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Exercise E1 Conversion: Energy, Power and Area

Ammmm GRS OE U qRi O e T ﬂdﬂ)%lm}a}\)(evagé]mo {\rm
Begdihbend an usable battery capaaty of $60 {\rm kWh}$ Solar panels produces per
$1~\rm m~2$ in average in December $0.2~{{{\rm kWh} Nover{{\rm m~{2}}}}$. The car
R $50~{\rm km}$ per day. The size of a distinct solar module with $460~{\rm W _p}$
Wlérlttﬂ%ak ) is $1.9~{\rm m} \times 1.1~{\rm m}$.
\begin{align*} A=A iH20pdERemiiabigieia* hend{align*}
. What is the average power consumption of the car per day?
\begin{align*} R &xr2(padehh fanal9\dot AGO\edutnl KW {drhpame R.&={\rm
EI20Y Blkom KIVApIpEEi eI AL Nover{ & 2{ {rfr- Pame kY 13\ ¥ 60—
>0lution( 2} } Hove s 2.0 ~{\rm m~ {2} yoemel }31ow&= 19.04~ {\rm panels} \rightarrow
20~{\rm panels} \end{align*}

\begin{align*} {{W}\over{l}} &= {{16~{\rm kWh}}\over{100~{\rm km}}} = 0.16
{{~{\rm kWh}Nover{~{\rm km}}} \\ W &= 50~{\rm km} \cdot 0.16 {{~{\rm
kWh}Hover{~{\rm km}}} = 8~{\rm kWh} \end{align*}

Exercise E2 Industrial Sensor Interface: Buffered Measurement Node

gstinmisaii ( sk Rtetic v toardetiti tthe dedih reggtiar resistoretied.

ﬂéﬁﬁﬁlﬂ(tﬁ'é\meaipadmmg@trthhe)ﬂwmmm@esmts?ed to smooth the signal and to provide a

stable voltage for a short measurement cycle. At first, the measurement electronics are
Rl%mrted Once the capacitor is fully charged, a switch closes and the measurement load

0UHRR ted.
\begin{align*} Ualitinf AO-ERA AN EORERRRNBENRN riph@ESMO W) wrsd { align*}
)atéaehﬂe{ailgm'f}an*‘f U & 12 {\rm V1 \\ R 1 & 2 {\rm k\Omega} \R 2 &= 10~{\rm

M@}I@ v uwalent o'r the left-hand network as seen from the capacitor/load

khﬁﬂén{ahgn*} Q tDT\&eq}JﬁC%\ﬁhﬁ{\)(t\‘reﬂﬂl \Fea?a[lte'tﬂ%u_ Werig btpenfifaligiB®inega}

nitig Raara A GNEY e s iR dBaRdend{align*}

Wi m{allgn*} U {\rm th} & 10 ~{\rm V} \\ R {\rm th} &= 5.00~{\rm k\Omega}

. WEBER eRmS LR ) R 2 STt bRs R itRs WMR charfe @ = \frac{2~{\rm

\eeghe t;%}gttd}o muwmw O8NP ks . @?ﬂ@ﬁﬁﬁoﬁ{ﬂgﬁ}&n&—

it eviivaie RifdievOrd ] Fndnu

50 LHWVE 5'?92 W%EFa@a@{t%‘}age is { RO erGAn

Thu& th@ easent leatkyalaor is
Mﬁ%@ﬁ@%@diﬁé%@é\a@e@ab tsbttmat\m Vr}R\eL”P\{\aélQﬂ*}

i{pa F'ﬁ)i_ e
Ay £\ I O (BB ECk-FERR -' Aol AR EFR '3.'5-5..' SN0 )
""vi Veaghearat i life) lesaii: g ‘u"".v t‘n o 4; NicTHHEeR NE P Uil ides %&W‘éi".\@

" @F&de??}tﬂeré\fﬂg SRAd LAY %cross $R_3$, and the capacitor voltage is

haragina. t
§ Lt?'feLVoadE :':1ugeI gt%??sgat $ld\ {\rmI V}% ana decays exponentially to $5~{\rm V}$.

\Bsglﬁiall%ii\waégmy %A\U‘\ct&‘&t@ftéé‘m 299R A K\Ogaes \eslot amtyin dabt

mhmsh}m Ig\mn} KOmegal + 10~{\rm K\Omegal} \\ &= 12~{\rm
%}p\rcéjc |c\érat%{eloa}p{a t}o\r\lg(co%(s)ldé rg%/uh ﬁ'ge%na%ter about $5\tau_1$%:
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\begin{align*} t {\rm charge} &\approx 5\tau_1 = 5\cdot 10~{\rm ms} = 50~{\rm
ms} \end{align*}

Exercise E3 Hall-Sensor Test Bench: Air-Core Calibration Coil

WMBIHmngasﬁEHd o&mramtad)eesitys@$ if cthescarpbecamse?it avoids hysteresis and

gerlnanence effects of iron cores. The coil is wound as a short, single-layer cylindrical coil.
olution

ltdatm}lﬁegln{allgn*} | &= 22 {\rm mm} \\ d & 20 {\rm mm} \\ d {\rm Cu} &= 0.8~{\rm

nmibegingalignt) Riae KB o TR
en@ﬂﬂﬂﬂhﬁﬂhﬂﬂé‘from $O \rm A$ to $1 \rm A$
mmagmm o bbb mitaTtghjaduatoetntly. Therefore:

‘or WhMW@MBWtWMM@MWWMﬁ

ﬁcmém%w&\@mmaaﬁmmmm&%mwm WH&MHHQH*}
iRt RS @%@Rﬂ@é@@'@t@%ﬁeIbsmd\@mggaJ}rr\Edbbﬂde\:mméqU&io the finally
t@Jﬂh ut $5\tau$, the current has reached more than
m&%@ﬁ]‘ldﬁ ﬁ%étlo Ataut\right) \end{align*}
.. Cleyiattatigpdbisicpista hess $ Ré=tfraotl Féahpddra2ukey= \frac{1}{2}\cdot 7.94\cdot
Mﬁ@u@wm%mwnmwmwmmmmmtmmmw ms} \\
: P D-SEEOBrAn) mﬁi%\\-l&bO\tmﬂ{ﬂ SO Jfp B8 7. 9k r{\rm
X if@.{@r{ﬁh }g‘(er}d{allgn*}

Mathematlcally, the exact final value is reached on‘! after infinite time.

FdEN_\rrmn Ad ricac ckannh nA Fhan Annran-~ hnac

»0l

5

A$ asymptotically.
First, determine the copper cross-sectional area:

\begin{align*} A_{\rm Cu} &= \frac{\pi}{4} d_{\rm Cu}~2 = \frac{\pi}{4}(0.8~{\rm
mm})~2 \\ &= 0.503~{\rm mm~2} \end{align*}

The mean length of one turn is approximately the circumference:

\begin{align*} |_{\rm turn} &\approx \pi d = \pi \cdot 20~{\rm mm} = 62.83~{\rm
mm} \end{align*}

Thus, the total wire length is

\begin{align*} |_{\rm Cu} &= N\cdot |_{\rm turn} = 25 \cdot 62.83~{\rm mm} \\ &=
1570.8~{\rm mm} = 1.571~{\rm m} \end{align*}

Now calculate the resistance:

\begin{align*} R &= \rho_{\rm Cu}\frac{l_{\rm Cu}}{A {\rm Cu}} \\ &= 0.0178~{\rm
\Omega\,mm~2/m}\cdot\frac{1.571~{\rm m}}{0.503~{\rm mm~2}} \\ &\approx
0.0556~{\rm \Omega} \end{align*}
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