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Exam Winter Semester 2022

Additional permitted Aids

e non-programmable calculator,
e formulary (4 one-sided DIN A4 pages)

Hits

e The duration of the exam is 120 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.

e Sub-tasks, which are independently solvable are marked with: (independent)
e Sub-tasks, which are hard are marked with: (hard)

Tasks

Exercise E4 Charging Capacitors
(written test, approx. 16 % of a 60-minute written test, WS2022)

Zh Bmjit a et G Heooiweditieobiody) disa tsdsidoaB SR Sidie it e mtraomlsiose

Fiimia it 6 2 i @ pen ] Ve 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.

ﬁW‘P@ solve this, first create an equivalent linear voltage source from $U$, $R_1$, and
;R_\RAgR{align*} Delte3D) ABiAdzshwedthaigH{andalign*}

>olutidnis{ atig akhnDeltn YWhi 6T hRdttadly Glta ge=s§fldaditds {2y idestthd aditage of\ &=
sUERavard{Mlsdodépandent gikhix 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 $R_2$.

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

—{1 C
$C$9|
)i$U$$ = i$u_... SR_..
{a
<

"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
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asks. At thes-moment $t_0:5Q ~\rii{s}$ the switch $S 1$ is closed, the voltage across the
-apacitoric Su ¢ (t—% @

L. FI~ " do not congMiqrfthe light bulb - it Js@bt fonnec tgthe RC circuit.
“alc  té'the poi md st 14 whenFye (¢ J1<0. X ) Us.

>olution . - @
S1 Ry
.—."’.—D—l—c
e

) C

() US1 — U
Y R]
C
So, here only O e gives t tant: $\tau = R_1 \cdot C$

The following fo mMa describe %tin{_;c urge of $u_C(t)$ which has to be $u_c
(t_1)=0.5\cdot Js: \begin{alig] |&“B (t)y S0 k&6t (1- e~ {tAtau}) = 0.5\cdot U
\end{align*} It Has to be rearrarjged to $ﬂ§) in{align*} (1- e~ {t/\tau}) &= 0.5\\
e~{tN\tau} &= QB \tAfqu &=1 \tau \cdot In(0.5) \\ t &= R _1 \cdot C \cdot
In(0.5) \end{align*}

((IRIR\N

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*}

Exercise E6 Impedances at different Frequencies
(written test, approx. 18 % of a 60-minute written test, WS2022)

Bak YR s s edaisioit watids@2i3dha e tmbd e, fdrd s A @O ahingpaiments| of 33} 2+B.0
Reswltxs, #itB 52 (D=4 Fen-KinzskHahige emacestearcantet DESO {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

>olubiegin{align*} R_1 &= 1.00 ~\Omega \\ \end{align*}
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>olubegin{align*} R_3 &= 10.0 ~\Omega \\ \end{align*}
A series circuit means that the current is constant on every component.
PRealgLsieteiitmapesshet tor YREaORIIS Ehasammed RgReaN) $6egdii{align*}
\brgin{ariga’ undedimeidbedire R13 \cdet RinderlinedéHiddRY 1= A3y Kiednt +
{3 { BCddsd@imeadarieadilaligt) \sindeadionit jSadtbieeterlegs thats perpendicular
Iegind e LR 3BAipRRsaHaR s A6bH Srideif | qBa Y ot Insiotd, e GR B
R 1BT ARISF S R I R R D) L \end Calign')
Roaeriaree txg resaltine qurrent of thadasallehdfgt)s Digen @e: Apeaind ghigTth} 1 ~2
\ungtetliagghi {3} &= \underline{I}_{3R} + \underline{I}_{3C} \\
[\underline{I} {3}|"2 &= |\underline{l}_{3R}|~2 + |\underline{l} {3C}|~2\\
THis C30)b&rearrgEd 634t 8RS} \68BIHITalpNHR(iGe Jsart{ \left( {{U Hover{l
}}\right)~2 - X_{L2}72 } \\ &= \sqrt{ \left( {{1~{\rm V}Hover{60~\rm mA}}
BagitFo zhe( Myt fedptuao\egindalign{¢dur\gdot {Hh {3R) 8= H¥X kehdGaI\gHeF
{I}_{3C} \\R_3 &= {X}_{3C} \cdot {{{I}_{3C}}Hover{{I}_{3R}}} \\ &=
{{1}H\over{2\pi \cdot f \cdot C_3}} \cdot {{\sqrt{|{I} _{3}|"2 -
[{1}_{3R}|"2}Nover{{I}_{3R}}} \\\end{align*}

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

3. dlalwidafigtiti ptab e omicotesd eaveiiviaEH ooy npidst ol b B tdudmiHirs) (b thive tgio the
Bﬁtﬂbnents.($R$ and $\underline{X} _1$) shall be given.

Afis rcamabysig nthehd || be idigfensioihe fointhedmp edan tealy isecxtirae tech N eitt§ g Baare}in
k,_;mlﬁﬁal{tmate teédd fAmovedd-a{eh i1} 1+5{\rm j} \right) \Omega \end{align*}

. Cdlegiatatign bhsieal 03 ubsrofithk Yevs ¢ahgrdients.
solubiegin{align*} RuSided|ve {Y0Gegh0\7 &= 28 H\radrpHi} i\&md @Ti@6°Nend{align*}

>olution
\begin{align*} \underline{1} &= {{\underline{U} Nover{\underline{Z}}} \\ &= {{50
Fher{Yeheuad bR4ge\Braee pHaddrohie \eseied HEnt@rpasa dtmid= Ll real)
reg0MiNg Inoyeatfké4 uyRneadr ZH\rm ihiehé 68 29mega }} \cdot {{ 0.24
Thererge -themadrh -ﬁ&s&@%&lﬂtﬁ%i@kﬁﬂwek@?ﬁ@%sdl\ﬁf@ jalgdaif4.68

e oo ddinde RSHEAA0Ques B Bk 66 Ve hAsa R 1)
§$\ES@¥\§?\@!@M§§$@@M§ e =4

S8y & AT idrivRT (314 & &

LY Rover{aNhl womnses “\%ﬁ{\%}(%\ﬁ}’@é{i’\ﬂﬂ%@}a SIRH GG LG + S{\rm j}
Trigghépo s Diteegml Ve &R L refH0i2d {1 B2 §rripg Eatchifated]jdsribledir{Oigedd \\ &= 0.24
fiodeztaef 1${réo- H |{dotdebithe {Oi¢gavar&uRdedime{ 21X 1 \\ Sendi{{Bign*}
~\rm{V}}Hover{| 0.24 ~\Omega + {\rm j} \cdot 4.68 ~\Omega |}} \\ &= {{50
Wit Ve FRs0BteXspart corpas-itnpysjedl valuessbegdmiata s X14 &enaqaeged \\ L
&= {{X_LY\over{2\pi \cdot f}} \\ &= {{4.68 ~\Omega}\over{2\pi \cdot 300
Fhenpftazk}$\Vekehd {slaam<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*}
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Exercise E7 Complex Impedance Circuit
(written test, approx. 15 % of a 60-minute written test, WS2022)

bt sl arisoriHistE)s Shamilgrdsr(He {0} sithad
$Ré¥h|(ipulhne@md_${mmadmwsmuccﬁ$u = 3.0 ~{\rm V} \cdot \sin(2\pi \cdot 15 ~{\rm
KHpdp3edot &pipvapiateintative fastsiaand ofrifé Ot dd@megas.

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

>g|§l§0n{\rm WF}$, all in series.
esult

DR mEaHgATk Hﬁd@%&%\lgﬁ%‘i@ﬁwﬂ-ﬁi@ﬁ?&} 48.2 ~\Omega \\ Z &= 19.8 ~\Omega

ahM%ﬂHlﬁﬂoﬁentq voltaaes, and curren
\begin{align*} Z &= {{mat{u}}\over{\hat{l}}}\\ \hat{I} &= {{\hat{U}}over{Z}} \\

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

Withi ! stidil} wvessarpl 2ddonededdbaty & $: psioicda 1953 \&F kHz} \cdot 0.22

L{imeperi\serd2aitdnedot {{\hat{U} Hover{Z}} \\ &= {{1Hover{\sqrt{2}} Hcdot

ey th gy 12 0\ Re{ 19128 ovEP2spR\H 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 - | \rdnf J'71 C \\ £=R 1L |\rr|n+ (J'71 I f71 f"\ \\ |\||nr~|nr||nnf71|  —

UUUUUUUU Le=J| =

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