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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)

Only EEE1-relevant Part

This part is only for about 25 minutes !

Exercise E2 Magnetic Field Lines
(written test, approx. 4 % of a 120-minute written test, $52021)

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 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-
Beapd 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 cm§s.

s\mil £066=4kpi\cab$ 10" {-7} {{\rm Vs}over{\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)dﬁilndmgﬂeﬂdjﬂﬂﬂmmqﬁﬂvmmﬁbrmation 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 $\mu 0 = 4\pi\cdot 10" {-7 \rm Vs}over{\rm Am
Thg magnetic ﬁ)e istgdam;t?ais}ﬂa{: \mu_}O \mUE}\rm r} {ggot H$:

"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?@%}{bv\ﬁlﬂm 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 E2 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.
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Resutillowing 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.

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

$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} HNover{ {\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} ) }\over {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 $\rm 1$ 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: $u_{\rm ind}(t) = + {{3.0 \cdot
10~ {-4} {~\rm Vs}} \over {0.2 ~\rm s} } = 1.5 {~\rm mV}$
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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 E7 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
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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 E9 Lorentz Force (hard!)
(written test, approx. 10 % of a 120-minute written test, SS2021)

B)$SBOpidtunk brefdongh sl idiet toig viesltagei directvburheoit ttre rdineiss wr s |sho aimat des the
BeaHtrikl Aapenent $F ={\LRG0} $ \ofrtiAs réswiitiy 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 $B_{\rm h} = 20
-\rm \mu T$.

"he A ABEGRSN EANERI RERALSIOAT FReSaVRCHHE hokio it e S8 rMetItitednel PStRER th is
;\alBMa Hghpedrection 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.
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a) Calculate the force that results from the current flow on the entire conductor.
First, calculate the vertical and horizontal components and combine them accordingly.

P%Q View

Path

The force on the transmission line can be calculated via the Lorentz force
$\vec{F} _\rm L$: \begin{align*} \vec{F} = I \cdot (\vec{l} \times \vec{B})

\end{align*} . ,
e The horizontal component $\vec{F} {\rm h}$ of the force is based on the

Here, WRTHGRECAIPENRDLAMRS 1B} thEFLYAh et Hitimasreesie8ldhe force - to

evaltigtae vertical component $\vec{B}_{\rm v}$ of the magnetic field is not shown in

ConsidBRAGBYE BykihBANHIS IRktRsIrRidroduct), the vertical field $B_{\rm v}$

genar¥8as obp angprieuda orverd Bhalliee k$sand to $\vec{I}$. The right-
hand rule has to be applied.

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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Full Exam

These is the full exam

Full exam

Exercise E2 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.

Result

high density of field lines near the conductors
direction of the field lines given by the right-hand rule
magnetic field has closed field lines

resulting field given by superposition of field lines
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electrical_engineering_and_electronics:task 76ksbc114yIxftfl with_calculation
magnetostatic, field lines, exam ee2 ss2021

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

Bh Bedindtruatoe ifo o peeatre foetexpericendt yrathb dafrecatengy Arsedtés i ifg=current
BedHErmatnplitTiele of $\hat{I} = 100~\rm A$ is operated.

Xowvbiandistaxickoaitcamdi tthia lcabdut wh et heisyal leerced 8d2 (B pootienmsepwodent)
about. The figure below shows the top view of the laboratory with the supply line
yetween $\rm A$ and $\rm B$.

athyB = @9 ~\rmurign T$

s\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
&= {{IN\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 Vs}over{\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 $r =\sqrt{(0.1 {~\rm m})"2 + (0.4 {~\rm m})~2}= 0.412... ~\rm m$.

Therefore: \begin{align*} B &= 4\pi\cdot 10”~{-7} {{\rm VsHover{\rm Am}}
\cdot 1 \cdot {{100 ~\rm A}\over{2\pi \cdot 0.412... ~\rm m}} \end{align*}
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electrical_engineering_and_electronics:task_ti7loik6aurfewkb_with_calculation
magnetostatic, flux density, exam ee2 ss2021

Exercise E2 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-
Besptd 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 $l = 12 ~\rm cm§.

s\méil £066=Akpi\cad$ 10" {-7} {{\rm VsHover{\rm Am}}$

N O N
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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:

\begin{align*} H &= {{N \cdot I}\over{l}} \\ {{B}\over{ \mu O \mu_{\rmr}}}
&= {{N\cdot I}over{l}} \\ | &= {{B \cdot I}\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 VsHover{\rm Am}} \cdot 1'200 \cdot 60}}
\ &= 0.6631... {{\rm T\cdot m}\over{ {{\rm VsHover{\rm Am}} }} &=
0.6631... {{\rm {{\rm Vs}over{\rm m~2}} \cdot m}over{ {{\rm Vs}Hover{\rm
Am}} }} &= 0.6631... ~\rm A\end{align*}

electrical_engineering_and_electronics:task_w3m7fo4hjahkzogw_with_calculation
magnetostatic, flux density, coil, toroid, exam ee2 ss2021

Exercise E4 Cylindrical Coil
(written test, approx. 6 % of a 120-minute written test, SS2021)

B) dhennhagrietad flugh(Rhesioliky paritdprmation is given:
Result
e Length $[J = 30 {~\rm cm}$,
Pathe Winding diameter $[] = 390 {~\rm mm}$,
e Number of windings $[J = 240$ ,
$ P ki rBSHID + o &\dash ductor $[1 = 500 {~\rm mA}$,
e Material inside: Air

. 0 = 4\pi\cdot 10" Vv A
Thi\mggnetlc\ﬁ)a\dlgtgw@t i {\—rr{]muS}(}o\\r/neur{}r\rrnm rr?{}c?ot H$:

roportion of the magnetic volta%e outside the coil can be neglected. Determine the

oIIo ﬁ%”fg?ltﬂ@ ih & SruR\gnL A\tend) Higertd {align*}
1) iR %é‘i?%%‘%‘d’%ﬁﬁj@gﬁé\ 5 SeBtional\prealist giver{ & {{\rm

VsHover{\rm Am}} \c {{APover{m}} \\ &= 0.0005026... {{\rm
\baaivEalfemiinfe2 \piena alighveft( {{dHover{2}} \right)"~2 \end{align*}

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

)
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\end{align*}

faging atighe InHnsbers{ Noediod BliongH\BH &= 0/0¢d00 2Povef {1 Wehdialigkrrh
m~2}} \cdot \pi\left( {{0.39{\rm m}}over{2}} \right)~2 \\ &= 0.00006004...
Rutingsin\ehed fiatigpens: \begin{align*} H &= {{240 \cdot 0.5 {~\rm
A}Hover{0.3 {~\rm m}}} \end{align*}

electrical_engineering_and_electronics:task _0j7accfimmemytq9 with _calculation
magnetostatic, flux density, magnetic field strength, coil, flux, exam ee2 ss2021

Exercise E2 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.
1T{IEiéUI‘kSIIowing 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
1 separate diagram.

$50...in$$\...

$S\..ing$\...

Path

Based on Faraday's Law of Induction the induced voltage is given by:
\begin{align*} u_{\rm ind} =& - {{ {\rm d} HNover{ {\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_ {\rm n} ) } \over { t {\rm n+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 $\rm 1$ to $\rm V$
from left to right:

$$\..ings\...

e For the intervals $\rm I$, $\rm IlI$, 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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$5\..0ns$\...
¢ 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: $u_{\rm ind}(t) = + {{1.5 \cdot
10~ {-4} {~\rm Vs}} \over {0.2 ~\rm s} } = 0.75 {~\rm mV}$

$$\..nss\...

electrical_engineering_and_electronics:task ludzwiuhjxitz85b_with_calculation
induction, flux, induced voltage, exam ee2 ss2021
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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
ResHbmogeneous 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

L0\bggind gl vy Uy idd-=3 181 {~\rm V} \cdot \cos(503 {{1}Hover{\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)}\over{{\rm d}t}} \\ &= -
n{{{\rm d}\Phi(t) N\over{{\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
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\cdot \cos(2\pi \cdot f t + \varphi) \\ \end{align*}

The absolute value of the factor in front of the $\cos$ is the maximum induced
voltage $\hat{U} {\rmind}$: \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
{{Vs}Hover{m~2}} \cdot 2\pi \cdot 80 {{1}\over{\rm s}} \\ &= 180.95... {~\rm

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

electrical_engineering_and_electronics:task rdz03rspbwusy7wk_with_calculation
induction, coil, induced voltage, exam ee2 552021

Exercise E7 Magnetic Voltage
(written test, approx. 6 % of a 120-minute written test, $52021)

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 aiven for the currents:

\oagin falBhMheps {(1)} &= -4 {~\rm A} \\\theta {(2)} &= 0 {~\rm A} \\
het H3) X SemAf$\rm A} \\ \end{align*}

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

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

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


https://mexle.te.hs-heilbronn.de/electrical_engineering_and_electronics/task_rdz03rspbwusy7wk_with_calculation
https://mexle.te.hs-heilbronn.de/tag/induction?do=showtag&tag=induction
https://mexle.te.hs-heilbronn.de/tag/coil?do=showtag&tag=coil
https://mexle.te.hs-heilbronn.de/tag/induced_voltage?do=showtag&tag=induced_voltage
https://mexle.te.hs-heilbronn.de/tag/exam_ee2_ss2021?do=showtag&tag=exam_ee2_ss2021

2026/05/04 18:35 30/40 Exam Summer Semester 2021

$3(1)$$ $$(2)$$ $$(3)$$
$S1~\r..

$s1-vr.. 4
e ars AR | S
(GRS ®st - @

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 $1 {(1)} = +1.2-11-13\quad \rightarrow \quad \theta_{(1)} = 2 {~\rm
A} -5{~\rm A} -1 {~\rmA}$

e $1 {(2)} = +1_3 +1 4-1_1\quad \rightarrow \quad \theta_{(2)} =1 {~\rm
A} +4 {~\rmA} -5 {~\rm A} $

e 35l {(3)} =+1 3-14-1 2\quad \rightarrow \quad \theta {(3)} =1 {~\rm
A} -4 {~\rm A} -2 {~\rm A} $

electrical_engineering_and_electronics:task_jfzZlImsucghsqvop5_with_calculation
magnetic voltage, exam ee2 552021
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Exercise E9 Lorentz Force (hard!)
(written test, approx. 10 % of a 120-minute written test, S52021)

B)$3 0D pidran&k beldansh cvs idiet toig viealtagai dinecivbirneott tire rdineist mrs | e amatl des
BRSWGedontalcomponsh=$E 00m-hrFs Af thewsshituglidtce act? (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
5B_{\rm h} =20 ~\rm \mu T$.

"he & A BEHRSN SANER RERUSIIATI FReSAVRCHHE h o ViPd ikt e SBrRRMe of Ittfedeld
;trePg SR \ENpHE bt ghirgction 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

Path
a) Calculate 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.

e |t has to be perpendicular to $\vec{B} {\rm v}$ and to $\vec{l}$. The
The foregeRIRE F[ﬂ@%??&oﬁéiﬁﬁrﬂ%ﬂbe calculated via the Lorentz force
$\vec{F} \rm L$: \begin{align*} \vec{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

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



2026/05/04 18:35 32/40 Exam Summer Semester 2021

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 {{Vs}\over{m?}}}

\\ &= 14'400 ~\rm {{VAs}\over{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}over{m2}}} \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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electrical_engineering_and_electronics:task_elndbo3xwi2klxuu_with_calculation
lorentz force, exam ee2 ss2021

Exercise E11 Impedance Characteristics
(written test, approx. 6 % of a 120-minute written test, S52021)

A coil has an inductive reactance of $X 0 = X(f 0) = 80~\rm \Omega$ at a frequency
Begult 60 ~\rm kHz$.

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

. $X = 50 > ~\\O
. $>Z mg \ﬁ\ E %
- f 625 \rm kHz

$

Jath

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 $k$.

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 nHover{f 0}} \ f n &=
{{X_nHover{X 0}}\cdotf 0 = {{f OHover{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*}

electrical_engineering_and_electronics:task _okznhljjycugkbsh_with_calculation
impedance, inductor, exam ee2 ss2021

Exercise E13 Complex series circuit
(written test, approx. 8 % of a 120-minute written test, S52021)

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


https://mexle.te.hs-heilbronn.de/electrical_engineering_and_electronics/task_elndbo3xwi2klxuu_with_calculation
https://mexle.te.hs-heilbronn.de/tag/lorentz_force?do=showtag&tag=lorentz_force
https://mexle.te.hs-heilbronn.de/tag/exam_ee2_ss2021?do=showtag&tag=exam_ee2_ss2021
https://mexle.te.hs-heilbronn.de/electrical_engineering_and_electronics/task_okznhljjycuqkbsh_with_calculation
https://mexle.te.hs-heilbronn.de/tag/impedance?do=showtag&tag=impedance
https://mexle.te.hs-heilbronn.de/tag/inductor?do=showtag&tag=inductor
https://mexle.te.hs-heilbronn.de/tag/exam_ee2_ss2021?do=showtag&tag=exam_ee2_ss2021

2026/05/04 18:35 36/40 Exam Summer Semester 2021

BRdeTcinaithef $0seldtd yalum offhedisaRiDg AmpedOncegasthe $Eredirduit kbing an
ghpkdengieyeector diagram. Pay attention to the correct dimensioning.

1) Determine the complex impedance $\underline{Z} Cs$.
Resglunderline{Z}_C = -{\rm j} \cdot 804 ~\rm \Omega $

N In
raun

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
j} Hover{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: $|\underline{Z}|= 828 ~\Omega$

electrical_engineering_and_electronics:task_9xy69axg3qgi3nr26_with_calculation
complex voltage divider, exam ee2 52021

Exercise E15 Component Parameters
(written test, approx. 10 % of a 120-minute written test, S52021)

' DErBENRSNBGH AR DotorMé presdntt A Yesidliye-iralacijvenddd !
WM@%%M@@&%M@W@&R&WE Mork @it Regndugsasre b Orm-Mp$ace 40
bergieterminadbelfrerBathirerfibhtidsiesmpednncsf A ¢heaaiplied.

Thic raciiltad in the racnrdad ciirrant nf
NS resuiteld in the reforgded current ot

?? rive in general the equation for the absolute value of the impedance of the motor.

\b‘#@# %m\ %ﬁ \%d%r.frmd,gg L {\rmM})"~2 + R {\rm M}"2 }

= R....\

>ath’ ? °‘$E“2Vﬁfﬁ +\¥fﬂ4®ﬁe§‘h®m

) DRfGEYR A¥SDLalit@Ndihés 4% FRRMM ¥R FeBsSHBERE WeRTfBE FVIRY@Ries at
>f 1f$oéﬁd’)$f 2% mdependent) | - s

Thic hac ¥ha aduantana Fhat ¢D V] nll ~ane~
NS NasS ne uuvullLGyc LllaL Pi_ 1\"" [ |_[.p Win CanC&i Cu c III]_CIII\_.’II j

The cpraplqR\pIResance Stdoderinghdu$)fop wangeWW%fq@(m $B%ot
athpiS\sa6es CfReMitis) oiven RS(\PROMT allomghyndesing{g At firm 12\cetwstX_L

t RebrmMb \ @pi\eavilf \egob 2o dot e des £ 20\l atiGofirm M} \\

\end{align*}

Now we can rearrange to $L_{\rm M}~ 2$:

The ButhnaerearnEheptaiaiedarive ihgiabpoddtexalugr Yoesietaiigr:}

Tosgiefatieh? } | & =2 t2rtZ (PR \weok f{\rdot} TRnedbl)\efté(R\d\kod ot} " 2) AR -

(@hpi{atigh¥}1)~2 \right) \\ L {\rm M}"~2 &= {{Z 272 -Z 172} \over { (2\pi

\cdot $Z )7 {(@Jpl\}é@&?f{bl\h} 3 {\{L5Q\T|\mm}/}\23&@r{§{2~rm} 341721 \over

{ (2pA22csd Ve 2hoverl] 23 ) F)A{ Mhayanghipver{5~\rm A}}$

And then to $L_{\rm M} $:
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\begin{align*} L {\rm M} &={{1}over{2\pi}} \sqrt{{{Z 272 -Z 172} \over {
f272-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}\over{s}})"2 }}
M\ &=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\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*}

electrical_engineering_and_electronics:task_wjttvmydrskzhcim_with_calculation
complex voltage divider, rms, inductor, exam ee2 552021

Exercise E1 Signal Analysis
(written test, approx. 6 % of a 120-minute written test, S5S2021)

B) BeteEmisastinedrcthe amiofi$igidrtEppk fbrcaoibed SepduitiaritafecmEsured:
frediemdiids are available in the consumer arrow system. (hard)
e $u(t) = 50{~\rm V} \cdot \cos (6000 {{1}H\over{\rm s}} \cdott + 4) $

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

D@ﬁq@mwf@tba?a@{ohtud%values $\hat{U}$, $\hat{l}$ and the RMS values $U$, $I$
~\rm Hz

o $\batpbi}=13X#6m V}$
*athrhe migdRRlddirtsAMaTvE itikine five téhe éfethertiie fesistive:iNoeginalign*}
\omega &= 6000 {{1}\over{\rm s}} \\ 2\pi \cdot f &= 6000 {{1}\0ver{\rm s\

E\k"D \fqlkllﬁfhh WNWAvnarlD rm st WFE=05403  _\rm Hz\
UUUUJ’\UVC 11_\|Jl_j'_j' 1]_J.J'\UVCI1_\IIIIDJ’_[ Wi X— Jo= AR VAR

T —
or S UGS B e R SRS
Butm% RN iy & BASSA SRR S8
s o e BT P bier (2) isart (23

e $\varphi_i = 5%
e S\varphi_ u=4 + {{\pi}\over{2}}$

O

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
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{{360°}\over{2\pi}} \\ &= 32.7042...° \\ \end{align*}

electrical_engineering_and_electronics:task_abh4vhlgczdbni37 with_calculation
signal analysis, rms, exam ee2 ss2021

Exercise E18 Resonant Circuit
(written test, approx. 4 % of a 120-minute written test, SS2021)

B)\dovaleegenanistisBiith ehab ithfedabyestineace threayokagecadaissuib @ icgpacitonishi) C
Behdlidot U {\rm s}$? (independent)
The inductance $L$ and capacitance $C$ are fixed. The resistance $R$ can be varied.

’athe $u_{\rm s} = 12{~\rm V} \cdot \sin (2 \pi \cdot f 0 \cdot t) $
$RIRH 20500\OmEO mega$
e $1 = 20~\rm mH$

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*}

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

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

The voltage $I$ at resonance is only given by the total ohmic resistance
$R_\Sigma$ and the source voltage $U_{\rm s}$: \begin{align*} | =
{{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 \\
&= {fUss{\rm s}spever{\omega C R \Sigma }} \\ \end{align*}

1 ]

T

t resonance, the angulggfrequency $\omega$ is given by $\omega=
o {11over{\sqrt{LC} F¥$: M i
\begin{align*} U C &= {{U_{\rm s} }Nover{{{1}Hover{\sqrt{LC}}} C
1) VihatRs\Shgmesphane=fiedueiem $ft Pever{\sqrt{{{C}Hover{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

éﬂ%‘ééi’%ﬂf&e HN{aﬁTg%SRGK\é?@nfra wegn{plignls i avddd eyerEaw
AT 18P EINEL 1 over (41} \sart{ {{20\cdot 10~{-3} ~\rm

H}\over{30\cdot 10™{-6} ~\rm C}} } \\ &= 6.4549...~\Omega \\ \end{align*}
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Withsthethaltesistbegin{REGa* e gisfalight P Bvas! R\WS\sora £20 1ayét=10~ {-3}
6464 8. \co@rBagaddl. 261Gr6dga Wi E16} 254 &=~ 05ne681\erdiatigniend { align*}

electrical_engineering_and_electronics:task_nyniewamxfshpuwt_with_calculation
resonance, resonant circuit, rms, exam ee2 ss2021

Exercise E20 Multiphase systems
(written test, approx. 4 % of a 120-minute written test, SS2021)

B) Hpeaifyiiie RMS oeasaldhe phase ioaitde t 80uime damcc eleting ori dtbmpsi b Wt $s .
Bg®illing.
A voltage with the RMS value $U_{\rm RMS} = 110~\rm V$ is applied between the

inals of each winding.

ﬂFBugh each of the wmdmgs there is a current with an RMS value $1_{\rm RMS} =5
..\rr$W¢=:\]:w6L ?\’M' nf ¢\\1:rnh| - ')R°¢ rnmn:rarl to Hﬁn \lr\H-:\nn
Nﬁ"w M Y9~

% ﬂmﬁsﬂ}

ALl YL 1N

ﬁWQW GT\“$'I'“{"\Pm RMS} = 5~\rm A$ is running through each
Mﬁ@lﬁ&;m 6 StvRE PAmb R \eAnidl\caot/k\eslap Bl \retnéln the
eneifepiar Ebthteiih d rtnidison Hamdvat s EaRgserid B it 68l BiHe 2Rk \s v
2es@iffR8 Gorymabioeaepdanthinolthga=0. \rm LS is equal to the string
Bylthie (80d\smoSding in the example in the image below), One can see, that
$l \rm L= \sqrt{3}yot I {\rm RMS}*= \sqrt{3} \cdot 5~\rm A$

\unde... Text is not SVG - ca $\unde...
Text is not sw‘f?ﬁl%ﬁb
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one single phase as an example

$SL1SS $$1_16$

co

electrical_engineering_and_electronics:task_ezrkjzifcegttcpc_with_calculation
multiphase systems, rms, power, exam ee2 ss2021
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