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

3. tRddaiidinag|ip uespibhs2a T fadinmes ket ennpi g g ednemmtc: cen Jieditertigigtod has a
ReEilt & recopsikteenron (kG Ejaé ah exE3natiom @} gour answer.

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

Rfs'réLg(—Smperature inside the refrigeration system can reach down to $-40 ~°\rm{C}$.

. Oeginratisn o fsfim @ DEandraegan dend {ahgithy ¢

Resipmnetrahtfierrekistoic§Pendigydnit|of thécdotuit 2md gahe e heafRTheérisfore, a
»oluaibiblersets binertight Aeat 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*}

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

Thetelbwtoh shallibovithe Rldsed 00ataOiateddt 6GuRaRB-r2diotahOentRaf\anceiis deiween
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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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 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*}
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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_)

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 $R 1$:

https://wiki.mexle.org/ Printed on 2026/02/27 01:04
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Msi .. )
$$R_.|:| SR .. SR .

Now a lot of them can be combined. The resistors $R_1$, $R 3%, $R 5% are in parallel,
like also $1_2$ and $1_4$: \begin{align*} R_{135} &= R _1||R_3||IR 5\\| {24} &=1_2 -
| 4 = {{U 2}\over{R 1}} - I 4 \end{align*} The resulting circuit can again be
transformed:

€5nss
€555
£$ IJ-L $R_”l
$BS$
SR_.. L‘i .

Here, the $U_{24}$ is calculated by $I_f(24}$ as the following: \begin{align*} U_{24}
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&= R {135} \cdot | {24} \\ &= ({{U_2}\over{R 1}} -1 4)\cdot R_1||R 3||R_5
\end{align*}

On the right side of the last circuit, there is a voltage divider given by $R _{135}$,
$R_6%, and $R_7$.

Therefore the voltage between $A$ and $B$ is given as: \begin{align*} U_{\rm AB}
&= U_{24} \cdot {{R_7H\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)

A, fdetingadingnerenmead ésaf sse i ith herae thvire weibhta actemdpenassse ofi ¢l #0usadnid @hs.
s,av@ower dissipation (= heat flow) of $P=40 ~\rm{W}$ is necessary.

Nadbutebe ha aomenbéiBlickedEdrmiperatikoiy. 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 $3.57 ~\rm{mm}$.

olhieDiadation e fstshkARa Winirordslimgtdrtineht.

>olution
\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{I} {A} && | \text{with } A =r"2 \cdot \pi =

https://wiki.mexle.org/ Printed on 2026/02/27 01:04
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\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*}

electrical_engineering_and_electronics:task _rjOr6j4apumukrj6_with_calculation
resistivity, power, exam eel ws2022

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

A. tRdgaidinad| g vespiibas e fadines tamsbedrt anmediie §rmdremnsiss can dtheditrtidndtld
Résb bnetictmos et 0.0 warsefkG \Oereargagpdasat 25 £5Kryo (€ hswer.

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

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

. CHhegindatignte fsfam @ dF B HaARRFRY dendl {ahgnll ) ¢

ResigmnetrahtfierrekdstoicsPendigydnit]of thacdotuit 2md gdnegtohestR} }$ is

ol iHTedtent sorésstieatsBasor 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 _70jjgdyzznocarsq_with_calculation
temperature dependent resistance, power, heat, exam eel ws2022

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

IhéHelbwitnh shrallibovith& Rldsed 0QatdOlategdte sGuraRri+afitanOeneRaf\@anctis
Bafibesss\isnghteand $\rm B$.

>olution
\begin{align*} R_{\rm eq} &= 133.8 ~\Omega \\ \end{align*}
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Now a wye-delta transformation is necessary.

e SR
SR ... [ OSSR $SR_.. |

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_{\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

https://wiki.mexle.org/ Printed on 2026/02/27 01:04
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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 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{V}\\R_{\rm i} &=
R_{\rm AB} &&= 6 ~\Omega \end{align*}
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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:

https://wiki.mexle.org/ Printed on 2026/02/27 01:04
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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 ’l}fsn @;wss Ssu’l gR_”l -

Here, the $U_{24}$ is calculated by §T_{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||IR 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*}

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 E5 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 E6 Analyzing complex Impedances
(written test, approx. 14 % of a 60-minute written test, WS2022)

A Qlaluidatiattii pdab bomidegreest heavdiisEHco)npiash et e bt ds b thive tglo

Besbnents.($R$ and $\underline{X}_1$) shall be given.

Ahis rcamapysignthehfd | beidigfensioiee fointhedma edan tealv liseextraeteca N agitidgbaare}in

\:mrﬁﬁalfﬂht@‘ﬂhﬁié 2hooedr-wA{eh i} 11 +5{\rm i} \right) \Omeaga \end{align*}

. Cdiegiatatignbh gsieal 03 uesrofithle eva ¢eligmsients.

solutiegin{align*} Rukidedlidve {1QRegh0\07 &=rih 28 F\riad rpHi} i\&sd {&Ti6*}
\end{align*}

>olution
\begin{align*} \underline{l} &= {{\underline{U}}\over{\underline{Z}}} \\ &=
Trhe Gurvent ¥hd\ouRED 8 3 NQMEsE ohdarhdie\iloh - B8 uO Btama ) = \pdre
AP reSiming ihperd iR 4\oMderaae (7 Y \imdhdedaick &§ 2¥Omega }} \cdot {{
@k‘?e‘l’e‘fé@é“ﬁg@ cotH| d\bh‘tdﬁbé 68 749 HVR th 8 .24nme Qpyeligte {4d bf

7 A 4= &est W@& Yo kAreght)
8N AR AR DG édarxikp: VRPN S
ﬁ%ma oAl (%P?@é%?ﬁn e m\av@gwﬁ?gﬁ}a }c}det\%{{as@ﬁ }

m j} \right) ~\Omega \\ &= \left(0.24 - 0.32{\rm j} + 5{\rm j} \right)
Fhemlesal \téva L2 4 fOdeekaet T |tncdh el ob k6ld teWamegmeyistafga* F\rm j}
Kubdewine{a}ip&S {|{\underline{U}|}\over{|\underline{Z}|}} \\ &= {{50
~\rm{V} Hover{| 0.24 ~\Omega + {\rm j} \cdot 4.68 ~\Omega |}} \\ &= {{50
Wik ivg Frsvelexseert comas-ionmstysjedl vatuesoegimatiard X3 &= \omega
teNd{ &g htX_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
~\Omegal}\over{0.24 ~\Omega}} \right) \\ \end{align*}

electrical_engineering_and_electronics:task jtiOuzudcmg4u22t with_calculation
complex impedance, exam eel ws2022

https://wiki.mexle.org/ Printed on 2026/02/27 01:04


https://wiki.mexle.org/electrical_engineering_and_electronics/task_tb6pi8dgh0m2e2pw_with_calculation
https://wiki.mexle.org/tag/charging_capacitors?do=showtag&tag=charging_capacitors
https://wiki.mexle.org/tag/dc_network_analysis?do=showtag&tag=dc_network_analysis
https://wiki.mexle.org/tag/pure_resistor_network_simplification?do=showtag&tag=pure_resistor_network_simplification
https://wiki.mexle.org/tag/delta_wye_transformation?do=showtag&tag=delta_wye_transformation
https://wiki.mexle.org/tag/delta_wye_transformation?do=showtag&tag=delta_wye_transformation
https://wiki.mexle.org/tag/exam_ee1_ws2022?do=showtag&tag=exam_ee1_ws2022
https://wiki.mexle.org/electrical_engineering_and_electronics/task_jti0uzudcmg4u22t_with_calculation
https://wiki.mexle.org/tag/complex_impedance?do=showtag&tag=complex_impedance
https://wiki.mexle.org/tag/exam_ee1_ws2022?do=showtag&tag=exam_ee1_ws2022

2026/02/27 01:04 19/22 Exam Winter Semester 2022

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

Balkc$IR s e ed aiskoit watidsH@i3dh A retmbd e, e e At @0 N@iingpaimeitl of 35} =1.3
BeSabAL G- 3m208 withm#H2$ ) 50hichrgddtrdigsre mbeert afrfentIR }2=160 ~\mm ASAS.
thrduighigRr $R_1$ shall have the same absolute value of the impedance as a capacitor
$C 1=40 ~{\rm nF}$ at $f 1=4 ~{\rm MHz}$.

>olution

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

>0|L\bég|n{allgn*} &= 10.0 ~\Omega \\ \end{align*}

A series circuit means that the current is constant on every component.
The equivalent impedance for $R$ and $L.$ combined is given by \beain{align*}
Falekrie U eRverTRitheraliags is the game ambRrisednd \ &=R 2
QYA Bl G dt RerfabganB (ARIBARRIS KRkt b !ryeléﬁe}{%ﬁé? IRt
hddaiedd O WRYBEIATI IS TRy e \Begh ARtspiepRidht\
ﬁﬁa@ﬂﬁﬁél{}ui?\‘b}/%rf%\nﬂa@ﬂdmp};tq@hmdezl&e{pﬁiﬁﬂiz}$+ (It has to, since
ABndérsreemrendioglpr 2a\Ktdke M idigdevdrf ) Y 36d8t)oR)e = {R 2372 +
'{'b((_%l{@@}g&bgt\@ﬁdbﬂgg@ﬁ%t of the parallel circuit is given as: \begin{align*}
\underline{l1} {3} &= \underline{l} {3R} + \underline{I} {3C} \\
Noisdeatirte{ tafBdidedtie jemsiRrizse (bEoi3RIG2*; RuhBerlsartit \EFTH 1@ \\
pveBO}gcrighttt L HX {8023 22 {1} S3R41tE Mefio{ éligr{xim
V}Hover{60~\rm mA}} \right)"~2 - (2\pi \cdot 450~{\rm kHz} \cdot 4.7 ~ {\rm
BRgk+Q the fissidfmawe; \begin{align*} R_3 \cdot {I}_{3R} &= {X}_{3C} \cdot
{1} _{3C} WR_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} HNover{{I}_{3R}}} \\\end{align*}
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Exercise E8 Complex Impedance Circuit
(written test, approx. 15 % of a 60-minute written test, WS2022)

A. dDadwii s veeel it e shepr(a ¢St Cbatdlgrade id¢ {1} &iklanad

3&&%“pulhne{;&ej_ﬂﬁtﬁmdﬁmg®lmwccﬂ$u( t) = 3.0 ~{\rm V} \cdot \sin(2\pi \cdot 15
EHoopekéiz b hpatop tigtevBtadngricartoal andistabe étafavil®. ~\Omegas.

ﬁ’ﬂ E'tﬁﬂ@ar source is connected with an inductor of $330 ~ {\rm uH}$ and a capacitor of

’@IQQOH{\rm uF}s$, all in series.

. D\%@Hh{:amﬂu& EM@%‘@WW@&% 48.2 ~\Omega \\ Z &= 19.8

abd@ﬂlﬁﬁﬁd@ﬁ@ﬁ@'%ﬁaoes and curren
\begin{align*} Z &= {{\Twat{U}}\over{\hat{I}}} \ \hat{l} &=

\babat{alignby et {Z &=\\{\ehp\dakgH2Ypi \cdot f \cdot C} }\\ &= {{1}\over{2\pi
Residtiot 15 ~{\rm kHz} \cdot 0.22 ~{\rm uF}}}\\ \end{align*}

Withis! &gl evesisarpl 2dddiededobaty & $: Apsioicda 98 \&F kHz} \cdot

{{1Hover{\sqrt{2}} }\cdot {{\hat{U} Hover{Z}} \\ &=
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Q{22 vofenf\pgitf 2¢nd {aion$f3.0 ~{\rm V}}Hover{19.28 ~\Omega}} \\
\bedifel@igi*} Z C &= {{1}\over{2\pi \cdot f \cdot C}}\\ &= {{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\cdot {Z} L-j\cdot {Z} C\\ &=R + j\cdot ({Z} L-{Z} C)\\ hunderline{Z}|
&= \sqrt{R"~2 + (\underline{Z} L - \underline{Z} C)~2 }\\\end{align*}
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