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Exercise E1 Machine-Vision Strobe Unit: Charging and Safe Discharge of a Flash Capacitor

Wmmmmmsm@mmmmmﬂmmm Difasoyrestamache
grﬂmPHgSsdtbeE)MImammmbates the capacitor voltage then?
olution

D@M'QBegln{allgn*} C & 1 {\rm \mu F} \\ W e & 0 1 {\rmJ} \\ | {\rm max} &=

&= 447.2\,e™{- t/4 47{\rm ms}} {\rm V} \end{allgn*}
.. Vifiteet thie edgrrastapp theasspacitor have so that it stores the required energy?

At the begmnmg of charglng the capacitor behaves like a short circuit, so

o ek SBicsr AN AT RBb el B9 \Gereiver T A Y \eNd {aignn}
’Oll'\BQGI{’Bﬂerg'T}*} i {C{\rm max}} =i C(t=0) = \frac{U}{R} \end{align*}
WéGin {align*} W=eRE &.3\4 7e-\Bmch{ eliintgnd {align*}
Trhasgineering practice, a capacitor is considered practically fully charged after about
yrmitalioattithfaistAdrde tiire 8 \ T &= 4.47~{\rm ms} \end{align*}
\b@ m{allgn*} W%@Afrﬁﬁilﬁimrmwﬁ\mm r‘%ﬁr%c Y ¥ P ={\rm A}}

= B PHREU, i @m%‘é}w@ﬂis{t@rﬂgn*}
e SAD.
ﬁﬁg&%@m@wp%ﬁaw xi&oﬁﬂ %ﬂ*‘h‘( o7\ {% 8

ifeehexggditor energy is converted into heat in the resistor:

\begin{align*} W_R wra¢ {&)={Qstrt{Wh} Wo\Frea{dialigr'{hirm V} } {\sqrt{2}} =
316.2~{\rm V} \end{align*}

For the discharge through the internal resistance:
\begin{align*} u_C(t) = Ue~{-t/T_2} \end{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) \\ &\approx 3.47~{\rm s}
\end{align*}

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

Exercise E2 Sensor Input Buffer: Source, T-Network and Capacitor

B. Biiurilttmtiesddyn et it mmiibtibgcatyois g pittre oaserh niesidfoh e wginreected.
Resstbs ﬂhaeitmbdnakxamtmohagmbths the node voltage At first, the load is disconnected.

éftleithe capacitor is fully charged, a measurement load is connected by a switch.
olution

@@Mﬂ%egin{align*} U&= 12~{\rm V} \\R 1 &= 2~{\rm k\Omega} \\R 2 &= 10~{\rm
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\Omega} \\ R 3 & 3 33~ {\rm k\Omega} \\ C & 2~ {\rm \mu F} \\ R L & 5~ {\rm

Ioad has _
nitigdiyg irEaligna s i IR P EERENE

WQMWMWMQWW k\(ﬁnbga}&\éﬂﬁwﬂd‘@m@ab@é}) {\rm
bgalirEased hemnweing! waees.00~ {\rm
ﬁgﬂhﬂtﬁ@ stiset isxponentially from $0~\rm V$ to $10~\rm V$.
gfaﬂm yolfdigétyy) + \left(u_L(0"+)-u_L(\infty)\right)e~{-t/T'} \\ &= 5
S0lUH@RA fabiEiAaTERS R {ieh' @ =\ ariakymik\Omega Ncdot 2~{\rm \mu F} = 5~{\rm
\heyiefaligiignts} C' = U_{0e}' &= \frac{R_L}{R {ie}+R L}\,U {0e} \\ &=
\bragift{aligmi kO8re da ¥ }e(5C-£\5rOR\Ofreg K} bredaricki@rdedanh\uot FIO0 = {Afr Mini\
BesmieatisRigReHa®ilign*}

Using the equivalent vo tage source of the network on the left-hand side, the open-
Wigitdmimegibparex 5T' = 25~{\rm ms} \end{align*}

\begin{align*} Y\dMeb&sT\EESAR 2orhRnE ¥ Redd {&liYris \frac{10~{\rm

k\Omega}} {2~{\rm k\Omega}+10~{\rm k\Omega} }\cdot 12~{\rm V} \\ &= 10~{\rm
V} \end{align*}

After full charging, the capacitor voltage equals this voltage.

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

Exercise E3 Hall-Sensor Calibration Coil: Short Air-Core Coil

Rkt i bk HsteoHiiib it e akidyeng oo doidhdiAlH?
RQW@cgeels:d)Hesculnmmmusmﬁ wméscbpmrrmneand remanence ef‘fects The coil is
wound as a short cylindrical coil.

Solution

NikeiqPegin{align*} | &= 22~ {\rm mm} \\ d & 20 {\rm mm} \\d {\rm Cu} &= 0.8~{\rm
nm\bég\h&a:llgﬁ"‘\} .:.f""f.""» T R i e PR il szm}

end{ahon*1

i it dftasgth iy} I StaktSat Fogcdd ehpcodhad thedbbal value
bt gl yt ki o A Ve énidddts\ototit 06sis6dnefirm Ws}
\bﬁel{aﬂ@mw}*} mt&mmmmﬁmgwmmwml}{w\mcm f2\®ega}}

e atiodpoadalarddt 1~ {\rm A} \\ &= 55.6~{\rm
phg}h@{djﬂgq;,@@%gd in the wmdlng re5|stance up to the practical final time $5T$ is

Sapibetséattin st aeis atis feached B frésesbopuit BIYTHnd then slowly approaches $1~\rm
solukiRoiuFPdONAR LR &= \int_0~{5T} R\i*2(t\,dt \\ &= R 1"2\int_0~{5T} \left(1-e"{-
WoERndatigr* B\ Epebtai dir rawcpb {38 ragh{)Mma ¥n\pi } Gapfdrox e@dh {\2rx\mu s}
St 6ot ) r&e=2Frac BL14A 6{tdot Loy &= ffrac {1~ ik A {0&6 3hpli\anhot

hentusiripRmiviiexnigoeidfangraxmatelénd {align*}

The wire cross section is

Yorgirbadogn*} \int_07 {5T} \left(1-e” {-t/T\right)"~2 dt \approx \frac{7}{2}T
\BediA{ it} A {\rm Cu} &= \pi\left(\frac{d_{\rm Cu}}{2}\right)~2 = \pi(0.4~{\rm
Yaaginfaligwi3 b&&32.5ﬁr2n\¢ﬁﬁt’\fz§iqé4h\cp{‘§ldgﬁ*1}0 {-73\,{\rm Vs/(Am)} \cdot
Bhup16\cdot 10~ {-4} ~{\rm m~2}}{22\cdot 10~ {-3}~{\rm m}} \cdot

AL bzxmm & thBekaafolLt0s b Fumf
\Qﬁa'{hﬁﬁjwf}g}% ép‘ﬁﬂox RIA}aZ}%o{:&e\ rac%l}{z}kT\\& 0% 3%}‘@% kmference:

w4 .
L e e
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\Begeytaiigdst (1 At dl B2 Nagot \fréct 25(piHcdot 288.Berf\mminlt 85=\\ &\approx
23 b8 Otrird Mirg }= \57# W renuda\egatialign*}

Thus,

\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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