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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 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.

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



2026/05/04 18:35 4/24 Exam Summer Semester 2021

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

electrical_engineering_and_electronics:task 76ksbc114ylIxftfl with_calculation
magnetostatic, field lines, exam ee2 ss2021

Exercise E1 Magnetic Flux Density
(written test, approx. 6 % of a 120-minute written test, SS2021)

Bh®iedindtruatoe i©opleeateh fetexpexitendd yrathd éafrerptengy Arsedt ésridtifg=c L@ rinritinan
Befdltude of $\hat{I} = 100~\rm A$ is operated.

Xowvbiandi staricoaitcamd tithie lcabdut wh et hikis ywal e er ey 6da (B poatiisnmsdependgngbout.
The figure below shows the ton view of the [aboratory with the supply line between $\rm A$

ind $\rm B$.
’athp B =012 ~\ymunvgn 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 &= {{IH\over{2\pi \cdot H}} \\ \end{align*}

Again, the magnetic flux density $B$ is given as: $B = \mu_0 \mu_r H$
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Therefore: \begin{align*} r &= \mu_0 \mu_r {{ | }\over{2\pi \cdot B} } \\ &= 4\pi\cdot
107{-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

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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electrical_engineering_and_electronics:task_ti7loikbaurfewkb_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 $\mu_{\rm r} = 1200$.

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

s\méil £066=Akpi\cad$ 10" {-7} {{\rm Vs}over{\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{I}} \\ {{B}over{ \mu 0 \mu _{\rmr}}} &=
{{N\cdot IN\over{I}} \\ | &= {{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 Vs}over{\rm Am}} \cdot 1'200 \cdot 60}} \\ &=
0.6631... {{\rm T\cdot m}\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*}

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) dhennagrietid flukh(Rbesiolik pajritdprmation is given:
Result
e Length $[J = 30 {~\rm cm}$,
Pathe Winding diameter $[] = 390 {~\rm mm}$,
e Number of windings $[] = 240$ ,
$ P rGSHD Yl &\ ductor $[1 = 500 {~\rm mA}$,
e Material inside: Air

. 0 = 4\pi\cdot 10~{-7 Vv A
Thz\mggnetic\ﬁ)é\%igtgdar@tgai;s}%{\:rr{]mLf_}()\c{\rﬁlgf}r\rrnm rT {c}c?ot H$:

"he proportion of the magnetic voIta%e outside the coil can be neglected. Determine the

ollORAITEP AR hETR SR g Altend) digerid {align®)

) tﬁé’%%ﬂ%ﬁ?%%@’% q%%@y*éem&maﬁl\@ﬁ@tﬂ: dived s {{\rm Vs}over{\rm
Am}}\cdot 400 ~\rm {{A}\over{m}} \\ &= 0.0005026... {{\rm Vs}\over{\rm m~2}}
\egairsiigny t A = \pi r~2 = \pi\left( {{d}over{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*}

tating atighe nHnskefs{ Noediod BlionEH\BN &= 01000 2P ovef {1 Mehdialigkrr
m~2}} \cdot \pi \left( {{0.39{\rm m}}\over{2}} \right)~2 \\ &= 0.00006004... {\rm
Rettiendy{ shigmuymbers: \begin{align*} H &= {{240 \cdot 0.5 {~\rm A} }\over{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.
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.

$$U...i$$\...

$S\..ingS\...

Path

Based on Faraday's Law of Induction the induced voltage is given by: \begin{align*}
u_{\rmind} =& - {{ {\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 {\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\..

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

Exercise E1 Coil in a magnetic Field
(written test, approx. 4 % of a 120-minute written test, SS2021)

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

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

"he maximum value of the magnetic flux density in the coil is $\hat{B} = 2 \cdot 10" {-6}
-\rﬁbqgiyg{}a\gg@ﬁ@n{\\pl}q@_d} =-181 {~\rm V} \cdot \cos(503 {{1}\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*}
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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*}

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 {{1}over{\rm s}} \\ &= 180.95...
{~\rm V} \\\end{align*}

electrical_engineering_and_electronics:task rdz03rspbwusy7wk_with calculation
induction, coil, induced voltage, exam ee2 ss2021

Exercise E7 Magnetic Voltage
(written test, approx. 6 % of a 120-minute written test, SS2021)

The following images show cross-sections of electrical cables.

Resbled 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:

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

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

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

1l ¢51~\r.. 1 il
' "$| ss1.> "'vs| $61.0 . o9k .
(sl @sl.,. 8 (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} $

electrical_engineering_and_electronics:task_jfzZlImsucghsgqvop5_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) $SBOpidtunk brejdongh clvs idiet toig viesltagei directvburheoit ttre rdineiss wr s |#ho aimat des the
BeaHtrikl Aaupenent $F ={\ERA00} $ \ofrtiAs réswii tiy 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 ABEHRSN EANERI RERA4SIOAT FReSaVRCHHE hokiPo it eowh S8 rMeatItifedel PStRER ith is
;\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 TR L orRe PRBERAANTD A5 Bl 2RHiD s kT he right:

$\vecﬂ-a}nférmlE$h§Bé8iR?aﬁ%?1u%c\\/ec{F} = | \cdot (\vec{l} \times \vec{B})
\end{align*}
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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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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 $f 0 =
BEsulEm kHz$.

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

e $X 1 =50 ~\rm \Omega
e 11?5,9. \ ﬁE
>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
$k$.

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 OF\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*}

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)
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BeRdtyicinaithe $0seltd valum aff$ediesuRi0g npedOntegefthe $Ee4irdmt ksing simall be
ghyadance vector diagram. Pay attention to the correct dimensioning.

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

Ak l—\
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

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

electrical_engineering_and_electronics:task 9xy69axg3gi3nr26_with_calculation
complex voltage divider, exam ee2 552021

Exercise E15 Component Parameters
(written test, approx. 10 % of a 120-minute written test, SS2021)

i : - ParhanesEi AR fotorMé presdntt. a vesidtiye-fratociveniod) !
WM@éﬁjr@‘rﬂ@@ﬂ?ﬁ% ﬁ%@Wﬁ@g"éPw{fﬁfﬁ Mok @it Fegndigeasrs b OrmMpsacedo barm
vstbimtnerddigtawnBady (Rewlds Yrelmardayicepiirdpplied.

dhis resulted inthe recorded current of
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 }
ek iR v "

ath > SE QR wmeé\m?n“ 5 A
)) DERGYR tRkCabLolit@Ndihés 4% RN ¥R eBsSHBFREH S WeeRifBE FMID AR &9t 3t 13
degflszgaﬁrm@p@qllw@ge that $R_ {\rm M}$ will cancel out: \begin{align*} Z 272 -

/\') r— [IMNni\rAAr £ D \rAAF | rr AI\AD \rmm M1 AD \|r\'F+I [Mni\rAdA+ £ 1
_\L\Hl \CUUL 1T 4 \VWUUL L l\llllll_rl L0 |\ l\llllll_r ~ Iy \L\ |\\_UUL| £L

mﬁn@@rr{mﬁx impedanqe $\emdaniing{Aghtior & esnpvecituchive paeite SREFR M} ~2

athsepigs oot 19 9bvedas \esm{mtjory k\ \erderdngtd} &= {\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*}

Teruinaiofd ¥ R A e (RipeSseEd (ydpidh Te et (et (BVkmy i "2 ) A\R - (2\pi
edafddlge¥d\right) \ L {\rm M}"2 &= {{Z 272 -Z 172} \over { (2\pi \cdotf 2 )2 -
(2\pi\cdot f 1)"2 }} WL {\rm M}"2 &= {{Z 272 -Z 172} \over { (2\pi)"2 \cdot (
f 2”2$Z—1'=25{H hhwrerdligah = {{50 ~\rm VHover{8~\rm A}} $

e $Z 2 = {{U 2}over{l 2}} = {{50 ~\rm V}Hover{5~\rm A}}$

And then to $L_{\rm M} $:
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\begln{ahgn*} L_{\rm M} &:{{1}\Over{2\p|}} \Sqrt{{{z_z,\z _ Z_1A2} \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 2°2 &= (2\pi
\cdot f 2 \cdot L {\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*}

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, S52021)

B) Betéfmuieasunadrethe trjoffi$ig fdtiEppl fbecaoih o Srpepiutimitadeem@as irete pendent)
ReeWliantities 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) Dﬁﬁ%mw@tbammplltude values $\hat{U}$, $\hat{I}$ and the RMS values $U$, $I$
o $f = 955 ~\rm Hz$

The Tr@M}cam%méﬂﬁy the term in the sine function: \begin{align*} \omega

athge aORBE1EH TR Ahe R2pone dtiter ElentOOiS fagisbiver ficactie\\ f &=
{{6000}\over{2\pi}} {{1Hover{\rm s}} \\ f &= 954.93... ~\rm Hz \\ \end{align*}

nIVID vdlues.
For the phase $\varph|§/ we have to subtract $\varphi_i $ from $\varphi_u$.

Butfo t‘t {F}U@s t%\thetﬂﬁtﬁﬁ t${' f?aqge&&gnh vethe 52 e sinuspidal

func | the coone and sme functions
MVIS lues of sinusoidal functions the amplitudes have to be multiplied

5«% i .

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

f?gm

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

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


https://mexle.te.hs-heilbronn.de/electrical_engineering_and_electronics/task_wjttvmydrskzhcim_with_calculation
https://mexle.te.hs-heilbronn.de/tag/complex_voltage_divider?do=showtag&tag=complex_voltage_divider
https://mexle.te.hs-heilbronn.de/tag/rms?do=showtag&tag=rms
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 22/24 Exam Summer Semester 2021

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, $52021)

B ¢ovaleegenanis tisBsithéhab ithiEtab yestineace tha ye kagecaquissuib @ icapaaitonishiriGht) 4
frrBItHd Ui 3 $1 $indepeamiitance $C$ are fixed. The resistance $R$ can be varied.

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

$RE5 205-SPmHEs

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 $Q={{U_C}Hover{U_{\rm
s}}}$ 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\cdotI\\ &= {{1}\over{\omega C}} \cdot I \\ &= {{U_{\rm
s}Hover{\omega C R \Sigma }} \\ \end{align*}
$$R_i$$ $$L$S
Atredonancethdilililuta ency $\omega$ is given by $\omega=
{1Nover{\sqrt{LC}}}$. ..
gin{align*} uc &=4:FG_{? B} over{{{1}\over{\sqrt{LC}}} C R \Sigma
P\ &= {{U_{\rm s} Hover{\sqrt{{{C}Hover{L}}} R \Sigma }} \\ &=
1)) Whatli§¥he\resshdirerdyleiipa f bssart{{{LHover{C}}} \\ \end{align*}

dath
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}}
W\ &= {{1}H\over{4}} \sgrt{ {{20\cdot 10~ {-3} ~\rm H}\over{30\cdot 10"~ {-6}
Theniesppant freq eemmy % f, Opmepen sendeglighalign*} f 0 = {{1}\over{ 2\pi
\sqrt{LC} }} \end{align*}
And so, the resistance $R$ is: \begin{align*} R &= R \Sigma - R_i\\ &=
vithabe vabrasgweaintal@nth i &= 6 I5Aover{nigsadidQakget 107 {-3} ~\rm H
\cdot 30 \cdot 10~ {-6} ~\rm F} }} \\ &= 205.4681... \rm Hz \end{align*}

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


https://mexle.te.hs-heilbronn.de/electrical_engineering_and_electronics/task_abh4vhlgczdbni37_with_calculation
https://mexle.te.hs-heilbronn.de/tag/signal_analysis?do=showtag&tag=signal_analysis
https://mexle.te.hs-heilbronn.de/tag/rms?do=showtag&tag=rms
https://mexle.te.hs-heilbronn.de/tag/exam_ee2_ss2021?do=showtag&tag=exam_ee2_ss2021

2026/05/04 18:35 23/24 Exam Summer Semester 2021

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, S52021)

B) Hpeeifyiiie RMS a:iibasalthe phase iaaitdgt $iduimed dsamdet el rting gra dempisif Wtng 955 $ .
Remilting.

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

"hrough each of the windings, there is a current with an RMS value $I_{\rm RMS} =5 ~\rm
\ nd-plr‘\IN rlhéln"t\'ﬁl |€I\W \\l:rnhl —_ 4__; $ Comr\:rnrl i'r\ H'\o \lnli’:ﬂa
SRS 2 SRABAR A VS mE uIT

ALl (YLl N

@mgwm WWS}—SH\%W& gFus amiwmeszmcmheinding,
TiiermsadeopRW et Wmﬁxrﬂ%m\gﬂm&\)@wégé\tsttrws@varphl
FepaiadpieRif gt tetphidbrisial & snenishdos itd etk idmia o \nfta e all
2es B LBS8mustrBe Welend{alignt} | =0¢.
By this (and showing in the example in the image below), One can see, that $I \rm L=
\sqrt{3} \cdot |_{W \sqrt{3}.dot 5~\rm A$

isplay $ \Un

Text is not

\unde... $\unde...

Text is not Sﬁl%%@@spﬁy
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one single phase as an example

$$L1$S $$1_1$$

N }{}/;.y (23$81_{1)2%

electrical_engineering_and_electronics:task_ezrkjzifcegttcpc_with_calculation
multiphase systems, rms, power, exam ee2 s52021
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