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Problem 1 Warm up (15 points)
a) Consider the following circuit.

| H—ot
arcuif | vt

J__o..—-

a) For t20, the following equation applies to vour(t). In addition, vour(0) = Vo and du:;tw = 0 at t=0.

dzvout Avoye
ac2 + A 7 +Bv,,, =0

If A < 2+/B, provide an expression for vou(t) = 0. (5 points)

Solution: )\\ :’_?4 ’(%\L_B \(\:. Z\L Vo
Vout(t) il k e)\\k N k th >\1.'>‘\
\ re Mz-A_ s %_\1-?) k’-'__}-\’ Vo

1 M=X2

or

o= &% i) e (BT ) s ke on [0
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b) Consider the circuit below.

Vclul:((»\))

What is ﬁout(w) = Vin(w)

for w->e<? (5 points)

Solution:

I‘:ioul:((‘) - ®) = 0
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¢) Consider the Bode plot below. (5 points)
H\us]
‘ N

20

\&w

This is a Bode magnitude plot of the transfer function H(w). The expression for H(w) is shown below.

H, ()

H(w) = 1+j(wﬂc)

what s H ()2

Solution:

He(w)= + / O
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Problem 2 H’s and Bodes... (25 points)

Consider the circuit below. There is nothing connected to the Vo terminal. (5 points)

O_J 2, g —ot+

S

Vi e Vot

¢ g

vt.mt(m)

a) Provide an expression for ﬁout(w) = V(@)
in

Solution: 2
%

ﬁout (w) =
Z\ o 1—5
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b) For this part of the problem, assume you have ONE capacitor, ONE inductor and ONE resistor. If Zz = 0 for all
w, which components would you choose for Z; and Z3 such that the filter response is a passive low pass filter
with a slope of -20 dB/decade for frequencies beyond a single cutoff frequency? (5 points)

Solution:

€§\'\"”~§ (ombho 15 /-‘->r(ect

Circle ONE component to go into the Z; box: Capacitor

Circle ONE component to go into the Z; box:/ Capacitor
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c) Consider the following circuit:

S~
g, Vx T4
+
~ - R &
\‘]ﬂ 1
— O—____—__—d
We define a transfer function ﬁout(w) = %.

LOOK AT THE DEFINITION OF THE TRANSFER FUNCTION CAREFULLY.
Provide an expression in canonical form for ﬁout ((1)) (10 points)

Solution: = peyp = | A }?2
R 2 / .

H = ' 1%
out(®) bepy “ g
— L(Fi1172)

:K 4 ”/'ﬂ’cr ; z

[+ ey




d)IfL=1Hand Ry =R2=1Q, provide below magnitude and phase Bode plots for H ;¢ (). (5 points)

Magnitude

.05
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Problem 3 Transistors and RC’s (15 points)
Consider the circuit below.

V'b,b V’b’b

el

Voot

c
0 —1 -
Vg__’

a) Fill in the truth table below for the circuit above. Va, Ve and Vou are digital voltages that can only assume
values of 0 or Vpp. (5 points)

VA VB Vout

0 0 | Vo
0 VDD | \Jop

VDD | 0 pratl

VoD | VDD | D
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For this part, assume that Va = Vs = Vpp for -== <t < 0. At t=0, Va and Vg switch instantly from Vpp to 0. Assume

all transistors behave as resistors with the same value, R, if in the ON state and that all capacitances are

already accounted for in the circuit above.

b) Provide an expression for Vau(t =0). (10 points)

Solution:

Vev’k‘“&\ = \Iva\‘

-0

€

)

10
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Problem 4 Phasors! (20 points)
Consider the circuit below.

=z
We are going to solve this circuit, which contains both a sinusoidal and a DC source using superposition and
phasors.

a) Solve for vout(t) if iin(t) = 0 and Voo = a non-zero constant. (5 points)

Solution:

\l\h-\(k‘\‘.\: Rb“’f_ va
'{’\?-ﬁ{m
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b) Solve for vour(t) if im(t) = locos(wt) and Voo = 0 V. (10 points)

Solution:

Vwk k'“:—

o L (o5 \w{— Xa
Q (’R,,ﬁw;- wLe RPYL-I-(ML-?w cg,g,,,*)l—

-\

n

=z

hﬂ.+lﬂizf :2;)\)

- 1LLRP

v

12
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c) Solve for vour(t) if in(t) = locos(wt) and Vpp = a non-zero constant. (5 points)

Solution:

.V ouk(;‘\
{A’am (m‘)

\ oux (-’\—J
fom (B
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Problem 5 (25 points)
a) Consider the following circuit. The switch is closed for t<0, then opens at t=0. Both of the independent
sources have a DC value (i.e. they do not change with time).

-
||
J
| |
I

{f‘\

Y

e

oll

>

a) What is ix(t<0)? (5 points)

Solution:

—

b) What is vy(t<0)? (5 points)

Solution:
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¢) Provide an equation in the variable ix(t) that, when solved, would provide an expression for ix(t) for t=0.

DO NOT SOLVE THE EQUATION. (10 points)

Solution:

Ux A "%:“di’{sf (L8tix=7
d At‘l—

d)IfCx=Cy=C=1FandRx=R=1Qand Ly = L=1H, provide an expression for ix(t) for t=0. (5 points)

Solution:
-'-"'"-"-E '!3 = );?."-— I.o
)= C.e ' +C R ? =
I € X-L:. ‘!i-.)ﬁh\ 1.-.%}1 "

By

.kx(k) - éJC/L K(C .*LL\COS (‘F‘; t\ + i(t.- (“-) st (ﬁ{\
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Factor Bode Magnitude Bode Phase
Constant 20 log K £180°ifK<0
K 0dB & 0" ifK>0 %
Zero (@ Origin /opc = 20N dB/decade (90N’
| 0
U'm)h 0dB /i ® "
Pole @ Origin 0dB \. ® 0 ®
) 1 — > °
(90N)°
Simple Zero H
Slope = 20N dB/decade ) :
(1 + joo)V 0 dB . o L ; : ®
W, 0.lo, @, 106,
Simple Pole o 0.1, 10
; 0dB = B i & = ®

1 N
(1+jmfm,;)

'\'”: —=20N dB/decade

Quadratic Zero

(1 + REvw, + (jolo )Y

slope = 40N dB/decade

0dB

o
a

L

0dB

W

(0]

Quadratic Pole

1
[1+ RE/w + (jolo )Y

slope = —40N dB/decade

A






