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University of Waterloo
Department of Electrical and Computer Engineering

ECE 413 – Digital Signal Processing
Midterm Exam, Spring 2007

June 13, 2007, 5:30-7:00 PM

Instructor: Dr. Oleg Michailovich

Student’s name:

Student’s ID #:

Instructions:

• This exam has 6 pages.

• No books and lecture notes are allowed on the exam. Please, turn off your cell phones,
PDAs, etc., and place your bags, backpacks, books, and notes under the table or at the front
of the room.

• Please, place your WATCARD on the table, and fill out the exam attendance sheet when
provided by the proctor after the exam starts.

• Answer all questions in the space provided on the exam paper. Use the back of pages if it is
necessary.

• Question marks are listed by the question.

• Please, do not separate the pages, and indicate your Student ID at the top of every page.

• Be neat. Poor presentation will be penalized.

• No questions will be answered during the exam. If there is an ambiguity, state your
assumptions and proceed.

• No student can leave the exam room in the first 45 minutes or the last 10 minutes.

• If you finish before the end of the exam and wish to leave, remain seated and raise your hand.
A proctor will pick up the exam from you, at which point you may leave.

• When the proctors announce the end of the exam, put down your pens/pencils, close your
exam booklet, and remain seated in silence. The proctors will collect the exams, count them,
and then announce you may leave.
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Problem №1 (25%)
By direct evaluation of the convolution sum, determine the output of a linear time-invariant system
whose impulse response is given by h[n] = a−nu[−n], 0 < a < 1, where u[n] is the unit step sequence
given by:

u[n] =

{
1, for n ≥ 0,

0, for n < 0,

when the input x[n] is equal to the unit step u[n] defined above. Hint: The following formulas may
be useful (for |a| < 1):

∞∑
k=−n

ak =
a−n

1− a
and

∞∑
k=0

ak =
1

1− a
.

your answer is here ↘
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Problem №2 (20%)
An LTI system has impulse response h[n] = 5(1/2)nu[n] where u[n] is the unit step sequence defined
in Problem 1. Use the (discrete-time) Fourier transform to find the output of this system when the
input is x[n] = (1/3)nu[n]. Hints:

A. The Fourier transform of x[n] = anu[n] (with |a| < 1) is equal to Xf (θ) =
(
1− a e−jθ

)−1
.

B. Try to use a factorization of the form:

b1

1 + a1 e−jθ
· b2

1− a2 e−jθ
=

c1

1 + a1 e−jθ
+

c2

1− a2 e−jθ
.

your answer is here ↘



Student’s ID: 4

Problem №3 (20%)
The continuous-time signal x(t) = sin(20πt) + cos(40πt) is sampled with a sampling period T to
obtain the discrete-time signal

x[n] = sin
(πn

5

)
+ cos

(
2πn

5

)
.

A. Determine a choice of T consistent with this information.

B. Is your choice of T in Part A unique? If so, explain why. If not, specify another choice of T
consistent with the information given.

your answer is here ↘
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Problem №4 (25%)
Consider the complex sequence:

x[n] =

{
eθ0n, 0 ≤ n ≤ N − 1,

0, otherwise.

A. Find the Fourier transform Xf (θ) of x[n].

B. Find the N -point DFT Xd[k] of the finite-length sequence x[n].

C. Find the DFT of x[n] for the case θ0 = 2πk0/N , where k0 is an integer.

your answer is here ↘
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Problem №5 (10%)
Let X1 and X2 be two N×N circulant matrices corresponding to finite-dimensional sequences x1[n]
and x2[n] of length N , respectively. Find a general expression for the (k, n)-th element of matrix
Y that is equal to the product of X1 and X2, viz. Y = X1X2. Hint: How is Y related to signal
y[n] = {x1 � x2}[n]?

your answer is here ↘
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University of Waterloo
Department of Electrical and Computer Engineering

ECE 413 – Digital Signal Processing
Final Exam, Spring 2007

August 4, 2007, 12:30-3:00 PM

Instructor: Dr. Oleg Michailovich

Student’s name:

Student’s ID #:

Instructions:

� This exam has 6 pages.

� No books and lecture notes are allowed on the exam. Please, turn off your cell phones,
PDAs, etc., and place your bags, backpacks, books, and notes under the table or at the front
of the room.

� Please, place your WATCARD on the table, and fill out the exam attendance sheet when
provided by the proctor after the exam starts.

� Answer all questions in the space provided on the exam paper. Use the back of pages if it is
necessary.

� Question marks are listed by the question.

� Please, do not separate the pages, and indicate your Student ID at the top of every page.

� Be neat. Poor presentation will be penalized.

� No questions will be answered during the exam. If there is an ambiguity, state your
assumptions and proceed.

� No student can leave the exam room in the first 45 minutes or the last 10 minutes.

� If you finish before the end of the exam and wish to leave, remain seated and raise your hand.
A proctor will pick up the exam from you, at which point you may leave.

� When the proctors announce the end of the exam, put down your pens/pencils, close your
exam booklet, and remain seated in silence. The proctors will collect the exams, count them,
and then announce you may leave.
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Problem �1 (18%)
The linear filter h[n] with transfer function

Hf (θ) =

{
−, 0 < θ < π,

, −π < θ < 0,

is used to generate signal y[n], such that <{y[n]} = x[n] and ={y[n]} = {x ∗ h}[n] (with < and =
denoting the real and imaginary parts, respectively, viz. y[n] = <{y[n]}+ ={y[n]}) for some input
signal x[n]. Given that the Fourier transform Xf (θ) of x[n] is defined as

<{Xf (θ)} =


0, −π ≤ θ < −θ0,
θ
θ0

+ 1, −θ0 ≤ θ < 0,

1− θ
θ0

, 0 ≤ θ < θ0,

0, θ0 ≤ θ ≤ π,

and ={Xf (θ)} = 0, −π ≤ θ ≤ π,

for some 0 < θ0 < π, determine and sketch Y f (θ).

your answer is here ↘
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Problem �2 (23%)
When the input to an LTI system is

x[n] =

(
1

2

)n

u[n] + 2nu[−n− 1],

the output is

y[n] = 6

(
1

2

)n

u[n]− 6

(
3

4

)n

u[n],

when u[n] is the unit-step function.

A. Find the transfer function H(z) of the system. Plot the poles and zeros of H(z), and indicate
the region of convergence.

B. Find the impulse response h[n] of the system.

C. Write the difference equation that characterizes the system.

D. If the system stable? Is it causal?

your answer is here ↘
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Problem �3 (18%)
Consider a stable discrete-time signal x[n] whose discrete-time Fourier transform Xf (θ) satisfies the
equation

Xf (θ) = Xf (θ − π),

and has even symmetry, i.e., x[n] = x[−n].

A. Show that Xf (θ) is periodic with a period π.

B. Find the value of x[3]. (Hint: Find values of all odd-indexed samples.)

C. Let y[n] be a decimated version of x[n], viz. y[n] = x[2n]. Can you reconstruct x[n] from y[n]
for all n? If yes, how? If no, justify your answer.

your answer is here ↘
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Problem �4 (23%)
The transfer function of a discrete-time system is

H(z) =
2

1− e−0.2z−1
− 1

1− e−0.4z−1
. (1)

Assume that H(z) was obtained by the bilinear transform method with T = 2. Find the (continuous-
time) transfer function HS(s) that could be the basis for the design. Is your answer unique? If not,
find another HS(s).

your answer is here ↘
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Problem �5 (18%)
Consider the following ideal frequency response for a multi-band filter:

Hd(θ) =


e−θN/2, 0 ≤ |θ| ≤ 0.3π,

0, 0.3π < |θ| < 0.6π,

0.5e−θN/2, 0.6π ≤ |θ| ≤ π.

The impulse response hd[n] is multiplied by a Hamming window with N = 51, resulting in a
linear-phase FIR filter with impulse response h[n].

A. What is the delay of the filter h[n]?

B. Determine the ideal impulse response hd[n].

your answer is here ↘






