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

B H—o 1
Crcuit | Vot

J___O——

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

dzvout+Advout
dt? dt

+ Bvout = 0

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

Solution:

Vout(t) =
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b) Consider the circuit below.

vout(ﬁ))

What is ﬁout((‘)) = Vin(w)

for w—>o? (5 points)

Solution:

i:{lout((’o > ) =
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c) Consider the Bode plot below. (5 points)
H\uﬂ
, 4\

20

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

H, ()

T

What is ﬁx((x))?

Solution:

ﬁx(w) =




Problem 2 H’s and Bodes... (25 points)
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Consider the circuit below. There is nothing connected to the Vout terminal. (5 points)

-'——-"_—_‘

O—|

_{.

2, l 2e [—OF

4%

2 Vot

—

a) Provide an expression for Hgyt ((1))

Vout(w)
Vin (w)

Solution:

I:iout (w) =
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b) For this part of the problem, assume you have ONE capacitor, ONE inductor and ONE resistor. If Z, = 0 for all
w, which components would you choose for Z1 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:

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

Circle ONE component to go into the Z3 box: Capacitor Inductor  Resistor




c) Consider the following circuit:

+
~ L Rz
\' N 9
- ~
We define a transfer function ﬁout ((JL)) = %.

LOOK AT THE DEFINITION OF THE TRANSFER FUNCTION CAREFULLY.

Provide an expression in canonical form for Hout ((1)) (10 points)

Solution:

ﬁout (w) =
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d)IfL=1Hand R1 =R, =1Q, provide below magnitude and phase Bode plots for ﬁout ((JL)) (5 points)

Magnitude

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

\/b D Vfbb

VA IE: Ve

e\jo\)T

e
Vo —]
Vg ___’i

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

VDD 0

vDD | VDD
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For this part, assume that Va = Vg = Vpp for -e0 < 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 Vout(t 20). (10 points)

Solution:

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

Q’f 1= \{w (‘/’)

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

a) Solve for vour(t) if in(t) = 0 and Vpp = a non-zero constant. (5 points)

Solution:

11



b) Solve for vour(t) if in(t) = locos(wt) and Vpop = 0 V. (10 points)
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Solution:

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

Solution:

13
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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).

R,( 1_7' ’rio (

X

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

Solution:

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

Solution:

14
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c) 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:

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

Solution:

ix(t) =

15
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Factor Bode Magnitude Bode Phase
Constant 20 log K £180°if K< 0
K 0dB o Y 0°ifK >0
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