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Exam Summer Semester 2021

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 E1 Magnetic Field Lines
(written test, approx. 4 % of a 120-minute written test, SS2021)

Several parallel conductors are projecting out of the plane.

The same current $|I|$ flows through all the conductors in different directions (see image
below).

Sketch at least 10 field lines of the magnetic field strength $\vec{H}$ in such a way that the
different properties of the field lines (e.g. direction and density) can be seen.
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Result

 high density of field lines near the conductors

e direction of the field lines given by the right-hand rule
e magnetic field has closed field lines

e resulting field given by superposition of field lines

Exercise E1 Magnetic Field Lines
(written test, approx. 4 % of a 120-minute written test, SS2021)

Several parallel conductors are projecting out of the plane.

The same current $|I|$ flows through all the conductors in different directions (see image
below).

Sketch at least 10 field lines of the magnetic field strength $\vec{H}$ in such a way that the
different properties of the field lines (e.g. direction and density) can be seen.
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Result

e high density of field lines near the conductors

e direction of the field lines given by the right-hand rule
e magnetic field has closed field lines

e resulting field given by superposition of field lines
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Exercise E1 Magnetic Flux Density
(written test, approx. 6 % of a 120-minute written test, S52021)

Bh Biedindtruatoe ifoo pleeatet fortexpexinendi yraths dafrecptengy Ars edtés i Og=c LG@ rtmitinan
Beflltude of $\hat{I} = 100~\rm A$ is operated.

Xo wbiandi staxic toaitcamd tthialcabdut whetheiswal e erceg bdath pooiiienmsdependgnibout.
The figure below shows the top view of the laboratory with the supply line between $\rm A$
ind $\rm B$.

’atht B =019 —\omunivgn T$

5\mu_{0} = 4\pi\cdot 10~ {-7} {{\rm VsHover{\rm Am}}$, $\mu_{r}=1%

The formula for the magnetic field strength can be rearranged: \begin{align*} H &=
{{1}\over{2\pi\cdot r}} \\ r &= {{I}\over{2\pi \cdot H}} \\ \end{align*}

Again, the magnetic flux density $B$ is given as: $B = \mu_0 \mu_r H$
Therefore: \begin{align*} r &= \mu_0 \mu_r {{ | }\over{2\pi \cdot B} } \\ &= 4\pi\cdot

10~ {-7} {{\rm VsHover{\rm Am}} {{100 ~\rm A}\over{2\pi \cdot 100\cdot 10" {-6}
{~\rm T}}} \\ \end{align*}

a) What is the highest magnetic flux density through the line in your body? (3 points)

Path
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The magnetic field strength for a conducting wire is given as:
\begin{align*} H &= {{I}\over{2\pi \cdot r}} \end{align*}
The magnetic flux density $B$ is given as: $B = \mu_0 \mu_r H$

Here, the maximum current is $\hat{l} = 100~\rm A$ and the distance to the cable is
$r=\sqrt{(0.1 {~\rm m})"~2 + (0.4 {~\rm m})"2}= 0.412... ~\rm ms$.

Therefore: \begin{align*} B &= 4\pi\cdot 10" {-7} {{\rm Vs}over{\rm Am}} \cdot 1
\cdot {{100 ~\rm A}\over{2\pi \cdot 0.412... ~\rm m}} \end{align*}

Exercise E2 Magnetic Flux Density
(written test, approx. 6 % of a 120-minute written test, $52021)

BhBedindtruatoe i o pleeatre feetexpericemd g yrathb dafreatengy Arsedt ésridti o= AG@rtwitinan
Befdltude of $\hat{I} = 100~\rm A$ is operated.

Xowbizndi staxic toaitcamd tthialcabdut twhetheiswoal e erceyg bda B pooiienmsiependgnibout.
The figure below shows the top view of the laboratory with the supply line between $\rm A$
ind $\rm B$.

aths B = Q12 ~\ymunygn T$

s\mu_{0} = 4\pi\cdot 10" {-7} {{\rm Vs}\over{\rm Am}}$, $\mu_{r}=1$

The formula for the magnetic field strength can be rearranged: \begin{align*} H &=
{{I1}\over{2\pi \cdot r}} \\ r &= {{IH\over{2\pi \cdot H}} \\ \end{align*}

Again, the magnetic flux density $B$ is given as: $B = \mu_0 \mu_r H$

Therefore: \begin{align*} r &= \mu_0 \mu_r {{ | N\over{2\pi \cdot B} } \\ &= 4\pi\cdot
10~ {-7} {{\rm VsHover{\rm Am}} {{100 ~\rm A}\over{2\pi \cdot 100\cdot 10" {-6}
{~\rm T}}} \\\end{align*}
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a) What is the highest magnetic flux density through the line in your body? (3 points)

Path

The magnetic field strength for a conducting wire is given as:
\begin{align*} H &= {{I}\over{2\pi \cdot r}} \end{align*}
The magnetic flux density $B$ is given as: $B = \mu_0 \mu_r H$

Here, the maximum current is $\hat{l} = 100~\rm A$ and the distance to the cable is
$r=\sgrt{(0.1 {~\rm m})"~2 + (0.4 {~\rm m})"2}= 0.412... ~\rm ms$.

Therefore: \begin{align*} B &= 4\pi\cdot 10"~ {-7} {{\rm Vs}\over{\rm Am}} \cdot 1
\cdot {{100 ~\rm A}\over{2\pi \cdot 0.412... ~\rm m}} \end{align*}
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Exercise E3 Toroidal Coil
(written test, approx. 5 % of a 120-minute written test, S52021)

A magnetic field with a flux density of at least $50 ~\rm mT$ is to be achieved in a ring-
BiespHd coil (toroidal coil).

The coil has 60 turns, wound around soft iron with $\mu_{\rm r} = 12005%.

The average field line length in the coil should be $I = 12 ~\rm cm§$.

s\mil £066=—4kpi\cad$ 10" {-7} {{\rm Vs}over{\rm Am}}$

N O N

What is the minimum current that must flow through a single winding?

Path
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The magnetic field strength of a toroidal coil is given as:
\begin{align*} H &= {{N \cdot I}\over{l}} \end{align*}

Based on the flux density the magnetic field strength can be derived by $B = \mu_0
\mu_{\rm r} \cdot H$.
By this, the formula can be rearranged:

\begin{align*} H &= {{N \cdot [}\over{I}} \\ {{BHover{ \mu 0 \mu_{\rmr}}} &=
{{N\cdot IH\over{I}} \\ | &= {{B \cdot [}\over{ \mu_0 \mu_{\rm r} \cdot N} }
\end{align*}

Putting in the numbers: \begin{align*} | &= {{ 0.05 {~\rm T} \cdot 0.12{~\rm m}
Hover{ 4\pi\cdot 10™{-7} {{\rm Vs}over{\rm Am}} \cdot 1'200 \cdot 60} } \\ &=
0.6631... {{\rm T\cdot m}H\over{ {{\rm VsHover{\rm Am}} }} &= 0.6631... {{\rm
{{\rm VsHover{\rm m~2}} \cdot mPover{ {{\rm VsHover{\rm Am}} }} &=
0.6631... ~\rm A \end{align*}

Exercise E1 Toroidal Coil
(written test, approx. 5 % of a 120-minute written test, $52021)

A magnetic field with a flux density of at least $50 ~\rm mT$ is to be achieved in a ring-
BiespHd coil (toroidal coil).

The coil has 60 turns, wound around soft iron with $\mu_{\rm r} = 1200%.

The average field line length in the coil should be ¢l = 12 ~\rm cms.

s\méil £066=4kpi\cad$ 10" {-7} {{\rm VsHover{\rm Am}}$
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AN O N

What is the minimum current that must flow through a single winding?

Path

The magnetic field strength of a toroidal coil is given as:
\begin{align*} H &= {{N \cdot I}\over{l}} \end{align*}
Based on the flux density the magnetic field strength can be derived by $B = \mu_0

\mu_{\rm r} \cdot H$.
By this, the formula can be rearranged:
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\begin{align*} H &= {{N \cdot I}\over{I}} \\ {{BHover{ \mu 0 \mu_{\rmr}}} &=

{{N\cdot I}\over{I}} \\ | &= {{B \cdot [}\over{ \mu_0 \mu_{\rm r} \cdot N} }
\end{align*}

Putting in the numbers: \begin{align*} | &= {{ 0.05 {~\rm T} \cdot 0.12{~\rm m}
Hover{ 4\pi\cdot 10~ {-7} {{\rm Vs}over{\rm Am}} \cdot 1'200 \cdot 60} } \\ &=
0.6631... {{\rm T\cdot mH\over{ {{\rm VsHover{\rm Am}} }} &= 0.6631... {{\rm

{{\rm VsHover{\rm m~2}} \cdot mHover{ {{\rm VsHover{\rm Am}} }} &=
0.6631... ~\rm A \end{align*}

Exercise E4 Cylindrical Coil
(written test, approx. 6 % of a 120-minute written test, $52021)

b)dﬁ?ﬁdmgiieiwﬂﬂﬂmmqﬁﬂvmjhtﬁbrmation is given:
Result
e Length $ = 30 {~\rm cm}$,
Pathe \Winding diameter $[] = 390 {~\rm mm}$,
e Number of windings $[] = 240$% ,
$ Pl rBSHD i &\dash ductor $[1 = 500 {~\rm mA}$,
e Material inside: Air

e $\mu 0 = 4\pi\cdot 10" {-7 \rm Vs}over{\rm Am
Thg magnetic ﬁ)e istgdam;t?ais}ﬂa{: \mu_}O \mUE}\rm r} {giot H$:

"he proportion of the magnetic voIta\ggmoutside the coil can be neglected. Determine the

ollo ﬁ%%?lﬁﬂg*ihgﬂ Sy BE\ipt A\temd) Higertd {align*}

) tﬁmg%ﬁpehm@m q%ﬂ@*ﬁet&a&\wﬁ@d@@éﬁ%} {{\rm Vs}Hover{\rm
Am}}\cdot 400 ~\rm {{A}\over{m}} \\ &= 0.0005026... {{\rm Vs}\over{\rm m~2}}
\eraipsajion} A = \pi r~2 = \pi \left( {{d}over{2}} \right)~2 \end{align*}

)athl'herefore: \begin{align*} \Phi &= B \cdot \pi \left( {{d}\over{2}} \right)"~2
\end{align*}

Putting in the numbers: \begin{align*} \Phi &= 0.0005026... {{\rm Vs}\over{\rm

(Bég’ihkéﬁ'aﬂﬁ}Hii\@({{{{\P\E%Mf}\é%HP}V?@2{}{%\'(19189 TROVET 9100 H R G rm

Vs} \end{align*

Putting in the numbers: \begin{align*} H &= {{240 \cdot 0.5 {~\rm A}}\over{0.3
{~\rm m}}} \end{align*}

Exercise E1 Cylindrical Coil
(written test, approx. 6 % of a 120-minute written test, $52021)

B) dhennhagrietid flukh(Rhesiolik pajritdprmation is given:

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



2026/06/28 15:07 13/44 Exam Summer Semester 2021

RaduwltLength $[J = 30 {~\rm cm}$,
e Winding diameter $[] = 390 {~\rm mm}$,
e Number of windings $[] = 240$ ,
e Current through the conductor $[] = 500 {~\rm mA}$,
$ e 0K Holwimndviiis \Wh $
The\magnetia\Bricivotoutiar S rrnvs Aous (wnarh Jggot Hs:

“he\PRSHB FEHE B It R e Raws AR SR didethEatiginthn be neglected. Determine the

ollowing for the inside of the coil:
Buttmghe thé rsurgbedsidble give{ atpstieBtionat\piealiot dived & {{\rm Vs}Hover{\rm

I{% @9’%4‘@0“%@&;‘{6}(‘@{5@&5@ } \ &= 0.0005026... {{\rm Vs}over{\rm m~2}}
~2 = \pi\left( {{d}\over{2}} \right)~2 \end{align*}

ot herefore: \begin{align*} \Phi &= B \cdot \pi \left( {{d}\over{2}} \right)"~2
\end{align*}

Putting in the numbers: \begin{align*} \Phi &= 0.0005026... {{\rm Vs}over{\rm
m~2}} \cdot \pi \left( {{0.39{\rm m} Nover{2}} \right)~2 \\ &= 0.00006004... {\rm

\sagiandghert &= {{N \cdot I}\over{I}} = {{w \cdot I}\over{I}} \end{align*}

Putting in the numbers: \begin{align*} H &= {{240 \cdot 0.5 {~\rm A} N\over{0.3
{~\rm m}}} \end{align*}

Exercise E5 effect of induction
(written test, approx. 5 % of a 120-minute written test, $52021)

A single conductor loop is penetrated by a changing magnetic flux.
Reeutllowing figure shows the variation of the flux $\Phi(t)$ over time.

Calculate the variation of the induced voltage $u_{\rm ind}(t)$ over time and draw it in a
,eparate diagram.

$3U...in33\...
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$S\..ingS\...

Path

Based on Faraday's Law of Induction the induced voltage is given by: \begin{align*}
u_ {\rmind} =& - {{ {\rm d} Fover{ {\rm d}t}} \Psi(t) \bigg\rvert {n=1}\\ =& - {{
{\rm d} Nover{ {\rm d}t}} \Phi(t) \\ \end{align*}

For a linear function, the derivative can be substituted by Deltas ($\rm d \rightarrow
\Delta$):

\begin{align*} u_{\rm ind} = - {{ \Delta \Phi(t)}\over{ \Delta t}} = - { { \Phi(t_{\rm
n+1} ) -\Phi(t {\rmn} ) }lover { t {\rmn+1} -t {\rmn} } }\\\end{align*}

For a piece-wise linear function, the induced voltage can be calculated for each
interval.

Here, there are 5 different intervals - in the following called $\rm I$ to $\rm V$ from
left to right:
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$$\..ings\...

e For the intervals $\rm I$, $\rm [lI$, and $\rm V$ , the flux $\Phi(t)$ is constant.
Therefore, $\Delta \Phi(t)=0% and $u_{\rm ind}(t)=0{~\rm V}$
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$6\..ins ...
e For the interval $\rm 11$:

o The change in the flux is: $ \Delta \Phi(t) = 1.5 \cdot 10~ {-4} {~\rm Vs} -
4.5\cdot 10" {-4} {~\rm Vs}=-3.0\cdot 10™{-4} {~\rm Vs}$

o The time span is: $0.2 ~\rm s$

o Conclusively, the induced voltage is: $u_{\rm ind}(t) = + {{3.0 \cdot
10~ {-4} {~\rm Vs}} \over {0.2 ~\rm s} } = 1.5 {~\rm mV}$

MEXLE Wiki - https://wiki.mexle.org/
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e For the interval $\rm IV$:
o The change in the flux is: $ \Delta \Phi(t) = 0 \cdot 10~ {-4} {~\rm Vs} -
1.5\cdot 10" {-4} {~\rm Vs}= - 1.5 \cdot 10"~ {-4} {~\rm Vs}$
o The time span is: $0.2 ~\rm s$
o Conclusively, the induced voltage is: $u_{\rm ind}(t) = + {{1.5 \cdot
10~{-4} {~\rm Vs}} \over {0.2 ~\rm s} } = 0.75 {~\rm mV}$

$$\..ings\..
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Exercise E6 Coil in a magnetic Field
(written test, approx. 4 % of a 120-minute written test, S52021)

A coil with $n = 300$ turns and a cross-sectional area $A = 600 ~\rm cm”2$ is located in a
Rembyeneous magnetic field.

The rotation of the coil causes a sinusoidal change in the magnetic field in the coil with the
frequency $f = 80~\rm Hz$.

"he maximum value of the magnetic flux density in the coil is $\hat{B} = 2 \cdot 10" {-6}
\rbegindabigatl i fomiad} = - 181 {~\rm V} \cdot \cos(503 {{1}H\over{\rm s}} \cdot t
) \\ \end{align*}

Derive the formula for the voltage induced in the coil and calculate the voltage amplitude.

Path

The induced voltage $u_{\rm ind}$ is given by:

\begin{align*} u_{\rm ind} &= - {{{\rm d}\Psi(t)Nover{{\rm d}t}} \\ &= - n{{{\rm
d}\Phi(t) Nover{{\rm d}t}} \\ \end{align*}

With $\Phi(t)= B(t) \cdot A$, where $A$ is the constant area of a single winding and
$B(t)$ is the changing field through this winding.
Due to the rotation, the field changes as:

\begin{align*} B(t) &= \hat{B} \cdot \sin(\omega t + \varphi) \\ &= \hat{B} \cdot
\sin(2\pi f \cdot t + \varphi) \\ \end{align*}

This leads to: \begin{align*} u_{\rm ind} &= - n{{{\rm d}}\over{{\rm d}t} }A \hat{B}
\cdot \sin(2\pi f \cdot t + \varphi) \\ &= - n \cdot A \hat{B} \cdot 2\pi f \cdot \cos(2\pi
\cdot f t + \varphi) \\ \end{align*}
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The absolute value of the factor in front of the $\cos$ is the maximum induced voltage
$\hat{U} {\rm ind}$: \begin{align*} \hat{U} {\rm ind} &= n\cdot A \hat{B} \cdot
2\pi f\\ &= 300 \cdot 0.06{~\rm m~2} \cdot 2 \cdot 10~ {-2} ~\rm
{{VsHover{m~2}} \cdot 2\pi \cdot 80 {{1}\over{\rm s}} \\ &= 180.95... {~\rm

m~2} \cdot {{\rm VsHover{\rm m~2}} \cdot {{1Hover{\rm s}} \\ &= 180.95...
{~\rm V} \\ \end{align*}

Exercise E1 effect of induction
(written test, approx. 5 % of a 120-minute written test, $52021)

A single conductor loop is penetrated by a changing magnetic flux.
Reeutllowing figure shows the variation of the flux $\Phi(t)$ over time.

Calculate the variation of the induced voltage $u_{\rm ind}(t)$ over time and draw it in a
,eparate diagram.

$SU...inSS\...

$S\..ingS\...

Path

Based on Faraday's Law of Induction the induced voltage is given by: \begin{align*}

u_{\rmind} =& - {{ {\rm d} Pover{ {\rm d}t}} \Psi(t) \bigg\rvert {n=1}\\ =& - {{
{\rm d} Nover{ {\rm d}t}} \Phi(t) \\ \end{align*}
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For a linear function, the derivative can be substituted by Deltas ($\rm d \rightarrow
\Delta$):

\begin{align*} u_{\rm ind} = - {{ \Delta \Phi(t)}\over{ \Delta t}} = - { { \Phi(t_{\rm
n+1} ) -\Phi(t {\rmn} ) }lover { t {\rmn+1} -t {\rmn} } }\\\end{align*}

For a piece-wise linear function, the induced voltage can be calculated for each
interval.

Here, there are 5 different intervals - in the following called $\rm I$ to $\rm V$ from
left to right:

$$\..in$$\...

e For the intervals $\rm I$, $\rm [lI$, and $\rm V$ , the flux $\Phi(t)$ is constant.
Therefore, $\Delta \Phi(t)=0% and $u_{\rm ind}(t)=0{~\rm V}$
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$6\..ins ...
e For the interval $\rm 11$:

o The change in the flux is: $ \Delta \Phi(t) = 1.5 \cdot 10~ {-4} {~\rm Vs} -
4.5\cdot 10" {-4} {~\rm Vs}=-3.0\cdot 10™{-4} {~\rm Vs}$

o The time span is: $0.2 ~\rm s$

o Conclusively, the induced voltage is: $u_{\rm ind}(t) = + {{3.0 \cdot
10~ {-4} {~\rm Vs}} \over {0.2 ~\rm s} } = 1.5 {~\rm mV}$
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e For the interval $\rm IV$:
o The change in the flux is: $ \Delta \Phi(t) = 0 \cdot 10~ {-4} {~\rm Vs} -
1.5\cdot 10" {-4} {~\rm Vs}= - 1.5 \cdot 10"~ {-4} {~\rm Vs}$
o The time span is: $0.2 ~\rm s$
o Conclusively, the induced voltage is: $u_{\rm ind}(t) = + {{1.5 \cdot
10~{-4} {~\rm Vs}} \over {0.2 ~\rm s} } = 0.75 {~\rm mV}$

$$\..ings\..
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Exercise E1 Coil in a magnetic Field
(written test, approx. 4 % of a 120-minute written test, S52021)

A coil with $n = 300$ turns and a cross-sectional area $A = 600 ~\rm cm”2$ is located in a
Rembyeneous magnetic field.

The rotation of the coil causes a sinusoidal change in the magnetic field in the coil with the
frequency $f = 80~\rm Hz$.

"he maximum value of the magnetic flux density in the coil is $\hat{B} = 2 \cdot 10" {-6}
\rbegindabigatl i fomiad} = - 181 {~\rm V} \cdot \cos(503 {{1}H\over{\rm s}} \cdot t
) \\ \end{align*}

Derive the formula for the voltage induced in the coil and calculate the voltage amplitude.

Path

The induced voltage $u_{\rm ind}$ is given by:

\begin{align*} u_{\rm ind} &= - {{{\rm d}\Psi(t)Nover{{\rm d}t}} \\ &= - n{{{\rm
d}\Phi(t) Nover{{\rm d}t}} \\ \end{align*}

With $\Phi(t)= B(t) \cdot A$, where $A$ is the constant area of a single winding and
$B(t)$ is the changing field through this winding.
Due to the rotation, the field changes as:

\begin{align*} B(t) &= \hat{B} \cdot \sin(\omega t + \varphi) \\ &= \hat{B} \cdot
\sin(2\pi f \cdot t + \varphi) \\ \end{align*}

This leads to: \begin{align*} u_{\rm ind} &= - n{{{\rm d}}\over{{\rm d}t} }A \hat{B}
\cdot \sin(2\pi f \cdot t + \varphi) \\ &= - n \cdot A \hat{B} \cdot 2\pi f \cdot \cos(2\pi
\cdot f t + \varphi) \\ \end{align*}
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The absolute value of the factor in front of the $\cos$ is the maximum induced voltage
$\hat{U} {\rm ind}$: \begin{align*} \hat{U} {\rm ind} &= n\cdot A \hat{B} \cdot
2\pi f\\ &= 300 \cdot 0.06{~\rm m~2} \cdot 2 \cdot 10~ {-2} ~\rm
{{VsHover{m~2}} \cdot 2\pi \cdot 80 {{1}\over{\rm s}} \\ &= 180.95... {~\rm

m~2} \cdot {{\rm VsHover{\rm m~2}} \cdot {{1Hover{\rm s}} \\ &= 180.95...
{~\rm V} \\ \end{align*}

Exercise E1 Magnetic Voltage
(written test, approx. 6 % of a 120-minute written test, $52021)

The following images show cross-sections of electrical cables.

Regbled path is shown as a dashed line. The magnetic voltage $\theta$ on these paths shall
be analyzed.

The following values are given for the currents:

Yaggin{2IBAmheks {(1)} &= -4 {~\rm A} \\\theta_{(2)} &= 0 {~\rm A} \\
Whet@ H3) X SemAf4\rm A} \\ \end{align*}

e $13=1{~\rmA}$

e $l 4 =4 {~\rmA}$

$$(1)$$ $$(2)$$

$5(3)$$
$$1~\r...

$s1-v. ’ < )
‘ ®$'-~ $S® ‘ @sl... $S® @s\...%é
(s @:Vsl... (o¥st

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



2026/06/28 15:07 25/44 Exam Summer Semester 2021

Specify which magnetic voltages $\theta {(1)}$, $\theta {(2)}$, and $\theta {(3)}$ result.
Note the direction of the path in each case!

Path

For the resulting current the direction of the path has to be considered with the right-
hand rule:

e $l {(1)} =+1.2-11-1 3\quad \rightarrow \quad \theta {(1)} =2 {~\rm A} -5
{~\rm A} -1 {~\rmA} $

e $l {(2)} =+ 3 +14-11\quad \rightarrow \quad \theta {(2)} =1 {~\rm A} +
4 {~\rm A} -5{~\rmA}$

e $I {(3)} = +1_3-14-12\quad \rightarrow \quad \theta_{(3)} =1 {~\rm A} -4
{~\rm A} -2 {~\rm A} $

Exercise E1 Magnetic Voltage
(written test, approx. 6 % of a 120-minute written test, S52021)

The following images show cross-sections of electrical cables.

Redbled path is shown as a dashed line. The magnetic voltage $\theta$ on these paths shall
be analyzed.

The following values are given for the currents:

Wagin{alpPhnhets {(1)} &= -4 {~\rm A} \\ \theta_{(2)} &= 0 {~\rm A} \\
het H3) Y SemA§4\rm A} \\ \end{align*}

e $I 3=1{~\rmA}$

e 5l 4=4{~\rmA}$
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38(1)$$ $5(2)$3 $5(3)8%

1 ¢Sl~\r.. il i .
S e ,”vSI $sl.. ! o9k .
(o¥si @sl.,. . (331

Specify which magnetic voltages $\theta {(1)}$, $\theta {(2)}$, and $\theta {(3)}$ result.
Note the direction of the path in each case!

Path

For the resulting current the direction of the path has to be considered with the right-
hand rule:

e $I {(1)} =+1_2-11-13\quad \rightarrow \quad \theta {(1)} =2 {~\rm A} -5
{~\rm A} -1 {~\rm A} $

e $1 {(2)} =+ .3 +14-11\quad \rightarrow \quad \theta {(2)} =1 {~\rm A} +
4 {~\rmA}-5{~\rmA}$

e 5l {(3)} =+1.3-14-12\quad \rightarrow \quad \theta {(3)} =1 {~\rm A} -4
{~\rm A} -2 {~\rm A} $

Exercise E7 Lorentz Force (hard!)
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(written test, approx. 10 % of a 120-minute written test, S52021)

B) $300pidranek bef donsh clrs et toig viesltagai dinectvbirineoit tire rdineis mrs | §ho amatl des the
BeaHteikl Aapenent $F ={\HRAG0} $ \ofrtiAs réswii tiyr 6oigie iact? (Independent)
A homogeneous geomagnetic field is assumed. The magnetic field strength has a vertical

component of $B_{\rm v} = 40 ~\rm \mu T$ and a horizontal component of $B_{\rm h} = 20
-\rm \mu T$. . _ o

"he B ABEGRSEN ARNERIRSRALSIAM IReSaVRCH R holipb it G S8R Keof I feamdl PStRER RN is
>\alpM Hghberection by the right-hand rule.

.he picture on the right shows the line (black), the field strength components, and the angle
in front and top view for illustration purposes.

Top View

g?@alculate the force that results from the current flow on the entire conductor.
First, calculate the vertical and horizontal components and combine them accordingly.

ath The horizontal component $\vec{F} {\rm h}$ of the force is based on the

vertical component $\vec{B} {\rm v}$ of the magnetic field.

e The vertical component $\vec{B} {\rm v}$ of the magnetic field is not shown in
the image but is pointing into the ground.

The TR L orRe PRIBERAANTD A5 Bl 209 s Y eThe right:

$\vecﬂa}n_‘érﬁqlE$h§BéBiR?aﬁ%'*$\\/ec{F} = | \cdot (\vec{l} \times \vec{B})
\end{align*}

Uavra wina Ihavia +uas nA nante £
I'cic, v 1igve L 1

evaluate.
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Considering the right-hand rule (and the cross product), the vertical field $B_{\rm v}$
generates a horizontal force $F_{\rm h}$ and vice versa.

The horizontal component is given by
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\begin{align*} F_{\rm h} &= I\cdot (I \cdot B_{\rm v}) \\ &= 1200 {~\rm A} \cdot 300
\cdot 10" 3{~\rm m} \cdot 40 \cdot 10~ {-6}{~\rm {{VsHover{m2}}} \\ &= 14'400
~\rm {{VAsHover{m}} = 14'400 ~\rm {{Ws}\over{m}} = 14'400 ~\rm N
\end{align*}

For the vertical component the angle &\alpha& has to be considered.

For the maximum $F_{\rm v}$ the angle &\alpha& has to be $90°$, therefore the
$\sin$ has to be used.

Top View

\begin{align*} F_{\rm v} &= I\cdot | \cdot B_{\rm h} \cdot \sin\alpha \\ &= 1200
{~\rm A} \cdot 300 \cdot 10™3{~\rm m} \cdot 40 \cdot 10"~ {-6} {~\rm
{{Vs}Hover{m?}}} \cdot \sin 20° \\ &= 2'462.545... ~\rm N \end{align*}

For the overall force $F$ the Pythagorean theorem has to be used:

\begin{align*} F &= \sqrt{F_{\rm v}~2 +F {\rm h}"~2} \\ &= \sqrt{({14'400 ~\rm
N})"2 +({2'462.545... ~\rm N})"2} \\ &= 14'609.04... ~\rm N \end{align*}
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Exercise E1 Lorentz Force (hard!)
(written test, approx. 10 % of a 120-minute written test, SS2021)

B) $3 00 pidran b donsh clvs it toig viesltagei dinecivbirheott ttre rdineist mrs e ematl des the
BeaHteikl Aaupenent $F ={\RAG0} $ \ofrtiAs réswii tiy6oigie iact? (Independent)

A homogeneous geomagnetic field is assumed. The magnetic field strength has a vertical
component of $B_{\rm v} = 40 ~\rm \mu T$ and a horizontal component of $B_{\rm h} = 20
-\rm \mu T$.

"he R BEIRSN SNERIRERTLSIIAT I FReSAVRCHHE hOViPd Wikt 8o SBrRRMe GFIttfedel PotRER N is
s\alBMa dghpedrection by the right-hand rule.

he picture on the right shows the line (black), the field strength components, and the angle
in front and top view for illustration purposes.

Top View

g?@alculate the force that results from the current flow on the entire conductor.
First, calculate the vertical and horizontal components and combine them accordingly.

ath The horizontal component $\vec{F} {\rm h}$ of the force is based on the

vertical component $\vec{B} {\rm v}$ of the magnetic field.
e The vertical component $\vec{B} _{\rm v}$ of the magnetic field is not shown in
the image but is pointing into the ground.

The Tl OHREPHTBRRSRHANTE XA Bl 200D s T he right:
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$\vec {fandrnaleshabegibéaigmitgdvec{F} = I \cdot (\vec{l} \times \vec{B})
\end{align*}

Here, we have two components for the current - and therefore for the force - to

evaluate.
Considering the right-hand rule (and the cross product), the vertical field $B_{\rm v}$
generates a horizontal force $F_{\rm h}$ and vice versa.

The horizontal component is given by
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\begin{align*} F_{\rm h} &= I\cdot (I \cdot B_{\rm v}) \\ &= 1200 {~\rm A} \cdot 300
\cdot 10" 3{~\rm m} \cdot 40 \cdot 10~ {-6}{~\rm {{VsHover{m2}}} \\ &= 14'400
~\rm {{VAsHover{m}} = 14'400 ~\rm {{Ws}\over{m}} = 14'400 ~\rm N
\end{align*}

For the vertical component the angle &\alpha& has to be considered.

For the maximum $F_{\rm v}$ the angle &\alpha& has to be $90°$, therefore the
$\sin$ has to be used.

Top View

\begin{align*} F_{\rm v} &= I\cdot | \cdot B_{\rm h} \cdot \sin\alpha \\ &= 1200
{~\rm A} \cdot 300 \cdot 10™3{~\rm m} \cdot 40 \cdot 10"~ {-6} {~\rm
{{Vs}Hover{m?}}} \cdot \sin 20° \\ &= 2'462.545... ~\rm N \end{align*}

For the overall force $F$ the Pythagorean theorem has to be used:

\begin{align*} F &= \sqrt{F_{\rm v}~2 +F {\rm h}"~2} \\ &= \sqrt{({14'400 ~\rm
N})"2 +({2'462.545... ~\rm N})"2} \\ &= 14'609.04... ~\rm N \end{align*}
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Exercise E8 Impedance Characteristics
(written test, approx. 6 % of a 120-minute written test, S5S2021)

A coil has an inductive reactance of $X 0 = X(f_0) = 80~\rm \Omega$ at a frequency $f 0 =
BeSUlEm kHz$.

Calculate the frequencies $f 1$, $f 2$, $f 3$ at which the following reactances are
measured:

There are multiple ways to solve this question.
One way would be, to calculate the inductance $L$ first by rearranging $X(f) = 2\pi
\cdot f \cdot LS.

Another way uses ratios (or “rule of three”), since $X(f) = f \cdot k$ with a constant
$ks.

Therefore one can set up two formulas $X_n = f_n \cdot k$, $X_0 = f_0 \cdot k$, and
divide the formulae by each other.

This leads to: \begin{align*} {{X_n}\over{X 0}} &= {{f nH\over{f 0}} \ f n &=
{{X_n}over{X 0}}\cdotf 0 = {{f OH\over{X 0}}\cdot X n\\\end{align*}

Putting in the numbers: \begin{align*} f n &= {{60 ~\rm kHz}\over{80~\rm
\Omega}}\cdot X_n\\ &= 0.75 {{\rm \Omega}\over{\rm kHz}}\cdot X n\\
\end{align*}

Exercise E1 Impedance Characteristics
(written test, approx. 6 % of a 120-minute written test, $52021)

A coil has an inductive reactance of $X 0 = X(f_0) = 80~\rm \Omega$ at a frequency $f 0 =
Besulkm kHz$.

Calculate the frequencies $f 1$, $f 2$, $f 3$ at which the following reactances are
measured:
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e $X 1 =50 ~\rm \Omega$
e $X 2 =121 ~\rm \Omega$
. 5% §f—112173L\r?m\R@H$5g
o $f 2 =90.75~\rm k
e $f 3 =110.25~\rm kHz$
>ath

There are multiple ways to solve this question.
One way would be, to calculate the inductance $L$ first by rearranging $X(f) = 2\pi
\cdot f \cdot LS.

Another way uses ratios (or “rule of three”), since $X(f) = f \cdot k$ with a constant
$ks.

Therefore one can set up two formulas $X_n = f_n\cdot k$, $X_0 = f_0 \cdot k$, and
divide the formulae by each other.

This leads to: \begin{align*} {{X_n}\over{X 0}} &= {{f nH\over{f 0}} \ f n &=
{{X_nHover{X 0}}\cdot f 0 = {{f 0H\over{X 0}}\cdot X n\\\end{align*}

Putting in the numbers: \begin{align*} f n &= {{60 ~\rm kHz}\over{80~\rm
\Omega}}\cdot X_n\\ &= 0.75 {{\rm \Omega}\over{\rm kHz}}\cdot X n\\
\end{align*}

Exercise E1 Complex series circuit
(written test, approx. 8 % of a 120-minute written test, $52021)

B)Reeinaithef $hseldtd yahum aff$ediesuRiDg impedontegafthe $EHedEirdmt ksing simall be
Bratiance vector diagram. Pay attention to the correct dimensioning.

a) Determine the complex impedance $\underline{Z} C$.
Result

: h$\underI|ne{Z} C =-{\rmj} \cdot 804 ~\rm \Omega $
at

The complex impedance $\underline{Z} _C$ is given as \begin{align*}
\underline{Z} C &= {{1}\over{{\rm j} \cdot 2\pi \cdot f\cdot C }} \\ &= {{-{\rm

i} Nover{2\pi \cdot 40 \cdot 10™3 ~\rm Hz \cdot 4.95 \cdot 10" {-9} ~\rm F }} \\ &= -
{\rm j} \cdot 803.81... ~\rm \Omega \\ \end{align*}
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Based on the diagram: $|\underline{Z}|= 828 ~\Omega$

Exercise E1 Complex series circuit
(written test, approx. 8 % of a 120-minute written test, SS2021)

B)deeerinaitiod $0sel YO yakum afRhediest Ri0Q HipedOntegaSthe $EredCirdot king simall be
Be@atiance vector diagram. Pay attention to the correct dimensioning.

a) Determine the complex impedance $\underline{Z} C$.
Result

) h$\under|ine{Z}_C = -{\rm j} \cdot 804 ~\rm \Omega $
at

The complex impedance $\underline{Z} C$ is given as \begin{align*}
\underline{Z} C &= {{1}\over{{\rm j} \cdot 2\pi \cdot f\cdot C }} \ &= {{-{\rm

i} Nover{2\pi \cdot 40 \cdot 10”3 ~\rm Hz \cdot 4.95 \cdot 10~ {-9} ~\rm F }} \\ &= -
{\rm j} \cdot 803.81... ~\rm \Omega \\ \end{align*}

Based on the diagram: $|\underline{Z}|= 828 ~\Omega$

Exercise E9 Component Parameters
(written test, approx. 10 % of a 120-minute written test, SS2021)

o - - ParhaneEsi AR, rlotorMé prasentt. af vesidtiye-fratocivaniody!
mejr@mwgesj ﬁeﬁ@tmﬁgg“é&u{fﬁra Mok @it Fegndigeasrs e OrmMp$acedo barm
vetpuhineddiftawnBaidy (Rewlds Yrelimardafcepiieapplied.

Thic raciiltad in tha rarardad crirrant nf
L TwdUILLCU T Ve T oLV VUCU WU e v

19terive in general the equation for the absolute value of the impedance of the motor.

\b L {\qdee L {\rm M})~2 + R_{\rm M}"2 }
ends e SRR I "

ath o $E_ 2RI} N1 4Bhegath mHS

) DERGER AvSDLalkand G és 2 fF@”"h%é’b% ﬁ@@sSHBFﬁaﬂ’fetW@leﬁBG Fovrg e B0 gt $f-_1$
deﬁflszga(;srm@p@#,\é@p@ge that $R_ {\rm M}$ will cancel out: \begin{align*} Z 272 -

7 1/\') f—/')\n \rAAr £ D \rAA+ | r MIYAD 1 D fM\rmm MIAD _\lafH (D\ni \rdAr £ 1
_\L\Hl \CUUL 1T 4 \VWUUL L. l\llllll_rl L 1IN l\llllll_r ~ Iy \L\Hl \\.UUL' £L

TR EeNRigX impedange $\undeariing {Zktfax 8 cesispyreinstuctive paeice SRErEhM} ~2

attsepigs et 19 ovedyas Aoegim{mijor k\ Wwiderdngdd}r &= {\rm j} \cdot X_L + R_{\rm
M} \\ &= {\rm j} \cdot 2\pi \cdot f\cdot L {\rm M} + R_{\rm M} \\\end{align*}
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Nogv Ryehceayo reanr timeer éonddta i \deriMg tixbabsolute value: \begin{align*}

Thacariviete ¥ ke \sfithe (Apedsiotd \sdpidn BsrpM3 ) (UF\Budkfn) Mt ~2 F\\
Vegeidliong’t 2.272-2.172 &= L_{\rm M} "2 \cdot \left( (2\pi \cdot f_2 )"~2 - (2\pi

\cdot f 1)”2 \right) \ L {\rm M}"2 &= {{Z 272 -Z 172} \over { (2\pi\cdotf 2 )"2 -
(2\pP\&datlf=1 AR JiHeve {im M =2(£50 ({7np ¥2\oven{82nsval X $2\pi)~2 \cdot (
f 2792%%_2=2 ){) ANeve[dligts) = {{50 ~\rm V}over{5~\rm A}}$

And then to $L_{\rm M} $:

\begin{align*} L {\rm M} &={{1}\over{2\pi}} \sqrt{{{Z 272 -Z 172} \over { f 272
-f172 }} N\\end{align*}

With the values:

\begin{align*} L {\rm M} &={{1}over{2\pi}} \sqrt{{{(10~\Omega)~2 -
(6.25~\Omega)~2} \over { (100 {{1}\over{s}})"2 - (50 {{1}H\over{s}})~2 }} }\
&=14.346... ~\rm mH\\ \end{align*}

The resistance value $R_{\rm M}$ can be derived from \begin{align*} Z 2°2 &= (2\pi
\cdot f 2\cdot L_{\rm M})"*2 + R_{\rm M}~2\\R_{\rm M}"*2 &= Z 2”2 - (2\pi \cdot
f 2\cdot L {\rm M})~2 \\R_{\rm M} &=\sqrt{ Z_ 272 - (2\pi \cdot f 2 \cdot L {\rm
M})~2}\ \end{align*}

The values have to be inserted also for $R_{\rm M}$: \begin{align*} R_{\rm M}
&=\sqrt{ (10~\rm \Omega)”~2 - (2\pi \cdot 100 {{1}\over{s}} \cdot 0.014346... ~\rm
H)"~2}\ &= 4.3301...~\Omega \end{align*}

Exercise E1 Component Parameters
(written test, approx. 10 % of a 120-minute written test, SS2021)

j papEncsas ik otorMé presdnts. a vesidtiye-ircracivendd) !
MM@%%@Q@%@% ﬁ%@%@@g"éﬂufﬁﬁrﬁ Morsand fesndicsasre b= OrmMp$aee 30 barm
vetpumntnrddietawn Bady (Radids) Yrelmardaicephidrapplied.

Thic rncnli-nrl in H'\n rnrnrrlarl currant r\F

Wﬂ‘erlve in general the equatlon for the absolute value of the impedance of the motor.

\» L {edeg L {\rm M})*2 + R {\rm M}"~2 }
\.e:gl:{ i %n..\%% %dg fr\ﬁ N$ ; "

= R...\

ath ¢ $E- &CBﬁe%ﬁ] mH

D%'ﬂ_ﬁ‘?n‘{‘fféflﬁ\éeaﬁgoﬂtﬁ@ 0dIGés % fﬁ‘é”h%é’b%ﬁé@ssﬁel?ﬁaﬂ’fet‘é’@ééfﬁﬁﬁ Fs iz d0nt 3t 14
degflszgaﬁrm@p@q]@ﬁ@ge that $R_ {\rm M}$ will cancel out: \begin{align*} Z 22 -

7 1AD C.— (M ni\rAAr £ D \rAAF I remh M1\AD 1 D re M AD _\lafH (D\ni \rAAF f 1
4 o X— \L\rJl \CUUL I 4 \LUUL L 1\||||||J'I L T 0N 1\||||||J' S \ITiILy \L\V \\.uuLl XL

T EeMRiex impedange $\undaniing {4g Atfox & cesspvecintuchive basite SREEh M} ~2

attsepigs Weott) 19 9verdas oegim{mlior h\\erderdng s} &= {\rm j} \cdot X_L + R_{\rm
M} \\ &= {\rm j} \cdot 2\pi \cdot f \cdot L_{\rm M} + R_{\rm M} \\\end{align*}

Now we can rearrange to $L_{\rm M} "~2$:
The Pythagorean theorem can derive the absolute value: \begin{align*}

Tnauiiaiefd v B B2 ek (Pl sk dpidh e el ) (et (BYdMY dE) "2) AR - (2\pi
\edd{&ligr*2 \right) \ L_{\rm M} "2 &= {{Z 272 -Z_1~2} \over { (2\pi \cdot f 2 )"2 -
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s lette €01)~2 3} \\ L_{\rm M} 2&={{Z2.272-2Z 172} \over { (2\pi)"~2 \cdot (

f2n 2 f 1 2{){}J} end{algl
over{l 1}} = {{50 ~\rm V}\over{8~\rm A}} $
And t%?o?pli_{ﬂn%}m/ﬁr{lj}} = {{50 ~\rm VH\over{5~\rm A}}$

\begln{allgn*} L_{\rm M} &:{{1}\over{2\p|}} \sqrt{{{z_z/\z _ Z_].AZ} \over { f_2’\2
-f 172 }} N\ \end{align*}

With the values:

\begin{align*} L {\rm M} &={{1}\over{2\pi}} \sqrt{{{(10~\Omega)~2 -
(6.25~\Omega)~2} \over { (100 {{1}\over{s}})"~2 - (50 {{1}\over{s}})~2 }} }\
&=14.346... ~\rm mH\\ \end{align*}

The resistance value $R_{\rm M}$ can be derived from \begin{align*} Z 272 &= (2\pi
\cdot f 2\cdotL {\rm M})*2 + R {\rm M}~*2\\R_{\rm M}"2 &=Z 272 - (2\pi \cdot
f 2\cdot L {\rm M})*2 \\R_{\rm M} &=\sqrt{ Z 272 - (2\pi \cdot f 2 \cdot L_{\rm
M})~2}\ \end{align*}

The values have to be inserted also for $R_{\rm M}$: \begin{align*} R_{\rm M}
&=\sqrt{ (10~\rm \Omega)”~2 - (2\pi \cdot 100 {{1}\over{s}} \cdot 0.014346... ~\rm
H)*2}\ &= 4.3301...~\Omega \end{align*}

Exercise E1 Signal Analysis
(written test, approx. 6 % of a 120-minute written test, $52021)

B) Batfmieasunedrcthe fntosisigiidritiEppk foeceoibed Yrnepditiartt afeemEg s (irte pendent)
ResWlantities are available in the consumer arrow system. (hard)
e $u(t) = 50{~\rm V} \cdot \cos (6000 {{1}\over{\rm s}} \cdott + 4) $
Pathe ¢i(t) = 30{~\rm A} \cdot \sin (6000 {{1}\over{\rm s}} \cdott + 5) $
Result
1) Dﬁﬁaﬁmmtbgmggphtude values $\hat{U}$, $\hat{l}$ and the RMS values $U$, $I$
e $f = 955 ~\rm Hz$
The TréWRHENTSPHE G¥M & By the term in the sine function: \begin{align*} \omega
"athere G0BBAIIAINTARIVE P a5 e dtitef ElentOUDIS, fasiSbiver[chact e\ f &=
{{6000}\over{2\pi}} {{1Hover{\rm s}} \\ f &= 954.93... ~\rm Hz \\ \end{align*}

NV vdliues.
For the phars?’eels $\{arph|§/ we have to subtract $\varphi_i $ from $\varph| us.
But %ﬁ SRR P SO fess e aredls 7D LauiRidah
func i
the cosine and sine functions
t% S glues of sinusoidal functions the amplitudes have to be multiplied
8 rph

W“’%e+{%3{i*6?ﬂ<§é@r}{%}}$

By this we get for $\varphi$ \begin{align*} \varphi &= \varphi_u - \varphi i \\ &= 4 +
{{\pit\over{2}} - 5\\ &= 2.14159... \\ \end{align*}

Converted in degree: \begin{align*} \varphi &= 2.14159... \cdot {{360°}\over{2\pi}}
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\\ &= 32.7042...° \\ \end{align*}

Exercise E10 Signal Analysis
(written test, approx. 6 % of a 120-minute written test, SS2021)

B) Bt mieasunedr cthe frtosfiigiidhitiEppl Hoeceoi bed nenditiartt afeemEg s (irte pendent)
1leiétdtjantities are available in the consumer arrow system. (hard)
e $u(t) =50{~\rm V} \cdot \cos (6000 {{1}\over{\rm s}} \cdott+ 4)$

Pathe $i(t) = 30{~\rm A} \cdot \sin (6000 {{1}\over{\rm s}} \cdot t + 5) $
Result

1) D,eﬁﬁ:ﬁmmfetbgmm,plltude values $\hat{U}$, $\hat{l}$ and the RMS values $U$, $I$
e $f = 955 ~\rm Hz$

The Tré&%@i@}c—aﬁ%ﬁmy&%y the term in the sine function: \begin{align*} \omega
"athge (BB FTSAIINE e 25 et 6lentOTlis fdsisoiver {iducthie) f &=
{{6000}\over{2\pi}} {{1Hover{\rm s}} \\ f &= 954.93... ~\rm Hz \\ \end{align*}

NnIViD vadliues.
For the phaée $\varph| we have to subtract $\varphi_i $ from $\varph| us.
But foR e Al m}@s i oSS ARSITY Decianavedts smesinnlal
u C | the cosine and sine functions
Ew NVIS glues of sinusoidal functions the amplitudes have to be multiplied

- 40 iﬂ?@‘ﬁe HENOPAGIENR) ) 5

By this we get for $\varphi$ \begin{align*} \varphi &= \varphi_u - \varphi_i\\ &= 4 +
{{\pit\over{2}} - 5\\ &= 2.14159... \\ \end{align*}

Converted in degree: \begin{align*} \varphi &= 2.14159... \cdot {{360°}\over{2\pi}}
\\ &= 32.7042...° \\ \end{align*}

Exercise E1 Resonant Circuit
(written test, approx. 4 % of a 120-minute written test, S52021)

B) wtovaleegenanistisBsith&hab ithfEdab yestineace tha yokagecadmssuib @ icapacitonishiriGht) 4
fReEtHd utien <3 $? $indepermiitance $C$ are fixed. The resistance $R$ can be varied.

e $u {\rms} = 12{~\rm V} \cdot \sin (2 \pi \cdot f 0 \cdott) $
’athe $R i = 200~\rm m\Omega$

$RY3E=6 205 SN Pmdrs

e $C = 30~\rm \mu F$

For the following calculation, the internal resistance $R_i$ and the resistance $R$ have
to be combined: \begin{align*} R \Sigma = R_i + R \\ \end{align*}
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Here, either one knows that the gain factor $Q$ stands for $Q={{U_C}Hover{U_{\rm
s}}1}$ and therefore can directly use the following formula: \begin{align*} Q =
{{U_CHover{U {\rm s}}} &= {{1}\over{R \Sigma}} \sqrt{ {{L}\over{C}} } \\
R\Sigma &= {{U_{\rm s} Nover{U_C}} \sqrt{ {{L}\over{C}} } \\\end{align*}

When the gain factor is not known, one has to derive it:

The voltage $1$ at resonance is only given by the total ohmic resistance

$R \Sigma$ and the source voltage $U_{\rm s}$: \begin{align*} I = {{U_{\rm
s}}Hover{R \Sigma}} \end{align*}

This current flow also through the impedance of the capacitor \begin{align*}
U C &= Z C\cdot I'\\ &= {{1}\over{\omega C}} \cdot I \\ &= {{U_{\rm
s}Hover{\omega C R \Sigma }} \\ \end{align*}

At resonance, the angular frequency $\omega$ is given by $\omega=

{{1Rover{\sqrt{LC}}}$.

\beginfakgn*} U €&= {{U_{\rm s} Nover{{{1}Hover{\sqrt{LC}}} C R \Sigma
W E=—£{U 7 W{rt{{{C}\over{L}}} R_\Sigma }} \\ &=

U {\rm s} }over{ R_\iiw$ gc\éqrt{{{L}\over{C}}} \\ \end{align*}

1) What is the resonance frequency $f 0$?
In both cases, we end up with the same formula, where we have to insert the physical
values: \begin{align*} R \Sigma &= {{U_{\rm s} }\over{U C}} \sqrt{ {{L}\over{C}}
’atr} \\ &= {{1}\over{4}} \sgrt{ {{20\cdot 10™{-3} ~\rm H}\over{30\cdot 10" {-6}
~\rm C}} } \\ &= 6.4549...~\Omega \\ \end{align*}

And so, the resistance $R$ is: \begin{align*} R &= R \Sigma - R i\\ &=
s mEsonauiniast e 0CY~-ADR%e a0V & 35 Jsagin falimmeh i Rmd { dkgheyer{ 2\pi
\sqrt{LC} }} \end{align*}

With the values: \begin{align*} f 0 &= {{1}\over{ 2\pi\sqrt{20 \cdot 10"~ {-3} ~\rm H
\cdot 30 \cdot 10™~{-6} ~\rm F} }} \\ &= 205.4681... \rm Hz \end{align*}

Exercise E11 Resonant Circuit
(written test, approx. 4 % of a 120-minute written test, S52021)

B wtovaleegenanis tisBsith&hab ithiedab yestineace thra yekagecadmissuib @ icapacitonishiriGht) 4
fReEtHd utien <3 $? $indepermiitance $C$ are fixed. The resistance $R$ can be varied.

e $u {\rms} = 12{~\rm V} \cdot \sin (2 \pi \cdot f 0 \cdot t) $
’athe $R i = 200~\rm m\Omega$

$RYE 6 2055\ Dmes

e $C = 30~\rm \mu F$
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For the following calculation, the internal resistance $R_i$ and the resistance $R$ have
to be combined: \begin{align*} R \Sigma = R_i + R \\ \end{align*}

Here, either one knows that the gain factor $Q$ stands for $Q={{U_C}Hover{U_{\rm
s}}}$ and therefore can directly use the following formula: \begin{align*} Q =
{{U_Chover{U_{\rm s}}} &= {{1}H\over{R \Sigma}} \sqrt{ {{L}\over{C}} } \\

R \Sigma &= {{U_{\rm s} over{U C}} \sqrt{ {{L}\over{C}} } \\ \end{align*}

When the gain factor is not known, one has to derive it:

The voltage $1$ at resonance is only given by the total ohmic resistance

$R \Sigma$ and the source voltage $U_{\rm s}$: \begin{align*} I = {{U_{\rm
s}Hover{R \Sigma}} \end{align*}

This current flow also through the impedance of the capacitor \begin{align*}

U C&=Z C\cdot I \\ &= {{1}\over{\omega C}} \cdot I \\ &= {{U_{\rm
?ﬁéﬁﬁ €R \Si d{align*

s}}Ho om)ega \Sigma }} \\ \end{align*}

resonance, the angulaf,frgquency $\omegas is given by $\omega=
| 1Hover{\sqrt{LC}}}$7 i
begin{align*} U C &= {{U_{\rm s} over{{{1}over{\sqrt{LC}}} C R \Sigma
1) hatlis thé&reddbadvefrebbloney {3sqpb¢{{CHover{L}}} R \Sigma }} \\ &=
{{U_{\rm s} Nover{R_\Sigma } } \sqrt{{{LHover{C}}} \\ \end{align*}

at

In both cases, we end up with the same formula, where we have to insert the physical
values: \begin{align*} R \Sigma &= {{U_{\rm s} Nover{U C}} \sqrt{ {{L}\over{C}}
The gesqnami SRGYanov 06 {5 gineads1 Pegintaligii HLQ reiF3husr {6}
\SEHHES} 3 h\&Rd 6ahi9R8 ) ~\Omega \\ \end{align*}

Withdhanalkegsibraindri e hESmIghih et R\Risari {20 107 {-3} ~\rm H
k8430 \ogointBa {62 \omEdaw §£5.20244681onmegaHeenafighen*}

Exercise E12 Multiphase systems
(written test, approx. 4 % of a 120-minute written test, S52021)

B) Hpeeifyiiie RMS a:pibasaltbe phase inaitdgt lduimed diamdet Hileting g dmipsih g 555 $ .
Reilling.

A voltage with the RMS value $U_{\rm RMS} = 110~\rm V$ is applied between the terminals
BAtLch winding.

"hrough each of the windings, there is a current with an RMS value $I_{\rm RMS} =5 ~\rm
\ M rlhéld"’r%ﬁm |§W \\l:rnlm — Eoc¢ rr\mn:rnd i-r\ +|"\Q \lr\H-:\nn
SFH=3H\0R\AB V R YT

¥ [ $l__l ¥ i

ALl F¥L 1]

ﬁmQWWWWS}—S}l%M ¥ $ us Qingl idu-heytvesciheinding,
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esiitisrialseofiemer fRAdeTgivirish g4 \statd Maldag ¢ \Edotrkeis@yvarphi) $
Hoegiudt pligest) glikens t tHetHliG brpihal ¢ dddusibs\ thatg e dotihes@ G nfre g all
e o8& M ustrbe \Bevend{slignt} i =0$.
By this (and showing in the example in the image below), One can see, that $| \rm L=

\sqrt{3} \cdot I_ {W\s%@n} ot5 \rm A$

\unde... unde
Text is not SVE

one single phase as an example

$5L1$$ $$1 16

T

Exercise E1 Multiphase systems
(written test, approx. 4 % of a 120-minute written test, SS2021)

B) Speeibtitie RMS a:leasaidhe phase icaitd gt gl0uime diSamoot et i gra orteemtps B \ne$sS $ .
Rerilling.

A voltage with the RMS value $U_{\rm RMS} = 110~\rm V$ is applied between the terminals
BAfLch winding.

"hrough each of the windings, there is a current with an RMS value $1_{\rm RMS} =5 ~\rm

\$ Y ?@hm}@ﬁmm%wgﬁw compared to the voltage.
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1) Draw st )ikt &} ag82@G6~\mn A%
Since the given voltage of $U{{NnmmRMES }=5110m \Ah ¥ Fun amiﬁﬂm@bvemhheinding,
I&mﬂx&meﬁ%ﬁdm@emmhwmwe\gﬁmy\)@m%é \sdotriaig@varphi)$
esphlegind aligmitohbusBd et Erdsmad b N0d Qi e TR Uk R Bkt mas all
e IPeRS8Smustroe Welend{alisntl i =0s.

By this (and showing in the example in the image below), One can see, that $I \rm L=

\sqrt{3} \cdot |_{W \sqrt{3} ot5 \rm A$

-~ \||n

@ . \ i
\Unde... Text is not SVG - ca i Unde
Text is not Sﬁ&% \

one single phase as an example

$$L1$S$ $$1_1$$

—> o
j{}/grl_{zﬁm_{l 231
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