{U_O}\over{R_1}} = {{10~\rm V}\over{5 ~\Omega}} = 2
~\rm A\ | 5 &= {{U 5}\over{R 4}} = {{4 ~\rm V}\over{10~\Omega}} = 0.4 ~\rm A
\\ \end{align*}

$1 3% and $I 0% can be combined to $I {03}=I 0 -1 3$ facing upwards: \begin{align*}
| {03}=1.5~\rm A \end{align*}

Then, the linear current source $|_{03}$ with $R_1$ gets transformed into a linear
voltage source with $U_{03}=R_1\cdot | {03}$ facing down. \begin{align*}
U {03}=7.5~\rm V \end{align*}

Then, the resistors $R_1$ and $R 2$ can be combined to $R {12}=R 1 + R 2$.

After this, the next step is to make a linear current source out of $U_{03}$ and
$R _{12}$. The current will be $1 {0123}={{U_{03}}\over{R _{12}}}$, facing up
again. \begin{align*} 1 {0123}=0.6~\rm A \end{align*}

The second-last step is the sum up of the current sources $1_{0123}$ and $I_5% as
$1 {01235}=1 {0123}-1 5% and the resistors as $R_{124}=R {12}||R_4S.
\begin{align*} | {01235} &=0.2~\rm A\\R {124} &=5.55... ~\Omega \end{align*}

MEXLE Wiki - https://wiki.mexle.org/
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The final step is the back-transformation to a linear voltage source, with $U_{\rm AB}
= R {124} \cdot | {01235}5.

The simplest and fastest (= for exams) is to work with interim results in the
calculation.
Here, there there is also a full final formula given:

\begin{align*} U \rm s &= U_{\rm AB} =1 {01235} \cdot R {124} \\ &= (I_{0123}-

| 5) \cdot (R_{12}]|R_4) \\ &= \left({{U_{03} }over{R _{12}}}-I_5\right) \cdot
\left((R_1 + R_2)||R_4\right) \\ &= \left({{R_1\cdot |_{03} F\over{R_1+R_2}}-I_5\right)
\cdot \left((R_1 + R_2)||R_4\right) \\ &= \left({{R_1\cdot \left({ {U_OH\over{R_1}} -
|_3\right)}\over{R_1+R_2}}-I_5\right) \cdot \left((R_1 + R_2)||R_4\right) \\ \end{align*}

Full Exam

These is the full exam

Full exam

Exercise E1 Resistivity and temperature dependent Resistance
(written test, approx. 7 % of a 60-minute written test, S52023)

U eddiist bl e 4 beadie fp diiditevd etieti$ cims i dp 6ibAy Fowsriei (i c b ettt ddscribed
BRavh &b 2 invedpa dit@nhespamantéah fosacfecdrofhid cdgd) therbebnfit2gand balisbBance
beto@e$ fdreddls testofett-$28 ~\rm fB$$and $100 ~\rm °C$)

$Hl¥“9§?stivity of the dielectric material is $\rho_{\rm PP}(20 ~\rm °C)=10"{17}
~\Omega ms.

“or YRRAUNI 97t RE3Bre\rEM(er i B0 AR IDIATENR \EHUEREEY ~\rm °C$ and

555 ~\rm °C$ are given as $\alpha =-0.048 ~\rm 1/K$ and $\beta=+0.00057 ~\rm
in{align*} R(55 ~\rm °C) &= R(20 ~\rm °C) \cdot (1+\alpha\cdot\Delta T +

\beta\cdot T"2 + ...)\\ &= 80 ~\rm G\Omega \cdot (1-0.048 ~\rm 1/K \cdot(35
~{\rm K}) + 0.00057 ~\rm 1/K™~2\cdot\Delta (35 ~{\rm K})"2 ) \end{align*}
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Calculate the resistance for the dielectric material for $20 ~\rm °C$%.

Solution

\begin{align*} R(20 ~\rm °C) &= \rho\cdot {{d}\over{A}}\\ &= 10"{17}
~\Omega \rm m \cdot {{0.8\cdot 10~ {-6} ~\rm m}\over{l ~\rm m~2}}
\end{align*}

electrical_engineering_and_electronics:task kytl5wlle3sempb2 with_calculation
resistivity, power, exam eel 552023

Exercise E5 Analyzing a Scope Plot
(written test, approx. 12 % of a 60-minute written test, S52023)

iy iftfdHofabotgsherididelt et dimdradraentand degree)?
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Belitiiorasured current curve shall be visible as a dashed line.
The continuous line shows the voltage.
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Use the correct symbols and units in your answers!

1. Calculate the frequency $f$ of the periodic signals.

Solution

Frequency $f$ is given by the period $T$. The period can be measured in the
imagine of the scope.

1. The sine waves repeat after $6 ~\rm divisions$ (e.g. from falling turning
point to falling turning point of one curve)
2. The scale is $0.1 ~\rm ms/Div$

\begin{align*} f &= {{1} \over {T}} \ T &= 6 ~\rm Div \cdot 0.1 ~ms/Div \\
\rightarrow f &= {{1} \over {6 ~\rm Div \cdot 0.1 ~ms/Div}} \end{align*}

electrical_engineering_and_electronics:task_1m3izw2szosswtto_with_calculation
exam eel ss2023

Exercise E6 Complex voltage dividers
(written test, approx. 16 % of a 60-minute written test, S52023)

Zh Bariren dhistbevo dinmjiddypaemeiliab thes| fmthidle resdlthag phespndoe Hifobetaleen

Beputienioe (U3 disy$raChdose atiregipropriake scaling factor and write it down.
e $R = 1.1 ~\rm k\Omega$
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Jebuithh = 3.5 ~\rm mH$

\béyimpts ne)X Yol et - 18, SO0 wrkimj tketioreBB{ aNgn#\Omega \end{align*}
Yoagin{alpsd Mundedire{U}_{\rm O} &= 0.5 ~\rm V - j\cdot 1.5 ~V
\end{align*}

The formula to start with is the (complex) voltage divider: \begin{align*}

Al ifeTequéene te absalHtRMmeee 9f ivReAanGRs: \ERTISENRS (@) s

% BriRé{ UNis(leatrtecdbegiR phends {RETHeUPdddeZ_L
er K2 phcdet }z\LIMo&érl R\qdah IPCdot\rmL M\ et {Altgh#} \over
iot 3.5 \cdot 1 3H{\rm {As} \over{V} } }} \end{align*}

) U
|

1. Calculate the impedance $\underline{Z} L$.

Solution

\begin{align*} \underline{Z} L &= {\rm j} \cdot \omega \cdot L \\ &= {\rm j}
\cdot 2\pi \cdot 150 ~\rm kHz \cdot 3.5 ~\rm mH \end{align*}

electrical_engineering_and_electronics:task c9fj1si71797equs_with_calculation
impedance, phasor, cutoff, exam eel 552023

Exercise E2 Pure Resistor Network Simplification
(written test, approx. 12 % of a 60-minute written test, S52023)

ThE€diculatdthewshalydatgnoere $\rm K$, when switch $\rm S$ is closed.
Result

The values in the circuit are
Solution

* 3R 1 = 60 ~\Omega$

WdhegiUatigiRrit R et e i Ssinlifd~+ e girteitod dlicogdned switch.

\Wédind #igFOeaRdq} &= 150~\Omega \end{align*}
PheRvdtagb0diviienfegapde $\rm K$ has the same proportionality as the voltage
diider Yion iBle $\Ld K\gmTigrefore, the potential of $\rm K$ is the same as for
$\rm K'$. There will be no current flow through $R_3$. The resistance does not
create a voltage drop and therefore does not interfere with the circuit.
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1. Calculate the voltage at node $\rm K$, when switch $\rm S$ is open.
It might be beneficial to redraw the circuit first.

Solution

Rearranging the circuit one can get:

MEXLE Wiki - https://wiki.mexle.org/
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Once the switch $\rm S$ is opened, the upper part is a parallel circuit. Therefore,
$R_{\rm eq}$ is given as: \begin{align*} R_{\rm eq} &=

(R_.1+R 2)||(R_1+R 2)+R 4 \\ &= {{1}\over{2}}\cdot(R_1+R 2)+R 4\\ &=
{{1}\over{2}}\cdot(60~\Omega + 40~\Omega) + 100~\Omega \\ \end{align*}

electrical_engineering_and_electronics:task_cgeyprm6oboukcci_with_calculation
network simplification, exam eel ss2023

Exercise E3 Pure Resistor Network Simplification |
(written test, approx. 14 % of a 60-minute written test, $52023)

Thalawdiné bepory shibddeeshiaiébe given as $U_{\rm AB} = 60 ~\rm V$. What is the value
Rasslls in the circuit?

>olution
\begin{align*} B &% 2¢-\r&=V5R \emdifaigm*}

The current through the circuit is given as $1_{\rm AB} = U_{\rm AB} \cdot

R {\rmeq} $.

This current has to flow in summary through parallel branches. The voltage $U$
in question in the upper right branch given by $(4R||4R)+2R+2RS$. Its resistance
is just the same as the upper left branch $6R$.
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Therefore, half of the current flows to the left half to the riglet sjide.

The voltage $U$ is consequently: \begin{align*} U &= {{I_{\rfMAB} }\over{
2\cdot R_{\rm eq} }} \ &= {{U_{\rm AB} \cdot @jﬁver{ \cdot R_{\rmeq} }}
\\ &= {{60 ~\rm V Fover{ 5 }} \end{align*}

1. What is the equivalent resistance $R_{\rm eq}$?

Solution

Part of the circuit is shorted. Here the resistors (marked in red) are shorted by
the connections marked in blue:

MEXLE Wiki - https://wiki.mexle.org/
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The circuit can then be rearranged for better interpretation:

Therefore, $R_{\rm eq}$ is given as: \begin{align*} R_{\rm eq} &= (2R||2R + R
+ R)||6R &&+ 6R [|(2R + 2R + 4R||4R) \\ &= (R + R + R)||6R &&+ 6R ||(2R + 2R

MEXLE Wiki - https://wiki.mexle.org/
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+ 2R) \\ &= 3R||6R &&+ 6R ||6R \\ &= {{3R\cdot 6R}\over{3R+6R}} &&+3R \\
\end{align*}

electrical_engineering_and_electronics:task_erlctd760zmvox0t_with_calculation
network simplification, exam eel ss2023

Exercise E4 Equivalent Linear Source
(written test, approx. 10 % of a 60-minute written test, $SS2023)

The circuit below has to be simplified. Use equivalent linear sources for simplification.
Bartilfate the internal resistance $R_\rm i$ and the source voltage $U_\rm s$ of an
equivalent linear voltage source.

e $R 1 =5 ~\Omega$

oadnd &g+ Wnrass &= U_{\rm AB} =1.11...~\rm V\ R_{\rm i} &= 5.55...
«~\GRn2ga Yehd{\Digrth$

* $l 3=0.5~\rmA$

* $R 4 =10 ~\Omega$

e U 5=4~\rmV$
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$$\r...

[
LA ne

Solution

The principle idea here is to find parts of the circuit which are already a linear
(voltage or current) source. Then this can be transformed into the equivalent
other source, as shown in the next picture.

MEXLE Wiki - https://wiki.mexle.org/
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$S\r...

.
hoo B

In order to get the currents one has to calculate it by $1 x = {{U_x}\over{R x}}$
\begin{align*} | 0 &= {{U_O}\over{R 1}} = {{10~\rm V}\over{5 ~\Omega}} =
2 ~\rm A\ | 5 &= {{U 5}\over{R 4}} = {{4 ~\rm V}\over{10~\Omega}} = 0.4
~\rm A \\ \end{align*}

$1 3% and $1_0% can be combined to $1_ {03}=1 0 -1 3% facing upwards:
\begin{align*} | {03}=1.5~\rm A \end{align*}

Then, the linear current source $I_{03}$ with $R_1$ gets transformed into a
linear voltage source with $U_{03}=R_1\cdot | {03}$ facing down.
\begin{align*} U_{03}=7.5~\rm V \end{align*}

Then, the resistors $R_1$ and $R _2$ can be combined to $R {12}=R 1 + R 2%$.

After this, the next step is to make a linear current source out of $U_{03}$ and
$R_{12}$. The current will be $1 {0123}={{U_{03}}over{R {12}}}$, facing
up again. \begin{align*} | {0123}=0.6~\rm A \end{align*}

The second-last step is the sum up of the current sources $1 {0123}$ and $I 5%
as $1_{01235}=1_{0123}-1_5% and the resistors as $R_{124}=R_{12}||R_4$.
\begin{align*} 1 {01235} &=0.2~\rm A\\R {124} &=5.55... ~\Omega
\end{align*}

The final step is the back-transformation to a linear voltage source, with $U_{\rm

MEXLE Wiki - https://wiki.mexle.org/
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AB} = R_{124} \cdot |_{01235}5.

The simplest and fastest (= for exams) is to work with interim results in the
calculation.
Here, there there is also a full final formula given:

\begin{align*} U \rm s &= U_{\rm AB} =1 {01235} \cdot R {124} \\ &=
(1_{0123}-1_5) \cdot (R_{12}||R_4) \\ &= \left({{U_{03} Nover{R_{12}}}-
|_5\right) \cdot \left((R_1 + R_2)||R_4\right) \\ &= \left({{R_1\cdot

| {03}}\over{R_1+R 2}}-I 5\right) \cdot \left((R_1 + R 2)||R_4\right) \\ &=
\left({{R_1\cdot \left({{U OF\over{R 1}} -1 3\right)}\over{R _1+R _2}}-l 5\right)
\cdot \left((R_1 + R _2)||R_4\right) \\ \end{align*}
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Exercise E7 (Dis)Charging Capacities
(written test, approx. 14 % of a 60-minute written test, $S52023)

B it et s it (iriertie il it 6 et e Tl Wigeyvamg . DA toa. will
Bedii mpumpmmﬂmuﬁm?m switches to the situation shown in the drawing.
Pt Hew time/gonstant?

e $C 1 =200 ~\rm nF$
>0lUligR 1 = 8.0 ~\rm k\Omega$
>0l U@ A a4 g7} M Oen 8¢l 3- B o-nsn\end fial{atith* }

\oegind atight 6B BB desdiahgntitau} ) \\ &= 10~\rm V \cdot(1-

@ "H-4-nis B rnmsiA$ \end{align*}

Ragisuerantiafdhe eiflguadhamy g e ErapigiaTaisgne of ¢ &1 pridtec
y@,ﬁhgﬁt@n@ 2$ W|t qt the paraIIeI reS|stors the curre 3ourge would charge
. 8 re §rrteth by the

Itpgbmr lﬁlssues RRLIRR2AEdSE CJy&=
($~\prrky " k\Ome a \cdot02 amu F \\ &= 25\cddtf1d~ {3}
sichedlicebrsoicaieng

the maxirrum voltage on t{f caPaatDr, since it is in parg
'

1 R, R, | -/

Before $t 0% all switches are switched as shown and the capacitor is fully discharged.
At $t 0=0 ~\rm s$ the switch $S_1$ shall switch to the voltage source.
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1. Calculate the time constant for charging the capacitor.

Solution

The time constant is generally given as: \begin{align*} \tau &= R\cdot C
\end{align*}

Once $S 1% is closed and $S_2$ is open at $t 0%, the source $U$ drives the
current through the series circuit given by $S 1%, $C$, $R_1$ and $R_3$.
Therefore, $R=R 1 + R 3% \begin{align*} \tau_1 &= (R_1+4+R 3)\cdot C\\ &=
(8~\rm k\Omega + 7~\rm k\Omega) \cdot 0.2 ~\rm \mu F \\ &= 15\cdot 10" {3}
\cdot 0.2 \cdot 10" {-6} ~\rm {{VHover{A}}{{AsHover{V}}\ \end{align*}

Solution

Both courses of the voltage for charging and discharging are described with an
exponential function. However, the curve for charging increases first steep and
flattens out for longer time scales ($\propto (1-e”™ {-x})$).

electrical_engineering_and_electronics:task p8yrdjr60k6bvc4n_with_calculation
charging, capacities, exam eel 552023

Exercise E8 Impedances at Frequencies
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(written test, approx. 14 % of a 60-minute written test, S52023)

Bt At eiittie$Cs 120w BitR-Aaionhinig déhiaieinihGive thgaidtledel &8 vaiue Uhthe
fepeliiescoasuarenpaditd =with $6) BrAS.6 ~\rm nF$.
1. An inductor with $X_{L1} = 60 ~\rm m\Omega$ and $L 1 = 15.9 ~\rm \mu H$.

solution

solution
\begin{align*} f &=3ATBIATA.5~-{\eriwithizEA it icammowf TR— @B00~iimrki2
letealigdalign*}

\begin{align*} X_{C2} &=X{ {TB Yoveotheyadn\dwdot3Cs23 {{£}H{ {1} \over{2\pi
fopaipmmas X da0 7y 30\emepmity \eoethstea il iaqolbbip\vob@repist’_1
et Pphkelplobo@raty ¥ B\Bi=Cfpt foddtb s K R ST RBuesg B R\t P
\ea6530:00-DER b ok 2etifd Aesef A B B b rined eldddetot
30CddtIo s XH { Lpweddyhd Pvavercl dHNalpyer {Akhh) Avigid{align*}
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Exercise E9 Efficiency
(written test, approx. 14 % of a 60-minute written test, $52023)

S . . iyt thou giatpalit
WKWWMWMWMW\MMW V$. The battery shall
PRINEIRD Enevgyyofar antnelsbe theviz angitmby [pwdresistgnionsf Tife \elarhertar\Ochaggs iFhe
£ 8heRe=v 11602 Rrddrdf el BthimmioRsbattery datasheet:

>0l

'\Dm&‘gaa}:\a}wm{t? $\D®®®ga\m0|ﬁﬁh$\0mega}} \end{allgn*}

\oegest afigrihdy Yom highdstroueadpsd {8 Hin{ \rfoDer ffaxrimib $hR_tevejthe

_. Deffidigml@gtilvalent circuit diagram with the internal resistance and an external

oadbegiie{ aligrditayebmmdictknts{ QH\over{g_\rm e}} W\ Q &= 2.6 {~\rm Ah} \\
Wweaind i@t 366te St} &= BI6M { \aaet Asf\rndlisomaxirnaver{U_\rm
©Ed{\alignky R \rmi\cdot {{I {\rm Dis max}}over{U \rm S}} \\ &=1-0.05

esylt\rm \Omega} \cdot {{3~\rm A}\over{3.5 ~\rm V}} \\ \end{align*}
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