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Exam Summer Semester 2022

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 40 minutes !

Exercise E2 Electrostatics |
(written test, approx. 10 % of a 120-minute written test, S52022)

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 $q 1=-2 ~\rm nC$

‘at
@ mE%—%%ﬂ?{%ﬁ}%m ﬁmflt i\begm{array}{cccc} 19.97 {~\rm \mu N} \\ 0 \\

n thiitie g RPREGH R Znd i G am hentss ve \cam rddculate the resulting magnitude of the

“hefpecth iR ErykPdb oadti{ AR arepsnRCEC 8883 {bt ™Y Nb 1\ O\km Aspvms
\begin\e) Y& ]\Vé@@?ﬁ &= \sqrt{\left( \sum_i F_{i,x} \right)~2 + \left( \sum_i
n i PlyryplipnR liee\witiibegsrdarrapldeAnphy M EACRBas N IML2@1 19 0.05
eremivatini RN CEnd faveee fbo denificens\ vac (fgnl0 D frem 49.99. on $qAS:
\Regioy aligsd{Augetf}_{01}] &= |E_4| \cdot |g_0| \ \rightarrow E_4 &=
{{|\vec{F} {01} }\over{|q 0|}} \\ &= {{19.97... \cdot 10" {-6} {~\rm N}}over{1l
\cdot 10~ {-9} ~\rm C }} \\ &= 19.97... \cdot 10~ {3} {{\rm N}\over{\rm C}} \\ &=
19.97... \cdot 10™ {3} {{\rm VAs/mHover{\rm As}} \\ &= 19.97... \cdot 10"~ {3} {{\rm
VHover{\rm m}} \\ \end{align*}
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...................................................................................
-------------------------------------------------------------------------------

..............................................................................

1. Calculate the single forces $\vec{F} {01}$, $\vec{F} {02}$, $\vec{F} {03}$, on the
charge $g_0%$!

Path

First, calculate the magnitude of the forces, like $\vec{F}_{01}$.

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 {{q_I1\cdot g O}over{r~2 {01}}}\\ &=
{{1}H\over{4\pi\cdot 8.854 \cdot 10" {-12} ~\rm As/Vm}}\cdot {{1 \cdot 10" {-9}
~\rm C \cdot 2 \cdot 10" {-9} ~\rm C}Hover{(3 \cdot 10" {-2} ~\rm m)~2}} \\ &=
19.97... \cdot 10" {-6} {\rm {{(As)”2 \cdot Vm}\over{As \cdot m™2}}} = 19.97...
\cdot 10~ {-6} {\rm {{VAsHover{m}}} = 19.97... \cdot 10"~ {-6} {\rm
{{WsHover{m}}} \\ &= 19.97... {\rm \mu N} \quad \text{(to the right)} \end{align*}

Similarly, we get for $\vec{F} {02}$ and $\vec{F}_{03}$ \begin{align*}
\vec{F} {02} =F {02,x} &=-28.09... {\rm \mu N} \quad \text{(to the right)} \\
\vec{F} {03} &=-22.47... {\rm \mu N} \quad \text{(to the top left)} \\ \end{align*}

For $\vec{F} {03}$, we have to calculate the $x$- and $y$-component.

This is possible, by using the angle $\alpha$ between the line through $q_0$ and
$q_3% and the positive $x$-axis (pointing to the right).

So, $\alpha$ has to be between $90°$ and $180°$. It can be calculated by:
\begin{align*} \alpha = \arctan(\rm {{-4~cm}\over{+2~cm}}) = \pi- 1.1071... =
180° - 63.4...° = 116.6...° \end{align*}

Based on this, the $x$- and $y$-component is: \begin{align*} F_{03,x} &=
[\vec{F} {03}|\cdot \cos \alpha = 10.05... {~\rm \mu N} \text{(to the left)} \\
F {03,y} &= |\vec{F} {03}]| \cdot \sin\alpha = 20.10... {~\rm \mu N} \text{(to the
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top)} \\ \end{align*}

Exercise E4 Electrostatics Ii
(written test, approx. 10 % of a 120-minute written test, S52022)

The figure below shows an arrangement of ideal metallic conductors (gray hatched) charged
up to $g=+1 ~\rm nC$.
In white a dielectric (e.g. vacuum) is shown.

Several designated areas are shown by dashed frames and numbers $x$, which are partly
inside the object.

Arrange the designated areas clearly according to ascending field strengths $|\vec{E} x |$
(absolute magnitude)!

Indicate also, if designated areas have quantitatively the same field strength.

_____

Result

$|E_3|=|E_5|=0 < |[E_1| < |E_4| < |E_2|$

Exercise E8 Capacitor
(written test, approx. 7 % of a 120-minute written test, $52022)

B. Rt thtvehtosl tidn e pe@i@ gito tish defh Sid b leyeithatieectnlbrethgidim$eh filoms:c } =0.1 ~\rm
fasulis of air ($\varepsilon_{r, \rm c}=1%$), while the thickness of the dielectric material
Ir)en%airh@ﬂlgéhsafﬂéyer overlap: $/1=1.5 ~\rm mm$

at
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Vhat Bithentevbebpaeitys$glertaye®?: $d=1.0 ~\rm \mu m$

SEDEIBN RHCANDIETHOWES BFH. /it gn mms
_ PhRumibaeibf tayebs (derivetfromibeepieomstry kyt-hegiadalBrghtCskavarepsilon_0
ratvarepsilon_r {{AHover{d}} \end{align*}

For the W ?I \cdot w$ facing each

other. |

dhe air j rial. Therefore, the
ca aC|ty \cdot C_{\rm
Ai

Thtz capacity of air is \begin{align*} C_{\rm Air} &= \vare|c5|lon_0 \varepsilon_{r\rm
Air} {{N \cdot | \cdot W}\over{d_{ﬁ'm c}}} \\ &= 8.854 \cdot 10"~ {-12} ~\rm As/Vm
\cdot 1 \cdot{{5 \cdot 1.5 \cdot 10~ {-3F {~\rm m} \cdot 0.7 \cdot 10~{-3} {~\rm
m} Hover{0.1\cdot 10~{-6} {~\rm m} }} \\ &= 0.465... ~\rm nF \end{align*}
heparenahyhatl apfeHesetEin BT HEY Ot S MR r=3$.
“hePBglipNrtgaElatigarsrittieivpe fdrigary ETiditmont bedneidii9e leersnF \cdot

0.465... ~\rm nF}\over{0.139... ~\rm nF + 0.465... ~\rm nF}} \end{align*}
s\varepsilon_0 = 8.854 \cdot 10" {-12} ~\rm As/Vm$

.. What is the field strength in the dielectric material between the layer, when a voltage of
sU=6.3 ~\rm V$ is applied?

’ath

The electric field strength $E$ is given by: \begin{align*} E &= {{U}\over{d}} \\ &=
{{6.3 ~\rm V}\over{1 \cdot 10" {-6} ~\rm m}} \\ \end{align*}

Therefore, the formula is \begin{align*} C &= \varepsilon_0 \varepsilon_r {{N \cdot |
\cdot wHover{d}} \\ &= 8.854 \cdot 10™{-12} ~\rm As/Vm \cdot 3 \cdot {{5 \cdot 1.5
\cdot 10™{-3} {~\rm m} \cdot 0.7 \cdot 10~ {-3} {~\rm m} }\over{1 \cdot 10~ {-6}
{~\rm m} }} \end{align*}
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Exercise E10 Magnetic Circuit
(written test, approx. 7 % of a 120-minute written test, S52022)

The magnetic setup below shall be given. Draw the equivalent magnetic circuit to represent
Besdlitup fully. Name all the necessary magnetic resistances, fluxes, and voltages.

The components shall be designed in such a way, that the magnetic resistance is constant in
it.

‘ormulas are not necessary.

>ath

Watch for parts of the magnetic circuit, where the width and material are constant.
These parts represent the magnetic resistors which have to be calculated individually.
Be aware, that every junction creates a branch with a new resistor, like for an
electrical circuit - there must be a node on each “diversion”. \begin{align*} R_{\rm m}
= {{1}Hover{\mu_0 \boldsymbol{\mu_{\rm r}}}
}\boldsymbot{i}\gyer{\bdftisymbol{w}\cdot h}} \end{align*}
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differen$$\...

i1

PROOO

Full Exam

Here is only a part of the exam in more details given.
The full results can be found in ILIAS

Full exam

Exercise E2 Electrostatics |
(written test, approx. 10 % of a 120-minute written test, S52022)

B.i\Miha i idethieenaprpetinet-of Bikaesshdpd@stb keqs adhaedectav4 Foenahadée b the
Bembgkanysstalel of $E_4$. Which value needs $E_4$ to have to get a resulting force of
$0 ~\rm N$ on $q _0%?
Pathe $q 0=-1 ~\rm nC$
* 39 1=-2 ~\rm nC$
)
atmEﬁo %%a\;ﬂét%ﬁ%m} = %t {\begln{array}{cccc} 19.97 {~\rm \mu N} \\ 0 \\

n thl&lb@g‘ﬁ'ﬁh\étﬁ'kﬁémaﬂﬁﬁ'mmm)mn&%@ve\camm@j;:ulate the resulting magnitude

‘heqfaifaittieeMtsiReinmMatisebeaindaremehsncecs 8%99 (b Nb I\ O\

\s/\WhresgineAHRTaY £ hWasPH| &= \sqrt{\left( \sum_i F_{i,x} \right)~2 + \left(
(Butive PoenpEndgit e e skbagudmornlo dor b iR fhctolras ¥yl W29 10
teen BN el A GepacasRAkor it ehidtee B ver {EAOThG fronpigatis2ony
§a 0% doegin{afignitu Wea{ kdnd@3kg s+ |E_4| \cdot |q_0| \\ \rightarrow E_4 &=
{{|\vec{F} {01}|H\over{|q O[}} \\ &= {{19.97...\cdot 10~ {-6} {~\rm

MEXLE Wiki - https://wiki.mexle.org/


https://ilias.hs-heilbronn.de/ilias.php?baseClass=ilrepositorygui&ref_id=593176

2026/03/14 01:53 8/16 Exam Summer Semester 2022

N:}}\ovfer{l \cdot 10~ {-9} ~\rm C }} \\ &= 19.97... \ctlot 16~ {3} {{\rm
- N}\over{\r 3\ &=.19.97..; \cdot 107 {3}{ {irm VAs/m}over{\rm As}} \\ &=
19 97..; ﬁi 0"{3}{{\rm V}\over{\rm rh}} \\\end{allgn*}

..............................................................................

----------------------------------------------------------------------------

...........................................................................

1. Calculate the single forces $\vec{F} {01}$, $\vec{F} {02}$, $\vec{F} {03}$, on
the charge $q_09%!

Path

First, calculate the magnitude of the forces, like $\vec{F} {01}$.

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 {{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 2 \cdot 10~ {-9} ~\rm C}\over{(3 \cdot 10™{-2} ~\rm
m)~23}3} \\ &= 19.97... \cdot 10~ {-6} {\rm {{(As)”2 \cdot Vm}\over{As \cdot
m~2}}} =19.97...\cdot 10"~ {-6} {\rm {{VAs}\over{m}}} = 19.97... \cdot
10~ {-6} {\rm {{Ws}\over{m}}} \\ &= 19.97... {\rm \mu N} \quad \text{(to the
right)} \end{align*}

Similarly, we get for $\vec{F} {02}$ and $\vec{F} {03}$ \begin{align*}
\vec{F} {02} =F {02,x} &=-28.09... {\rm \mu N} \quad \text{(to the right)} \\
\vec{F} {03} &=-22.47... {\rm \mu N} \quad \text{(to the top left)} \\
\end{align*}

For $\vec{F} {03}$, we have to calculate the $x$- and $y$-component.

This is possible, by using the angle $\alpha$ between the line through $q_0$ and
$q_3% and the positive $x$-axis (pointing to the right).

So, $\alpha$ has to be between $90°$ and $180°$. It can be calculated by:
\begin{align*} \alpha = \arctan(\rm {{-4~cm}\over{+2~cm}}) =\pi- 1.1071...
= 180° - 63.4...° = 116.6...° \end{align*}

Based on this, the $x$- and $y$-component is: \begin{align*} F_{03,x} &=

MEXLE Wiki -
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[\vec{F} {03}|\cdot \cos \alpha = 10.05... {~\rm \mu N} \text{(to the left)} \\
F {03,y} &= |\vec{F} {03}| \cdot\sin\alpha = 20.10... {~\rm \mu N} \text{(to
the top)} \\ \end{align*}

electrical_engineering_and_electronics:task_dtoqvpvrbdtcozfk with_calculation
electrostatic, field lines, exam ee2 ss2022

Exercise E4 Electrostatics Il
(written test, approx. 10 % of a 120-minute written test, S52022)

The figure below shows an arrangement of ideal metallic conductors (gray hatched)
charged up to $g=+1 ~\rm nC$.
In white a dielectric (e.g. vacuum) is shown.

Several designated areas are shown by dashed frames and numbers $x$, which are
partly inside the object.

Arrange the designated areas clearly according to ascending field strengths $|\vec{E} x
|$ (absolute magnitude)!

Indicate also, if designated areas have quantitatively the same field strength.

Result

$|E_3|=|E_5|=0 < |E_1| < |[E_4| < |E_2|$

electrical_engineering_and_electronics:task_ic9pioiuOnotvwfp_with_calculation
electrostatic, electric field strength, exam ee2 ss2022
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Exercise E6 Electron Velocity in Semiconductors
(written test, approx. 6 % of a 120-minute written test, S52022)

A current of $I=1~\rm mA$ flows through a cross-sectional area $A=10~\rm \mu m~2$
eswemiconductor.

The electron density in the semiconductor is given by the number of dopant atoms per
volume.

"he doping shall provide 1 donator atom (= one electron) per $10”~ {10} $ silicon atoms.
“he fMofar vAdnvedef FCATY Vs aRoLE§4d 1set thrspegd-afiaht) 3/mols ,
~ith $N_{\rm A} = 6.022 \cdot 10" {23}$ silicon atoms per $1 ~\rm mol$.

The elementary charge is given as: $e 0 = 1.602 \cdot 10"~ {-19} ~\rm As$

What is the average electron velocity $v_e$ in this semiconductor?

Path

The following formula gives the speed, where $n_e$ is the number of electrons
per volume. \begin{align*} v_e &= {{I}\over{n_e \cdot e 0 \cdot A}} \\
\end{align*}

$n_e$ can be derived from the overall number of Si-atoms per volume
(${{N_{\rm A} Nover{V_{\rm mol,Si}}}$) and the fraction $k_{\rm Donators}$
of these atoms, which got substituted by donators. \begin{align*} v_e &=
{{INover{{{N_{\rm A} Nover{V_{\rm mol,Si}}} \cdot k_{\rm Donators} \cdot
e_0\cdot A}} \\ \end{align*}

Putting in the numbers: \begin{align*} v_e &= {{1 \cdot 10" {-3} ~\rm
ARover{{{6.022 \cdot 10~ {23} 1/\rm mol}Hover{12\cdot 10" {-6} ~\rm
m~”3/mol}} \cdot 10~{-10} \cdot 1.602 \cdot 10™{-19} ~\rm As \cdot 10 \cdot
(10~ {-6} ~\rm m)~2}} \\ \end{align*}

electrical_engineering_and_electronics:task tx86fewvysrcy8fc_with_calculation
electrostatic, electric field strength, exam ee2 ss2022

Exercise E8 Capacitor
(written test, approx. 7 % of a 120-minute written test, $52022)

3. \Careid tHvepihoa e pegid eito tish deftr id o Vay eithatieectnl krnethy idim$eh fions:.c } =0.1
Resltmu m$ of air ($\varepsilon_{r, \rm c}=1%$), while the thickness of the dielectric
materlfnaahienes eyedap: $1=1.5 ~\rm mms
fathe Riskencavbebwaemsinaledavers: $d=1.0 ~\rm \mu m$

e Depth of component: $w=0.7 ~\rm mm$

$ ENGYOIRATO iR fawrsHidgn m Jthé picture): 3 left-side and 3 right-side layers.
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dath

::::::

n*} C =

: tothedietectic r|aI Therefore, the
TTETWISIRE O cdoks fions

AN Q- AT SISERCLIL®

The capacity of air is \begin{align*l C {\rm Air} &= \var% silon_0

\varepsilon *{r,\rm Air} {{N \cdot | \cdot wHover{d {\rm c}}} \\ &= 8.854 \cdot

10" {-12} ~\rm As/Vm \cdot 1 \cdot {{5 \cdot 1.5 \cdot 10~{-3} {~\rm m} \cdot
“hedqnategigl $oallihaye a diglciric prEpBtivie et ShrarepsilenymIng 131 \\ &=
hedg{w!pg\qﬂl\cmaw{gh%@nore boundary effects on the end of the layers.

>\V613?Ftﬁl||§>ﬁh@ w@r&ﬁ”céﬁjm Q< ééﬂn{é rﬁ;ltmrm C & {{0.139... ~\rm nF

\A%‘Htrﬁ%’s multipls, Py E{B%r? FH’ﬁFt rﬁ m nF}} \end{align*}
t@&hﬂﬁél@vﬁt@r@hﬁh B GIERAs h@t"érﬁ@f@tﬁr@ﬁ Fofayer, when a voltage
)f $U=6.3 ~\rm V$ is applied?

dath

The electric field strength $E$ is given by: \begin{align*} E &= {{U}\over{d}} \\
&= {{6.3 ~\rm VHover{1 \cdot 10" {-6} ~\rm m}} \\ \end{align*}

Therefore, the formula is \begin{align*} C &= \varepsilon_0 \varepsilon_r {{N
\cdot | \cdot wHover{d}} \\ &= 8.854 \cdot 10™{-12} ~\rm As/Vm \cdot 3 \cdot
{{5 \cdot 1.5 \cdot 10" {-3} {~\rm m} \cdot 0.7 \cdot 10~{-3} {~\rm m}
Hover{l \cdot 10™{-6} {~\rm m} }} \end{align*}

electrical_engineering_and_electronics:task y7dozgdsljqvngge_with_calculation
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electrostatic, capacitor, plate capacitor, capacity, exam ee2 ss2022

Exercise E10 Magnetic Circuit
(written test, approx. 7 % of a 120-minute written test, SS2022)

The magnetic setup below shall be given. Draw the equivalent magnetic circuit to
Rgstdsent the setup fully. Name all the necessary magnetic resistances, fluxes, and
voltages.

The companents shall be designed in such a way, that the maanetic resistance is
-onstant in it.

‘ormulas are not necessary.

dath

Watch for parts of the magnetic circuit, where the width and material are
constant.

These parts rgpresent thesmagnetic resistors which have to be calculated
individually. — $5\P... $8\P.7 7>

Be awar thé%Re{very H,m:tmn creates a branch with a new resistor, like for an
el&ttricalieheéuit - there mustibe %r%de on each “diversion”. \begin{align*}

R {\rTn = {1} rg\mu_0 \boldsymbol{\mu_{\rm r}}}
}H{\boldsymbol{I}\over{\bofd8ymb6I{w}\cdot h}} \end{align*}

MEXLE Wiki - https://wiki.mexle.org/
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differen$$\...

electrical_engineering_and_electronics:task _yp4rbdlj8kktyrhp with calculation
magnetic circuit, exam ee2 ss2022

Exercise E12 Self Induction
(written test, approx. 8 % of a 120-minute written test, SS2022)

Actidhen izl iy eameodion winit ey mididd arfdb @ vplta§e, wWinmhrthe H$rdsi it dmeekisrdhtas ad C
RetEtferstiurce, which is fused with a circuit breaker.
Tketcindhié biragkeme a3t iaa ditauif \Ainsin @k (3Switihhatbercaitubd ttie- 63| varof e The

mnnertivobkdaeed linearly down to $0 ~\rm A$ within $1 ~\rm \mu s$.

The inner resistance of the motor shall be neglected.)
$u_{\rmind} (t) = 3150 ~\rm V$
>ath

.. Draw the circuit (the circuit breaker can be drawn as a switch), with all voltage and
‘urrent arrows.

For the maximum voltage on the circuit breaker one has to consider the
eskdtlowing:

e external voltage of the voltage source $U \rm s$
e voltage $u_{\rm ind} (t)$ induced by the change of the current

The first one is not given in the exercise, and therefore not considered here.

The induced voltage can be calculated by linearizing the following:
\begin{align*} u_{\rm ind} (t) &=-L {{ {\rm d} i}\over{ {\rm d} t } }\\

MEXLE Wiki - https://wiki.mexle.org/
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\rightarrow u_{\rm ind} (t) &= - L {{ \Delta i}\over{ \Delta t }}\\ \end{align*}

With the given details: \begin{align*} u_{\rmind} (t) &=-L {{ 0-I}\over{t 1-
t 0 }}\ &= 50 \cdot 10~ {-6} {~\rm H} {{ 63 ~\rm A}\over{ 1 \cdot 10~ {-6}
~\rm s}}\ &= 3150 {{ ~\rm Vs}\over{ ~\rm A}} \; {{ ~\rm AH\over{ ~\rm s} }\\
\end{align*}
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Exercise E14 Series Resonant Circuit
(written test, approx. 10 % of a 120-minute written test, S52022)

Adtadnigrthitoreirameaee ke and ridykSie $tam vl § fomitiretgl an apdeiberdttdiheds
hﬂh‘mmfdedzlmﬁqul\ya@mnes inductance $L$.

I thp= cise, sted Irbagriited evaht eei fiofledangevafugG: 0$ would be $X_{C0}=Z {RLC}$.
Which value would $C_0$ have for the given $f 047

>athe §C=10 ~\rm nF$

$ @I%-:%@
ath 51 %ﬁﬁm%@ﬁ%ﬂmamgw
i =\DhEfa$
The resonance frequency is given as \begin{align*} f {\rm r} &=
{{1}\over{2\pi\sqrt{LC}}} \\ &= {{1}over{2\pi\sqrt{60 \cdot 10~ {-12}{~\rm

b 1A H R ARANINAA AF AN MNATA WS e +AMHA L A+ AV N -d'M\r(A‘MIdhn*1
w ||JC\LummUquuupwuuLTuq YI7 W4l TIFLY JP\T HOES- L UG DL Ty U LT AP AT T SLi gy 117

\begin{align*} Z {RLC} &= X _{CO} \\ &= {{1}\over{2\pi f\cdot C}} \\
Hgesnnonce gbe {MpadaaceipoiedaiurehRby Ihe repigiernign*}

s ginetude

With values: \begin{align*} C &= {{1}\over{2\pi 100 \cdot 10~{6} {~\rm
MHz}\cdot 0.1500... {~\rm \Omega} }} \\ &= 10.6... ~\rm nF \end{align*}
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JIORE

1. What is the impedance $\underline{Z} {RLC}$ of this real capacitor for $f 0=100
~\rm MHz$? (Phase and magnitude)

Path

The impedance $\underline{Z} {RLC}$ is given by: \begin{align*}

\underline{Z} {RLC} &= R + \underline{X} {L} + \underline{X} {C} \\&=R +
{\rm jHomega L - {{\rm j}\over{\omega C}} \\ &= R + {\rm j}\cdot \left(\omega
L - {{1}\over{\omega C}} \right)\\ &= R + {\rm j}\cdot {X} {LC} \\\end{align*}

Putting in the numbers, only for the reactive part ${X} {LC}$: \begin{align*}
{X}_{LC} &= 2\pi\cdot \quad \quad f_0 \quad \quad \cdot \quad L \quad \quad
\quad \; - {{1}\over{2\pi \cdot \quad \quad f 0 \quad \quad \cdot \quad \quad C
\quad\quad}} \\ &= 2\pi \cdot 100 \cdot 10" {6} {~\rm Hz} \cdot 60 \cdot

10~ {-12} {~\rm H} - {{1}\over{2\pi \cdot 100 \cdot 10" {6} {~\rm Hz} \cdot 10
\cdot 10™{-9}{~\rm F}}} \\ &= -121.45... ~\rm m\Omega \\ \end{align*}

With the real and imaginary parts, we can derive the magnitude and phase:
\begin{align*} Z {RLC} &=\sqrt{R™2 + {X} {LC}"2} \\ &=\sqrt{(88 ~\rm
m\Omega)”~2 + (-121.45 ~\rm m\Omega) "2} \\ &= 150.0... ~\rm m\Omega \\
\end{align*}

\begin{align*} \varphi &=\arctan \left( { {{{X}_{LC}}over{R}}} \right)\\
&=\arctan \left( { {{-121.45 ~\rm m\Omega}\over{88 ~\rm m\Omega}}}
\right)\\ &= -0.9437... = -54.07...° \\ \end{align*}

electrical_engineering_and_electronics:task_7el8zlzjglaazxtw_with_calculation
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