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Exam Summer Semester 2024

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.

e Withdrawal is no longer possible after these exam has been handed out.

» Please write down intermediate calculations and results on the assignment sheet. (when more
space is needed also on the reverse side. In this case: Mark it clearly).

¢ Always use units in the calculation.

¢ Use a document-proof, non-red pen.

Only EEE1-relevant Part

This part is only for about 90 minutes !

Exercise E2 Electrostatics |
(written test, approx. 8 % of a 120-minute written test, S52024)

B, Wt i e tbie erapgetineRt-off Bt arss Hikgdesdb? keqa abhaedeetan4 T roenahats 08 thenpadgenous
Blegrikss&rd$. Which value needs $E_4$ to have to get a resulting force of $0 ~\rm N$ on

$q_0%7?
Pathe $q 0=-1 ~\rm nC$

e $q_1=-5 ~\rm nC$
‘athyEs4 2560
e $\véT ﬁ‘ {01} = ftE {\begm{$array}{cccc} +917 {~\rm \mu N} \\ 0 \\
n thiitreg\RPREGH R Znd i GRam ohentss ve \cam rddculate the resulting magnitude of the
“hefoeeditiREA SRR oeattithabraIMTarEpLhoRcecE: 4834 {castr Py Nb I\ O\ As/vms
\begin\e) Y& ]\Vé@@?ﬁ &= \sqrt{\left( \sum_i F_{i,x} \right)~2 + \left( \sum_i
I trp Prrpiicnzi s e \gdt drbagsadr gl darhOe £ modmasN i whl2d{ ~\rm
tirgmo P A iR dBOmRkASHNIS thrg fejc SWas£FS661)8 TromSarks en.sa) 06:
\eraindijigny t [\vec{F}_{01}| &= |E_4| \cdot |q_O| \\ \rightarrow E_4 &=
{{|\vec{F}_{01}|Nover{|g_0|}} \\ &= {{917.\;.\!\!.\! \cdot 10" {-6} {~\rm
N} Hover{l \cdot 10™~{-9} ~\rm C }} \\ &= 917.\;.\!.\!.\! \cdot 10" {3} {{\rm
NHover{\rm C}} \\ &= 917.\;.\'.\'\! \cdot 10~ {3}{{\rm VAs/m}H\over{\rm As}} \\ &=
917.\;\'.\'.\!' \cdot 10~ {3} {{\rm V}Iover{\rm m}} \\ \end{align*}
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. Calculate the single forces $\vec{F} {01}$, $\vec{F} {02}$, $\vec{F} {03}$, on the

charge $q_0%$!

Path

First, set up a coordinate system. Here, | choose x pointing to the right (positive values
to the right) and y pointing upwards (positive values upwards).

Then, calculate the magnitude of the forces, like $\vec{F} {01}$ (force on q_0 from
q_1).

The force $\vec{F} {01}$ is purely on the $x$-axis and therefore equal to

$F {01,x}$. \begin{align*} \vec{F} {01} =F {01,x} &=
{{1}\over{4\pi\varepsilon}}\cdot {{qg_1\cdot g OY\over{r~2 {01}}}\\ &=
{{1}\over{4\pi\cdot 8.854 \cdot 10" {-12} ~\rm As/Vm}}\cdot {{1 \cdot 10" {-9}
~\rm C \cdot 5 \cdot 10™{-9} ~\rm CHover{(7 \cdot 10"~ {-3} ~\rm m)"2}} \\ &=
917.\; \'\'\!'\cdot 107 {-6} {\rm {{(As)"™2 \cdot Vm}\over{As \cdot m™2}}} =
917.\;\'\!\!'\cdot 10"~ {-6} {\rm {{VAs}over{m}}} = 917.\;.\!.\!.\! \cdot 10" {-6}
{\rm {{WsHover{m}}} \\ &= +917.\;.\l.\L.\! {\rm \mu N} \end{align*} Since both
$9_0% and $q_1$ have the same sign for their charges, they are repelling each other.
Therefore, The force $\vec{F} {01}$ points to the right (positive value).

Similarly, we get for $\vec{F} {02}$ and $\vec{F} {03}$ \begin{align*}

\vec{F} {02} =F {02,x} &=-1997.\;\'\'\! {\rm \mu N} \\\vec{F} {03} =F {03,y}
&= -1123.\; \LALA! {\rm \mu N} \\ \end{align*} Since $q_0$ and $q_2$ have the
different sign for their charges, they are attract each other. Therefore, The force
$\vec{F} _{02}$ points to the left (negative value).

Since $g_0% and $g_3$ have the different sign for their charges, they are attract each
other. Therefore, The force $\vec{F} {03}$ points downwards (negative value).
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Exercise E1 Electrostatics Il
(written test, approx. 10 % of a 120-minute written test, S52024)

You must analyze an aluminum profile for usage in an environment critical for electrostatic
discharge.

The figure on the right shows the cross-section of the aluminum element (hatched). During
the application, it might get charged up. All areas in white consist of air (= dielectric).

Six designated areas are shown by dashed frames and numbers n, which are partly inside the
object.

. o

Arrange the designated areas clearly according to ascending field strengths $|\vec{E} n|$
(absolute magnitude)! Indicate also, if designated areas have quantitatively the same field
strength.

Result

$|E_1|=|E_2|=0 < |[E 5| < |E_6] < |E_4| <|E_3|$
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Exercise E1 Capacitor
(written test, approx. 12 % of a 120-minute written test, S52024)

B akaipheittos qhtempek

R§&YEIddsappked.

The contaminant has $\varepsilon_{\rm r,c}>\varepsilon_{\rm r,air}$, while the distance
Bém/@bn the plates remains thegdame. Give a generalized formula

1&“? =f(A E X,\varepsilon {{)E’tm r,c x\ arepsilon_{\rm r,air})$.
$Q = Pty 4 -O(h \erre of/gnim a3 P&dot \varepsilon_{\rmr, c} Hover{

dot{\varepsilon R‘Qm-rmt}\b} + {x\cdot{ \varepsilon_{\rmr, air}}} }}$
’atﬂhe\e are‘w Ways nOV\| Elth{r \Kg&allgn*} Q &= C\cdot U = 1.1 ~\rm pF \cdot

3.37° .. ~pg\\'\end r: \begin{align*} Q &= D \cdot A = 146 \cdot
Ibe{isr}laﬁﬂ @t}ﬁt% rawgr}lﬁchbtqglwlﬁnIM{&ﬁ \Warepsiop gsparepsion r E \\
Seridyarigpsilon| 0 \varepsilon_r {{UHove[{d}} \\ &= 8.854 \cdot 10™{-12} ~\rm
HEA/FaGRATGLspatiy 3G fis Kol \at sbveste i ZQft \e e 9T1 O\ Frir Bir Ys-Hivd G Firh cs.
Renrgdépdignibein{align1} C = {{1}\overf| {{1}\over{C {\rm air} }} + {{1}\over{
C_{\r| C}}} X \end{allgn*} ||

With \begin{align*} C_{irm alr} &= \yargpsilon_0 \varepsilon_{\rmr, air}
AY\over{d-» varepsilon_{\rmr, air}}\over{d-x}} \\
rmr, c} {{AHover{x}} &&= \varepsilon_0 A

{{\varepsnon {\rmr, c} }\over{x}} \\ \end{allgn*}

N they follyHE 9 PR G SEARERHS T\eWidpsilon 0 A {{1}\over{ {{d-
réover{\varepsnon {\rm r, air} E} + {{x}\over{ \varepsilon {\rmr, c}}} }}

=25 ~\rm mm
. Dlstancﬁetween both plates: $d=200 ~\rm \mu m$
 Air between the plates: $\varepsilon_{\rm r,air}=1$%
e Supply voltage: $3.3 ~\rm V$
e Boundary effects on the end of the layers shall be ignored in the following calculations.
$\varepsilon_{0} =8.854 \cdot 10" {-12} ~\rm F/m $

1. Calculate the capacity $C$.

Path

\begin{align*} C &= \varepsilon_0 \varepsilon_r {{A}\over{d}} \\ &= 8.854 \cdot
10" {-12} ~\rm As/Vm \cdot 1 \cdot {{25 \cdot 10~ {-6} {~\rm m} }\over{200 \cdot
107~ {-6} {~\rm m} }} \end{align*}

Exercise E1 Magnetic Field Lines
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(written test, approx. 6 % of a 120-minute written test, S52024)

ThBikdlmsihguehepmhatldregivveagnet affects the H-field, based on the fundamental

definition of the H-field.
e Four conductors are located perpendicular to the plane of the diagram

ResultAll of them conduct a current with the same magnitude, but not in the same direction.
e A permanent magnet is located in between the conductors.

e The H-field is defined ents $\sum | =\int H {\rm d}s$ .

 In the permanent magket, ¥here are no free currents.

e The bound currents (of the permanent magnet) create also an H field.

e This exits on the north pole and enters the magnet on the south pole (similar to
the B-field)

e $H = BAmu$

e The H-field from task 1 gets distracted

..D st 10 field lines of the H-field
Jua , and density for the shown
Ires

les
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Exercise E6 Fields of an coax Cable
(written test, approx. 12 % of a 120-minute written test, S52024)

3. Jth tHegraphiofribecmedakindéent s i i nith foavif At . GRreintia ¢:Q.Gr<non] § thehamds-
BesHER0GH araod s Béesiith (6 erigm jn0Yseiremi=d gt disecaipeDdirtertsiers vz
labd|sher fdidiagrainlation appears:

’athe |nner conductor: $+3.3 ~\rm mA$, $+10 ~\rm nC$ (current into the plane of the
dath d|a

) Ou’r Brté‘?’%”i”% LQ)% rﬁﬂ‘%{\m} I}\rmqu%% (ruMg}]PWofzﬁm plane of diagram)
. or 0.55 ~\rm mm| 0)$ : $B {\rm o} = 6.985

The magnltude of the electric displacement field $D$ can be caIcuIated by: $\int D
\rmd}A = Q$
i.erc 1%1 agnetal. the sAd:feld is. propartional to $4{ L Hover{rb 14 far the situation

y LIIT IUUIIUIIIH uircau LIiIc outli

cyllndHSSW?r‘?Qpléo(ﬁhe?grnggm&|C|ty without the round endmg{@; h
Th.sﬂéﬁﬁéﬁﬁmw@% nfoER kR foveEORESH

within a circle with the radlus $x$
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\cdot This\is@mdiatigori3! fo theiarea yithin this radius. Therefpre, Ther formula $H =
-1--—{{I}\over{2 \pi\cdot r}} 4

I S?meﬂ@ \RIT0. S BRI sa1a Sl bopbRiBNdI:d 3xs
v~ FOIBXS WithjgBEAHET conductor one alSBRMnear proportiondlity with a

” f/ o
rm i} &= {{Q Noy s
: Pover{2 \pi \cdot { Of1 \edot TO{-3F=rm

D {\rm _a'/( {{Q Hover{2 \pi\cdot [_{\rmio} \cdot I} } \\ &
\pt fcdotf 0.55; \cdot TO~{{3F=\m m}fcdot 0.5 =Arn T

' similar a

\begin{ali

Jot 075 ~rm m}} \\
j\cdot 10~ {-9}

-the direetieim,—ené has—t'G €onf
t the $D$-field is ppsitive.
re, again only-the magnitude.

;ider—t'he sighef‘tkfeendiesed— e'L. By this, we

Y rerea— -

o ol o s h  —— o ——_

S P " " NS R |

T PSP Rppe—_—

[ S ——

.. What is the magnitude of the magnetic field strength $H$ at $\rm (0.1 ~mm | 0)$ and $\rm
0.55 ~mm | 0)$?

’ath

LN T e AN

The magnitude of the magnetic field strength $H$ can be calculated by: $H =
{{1}\over{2 \pi\cdotr}} $

So, we get for $H_{\rm i}$ at $\rm (0.1 ~mm | 0)$, and $H_{\rm 0}$ at $\rm (0.55
~mm | 0)$:

\begin{align*} H {\rm i} &= {{I}\over{2 \pi\cdotr {\rmi}}} \\ &= {{+3.3 A}\over{2
\pi\cdot { 0.1 \cdot 10”{-3}~\rm m}}} \H_{\rm o} &= {{I}\over{2 \pi\cdot r_{\rm
0}}} \ &= {{+3.3 AY\over{2 \pi \cdot { 0.55 \cdot 10~ {-3}~\rm m}}} \\ \end{align*}

Hint: For the direction, one has to consider the right-hand rule. By this, we see that the
$H$-field on the right side points downwards.

Therefore, the sign of the $H$-field is negative.

But here, only the magnitude was questioned!
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Exercise E8 Lorentz Force
(written test, approx. 8 % of a 120-minute written test, S52024)

erdystatrtedsisimschhettaitdolth dintdmogeie ehartk Btomeldi b ifithehiibhe R g,
BM&Slmmﬁdoraewelcﬁo&petmﬂmnhawfmteaxﬂttwjmobﬂlaeshmhdmgsee image).

Result ,

N

>ath /kﬁ@( ~
¥ réklilin iTBradrhEddto be perpendicular to $B$-field and rlonductor the force

F\{a_ﬂto point to the left or the right.
Nﬁﬂfmm hampegeaers S BS foeted sonstag raraneiistoctneiddie [huttle" ), the

Lorentz forces cancel each other out
The ield.

In thi asM@EﬁFénsﬁdﬁ[gces results in a repulsing force, see injage.

Beside[poundary effects, The field gets also inhomogeneous, by the agditional field of

|
| S S

the coilf.

\ si

Fixed Floor

e current $1 = 1.6 ~\rm A%
o magnetlc fieid of the shuttie of is nomogeneous with $8=0.5 ~\rm

1. Calculate the magnitude of the resulting force on one coil!

Path

The Lorentz force on a conductor the length $I$ and the current $1$ in a $B$-field is

\begin{align*} |\vec{F}_{L}| &= I\cdot | \cdot B \cdot \cos(\angle \vec{B}, \vec{l}) \\
= | \cdot (N \cdot 2\pi r) \cdot B \cdot \cos(\angle \vec{B}, \vec{I}) \\ &= \rm 1.6 ~A

\cdot (500 \cdot 2\pi 40\cdot 10"~ {-3}~m) \cdot 0.5 ~T \cdot \cos 90° \end{align*}
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Exercise E10 Magnetic Potential
(written test, approx. 8 % of a 120-minute written test, S52024)

Calculate the magnetic potential difference $V_\rm m$ for the following paths as shown by
the solid lines.
Dotted lines are only for there for symmetry aspects!

The wires conduct the following currents:

e $|I_1|=2 ~\rm A$
e $|I_2|=5 ~\rm A%
e $|_3|=11 ~\rm A$
e $|I 4|=7 ~\rm A$

Pay attention to the signs of the currents (given by the diagrams) and of the results!

LE

Result

Based on the right-hand rule and the part of a full revolution the following results:
1. Task: $+1.1-1 2 =-3 ~\rm A$
2. Task: $+{{1}\over{4}} I3 = 11/4 ~\rm A$ (it does not matter which way the
path goes from the startpoint to the endpoint, as long as it has the same
direction and number of revolutions)

3. Task: $-{{1}Hover{4}} 11 =-0.5 ~\rm A$

4. Task: $+2\cdot | 2 -1\cdot| 3 =-1 ~\rm A$
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Exercise E12 Self-Induction
(written test, approx. 8 % of a 120-minute written test, S52024)

2. dodteribhiad éhgtimdd &30 ve\tegenrstardairadius @R chiangermsduaise$00$ turns.
ResWlirrent through the coil changes linearly from $0$ to $3 ~\rm A$ in $0.02 ~\rm ms$.
Ehfharrangement is located in air ($\mu_{\rm r}=13$).
a
>\mu_0= 4\pi \cdot 10™{-7} ~\rm Vs/Am$
$ U F\im32ndYrm FABIE ~\rm V$

.. Calculate the (self-)inductance of the coil.
For the linear change of the current the formula of the induced voltage can also be

linearized: \begin{align*} u_{\rm ind} &= - L\cdot {{ {\rm d} i Nover{ {\rmd} t}} \\
athg\rightarrow - L \cdot {{ {\Delta} i }\over{ {\Delta} t }} \\ &= - 1.32 \cdot 10~{-3}
\cdot {{3 A}\over{0.02 \cdot 10"~ {-3} s}} \end{align*}

The formula for the induction of a long coil is: \begin{align*} L &= \mu_0 \mu_{\rm r}
\cdot N~2 \cdot {{A}\over{I}} \\ &= 4\pi \cdot 10~ {-7} {~\rm Vs/Am} \cdot (500)"2
\cdot {{\pi \cdot (2\cdot 10" {-2} ~\rm m)~2}\over{ 2 \cdot 10~ {-2} ~\rm m}} \\
\end{align*}

Exercise E14 Magnetic Circuit
(written test, approx. 9 % of a 120-minute written test, $52024)

3. t0adidid teotied et tiprEisiaic®B Hir eangceoss-sectional area of $A=300 ~\rm mm~™2$
Beguh average circumference of $1=3 ~\rm dms.

Path

$WHI\r6m 8 =\0nB&¢hicuet 107 {6} \rm {{1Hover{H}} $

Firstforerhdaetdhainadgheticees st saypegio {aligyd Rasddomth&sources:
\oieigirchasiiviu- Otiveita i 5} - {Ehieydr fAThates 2 {\Ehetavarga \citbetd) T MR}
St €iés Mo i dira 12 3 \thad 9D G ={ { 31 \wobbt 10 1 {+11} 2\crotri\@var 83@datdot3 \\
O &6 1 200Machct 2} } YWASH= IB88AEO 3 ~A \c2inb 1adof @} 3rA X\ {&F\eb@r{jehti{align*}

\end{align*}
To get the flux $\Phi$, the Hopkinson's Law can be applied - similar to the Ohm's Law:

\begin{align*} \Phi &= {{\theta_{\rm R} Nover {R_ {\rm m}}} \\ &= {{-60~\rm A
Hover { 0.884 \cdot 10"~ {6} \rm {{1}\over{H}} }} \\ &= 67.8 ... \cdot 10~ {-6} { \rm
A\cdot H} \\ &= 67.8 ... ~\rm \mu Wb \\ &= 67.8 ... ~\rm \mu Vs \\ \end{align*}
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On the core, there are three coils with:

e Coil 1: $N_1 = 1200%, $1_ 1=100 ~\rm mA$
e Coil 2: $N_ 2 =33 %, $| 2= 3 ~\rm A$
e Coil 3: $N_3 =270 $, $1 3=0.3 ~\rm A$

Refer to the drawing for the direction of the windings, current, and flux!

1. Draw the equivalent magnetic circuit that fully represents the setup.
Name all the necessary magnetic resistances, fluxes, and voltages.

Result

¢ Since the material, and diameter of the core is constant, one can directly
simplify the magnetic resistor into a single $R \rm ms$.

e For the orientation of the magnetic voltages $\theta 1$, $\theta 2$, and
$\theta 3$, the orientation of the coils and the direction of the current has to be
taken into account by the right-hand rule.

e There is only one flux $\Phi$

e The magnetic voltages are antiparallel to the flux for sources and parallel for the
load.
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Full Exam

These is the full exam

Full exam

Exercise E2 Electrostatics |
(written test, approx. 8 % of a 120-minute written test, $52024)

B Mithai i e th penaprpetineit-off Bt atess kdpd@sdb eqa athaedectmy4 Toenahade 0é the
Bembgkanyssfaie of $E _4%. Which value needs $E_4$ to have to get a resulting force of
$0 ~\rm N$ on $q_0%$?
Pathe $q 0=-1 ~\rm nC$
* $gq_1=-5 ~\rm nC$
atmEﬁ-%\a%t ﬁk {01} = F { {r\TE)er?:jl}n}Farray}{cccc} +917 {~\rm \mu N} \\ 0 \\
n th/&ltfegﬁ't'mgﬁmé&ﬁéﬁﬂﬁﬁ'mm[m$qndt%0ve\¢amm:(aj;:ulate the resulting magnitude
‘heqfdithittitgenitpihetratsiisreneaidarepshoncoc: 4.882 tastmny Nb\ O
\s/Whreigin\ed) c3 }\Vé%@?f &= \sqrt{\left( \sum_i F_{i,x} \right)"2 + \left(
{Bue SoegEndditien) triéroatvrRpmntd g 3Pt EHOAOMGPb R {1123 \mu
Nereidhtirfiziniyebtio rmngeagmmetdotghitter H\veof R={0366. from $o.{1%en
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- YU} \balg rekERigg i} e F3- {0131 &= {E{4{\cdot {g-O-\ \tightarrow E_4 &=

s {{\vec{F}_{01}|Nover{|gi0[}} \\ &=i{{917.\;.\L.\L.\! \cdot 10~ {-6} {~\rm
---N}Hever{k\cdot 102{-9 +Arm & 13-\ &=-917\ VAl \edot 202 {3} {{\rm

't NNover{\rm C}} \\ &= 917:\;.\!\L.\! \cdot 10" {3 }{ {\rm VAs/m}\over{\rm As}} \\
- &=-917\: AtAL I \cdot 10 233 f rm-V P\ overf\rid"m} }-W\ \end {align*}

recleccccdecscscdecccsbecccchecccdeccccdccamckhecccdecccclcccccbeccccsmaca=

1. Calculate the single forces $\vec{F} {01}$, $\vec{F} {02}$, $\vec{F} {03}$, on
the charge $q_0$!

Path

First, set up a coordinate system. Here, | choose x pointing to the right (positive
values to the right) and y pointing upwards (positive values upwards).

Then, calculate the magnitude of the forces, like $\vec{F} {01}$ (force onq 0
from q_1).

The force $\vec{F} {01}$ is purely on the $x$-axis and therefore equal to

$F {01,x}$. \begin{align*} \vec{F} {01} =F {01,x} &=
{{1}H\over{4\pi\varepsilon}}\cdot {{q_1\cdot g _O}\over{r~2 {01}}} \\ &=
{{1}\over{4\pi\cdot 8.854 \cdot 10" {-12} ~\rm As/Vm}}\cdot {{1 \cdot

10~ {-9} ~\rm C \cdot 5 \cdot 10™{-9} ~\rm C}\over{(7 \cdot 10"~ {-3} ~\rm
m)~2}} \\ &= 917.\;.\'\l.\! \cdot 10" {-6} {\rm {{(As)”2 \cdot Vm}\over{As
\cdot m™2}}} =917.\;\'\'.\! \cdot 10"~ {-6} {\rm {{VAs}\over{m}}} =
917.\; \'\'\' \cdot 10™{-6} {\rm {{WsHover{m}}} \\ &= +917.\;.\!.\'.\! {\rm
\mu N} \end{align*} Since both $q_0% and $q_1$ have the same sign for their
charges, they are repelling each other.

Therefore, The force $\vec{F} {01}$ points to the right (positive value).

Similarly, we get for $\vec{F} {02}$ and $\vec{F} {03}$ \begin{align*}
\vec{F} {02} =F {02,x} &=-1997.\;\.\L.\! {\rm \mu N} \\\vec{F} {03} =

F {03y} &=-1123.\;\L.\L\! {\rm \mu N} \\ \end{align*} Since $q_0% and $q_2%
have the different sign for their charges, they are attract each other. Therefore,
The force $\vec{F} {02}$ points to the left (negative value).

Since $g_0% and $g_3$ have the different sign for their charges, they are attract

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



2026/05/03 19:57 16/28 Exam Summer Semester 2024

each other. Therefore, The force $\vec{F} {03}$ points downwards (negative
value).

electrical_engineering_and_electronics:task_5ulzbroaz75w39jk_with_calculation
electrostatic, field lines, exam ee2 ss2024

Exercise E1 Electrostatics Il
(written test, approx. 10 % of a 120-minute written test, S52024)

You must analyze an aluminum profile for usage in an environment critical for
electrostatic discharge.

The figure on the right shows the cross-section of the aluminum element (hatched).

During the application, it might get charged up. All areas in white consist of air (=
dielectric).

Six designated areas are shown by dashed frames and numbers n, which are partly
inside the object.

Arrange the designated areas clearly according to ascending field strengths
$[\vec{E} n|$ (absolute magnitude)! Indicate also, if designated areas have
quantitatively the same field strength.

Result
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$|E_1|=|E_2|=0 < |E_5| < |E_6] < |E_4| < |[E_3|$

electrical_engineering_and_electronics:task ci1z102x25jmpzvs_with_calculation
electrostatic, electric field strength, exam ee2 ss2024

Exercise E1 Capacitor
(written test, approx. 12 % of a 120-minute written test, S52024)

B daiaixpbeitios ghbapaiiiteaimpihh eiinnniii

B pereninte Vﬁagapplled

The contaminant has $\varepsilon_{\rm r,c}>\varepsilon_{\rm r,air}$, while the
nte between the olates renahins the same. Give a generalized formula

1@“& fAmvarepsHon {\ 'm r,c} yvarepsilon_{\rm r,air})s.
$Q = et 4 -O(h verre 1_‘| o{lerdm ar}h&dot \varepsilon {\rmr, c}

rover RN (d-x)\cdot {\vafepsitonfe r, ¢} }} + {x\cdot{ \varepsilon_{\rm,

at AePWO ways now. Either: Yoedtgialign*} Q &= C\cdot U = 1.1 ~\rm pF
\cdoth3- 3.6522.]. ~pC\ n*} Or: \begin{align*} Q &= D \cdot A
HNp4g e HseTrT-0gidrip qi{/@,“\'mlek"?ﬁviﬂlt{}a}“%ﬁdtQ§(\fd&@'ﬁ0’5i{%1}_0~m"2 =
B/8sasilon g\ &rrel Yediegisilon] 0\ ilon_r {{UNover{d}} \\ &= 8.854 \cdot

TRE feddikindron pediy ov:c,hw@t dirdare SFlst\omer{ 309 Scaied 307 fr6h
¢xdrm m} }} || \end{align*}

Therefore: \begin{alignt} C = {rl}\over {{1}\over{C {\rmair} }} +
{{1} Iover{ CH\rmc}}} }} \enc {allgn*

B &= \yar@psilon_0 \varepsilon_{\rmr, air}
} &&= \varepsi varepsilon_{\rmr, air} }\over{d-x}} \\
C_{\rm c} &= \varepsilon_0 \varepsnon {\rmr, c} {{AH\over{x}} &&=

\varepsilon 0 A {{\varepsilon_{\rmr, c} Hover{x}} \\ \end{align*}
n the following such a sensor is given with

This leads to: \begmgallgn*} C= \varep5|lon 0 A {{1}\over{ {{d-
%} J)@/tgr?\\?freéwlﬁ (i + JfgHoverd Warepsion_{\m r, ¢33} 3}

e Qgcﬁak etween both plates $d rm \mu m$
e Air between the plates: $\varepsilon_{\rm r,air}=1$%
e Supply voltage: $3.3 ~\rm V$

e Boundary effects on the end of the layers shall be ignored in the following
calculations.

$\varepsilon {0} =8.854 \cdot 10"~ {-12} ~\rm F/m $

1. Calculate the capacity $C$.

Path

\begin{align*} C &= \varepsilon_0 \varepsilon_r {{AY\over{d}} \\ &= 8.854 \cdot
107 {-12} ~\rm As/Vm \cdot 1 \cdot {{25 \cdot 10~ {-6} {~\rm m} }over{200
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\cdot 10™{-6} {~\rm m} }} \end{align*}

electrical_engineering_and_electronics:task_k4wrrhf8v46gct49 with calculation
electrostatic, capacitor, plate capacitor, capacity, exam ee2 ss2024

Exercise E1 Magnetic Field Lines
(written test, approx. 6 % of a 120-minute written test, S52024)

ThBidlmsihguehepmratdnegiveagnet affects the H-field, based on the fundamental

definition of the H-field.
e Four conductors are located perpendicular to the plane of the diagram

ResultAll of them conduct a current with the same magnitude, but not in the same
direction.
¢ A permanent magnet is located in between the conductors.

e The H-field is defined by currents $\sum | =\int H {\rm d}s$ .

e In the permanent ma ere are no free currents.

e The bound currents (odhefermanent magnet) create also an H field.

¢ This exits on the north pole and enters the magnet on the south pole
(similar to the B-field)

e $H = B/\mu$

e The H-field from task 1 gets distracted

@ S

.. Do not consider the permanent magnet at first. Draw at least 10 field lines of the H-
ield qualitatively. Give a a correct representation of their direction, and density for the
shown area.

lesult
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[(®)

electrical_engineering_and_electronics:task 8all7vmnbbmsbfz3 with calculation
magnetostatic, magnetic field lines, exam ee2 ss2024

Exercise E6 Fields of an coax Cable
(written test, approx. 12 % of a 120-minute written test, S52024)

. Wobthedrephiofribedmedaltindécatsd iy it nitht fbatif o, GRhtintia ¢ Quér-shom § 0)S
B $eni(6:6 5-:mmd@)k2tol & \mith 6b& - rigin |i0 X$ éncenteatial the ctise pabfeerDue to
thmghsionoaddtleb &d dorithesitisagramappears:

>athe Inner conductor: $+3.3 ~\rm mA$, $+10 ~\rm nC$ (current into the plane of the
>ath

) Out r(‘%)%durt(\mqr% L—Qﬁh ,%Egﬁ{\_{r& l}\rmsnj%% ((‘uh%?gppgfzt%e plane of

dlaopgnﬂ 5~\rm mm| 0)$: $8_{\rm o} =

The magnltude of the electric displacement field $D$ can be caIcuIated by: $\int

D {\rm d}A = Q3.
e In general the $B$-field is proportional to ${{1}\over{r}}$ for the
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ere, Sifuabippdsitigea dipthaohdwegst, the surrounding arep is the surface of

___acyhrBiyich bbb anitidisetom tgeirditigs kongides hdsfield
TE] =v:u|..' srai) afoNs ! Gb hé&adm}&w:er{l\cidot
.I..Z.“\EJLYC.. e The area W ithin this e s herefore, Ther formula
L $H= : = {T9%6P%{2 \pi Ycdot x}}
|20, Wkl IS o ket ST 10.Lerrr i | 0% ) an I HEgel it A
(055 pigghtial to sxs. L Ry
e F_ $:withirf the outer conductor on¢ also gets ailinear. p t_iopali_ty
Thegings gg;rg@r% Fofich {{Q Toger{2 \pr tedot T {1 I YcdoRx W &=
{{1Q/zflot 10~ {-9} P\O\{er{Z‘{pi\cd)t{O.tl\cdo,t 10~ {-3}~yrm o¢0.5
= 3 A B-firmoF &3 {{Q Hovel£2 \pi \cdotir {irnt o} \ddot 13 3¢k {10

55 \cdot 10’:‘{-3}:r—\rm rgn}\cdq)t

________ leossssbhascssasden ol

.. What is the magnitude of the magnetic field strength $H$ at $\rm (0.1 ~mm | 0)$ and
5\rm (0.55 ~mm | 0)$?

’ath

L oA

The magnitude of the magnetic field strength $H$ can be calculated by: $H =
{{I}\over{2 \pi\cdotr}} $

So, we get for $H_{\rmi}$ at $\rm (0.1 ~mm | 0)$, and $H_{\rm o} $ at $\rm
(0.55 ~mm | 0)$:

\begin{align*} H_{\rm i} &= {{I}\over{2 \pi \cdot r {\rmi}}}\\ &= {{+3.3
A}\over{2 \pi \cdot { 0.1 \cdot 10~ {-3}~\rm m}}} W H_{\rm o} &= {{I}\over{2
\pi\cdot r_ {\rmo}}} \\ &= {{+3.3 AX\over{2 \pi \cdot { 0.55 \cdot 10" {-3} ~\rm
m}}} \\\end{align*}

Hint: For the direction, one has to consider the right-hand rule. By this, we see
that the $H$-field on the right side points downwards.

Therefore, the sign of the $H$-field is negative.

But here, only the magnitude was questioned!
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electrical_engineering_and_electronics:task _ddjurcpk494go2ql with_calculation
electric field, magnetic field, exam ee2 ss2024

Exercise E8 Lorentz Force
(written test, approx. 8 % of a 120-minute written test, $52024)

A. rbhesiteitidergystdattedditmiohheitatdelfa diEmoglaihe stk Bdoieldi nbifiveaeh fibBe ET o
Begwfrbeilebulieglimoc eapsitdre pemtbadntane doetaoh Sidendliile shinttiegsee image).

/4 N,
Ratult % AN
$ et cébike i0ProtrbRs%to be perpendicular to $B$-field and qonductor, the

fortle has to point to the left or the right. i
Thé§right-hand rule leads to forces pointing radially into the coil |
D ¢ . u N : .

The Lo Id.

ase, there sum of the forces results in a repulsing force, see injage.
boundary effects, The field gets also inhomogeneous, by the agditional

field of

\ si

Fixed Floor

e current $I = 1.6 ~\rm A%
e magnetic fieid of the shuttie of is homogeneous with $8=0.5 ~\rm T$

1. Calculate the magnitude of the resulting force on one coil!

Path

The Lorentz force on a conductor the length $I$ and the current $1$ in a $B$-field
is \begin{align*} |\vec{F} {L}| &= I\cdot I \cdot B \cdot \cos(\angle \vec{B},
\vec{lI}) \\ &= I \cdot (N \cdot 2\pi r) \cdot B \cdot \cos(\angle \vec{B}, \vec{I}) \\
&=\rm 1.6 ~A \cdot (500 \cdot 2\pi 40\cdot 10”{-3}~m) \cdot 0.5 ~T \cdot \cos
90° \end{align*}
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electrical_engineering_and_electronics:task 5efsj705cf97jxga_with_calculation

lorentz force, magnetic field, exam ee2 ss2024

Exercise E10 Magnetic Potential
(written test, approx. 8 % of a 120-minute written test, S52024)

Calculate the magnetic potential difference $V_\rm m$ for the following paths as shown

by the solid lines.

Dotted lines are only for there for symmetry aspects!

The wires conduct the following currents:

e $|I_1|=2 ~\rm A%
e $|1_2|=5 ~\rm A$

e $|I 3|=11 ~\rm A$

e $|I_4|=7 ~\rm A3

Pay attention to the signs of the currents (given by the diagrams) and of the results!

E10)

Result

Based on the right-hand rule and the part of a full revolution the following

results:

1. Task: $+1 1-1 2 =-3 ~\rm A$

2. Task: $+{{1}\over{4}} 13 = 11/4 ~\rm A$ (it does not matter which way
the path goes from the startpoint to the endpoint, as long as it has the

same direction and number of revolutions)

3. Task: $-{{1}\over{4}} 11 =-0.5 ~\rm A$

4. Task: $+2\cdot | 2 -1\cdot| 3 =-1 ~\rm A$
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electrical_engineering_and_electronics:task_kmp8r8y6lvwjnoc3_with_calculation
magnetic potential, exam ee2 ss2024

Exercise E12 Self-Induction
(written test, approx. 8 % of a 120-minute written test, S52024)

2. dodteribhird éhgtimdd 30D veltagerrbthrdairaldita R changermbcuarsedB00$ turns.
ResWlirrent through the coil changes linearly from $0$ to $3 ~\rm A$ in $0.02 ~\rm
ms$.

TR arrangement is located in air ($\mu_{\rm r}=1%).

\mi = \IgnedamiAaB s 7 m\Ms ve/ams

. CBRrIRed ifiRa(<denaa Ktk £ Wirens dyg formula of the induced voltage can also
be linearized: \begin{align*} u_{\rm ind} &= - L\cdot {{ {\rm d} i J\over{ {\rm

d} t }} \\ &\rightarrow - L \cdot {{ {\Delta} i Jover{ {\Delta} t }} \\ &= - 1.32
Yathcdot 107 {-3} \cdot {{3 AY\over{0.02 \cdot 10~ {-3} s}} \end{align*}

The formula for the induction of a long coil is: \begin{align*} L &= \mu_0
\mu_{\rm r} \cdot N*2 \cdot {{A}\over{I}} \\ &= 4\pi \cdot 10~ {-7} {~\rm
Vs/Am} \cdot (500)”2 \cdot {{\pi \cdot (2\cdot 10" {-2} ~\rm m)~2}\over{ 2
\cdot 10"~ {-2} ~\rm m}} \\ \end{align*}

electrical_engineering_and_electronics:task _|jxf80q7vxywehqf with_calculation
induction, exam ee2 ss2024

Exercise E14 Magnetic Circuit
(written test, approx. 9 % of a 120-minute written test, S52024)

A. t0abiddd teothd gt inmEsisiatc®®B firbheangaceoss-sectional area of $A=300 ~\rm
RefuiR$ and an average circumference of $1=3 ~\rm dm§.

Path

$WHi\r6 8 =\0rB&hicde 107 {6} \rm {{1Hover{H}} $

Firstforerhdaetdi insgheticeresmiting isaypegio {aligyd Fasddomth&sources:
\oielglinhadighrirju- Qtheta f\mm h} } H-{\{havdr fAkhatad2 {\the¢taver&A G \cdot

o et 7\t }H{& ¥s\Hmtar {Amthetaddt k0@td 3 {8 dcdotI1 XAGtIN +\nh 2 \cdot
M PoVeB{2a0H A EE\L Ort{ &3F 1200 kada}G. 1-G=+0333¢ 1Dt 3~Acd a7 Q0T )0\Ew A
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\{@F\eo@rfhth{aingH{glign*} l (D
’

To get the flux $\Phi$,Wbe applied - similar to the Ohm's
Law: \begin{align*} \Ph f_{@theta;ﬂnrn \over {R_ {\rm m}}}\\ &=
{6} \rm {¥ Hover{f}} }} \ &= 67.8 ..

On the core, there are three coils with:

e Coil 1: $N_1 = 1200%, $1_ 1=100 ~\rm mA$
e Coil 2: $N_2 =33 $, $l 2= 3 ~\rm A$
e Coil 3: $N_3 =270 $, $1 3=0.3 ~\rm A$

Refer to the drawing for the direction of the windings, current, and flux!

1. Draw the equivalent magnetic circuit that fully represents the setup.
Name all the necessary magnetic resistances, fluxes, and voltages.

Result

¢ Since the material, and diameter of the core is constant, one can directly
simplify the magnetic resistor into a single $R \rm ms$.

e For the orientation of the magnetic voltages $\theta 1%, $\theta 2$, and
$\theta 3$, the orientation of the coils and the direction of the current has
to be taken into account by the right-hand rule.

e There is only one flux $\Phi$

e The magnetic voltages are antiparallel to the flux for sources and parallel
for the load.
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electrical_engineering_and_electronics:task_nlkwu944m7jac3tf with calculation
magnetic circuit, exam ee2 ss2024

Exercise E16 Magnetic Circuit
(written test, approx. 10 % of a 120-minute written test, S52024)

A. it st orabiema ibe femeendh CEng for thdegiiaitpthrim dqguhatiaptisefiéd ~\rm
mmﬂmﬂmmv&dd’eaéda}sdndyﬁﬁme $he.shown circuit?

’ath
$U C =100 éérm VS
o $P\und 8IINS{ZyrnfMLEZ$ = 83.0 ~\rm m \Omega$
« S\arpaiime{Zg" FRLCHI_ )| = 20.0 ~\rim m \Omega$

The formula for the resonance frequency $f r$ is: \begin{align*} f r &=

The Melase2opi thgridea capack: if the\b\rir votiaggrey1tee &ddt-1atqro} {~\rm
inEreased:dheght fadion*d UL Cidrm 1 {AnM\sg&ACdot7Q 8\ &=\ {W1y ShkedpLasgREG
{{LH\over{C}} } \cdot {{1}\over{R}}\\ &= 5 {~\rm V} \cdot \sqrt{ {{ 1.6 \cdot
T0¢ friPedanom dt}rdsomanicd Os\pdot|yGhd EkigtamoeF} }} } \cdot
{{1}\over{0.020~\Omega}}\\ &= 100 ~\rm V \end{align*}
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A given capacitor shall have the following values:

¢ $C=10 ~\rm nF$
e $R=20 ~\rm m\Omega$
e $L.=1.6 ~\rm nH$

1. What is the impedance $Z_{RLC}$ of this real capacitor for $f 0=44 ~\rm MHz$?
(Phase and magnitude)

Path

The impedance is based on the resistance $R$ and the reactance $X_{LC}= {\rm
jHcdot (X_L - X_C)$: \begin{align*} \underline{Z} {RLC} &= R + {\rm j}\cdot
(X L-X_C)\&=R + {\rm j}\cdot (\omega L - {{1}\over{\omega C}}) \\ &= R +
{\rm jH\cdot (2\pi f \cdot L - {{1}\over{2\pi f \cdot C}}) \\ \end{align*}

The reactive part is \begin{align*} X {LC} &= 2\pi f\cdot L - {{1}\over{2\pi f
\cdot C}} \\ &= 2\pi 44 \cdot 10™{6} {~\rm MHz} \cdot 1.6 \cdot 10~ {-9} {~\rm
H} - {{1}\over{2\pi\cdot 10~ {6} {~\rm MHz} \cdot 10 \cdot 10™{-9} {~\rm
F}}}\\ &= 4+0.08062... ~\Omega \\ \end{align*}

To get the magnitude of the impedance $|\underline{Z}_{RLC}|$ one can use
the Pythagorean Theorem: \begin{align*} [\underline{Z} {RLC}| &= \sqrt{R"2
+ X_{LC}"2} \\ &= \sqrt{(0.020~\Omega)~2 + ( 0.08062... ~\Omega )~2} \\
&= 0.0830 ... ~\Omega \\ \end{align*}

For the phase $\varphi$ the $\arctan$ can be applied: \begin{align*} \varphi &=
\arctan \left( {{X_{LC}}over{R}} \right) \\ &= \arctan \left( {{0.08062...
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~\Omega}\over{0.020 ~\Omega}} \right) \\ &= 1.3276

. \hat{=} +76°\\
\end{align*}

electrical_engineering_and_electronics:task_yh4srwxulbolrdy4 with calculation
resonance, impedance, resonant circuit, exam ee2 ss2024

Exercise E18 Magnetic Circuit
(written test, approx. 10 % of a 120-minute written test, S52024)

2. dyathru Eirécthed hed oaedrtihecapipase mh ploow és, e the itbaa 1928 @ evien of $Hes dtdxor.
Reswlty$ / $50 ~\rm Hz$ three-phase power net. Each single string has a resistor $R=5
I»;\tohmega$ and an inductance of $L=10 ~\rm mH$.

a

Lra T @rdmel{Z} {RL}| = 5.90 ~\Omega$
".-':Z‘c A Qe TArEY

H0° SRHHEGR RONE = 26.898...
+14.310~\rm kVAr$

The activg power is \begin{align*} P S \cdot|\cos \varphi \\ &= 26.898... \cdot
0.846apgarenkPoOWeS= 22.775... ~\¢m kKW \\ \end{align*}

$5%26.898~\rm kVA$
The reactjve power is \begin{alig
(26.898..] ~\rm kVA)"~2 - (22.77 "
\end{aligm— —.

d{ahgn*}

Q &=\sqrt{S™2 - P~2} \\ &= \sqrt{
F~\rm kW)~ 2} \\ &= 14.310...~\rm kVAr\\

1. Calculate the $\cos \varphi$, and the magnitude of the impedance $|Z|$ for a single
string.

Path

The phase $\varphi$ is given by: \begin{align*} \varphi &= \arctan \left(
{{X_{L}}over{R}} \right) \\ &= \arctan \left( {{2\pi \cdot f \cdot L}\over{R}}
\right) \\ &= \arctan \left( {{2\pi \cdot 50 {~\rm Hz} \cdot 10 \cdot 10"~ {-3}

{~\rm H} Nover{5 ~\Omega}} \right) \\ &= 0.5609 ... \hat{=} +32°\\
\end{align*}
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With this, the $\cos \varphi$ becomes \begin{align*} \cos \varphi &= \cos(0.5609
.0\ &= 0.84673...\\ \end{align*}

The impedance is given by: \begin{align*} |\underline{Z} {RL}| &=
\sqrt{X_{L}"~2 + R"2} \\ &= \sqrt{( 2\pi \cdot f\cdot L )*2 + R™2} \\ &= \sqrt{(
2\pi \cdot 50 {~\rm Hz} \cdot 10 \cdot 10~ {-3} {~\rm H})"~2 +(5 ~\Omega)~2}
\\ &= 5.905... ~\Omega\\ \end{align*}
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