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Exercise E1 Machine-Vision Strobe: Capacitor Charging and Safe Discharge

rriatinlinmte iSra vk et el biretEtSdmpuits e g Ailvabts
gy beivipiines Hpenciran?s i mmmgmmnmmmmmm
beﬁwwmmmmheaemaﬂﬁeammw? is the capacitor voltage then?

Squtlon
lMatIQBegln{allgn*} C & 1~ {\rm \mu F} \\ W e &= 0 1~{\rmJ} \\I_{\rm max} &=
00NBein falignRE! SRR ARG S W BB IR 1\t VR()

Sendkdlige}{-t/4. 47{\rm ms}} {\rm V} \end{allgn*}
.. Witneet bapesoenstasit digepressrexpomestthlycapacitor so that it stores the required energy?
At $t=0$%, the capacitor is uncharged, therefore the maximum charging current is

s griadigaielnds®sTH ERdosa - idamEmidggridgtiiharely} = 4.47~{\rm ms}

solubagifelaiy*} i {C,\max} =i C(t=0) = \frac{U}{R} \end{align*}

iR sisighvp RpefRUF-BNe eNERtBY oG T = 22.35~{\rm ms} \end{align*}
Ahusctical engineering approximation is that the capacitor is essentially charged after
HRaERIRTE N FY Fisieobpaoratdd®ig 2k  dissipated as heat in the resistor:
\@g@ﬁ{allgn*} W%@Afrﬁﬁil{iiib;z[}rmwﬁ\}w&\éragdﬁﬁfr%c{m YHEPRL={\rm A}}

'.‘M{ N —ﬂ 2\ 3

%rﬁgjﬁ\afgmk\g}%en%%allgz*ll}7 ~{\rm ms} \end{align*}

For discharge:
Thus, $u_C$ starts at $0~\rm V$ and approaches $447.2~\rm V$, while $u_R$ starts

Wekth {adighp VIcrndfalle to( 40T wm\¥hd {align*}

with

\begin{align*} T 2 = R iC = 10~{\rm M\Omega}\cdot 1~{\rm \mu F} = 10~{\rm s}
\end{align*}

Set $u_C(t)=U'$:

\begin{align*} Ue™{-t/T 2} &= U"\\t &= T _2 \In\left(\frac{U} {U'}\right) \\ &=
10~{\rm s}\cdot \In\left(\frac{447.2} {316.2}\right) \\ &= 3.47~{\rm s} \end{align*}

rc circuit, thevenin equivalent, transient response, sensor interface, industrial electronics, chapterl 1

Exercise E2 Industrial Sensor Interface: Source, T-Network and Capacitor

Ws@hﬁmmwmahenm@ecapﬁager Abrfuage”the Ioad is dlsconnected After the capacitor has

been charged, a load resistor is connected by a switch.
Solutlon

»MHiePegin{align*} U &= 12~{\rm V} \\ R_1 & 2~{\rm k\Omega} \\ R_ 2 & 10~{\rm
\Ohbegin{alRgre & 8_TeR S-BaierhRadRGainy NN i . JiRp R
\()hmmb{‘ahgnf‘l]fahon*}
Ahérea il it rdm emimt paows taglUc d g5 i vp\ro istmediately after
niti SO wiyetica pRGit: sq;mhla@mbambtmltlwm lisachresistor connected, the new
SheaiHajorsit i) -sRR QRPN R Heprcia a5 13 hiting=+4 Ovidie A e Tafailizd Egalirin
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. AR @ERMGaREEO R R 112 Y { 0 K\Dfegabe {5~ {\rm
k\Omega } } {\5 &%\BrBB\Qmega(}@me@ErmH(\D&Yeg{a\dedMé)ga{}\W S-&xrrh~{\rm
EndmghyRguritalign*}

>olution
Yorgin{align*} T &&irRtyied &~ 2B V{\kenk\@iigug}\cdot 2~{\rm \mu F} = 5~{\rm
ms} \end{align*}
Tﬁ@jﬁf{)&ﬂgwq qapacitor iegltagesdengis xnpegaliRtot 2~ {\rm \mu F} = 10~{\rm
Rrapbigrbs tb}h@}bmﬁ use the equivalent source voltage:
\begin{align* &=U_{0e}' + \left(U_{0e}-U_{Oe}\right)e™~{-t/T'} \ &= 5 +
(D aghiEA RS e loRE RN AR oS T ARREHINS s teudaiamtifalign*)
k\Omega}}{2~{\rm k\Omega}+10~{\rm k\Omega} }\cdot 12~{\rm V} = 10~{\rm V}
\eaainelRliony} t {\rm charge} \approx 5T = 50~{\rm ms} \end{align*}

inductors, air core coil, magnetic field, sensor calibration, transient response, current density,
chapterl 1

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

BﬁmﬂbtgeﬁelmeBeuam timtly motherwppe,rt\hereﬂagnetlc behawour is easy to predlct and
no remanence occurs.

Solution

NMigPegin{align*} | &= 22~ {\rm mm} \\d & 20~ {\rm mm} \\d_{\rm Cu} &= 0.8~{\rm
nm\bag\h&a:llgﬁ*\} T T g B D PO SN ik VA et O et h‘]nﬁ*'}

Js e Ry GoHatimnls G

memwaﬂmmbmv‘e&#@ a6\esiotar0 ™ {-6}~{\rm J} \end{align*}
beglegindatiy fll*i= N &2= \Wﬁm&‘ﬁﬂl}\ﬁﬁl{%ﬂ TroBrRitpatLHH i eard d Y 12 ) eretfalipn* }

Raslyihis o BOLGSBEB Y FRIIIRGE Lt \eaot{iHRitena § s dis b~ {\rm mV}
“he\epid {%ttgeﬁ}:onnected to a DC source.

Wiyandtad g rihke i€ ree itaft Esssh{ialMy} i gtst fivead ddligrafter about $5T$:
.. Cohailaieéhe agHgieﬁirgance $R$ at room temperature.
Vil ithiea tiigmet e bitrisbeth st Al BtXa BT It ) Te\detrbetig AR DL \ESRI 7l i \mu s} =
Egr{{etowmiy p&reluda{ig{B_{\rm Cu}} = \frac{1~{\rm A}}{0.503~{\rm mm~2}}
»olutiatogiaiige I ReetirzgsibhdRal\gnd{ align*}

Heetie{aligent dhaRs3uE RO ASENEHaR NI Hdhe X ftirhmis KXPeNdatiti g\
&= 2572 \cdot \frac{4\pi\cdot 10" {-7}~{\rm Vs/(Am)} \cdot 3.1416\cdot
Yaingriie-gRetiARI RPN BtatpRETR IR s i tor gbeet,

\frac{l}{1+\frac{20}{2\cdot 22} Y\ &= 7.71\cdot 10" {-6}~{\rm H} \end%allgn*}
\begin{align*} Mnt\pm U} deft(dnesHEFRE D T2 cli)\ppRieg A e/ k0.4~ {\rm
WS BN &= 0.503~{\rm mm~2} \end{align*}

Tierefese wire length is approximately

\begin{aliga*} Wykrk\eaprax M{p? dedoxs(pacdddt{ 20 L N\ $I6&£\1870.8~ {\rm
Wmega t\edatbrh\mmAehdZ drgat)frac{7}{2}\cdot 138.7~{\rm \mu s} \\ &=
27.05\cdot 10" {-6}~{\rm ]} \end{align*}

Now the resistance is
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\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}} \\ &=
0.0556~{\rm \Omega} \end{align*}
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