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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.

Tasks

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

2. héwtingatingnelennead ésof sedl ich herae tivire weibhta actemdpencsse ofi ¢l 80usadhid GhdelBatric
BasHi power dissipation (= heat flow) of $P=40 ~\rm{W}$ is necessary.

Nadbudehe ke aomenbé | Blinked€d ranuperatioly. 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 $3.57 ~\rm{mm}S$.

olieDiadetion te fetrARa Wneordslimgiinlinett.

>olution
\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

107 {-3}~\rm{m})~2 \cdot \pi} && \\ \end{align*}

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

2. fdatihgatirgnelannead ésof se il ich heake tvére webhta actemdpenasssee ofi ¢l &0usachid GhselBatric
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Besph power dissipation (= heat flow) of $P=40 ~\rm{W}$ is necessary.

Nalbubene tihe aomembéiNinked€d rondperatikoy. 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 $3.57 ~\rm{mm}$.

>OlikieDiatation T Rt 3N @reodat myidmiooii.

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*}

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

A. tRegaidivag| g ueshibesda e fadinas Eambdedrt ermedie gredismmnsis can ditreditierigidgtdd has a
ResEi & recopesiisteeiron (k@M s ah SxE3natiom f@}gour answer.

Its temperature coefficients are: $\alpha=0.01 ~{{1}\over{\rm{K}}}$ and $\beta=71 \cdot
10~ {-6}~{{1Nover{\rm{K}"~21}1¢$

Rfs mperature inside the refrigeration system can reach down to $-40 ~°\rm{C}$.

. Chegisdatisntefsiim e vt areesat densl {LaNgRTr ) ¢

Reeistmre trahifierrekdstoic §Pendigydnitof thécdotuit 2md gdnegtehectRFhérsfore, a
>0l Uit bralersiets 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}\over{\rm{K}}} \cdot (-40~°\rm{C} - 25~°\rm{C} ) + 71 \cdot
107~ {-6}~{{1}\over{\rm{K}~2}} \cdot (-40~°\rm{C} - 25~°\rm{C})"2 \right) \\
\end{align*}

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

3. tRdgaidinag| g ueshiibasda e e fadnaes tEsedt ermekio grediemmnsis can ditreditierigidgtdd has a
ReEi} & recopsikteenron (k@M s ah exE3natiom @} gour answer.

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

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

. oheginratisn to fsfem @ DrEanraesan dend {ahgithy ¢

Resipmnetrahtfierrekstoic§Pendigydnit]of thécdotuit 2md gahe o heafRTheérisfore, a
>0l uigBIbrnlersietss 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}\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 E1 Pure Resistor Network Simplification
(written test, approx. 13 % of a 60-minute written test, WS2022)

Thetfelkwitnh sirallihovith& Rldsed 0QakiOlategdte 66uaRR+a08tahOentRaf andiis dweiween
Begulhgined. $\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://mexle.te.hs-heilbronn.de/
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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*}

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

The&Helkwitah shallibovithbe Rldsed0QatiOlategdt 66uR:aR3=afietahOentRaf\anttfis deitdeen
Beguthgined. $\rm BS.

>olution
\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
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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 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*}

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*}

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:
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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*}

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

Zh Bl a it G Heooiweditieobiody) disa thsdsidoaBeRi Gidle fii e mraomisiouse

Fiimia it 6 2 i p 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.

RERURE <olve this, first create an equivalent linear voltage source from $U$, $R_1$, and
;R _\Ragiz{align*} Delta3l) R3ufvzs}weddbatoh {@aniddalign*}

>olutidgis{ atiy akhnDeltn YWh 6T hRdttadly Glta ge=s§fldadités {2y idestthd aditage of\ &=
sUERavard{\Médodépendent gifhix 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 $R_2$%.

$$5 .. $$5_..$5R ...
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"he circuit contains a voItaE@ soufte $U 12 ~\rm{V}$, a switch $S 1%, a resistor of $R 1=20

,\Omnn:tt sid a2 cs

"he switch $S_2$ toJanjadditional consur

3%= ~\rm{s}$ théSufech s5
~\rm{V}$.

\t the mo
oris $u c

ask
ap.

.. First do not consigler the light bulb -

her $Ry 2$ will be considered to be open for the first

isigfosed, the voltage across the

U

s not conpectdd to the RC circuit.

_aIcuIate the point of time $t 1$ when $u c(tl)=

>olution

.5\cdot U$.

r

(o)

So, here only R_]l and C gives l_

The following fo

RS\l

Whign*
Therep o

It .
Jtirr?e conptafft: §\tau = R_1 \cdot C$

[ula deccribeckhne time course of $u_C(t)$ which has to be $u_c
(t 1)=0.5\cdot U$: \begin{align*} u.ci(t) =
nd{align*} It has to be rearranged to $t$ \begin{align*

fﬂ&%&y@#@t"a%ammasowwx\ Rfiie

U \cdot (1- e~ {t\tau}) = 0.5\cdot U
&= 0.5\\

ot s cnh gt S oo

ore, the voItage 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 E5 Charging Capacitors

(written test, approx. 16 % of a 60-minute written test, WS2022)

Zh Bmlita trt i Heouirediitisptioy) disa thsdwsidoaB R B e el mtraoalsityhie
MM@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.

BaRueg solve this, first create an equivalent linear voltage source from $U$, $R 1%, and
;R_\RagR{align*} W3elte3D) ABnAdzsweddhatigh{andalign*}

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

\bdgis{atiguhpnDeltn ythih & hedttadllv 6lta e=s§§lcaciids {RpYiddsttia addtade D\ &=
sUER2vard{Misdodépandent aifthix dedisir ~\rm{V}) "2 \end{align*}

On an alternative view, one can try to create an equivalent linear voltage source
again. Then, the interndfresisfénce is given by substituting the ideal voltage source is

again short-circT&'mgQ@D—-—@—
| ~ |
C
lU — lﬂ.g ®RB

: @

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

)i$U$$

"he circuit contains $U=12 ~\rm{V}$, a switch $S_1$, a resistor of $R_1=20
-\Omega$ and a capacitor_ of $C=190 ~\rm{uF}$.

"he switch $S_2$ tojan adbcf"i’eional umer $R_2$ will be considered to be open for the first
asks. At the momept $t_0=0 ~\r Rihe switch $S_1$ is closed, the voltage across the
-apacitoris $u c (t P )0 ~\rm{V

[}
o
LIS
—in s
z
. T
Roid
IJJ

U
.. First do not conC)r the light bul
“alculate the point §f e $t 19

- it is notjconnected to the RC circuit.
$u_gAt]1)40.5\cdot U$.
By == |uc

>olution

An equivalent linear voltage source can be given with $U$, $R_1$, and $R \rm B$ as
seen in yellow.

Therefore, the voltage gﬁt_f;&
{{R \rm BHovelTR T+ 3
substituting theldepl voltage source
\begin{align*ﬁ) FR_1 || R\rm

valent linear yoltage source is: $U_s = U \cdot

$ The internal resistance is given by
i@j itp resistance ($=0 ~\Omega$, short-circuit).
@ ~\Omega \end{align*}

\begin{align*} J c¥t 2) &= U_s\cdoff(1- e¥{t 2/(R i\cdot C)}) \\ &= {{1}\over{2}}
\cdot U \cdot (1 cdot 100 ~\rm{uF})}) \end{align*}
So, here only R_1 and C gives the time constant: $\tau = R_1 \cdot C$

The following formula describes the time course of $u C(t)$ which has to be $u ¢

(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 be rearranged to $t$ \begin{align*} (1- e~ {t/\tau}) &= 0.5 \\
e~ {t\tau} &= 0.5 \\ t/\tau &= In(0.5) \\ t &= \tau \cdot In(0.5) \\ t &= R_1 \cdot C \cdot
In(0.5) \end{align*}
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Exercise E1 Analyzing complex Impedances
(written test, approx. 14 % of a 60-minute written test, WS2022)

3. dlalvibatitttiti phabEuniiprtest hesvausEToo RS I 3 B derdet izt Gshibttive tglo the
Begtdbnents.($R$ and $\underline{X} 1$) shall be given.

Rhis rcamabysig nthehd || bw idigrfensioihe fointbedmp edan tealy isecxtirae teca b egittd g Baare}in
kg,h?itfrlkﬁ@l(cmate\ﬂhﬁié 2Movedd-a{eh j}11+5{\rm j} \right) \Omega \end{align*}
solution

.. Ciegiateatigmbh ¢sredl 0& uesrofithe evdl (e ligrdients.
solutiegin{align*} Ruedeldlidve HYPeghONa7 &=rih A - \rkad rpHi} i\&xd {2Ti@6*Nend {align*}

>olution
\begin{align*} \underline{l} &= {{\underline{U} Nover{\underline{Z}}} \\ &= {{50
FhertlYeheuad bi24ge\raeg pHaddrohik \eseed HEnty@rpasa dmid= Hle real)
resOMiNg heveadfed4 yRreanme 7§\ rihtedah 4 68 ~29mega }} \cdot {{ 0.24
Thererge, -thendh -ﬁﬁjskférﬁ%&wmi&ﬁﬂwe@m@%sdl\ﬁt@ jdalgeasf4.68

iR A VRSP AR Oredo o8 B 50 YDIRAB D )
%%\69@2‘%\&“%2;!@%%%&%;@@@@ i | i

AT IR RT YAy & 2

I clnege i e b aves Colebb ISR + 50 )
ringhdpsaDibeegal Ve &AW ede(0i2d {1 PB 2 é\ripg katchfatedjasiribeyin{oigeda \\ &= 0.24
fideraet 1${réo H |{dot debithe {O|¢gavar&uRdedime{ 21X 1 \\ Sendi{i@ign*}
~\rm{V}}over{| 0.24 ~\Omega + {\rm j} \cdot 4.68 ~\Omega |}} \\ &= {{50
Wt TIVe TS0 XsBAtt (OPas-Tmdys)odl a(4eegbemdmayair 2 X1 dendqaiage«h \\ L
&= {{X_L}\over{2\pi \cdot f}} \\ &= {{4.68 ~\Omega}\over{2\pi \cdot 300
Fhepftdzsg}$\Xerehd {&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*}

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

3. dlaluidafigitid pthas eomipotesd weavdiivbaHco)npidstadi b Bl bt ek Ghib thive tugio the
B@étﬂbnents.($R$ and $\underline{X}_1$) shall be given.

AHhisrcanabysignthehtd || beidigrfensiaites foint bedima edan tealy lisecgtirae tech NO agitig g Bare}in
k,}h?zi;t@rli@aléﬂl}ate‘ﬂhﬁs{é; ohooedt-wa{berh i} 1+5{\rm i} \right) \Omega \end{align*}
>olution

_. Cdieglatiatign bhZsieal 03 brsrofithk evel ¢efigroients.
solubiegin{align*} RuSeded|ve {Y)Gegh0\7 &=t 28 H\rmdrpHi} i\&md @Ti@6°Nend{align*}

>olution
\begin{align*} \underline{l} &= {{\underline{U} }\over{\underline{Z}}} \\ &= {{50
TherlYeheuae b R4ge\raes pHaddrhik \eseied HEnt@rpase dnid= Hle real)
resOMiNg heveadfed 4 yrmanr {7\ rmih etk 468 2@mega }} \cdot {{ 0.24

e T
an Hesddinge - (66 NRRATER 1)
NEoRY SroHRSHd 12 mv‘gsr&addt{zx.resj';xg% s i over (347} ) +
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B oselotybrre g it frve Yeiidicardheepl e bomdn Riddliont} ) & &F\rm j}
frigriteribefa by dsu 4-BUetaHRve D) Bk [§ &8 Ouimeg b2 HdHERa Caligo N\ &= 0.24
~\Om{agiah Yo ard [}.2ddet@ne8ga\@nfega j\} fcdd 4-.68rrOimedal kgnd fa+ght30
~\rm{V}Hover{\sgrt{ (0.24 ~\Omega)”~2 + (4.68 ~\Omega)~2 }}} \end{align*}
With the complex part comes the physical value: \begin{align*} X L &=\omega L\\L
Thre phéde} YavergBlgh\cdotié ka\duratefdasd ba@misdmyiby &vdppi \c8et Biatan \left(
HRmiApY e \Red T 3l\gight) \\ &= \arctan \left( {{-4.68 ~\Omega}\over{0.24
~\Omega}} \right) \\ \end{align*}

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

Bak $IREss gheried ik oit watiidsd @ddhaha eitmid e, fusird en & D Nehvbgpameitel of 33} 2+3.0
Re&WItKS, ith %2 00=4Fon-Kirzt kHahige nmatestacarcanteplt DESO (BR=bAs~\rm A$ 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*}

soluiegin{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 \begin{align*}

qwaHawnsé @\Wekjmb@ruﬁﬁ Q}E}r,s&asﬁazne mmﬂ&ﬁﬁea[oq \\ &= R

Bei d Leebd fnd Fw'#a}r}
MB&R{ &W@ﬁﬁ%@g‘ﬂ#&fﬂéﬂ g aft ?%W@éﬁ& }c}e r\etmfé{a i n*}
wmaemﬂél{m?\%bdéﬂ%\gﬂa@ﬂﬁ@{alﬁrIQ@hmdezl&e{pF}ijz}# (It has to, since $R_3$
supRr@endicdiarie $+Ewm dedot O olBEdF Haht) ~2 &= {R_2}72 + {X_{L2}}"2
\Rk\@fﬁf%qzi,gmq resulting current of the parallel circuit is given as: \begin{align*}
\underline{I} {3} &= \underline{l} {3R} + \underline{l} {3C} \\

Naisaeatine paf Bl §ed&ie Jeingierise {begi3R3[92*) Ruhderisqfif \KFAH T Wover{l
11} \HGIE) 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
{1}_{3C} \R_3 &= {X}_{3C} \cdot {{{I1}_{3C}Hover{{I}_{3R}}}\ &=
{{1}\over{2\pi \cdot f\cdot C_3}} \cdot {{\sqrt{|{I}_{3}|"2 -

[{1}_{3R}"2} Nover{{l}_{3R}}} \\\end{align*}

Exercise E7 Impedances at different Frequencies
(written test, approx. 18 % of a 60-minute written test, WS2022)
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BebudiR (4 e edaisioit watidsi@2i8daha e tmb e, adrd s A @0 ahingpamments| of 33} 2+B.0
~\rm X$, $itB=$2 =45zt kHahighk meetestearcantepit ESIO BR=hAS~\rm A$ through
$RA3gsistor $R_1$ shall have the same absolute value of the impedance as a capacitor
5C_1=40 ~{\rm nF}$ at $f 1=4 ~{\rm MHz}$.

’Oll\BEBm{allgn*} R 1 &= 1.00 ~\Omega \\ \end{align*}

>0|L\b@g|n{allgn*} R 3 &= 10.0 ~\Omega \\ \end{align*}

)UIULIUII

A series circuit means that the current is constant on every component.

The equivalent impedance for $R$ and $L$ combined is given by \begin{align*}
Q‘(QH@b@Irﬁé ?Qﬂ%\? litberual g}E}r,s&hersaznfa UneRrA%eand \\ &=R 2+
aainfat n@m% A m;&
1&9&3{ &W@gﬁ%@g Bt élité? ?‘ﬁ@fﬁ@éﬁ&}c}e nenta 'gn*}
$\H0ﬁ|§€mﬁél{}ui?\%}/"éﬂ%\nﬂﬂ@ﬂﬁ@{ﬂpr}(\rﬁhﬂd‘eﬂ&eﬂlﬁ_ﬁ@$r (It has to, since $R_3$
|spRraeRdickiario $t£em Aaedof {UMol3EHS Hamht) ~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} \\
Thisctetirtes] baf B gedtie JenpRrise {beofdR3jo2*} Ruhderlisarti \RSEGH 1A Wover |
T \A QR T2=-\Kaftd 1 12 (BN &2 A4 { {BRE( {23\ Alignoyer{60~\rm mA}}
\right)”~2 - (2\pi \cdot 450~ {\rm kHz} \cdot 4.7 ~ {\rm yH})~2 } \\ \end{align*}

Back to the first formula: \begin{align*} R_3 \cdot {I} _{3R} &= {X}_{3C} \cdot
{1}_{3C} \R_3 &= {X}_{3C} \cdot {{{I1}_{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*}

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

3. Dadoiklidies el ik pertfdh e siepr{d ¢sttal Gbatdlgriddr {id¢ {1} Sk faad
Qﬁéﬁlﬂpulhne{;mq_ﬁkWhhmdmga%nmcuﬁ$u( t) = 3.0 ~{\rm V} \cdot \sin(2\pi \cdot 15 ~{\rm
KHpdsedut dfpvatiniateintatimy fastoaand ofritad 0t -d@megas.

$R|E't|'iﬂ'3ar source is connected with an inductor of $330 ~ {\rm uH}$ and a capacitor of
>9'9§°”{\rm WF}$, all in series.

D\QQGHP\{:BH%U& B o3 e \Eia bR aHo 623 48.2 ~\Omega \\ Z &= 19.8 ~\Omega

ab&%ﬂ@?ﬁﬂo}]ents voltaaes, and currents
\begin{align*} Z &= {{that{U} }\over{\hat{I}}} \\\hat{I} &= {{\hat{U}Nover{Z}} \\

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

Witgis| i} wvesAsarpi 2dddnededonaty §$: ARsiocdedivs*3 {\fFkHz} \cdot 0.22

L{iorerd\sard 23 ignedot {{\hat{U} }\over{Z}} \\ &= {{1Nover{\sqrt{2}}}\cdot

\oleh h £l Y 12 \0\@e{ § §148ovEP s g\ Ot \errdba oyt &= {{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

\edot [Z) L edot 71 CVE=R L edot LL71 | (71 O3\ Nundadine{71] &=

\sqrt{R"2 + (\underline{Z} L - \underline{Z} C)~2 }\\ \end{align*}
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Exercise E8 Complex Impedance Circuit
(written test, approx. 15 % of a 60-minute written test, WS2022)

2. et liatiaes timeel ok e fcak e MEMJWQMHEQiM}B_ﬁ.WWBS
Qﬁéﬁlﬁpulhne@mdj{mmadmmlsmcMW( t) = 3.0 ~{\rm V} \cdot \sin(2\pi \cdot 15 ~{\rm
KHpp3edot djpndfitiateintative fasisiaacd ofrifé Ot -d@mnegas.

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

’Glﬁlﬂon{\rm WF}$, all in series.
Result

_ DYRR@imEaHGAT X Hﬁd@%&d&\kﬁ%\@m&%@mﬂ% 48.2 ~\Omega \\ Z &= 19.8 ~\Omega

ab&ﬂ?%q{(ﬂﬂﬂﬂohent: voltages, and curren
\begin{align*} Z &= {{\Tiat{U}}\over{\hat{I}}} \\hat{I} &= {{\hat{U}}over{Z}} \\

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

Wegis! idrid) wyversarpl Xdddtededobaty &$: Rsioindadiv5™} \&FkHz} \cdot 0.22

L0 mever\serd 2aidnegot {{\hat{U} Nover{Z}} \\ &= {{1}over{\sqrt{2}} }\cdot

Yoy th gy 12 0\ Re{ 19128 ovEP2spR\cH 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 - | \rrlr\i' I71 C \\ £=R 1L |\rr|r\+ (f71 | f71 P\ \\ |\||nr|or||nof7l|  —

uuuuuuuu L=J| &<—

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