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RUPRECHT-KARLS-

UNIVERSITAT

HEIDELBERG Recommendations

= | strongly recommend to use a mathematical program
(Mathematica, Maple, SageMath,..) to solve the exercises

» For transfer functions, inspect each result:
» What happens for o — 0, ?
» What happens if component values go to 0 or «?
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RUPRECHT-KARLS-

UNIVERSITAT

HEIDELBERG | Exercise 1.0

= Derive the expressions for the series and parallel
connection of capacitors using

» Charge conservation
» Complex impedance & Kirchhoff's law

> —
% =C1 =02 = V = Coar Coor = 22?
) )
— c, —
Y% I = V = Ceor Cyr = 227
*01 >—

\/
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RUPRECHT-KARLS-

UNIVERSITAT

HEIDELBERG | _ Solution 1.0

\
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C,

1. Charge conservation:
VXC1+VXCZ= Q‘I +Q2=Qpar=VxCpar — C1 +C2=Cpar

Vv

)_
= C
)_

2. Kirchhoff & complex impedance:
VsCi+VsC,= iy +i,=i,=VsC, —

par pa

C1 + CZ = Cpar
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RRRRRRRR -KARLS-
UNIVERSITAT
HEIDELBERG Solution 1 O

\/

Va =C2 ]
Y Y = v =mc, C,=m
Vi|  amC >
A4

\/

1. Charge conservation:
Note: no charge can 'escape' the middle node, so that Q,=Q,=Q
V=V, +V,=Q,/C, +Q,J/C,=Q/C, + Q/C, =Q/C,
— 1/C, +1/C,=1/C

ser

ser

2. Kirchhoff & complex impedance:
V,sC,=V,sC, and V,+V,=V — V,=VC,/(C,+C,)
— iy,=V,sC,=VsC,C,/(C,+C,)
— C., =i/ (Vs)=i,/(Vs)=C,C,/(C,+C,)
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RUPRECHT-KARLS-

UNIVERSITAT

HEIDELBERG Exercise 1.1

= Derive the Thévenin Equivalent for the following circuit:

N

2Q

3V

\1, 1A |50

—

» Try two different methods:
» Use the Open/Short method with Kirchhoff’'s rules
» Convert the I-source part to a voltage source first...
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UNIVERSITAT
HEIDELBERG Solution 1.1 — Kirchhoff

1. Short circuit current: 3V

\' \'
EQ1: 1A +v,/5Q+Vv,/2Q =0 o @ G

- EQ2:v,=v,+3V
i 2 yI1A  fse 20 l|shon
I ~
20 e v, =-4/7V o— 0V
¢ _)lshort='2/7A
3V |=0
Vo —>
2. Open circuit voltage: -
« EQ1:1A+v,/5Q=0 3\
VWA el - EQ2v,=v, +3v v,
\/open
—
* -V =-9V WA |50
° —V, =Vopen='2V ‘ g v

open

CCS Exercise: Thévenin and Transfer Function © P. Fischer, ZITI, Uni Heidelberg



RUPRECHT-KARLS-

UNIVERSITAT

sy Solution 1.1 — Thevenin Transformations

1. Convert the current source to a voltage source:

e

r— ' ‘
5Q

l, 1A |sq —
of
@ C

2. Use this in the circuit:

N

e e
~ ~

2Q

3V 7Q
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@ v
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N
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RUPRECHT-KARLS-

UNIVERSITAT

HEIDELBERG Exercise 1.2

= What is the Thévenin Equivalent of the following circuit?

4 Q

4 Q 1Q P—C

1Q

|+

2V

1Q

N

= Use two methods to find the result:

« parallel / series connection of resistors and your knowledge
about the voltage divider

* short/open method
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RUPRECHT-KARLS-

UNIVERSITAT

HEIDELBERG Solution 1.2

» Parallel-Series Connection, Voltage Divider:

4 Q
4Q 1Q 2Q 1Q 1
C
G N
) ov p— oV p— 2V 19 <
c c c
~ (Q\] (Q\]
1Q 1Q —C 2Q C
p— <151v p— i> 1V
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RUPRECHT-KARLS-

UNIVERSITAT

HEIDELBERG | Solution 1.2

= Open: Vopen = 1V

\b(;/
2Q —C
/ \ A
<i> oV Vopen
G
(Q\
cV
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Short:
Itotal
29 k>
G
<i> 2V
2}, Ishort

Rtotal = 2Q + 2/3Q = 8/3 Q
Itotal = 2V / Rtotal = 3/4 A

Ishort = 2/3 Itotal = 1/2 A

Zin = Vopen / Ishort
=1V /1 A
=2Q
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RRRRRRRR -KARLS-

UNIVERSITAT
HEIDELBERG

Exercise 1.3

= A voltage source with voltage V, and output resistance R,
Is loaded by a resistor R;:

Ro —C Vout

V, R,

N

= \What is the output voltage V_, ?
= Which current flows in R ?

= What power is dissipated in R ?
» Check that noting is dissipated for R =0 and R —

= For which value of R, is the dissipation maximized?
» What is the dissipation?
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RUPRECHT-KARLS-

UNIVERSITAT

HEIDELBERS Solution 1.3
RL
inzo1= Vout = VO ﬂ;
+
Vout
“In30)= Iout =
Vo
P Re - RL

“iniz1= Pout = Vout Iout

RL V0?2

o T} ) i —
’ (RO + RL) 2

‘inaar- Table[Limit[Pout, RL » x], {x, {0, ©}}]
Outi3s)= {O, O}

inaor- Solve[D[Pout, RL] == 0, RL] // First
outiag)= {RL - RO}

“ina0= Pout /. %

Vo2

OUt[40]: m
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RRRRRRRR -KARLS-
UNIVERSITAT
SEREEEERS Exercise 1.4

= Derive the Transfer Function of this circuit:

Vinl R, =C2 l Vout

N\ | C
J C

» Use 3 different approaches:
* Treat the circuit directly (using Kirchhoff's rule)

» Consider it as a voltage divider of two Impedances. Use R, for
Z, and the parallel connection of R, and C, for Z,

* Replace the (resistive) voltage divider by its Thévenin equivalent
and then add the capacitor

= Make a Bode Plot
» Describe the difference to the normal Low Pass Filter
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RUPRECHT-KARLS-

UNIVERSITAT

HEIDELBERS Solution 1.4

Direct Treatment:

Vin - Vout Vout
EQ = == Vout s C2 + 7
R1 R2

Solve[EQ, Vout] // First

R2 Vin }

{Vout N
Rl1 + R2 +C2R1R2s

Vout

Hdirect = /. %
Vin

R2
Rl1 + R2 +C2R1R2s

Voltage Divider:

Rdi 2_, {214 r1, 22 ( ! cz)-l} // Simplif
vV —— /. +Rl, 225 | — +58
Z1 + 22 R2 * Y

R2
R1 +R2 +C2R1R2s

Hdirect == Hdiv

True
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RUPRECHT-KARLS-

UNIVERSITAT

HEIDELBERG
R, 1< 1 RiIR, €
— R2 Vin
Vin R, —
N\ | R1 * R2 N\ r
J \ J \ S
—— — 2 7in m——

V. R C v C
in 2 * 2 out + R2 . 2
Hthenevin = g /. {g-» —, RR - (—+—) }// Simplify

l+sRRC2 Rl + R2

R2
R1 + R2 +C2R1R2s
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RUPRECHT-KARLS-

UNIVERSITAT
HEIDELBERG

Solution 1.4

» Compared to the ‘simple’ Low-Pass:
* The signal is attenuated by R,/(R;+R,)
» The time constant is lowered (i.e. the corner frequency is raised)

= Plot for R1 - R2 - Cz =1: an=\/1+inc COnjugate[1+inc] /. {RC > 1}
L ' ' LA B . ' "/'-"I 1 . LI |
oF j | |
_sl
I —
~10]
_1sl
_ool
001 T T T 00 T T
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UNIVERSITAT

HEIDELBERG Exercise 1.5: Notch Filter

= Consider the following circuit made of cascaded High- and
Low Pass stages:

» The resistors at the output just add the signals at (a) and (b)

R {>— R {>—(a)
R

L. L.
Vip >— - T [ Vo
R
C C
| > o
R R

= What is the output signal at the corner frequency?
» Explain this by comparing amplitudes and phases at (a) and (b)
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RUPRECHT-KARLS-

UNIVERSITAT
HEIDELBERG

Solution 1.5

iwRC
H = H

$Assumptions = w > O && RC > 03 HLP =
l+iwRC l+iwRC

1
vout = Vb + 5 (Vva-Vb) // Simplify (» Output is averge of Va and Vb «)

Va + Vb LogLinearPlot[dB[HMag], {w, 0.1, 10}
‘ , GridLines -» {{1}, {0}}, PlotRange -» {-100, 5}, Filling -» -100]
HLP HLP + HHP HHP . oF T T )
H= 3 // Simplify I
-1+ RC2Zu? _20:
2 (-i+RCw)?2 I
-40}
HMag = H Conjugate[H] /. RC > 1 // FullSimplify -
(—1+w2)2 —60:
4 (1+w2)2 I
_sol
-1005 05 1 5 10

= At the corner frequency, the signal is fully stopped!

» This is because the phases of the two signals are + 90°,
l.e. the signals are complementary

* (A bit tricky to verify in Mathematic due to jump in ArcTan
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UNIVERSITAT

EEIDELBERS Exercise 1.6: Gyrator (difficult)

= A 'Gyrator' can mimic inductive behaviour, while using only
resistors, capacitors and amplifiers

= Consider the following circuit:

Zin > ) RL 2
the triangle is a voltage amplifier
II < l|> with gain=1 (‘follower").
It forces node b to the potential
C R of node a

= Calculate the input impedance Z, = U, /l.. of the circuit
* (Use Kirchhoff's law at the input node and node a)
= For frequencies < 1/C R, the denominator can be neglected.
= Compare the result to an inductor in series with R;
= Simulate.
* Note that R should be larger than R, (what happens for R=R,?)
* Plot i,
« Add another capacitor in series to produce a resonant circuit.
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RUPRECHT-KARLS-

UNIVERSITAT

HEIDELBERG Solution 1.6

= Mathematica:

vin-vb - :

EQin = iin = (vin-va) sC + %/.vb»va; = i P - —
EQa = (vin-va) sC =va/Rj; TN 3 m

m [ u "
Eliminate[{EQin, EQa}, va] // Simplify N = R1 = .
iin (RL+CRRLS) =vin+CRL s vin n _

i

sol = Solve[%, iin] // First " " . W

gnd gnd gnd gnd
vin+ CRL s vin, | e |
b

RL (L+CRs) |

{in-

iin
Zgyrator[s_ ] = — /. sol // Simplify
i R = 100k
RL+ CRRL s 1 RL= 1K
1-CRLs CE
Cosc = 1n
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