
Midterm Examination 1
ECE 438
Spring 2009

Instructor: Prof. Mimi Boutin

Instructions:

1. Wait for the “BEGIN” signal before opening this booklet. In the mean-
time, read the instructions below and fill out the requested info.

2. You have 50 minutes to complete the 4 questions contained in this
exam. When the end of the exam is announced, you must stop
writing immediately. Anyone caught writing after the exam is over
will get a grade of zero.

3. This exam contains 8 pages.

4. This is a closed book exam. The use of calculators is prohibited.
Cell phones, pagers, and all other electronic communication device are
strictly forbidden. Ipods and PDAs are not allowed either.
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Itemized Scores

Problem 1:

Problem 2:

Problem 3:

Problem 4:

Total:
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(15 pts) 1. Evaluate the metrics Ax and Mx for the DT signal x(n) = 2−|n|.
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(30 pts) 2. Consider the system defined by the equation y(n) = 1
2

(x(n) + x(n− 2)).
5 pts (a) What is the unit impulse response h(n) of this system?

5 pts b) Is this system linear? Yes /No (Circle the correct answer.)
Is this system time-invariant ? Yes /No (Circle the correct answer.)

20 pts c) The signal x(t) = cos (2π5000t)+ 1
3

cos(2π10000t) is sampled with an
ideal sampler at a rate of 15kHz. The resulting DT signal xd(n) is processed
with the above system. Sketch Xd(ω) and Y(ω).
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Extra space to write your solution to Question 2 part c).
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(30 pts) 3. Consider the digital filter described by the following difference
equation

y(n) =
1

3
((x(n) + x(n− 1) + x(n− 2)) .

10 pts a) Obtain the frequency response H (ω) of this filter.

20 pts b) Now consider the following digital system

where H (ω) is the filter from part a) and G(ω) is an ideal low-pass filter with
a cutoff frequency of π

6
rad/sample and unity gain in the passband. Find the

overall frequency response F (ω) for this system.
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Extra space to write your solution to Question 3 part b).
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(30 pts) 4. Let x(t) be a CT signal with Fourier transform X (f) such that
X (f) = 0 for |f | > W . Let xd(n) = x(nT ) be an ideal sampling of x(t), with
T < 1

2W
. Denote by Xd(ω) the Fourier transform of xd(n) .

10 pts a) Illustrate the relationship between Xd(ω) and X (f) graphically.

20 pts b) Derive the mathematical relationship between Xd(ω) and X (f).
(Note: You will automatically receive 2 pts if you leave this space blank.)
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Extra space to write your solution to Question 4 part b).
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