













































































































1 _Part I

Under DC excitations we know the capacitor

behaves as an open circuit and the inductor

behaves as a shortarait Therefore we have

TTTth 1point

p app traneet
drawing

Therefore we conclude that

1 10 in 1 point

Velo Ria 1 point

PartII
We redraw the circuit in the s

domain

using a current
source to accountforthe initial

conditions of the inductor and the capacitor
















































































































t
7R croco11YI.FIIftIcirwit

2 point forcorrectlyPartII
capturing initial conditions

We use modal analysis to find V s

Note that Vls VA We write efs by
inspection

I point

I Valoacts

1G G 1,1

2 points
sʰ Ria














































































































2 _Part I

To find the initial condition we substitute

the inductor by a short
arait

iot Mt Mt va
1point

Therefore 1 101
2

Part

We add a voltage source as instructed to

take care of the initial condition of the

inductor We need to carefully take into

account the direction indicatedfor the
current

to get thepolarity right
Also the initial

condition of the capacitor
is 0 so no need to

worry about
it














































































































Fam Who Vols

L
It the

1
1 pointfor1 Vis arrest armit

1 1 pointfor
correct Mitfordition

We recognize the
arait as a differential

amplifier Therefore
we can treadityEsprin

comport the output transform
as

vast Ee ftp.ig e

testis EE VA

1point














































































































Part I

Substituting the rates provided
we get

v.sk fs.Iosstasoo Et

i Fo 10 2

151100ns 5
1point

Using partial fractions
we can express

Vols
s If 00

1point

Using the residue
method

A Gym
2
















































































































B 50
2

Therefore Vols 5 00 ste s o

1point
The output voltage is then

Volt 2é e
soot net

Part II

i The Zero state response is obtained by
zeroing the initial condition of the inductor

Vozsts 51000
5 00

Vozs f 2 é
ᵗ ᵗ

u t 0.5
point














































































































The zero input response is
obtained by

zeroing the input wilt

Vozils
00

Vozilt é tuct topint

The input has a pole at 5 1500

However there is no friction in the output

transform that has the same pole

Therefore

Vfr s 0 Vt
0 Eosint

Consequently the
natural response is

Vurls Vocs d

Vuritt é't 2 étout net
0.5
point














































































































33 _Part I

ftp.t.v.is
Vils

EE 1 point

Part I

By looking at the
circuit we know

0.5point
VA Vils

We know we should not write KCL for
the output mode of the op amp

Therefore

we write KCL for nodes
and and

use ideal op amp
conditions

KCL

2Cs VB VA SC VB Vc VB Vb 0

E 5point
KCL

sc Vc Volt Vc Eospoint














































































































Ideal op amp conditions
mean that

toSpointVc VD

Finally from the
circuit we have Vols L

Solving for VB in KCLAQ
we get

Vc there
Substituting everything

in KCLAB weget

30s ˢvc 20s Vils set k

14Rcs 25 sc Vc 2CsVils

s RÉK
É gtVe 2Cs Vils
















































































































Hence

Tess É E

s Eg
with 1 tton

Part II we evaluate at s jw

Tjw w.tt j gttwtztFzwia

Therefore

IT'll not
















































































































Tljw I arctom

1point
Part II

At w 0 we have

1715011

q f
0 0.5point

T jo IT 0 IT 0.5point

At w 0 we have
0.5point

IT joll 1

Tjo IT IT 0 0.5point

At w A

Think f fg q
0.5point
















































































































Part V

This is a high pass filter 0.5point

With Tmax 1 we have

Iff e 0.70 0.63

therefore the cutofffrequency we is

larger than A
0.5point

The sketch of the gain is

0.5point

If

the pwt

log log
ITjulldB














































































































4 PartI

Given Tls Eg a Task

if we multiply we obtain

Tils Tas stw.sk stiwTtstw

Thus we set

Witw 321 Wew 1point

and solve

Ws In 3124 8
2W A 3W 0

w
3 F

341 112
Hence we

y
we select wed

We
2
2points

1
















































































































Cutoff fry d gainof T We X Tmax 1

Tz We Tmax 1
1point

PartI

We use the decomposition

Test

Each fetion can be realized with an

inverting op amp
arait For instance

Tils
Ws

otm

maf.inwith
1 point

T
E

The transfer function Tils can bedesigned
















































































































the same way
One can also use

Tls E 17 1
2

T.EE InT

1 point

The connection in series of these two designs

leads to TG TCs T2 s as there is no

loading because of the zero outputimpedance

of the op amp
1 point

Part II

Our designsof the previous part do not
work in this case because we can only use

1 Optimp Instead we rely on the following














































































































decomposition

Tls
s

1
s

Toyed bagel ages
We can make stages 1 d 3 happen w

voltage dividers and we can make stage 2

happen w a follower So long as the follower

is in between the chriders there is no

loading and the
chain rule applies

1 point

my
Test Ew Gq1H

Tamest 1 off














































































































117WEF
12

Talk
a

tis
Either 1 point

Is w d
or

I m I
will work

1 point














































































































5 Part I

Let's start by computing the transferfruction

To 1 12

With R Rz 6002 we obtain TLS 1

Therefore

Volt 48 12 as 1500

if the op amp operates
in the linear

regime i e

12 Volt 12

However note that Vo
t 12

and therefore the output
is actually

saturated 1 point

Vo t 121

hence no 1500 rad s tone can be heard














































































































Part II
With a potentiometer variable resistor

we instead have

Tls
6

The output if operating
in the linear

regime wouldbe

V14 611.48 6
12 as 1500 t

We need 12 Volt 12

Let's find out the value of
R that

makes v.lt not go below 124

12 6 48
6 1212

come
1 Cos ROOSE

1 48 12 12 12

Re 1202 Ipoint



The corresponding output is

Volt 485 1g cos 1500

9.6 2.4 as 1500t

The amplitude of the tone
is 2.4V

1 pÑE

PartIII
The transfer function for arait 2 is

Test
t

wide
antities 5

ofilter
The gain function

is ITjust
m

The phase fruction is Tjw 315 aretan I



Therefore

VIE 48 ITj0 ws Tfjo

12 ITj15001 ars 1500t aTj1500

48.0 12 hygios
15004 751500

15 4

Since ftp.st
we deduce that

42 V85 E 12

So the op amp in circuit 2 never

saturates and operates in the linear

regime The inclusion of the capacitor

effectively blocks the DC component of

the input allowing the
tone to be heard

at the speaker 1 pinnt


