











































































































1 _Part I

Under DC excitations we know the capacitor

behaves as an open circuit and the inductor

behaves as ashcroft Therefore we have

FIFTHLY E Ipoint
r trameet

Va drawing
R 2Lot

To find out 1101 we combine the three resistors in

series The resulting resister is in parallel with 2R

1
Va

R ms Therefore 401 11
Ipoint

To find out Velo we draw the equivalent arant

1 May Byvoltage divisionR 2Va
RE

R Velo 1111bnLum


















































































































Por
redraw the arait in the s domain

using voltage sources
to accountforthe initial

conditions of the inductor and the capacitor

Tom mm
a wild 1212

c

Rgises
ome
R 2 2 pointsforcircuit

2 point forcorrectly
capturing initial conditions

PartI
We use mesh current analysis as instructed

We write equations by inspection

Rtc c

ftp.ftlid
es

so feta Ils Valse
2points














































































































I

PartI

We simply have
0.5 bonus

V s R Iz s point
This is the same as the transform of
the capacitor voltage Vc s Therefore

VCs Vast 11
is the voltage drop across the

impedance
s

0.5 bonuspoint














































































































2 _Part I

To find the initial condition we substitute

the capacitor by an open
aroit

rwtqI4V 2R

1 pointtconghFstorsin parallel

40 ÉRF o
Therefore using voltage

division

Velok I4v 2V

Part 1point

We add a voltage source as instructed to

take care of the initial condition of the

capacitor We need to carefully take into

account the polarities to get the transformation

right Also the initial condition for the
inductor is zero so no need to worry about

it














































































































Tattooing17 R

1 4ᵗʰ
RM 1 pointfor
I correct armit

The transfer function can be found
by realizing this is the composition of
a voltage divider a non inverting op amp and

another voltage divider The presence of the non

inverting op amp ensures there is no loading

Therefore
1print

Test 2211 7 If

EEII.es
1point














































































































Part I

Using the expressionfor the transfer function
w the input we have

Vols Tls 35
1 1 2 2

Epoint

We substitute the valves provided to

obbun

Vols 1 3 5

To find the inverse Laplace transform

we use partial function decomposition

1printvast
s

We use the residue method

A 11.1 sterols 11 s
9














































































































B line 5 3 1 113 1
9

5 5 3

Therefore Vols Fs 3
2points

The output voltage is then

volts 9ét 9e
3ᵗ net

1print
















































































































33 _Part I Since there are no initial conditions
no need to add independent source
b c of the inductor

RÉR
WIFE Vols

1 point

knifing R
R

truthR

PartI
We use modal analysis
We know we should not write KCL for
the output mode of the op amp

Therefore

we write KCL for nodes through and

use ideal op amp
conditions

KCL

Vals V1 Vals Bls Vals Vals

12 Vals Vp s 0 0.5

point














































































































KCLD

Kcs Vacs Bls 0 tofu
KCL

Vals Vals Vals V1 0

OSpoint

KCLA

bis Veli Vocs Vals Vocs

Vals 181 0 tofu
Additionally ideal op amp

conditions give
0.5 point

VBCs Vels

Finally note that VG VECs 0.5point

Solving the above systemof equations we

get
Vols Vils

TCs
















































































































Part II with the provided values the transfer

foration takes the form

To 5
We evaluate at s jw

Thw Eff Wo

Its magnitude is the gain function

05pctITjul 25TH
And its phase

Tjw 3jw 50 jw

312 arctomE oft














































































































At t 0
1715011 0 Tijo 321 0 312

05pctAt t 0

Tga 3 T5o 321 IT

The cut off frequency is defined by
point

ITEwell Ist 22

n
2nd 2500two

we 2500 font
We 50rad s

Finally to sketch the magnitude of the

freq response we consider

was IT just 31g Ew
930,4

by3 loger
















































































































was ITjust 317 3

The sketch of the gain is

ÉI Iwar_log
to
font I photo
is enough

of log log
ITjulldB

w

This is a high pass filter 1 point

PartiV

Note that 7155011 372

Tj50 31 archau 1
















































































































Therefore the steady state response to the

input vitt 2 as Jot I is

Voss E 2 ITj501 ars Jot I cTCj501

Et1pointErret

2322 as
Sot 5,1 espression

382 as Jot t

3Ears Jot 1point

Part V

We can easily generate Tls It
with an inverting op amp TCS fWe use 1 inductor of value 3L for 221s and

1 resistor of 512 in series with one indictor

of value L for Zp s














































































































anymoreVilt 5R L

Lp
1 boar
point

Both designs have 0 output impedance

but finite input impedance
The inverting

op amp design
seems preferable because of

its simplicity compared
to the one in Fig 3

and fewer number of components
1 some
point
















































































































4 PartI

The first voltage divider has transferfunction

T.to Fii sEo1point
The second voltage divider has transferfunction

Tls
1 7 5 00 1point

Indeed we have

Tls Tls Tls

Part II

The instructor was expecting that
the

transfer function of the
interconnection in series

was Tls If this were the case then

v55E IT550011 cos 500T Tj5o0

1point














































































































We compute

That wt juts
Itball ftp.ff
LTljwl E aretau1o

0 aretan
o

1715500 0.877 Tjw 0.2662
It 1point

That explains the steady
state response the

instructor was expecting

The reason why they did notget
it is

loading No matter in which order you
interco

Tct in series the voltage dividers the
second one always loads the first one

1point


















































































































Part II

Yes We could add a voltage follower as

we have discussed in class in between the

voltage dividers to
avoid loading

tormth

T.tt cT mt
nor

Egoor
o_0

Tls Tls 1 Tls Tcs Tls

b c of the so input impedance and
0 output

impedance of voltage follower 2point

Part IV

Both designs in Figure4151 are 14,1 1
Therefore

Tels j 51 00 1point
















































































































Talk j 1
5100 Its point

Their product is eful to Tls again

Part V

Yes This is because in this case there

is no loading no matter in which

orderuconnect the inverting op amps

Both of them
have 0 output impedance

so the second stage
doesnotloadth

first stage Therefore
the transfer function

of the
interconnection is Ts and the

instructor would get the expected steady

state response 1point



Part VI E IpñE
No Because inverting op amps

do not

have 0 input impedance The arant wold

look like

Tantigmen

cossoot

1 Loading
no loading

The presence of Ry 1002 together with
the

fact that current flows
in the inv opamp

would change the expected the steady
state
bows

output 1point


