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• (10 Points) Print your name and lab time in legible, block lettering above (5
points) AND on the last page (5 points) where the grading table appears.
• This exam should take up to 70 minutes to complete. You will be given at
least 70 minutes, up to a maximum of 80 minutes, to work on the exam.
• This exam is closed book. Collaboration is not permitted. You may not use
or access, or cause to be used or accessed, any reference in print or electronic
form at any time during the exam, except three double-sided 8.5”×11” sheets
of handwritten notes having no appendage. Computing, communication,
and other electronic devices (except dedicated timekeepers) must be turned
off. Noncompliance with these or other instructions from the teaching staff—
including, for example, commencing work prematurely or continuing beyond the
announced stop time—is a serious violation of the Code of Student Conduct.
Scratch paper will be provided to you; ask for more if you run out. You may
not use your own scratch paper.
• The exam printout consists of pages numbered 1 through 10. When you
are prompted by the teaching staff to begin work, verify that your copy of
the exam is free of printing anomalies and contains all of the ten numbered
pages. If you find a defect in your copy, notify the staff immediately.
• Please write neatly and legibly, because if we can’t read it, we can’t grade it.
• For each problem, limit your work to the space provided specifically for that
problem. No other work will be considered in grading your exam. No exceptions.
• Unless explicitly waived by the specific wording of a problem, you must explain your responses (and reasoning) succinctly, but clearly and convincingly.
• We hope you do a fantastic job on this exam.
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You may use this page for scratch work only.
Without exception, subject matter on this page will not be graded.
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MT3.1 (15 Points) Consider a well-structured interconnection H of discrete-time
LTI systems F, G, P, and Q, as shown in the figure below, where each of the individual systems is a function defined on [Z → C] → [Z → C].

Let the respective frequency responses be F , G, P , and Q, defined on R → C.
Determine the composite system’s frequency response H : R → C in terms of the
frequency responses of the components F , G, P , and Q. Reduce your expression
to the simplest form possible.
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MT3.2 (45 Points) A causal, BIBO stable1 LTI filter F : [Z → C] → [Z → C] has
impulse response f : Z → R and frequency response F : R → C. The following
linear, constant-coefficient difference equation at least partially describes how the
system’s input signal x and output signal y are related:
y(n) =

1
1
x(n) + y(n − 1).
2
4

(a) (7 Points) Provide a well-labeled delay-adder-gain block diagram representation of the system F. Your diagram must have the minimal number of storage
elements (delays) necessary to represent the filter.

(b) (8 Points) Determine the filter’s frequency response F by finding an expression for F (ω), ∀ω ∈ R.

1

An LTI system is ”bounded-input, bounded-output (BIBO) stable” P
if, and only if, its impulse
∞
response is absolutely summable. In this case, BIBO stability means that n=−∞ |f (n)| < ∞. Every
BIBO stable LTI system has a well-defined frequency response.
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(c) (7 Points) Provide a well-labeled sketch of the magnitude response values
|F (ω)| over the frequency interval −π ≤ ω < π.
Explain whether the filter is low-pass, band-pass, high-pass, all-pass, or none
of these types. Provide a one-sentence explanation (not exceeding two lines)
to support your choice.

(d) (8 Points) Determine a simple expression for the filter’s impulse response f .
That is, find an expression for f (n), ∀n ∈ Z. It is possible for you to solve this
part independently of part (b).
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(e) (8 Points) For each summation below, either determine a numerical value to
which it converges, or explain why it does not converge.
(i)

∞
X

f (n) =

n=−∞

(ii)

∞
X

(−1)n f (n) =

n=−∞

(f) (7 Points) Determine a simple expression for y(n), ∀n ∈ Z, the response of
the filter to the following input signal x:
³π ´
∀n ∈ Z, x(n) = cos
n .
3
Hint: Use a straightforward geometric analysis. In carrying
√ out your work,
you may find the
√ following approximations useful: 2/ 13 ≈ 0.55; π/3 ≈
1.04; and tan−1 2 3 ≈ 1.29.
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MT3.3 (25 Points) A discrete-time LTI system H : [Z → C] → [Z → C] has impulse
response h : Z → R, where
∀n ∈ Z,

h(n) = α|n| ,

α ∈ R, and 0 < |α| < 1.
(a) (10 Points) Determine the system’s frequency response H : R → C. Simplify
your expression for H(ω), ∀ω ∈ R, to the extent possible. You need not plot
the magnitude and phase responses |H(ω)| and ∠H(ω), respectively.

You may use the blank space below for scratch work. Nothing written below
this line on this page will be considered in evaluating your work.
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(b) (10 Points) Determine an expression for, and provide a well-labeled sketch
of, the system’s unit-step response2 s : Z → R.
Hint: Consider the cases n ≤ 0 and n > 0 separately (or, alternatively, the
cases n < 0 and n ≥ 0 separately, whichever is easier for you).
Depending on how you solve this part, you may find one or both of the following identities useful.3
∞
N
X
X
1
αN +1 − αM
k
, if 0 < |α| < 1;
, if α 6= 1.
α =
αk =
1
−
α
α
−
1
k=0
k=M

(c) (5 Points) Viewed as a filter, is H low-pass, band-pass, high-pass, all-pass, or
none of these? You need not look at the frequency response plots to make this
determination. You need only look at the step response of part (b); however,
if you are not confident of your result in part (b), you can reason based on
the magnitude response plot.

2

The unit-step response of a system is, as the name suggests, the response of the system to the
unit-step input signal u : Z → R, where u(n) = 0 if n < 0, and u(n) = 1 if n ≥ 0.
3
In the second summation, M and N are assumed to be finite.
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MT3.4 (20 Points) Consider a discrete-time LTI system F : [Z → C] → [Z → C]
that has impulse response f and frequency response F : R → C.
(a) (8 Points) The impulse response g of a discrete-time LTI system G : [Z →
C] → [Z → C] is defined as follows:
∀n ∈ Z,

g(n) = f (−n).

Explore how the frequency response G of system G relates to the frequency
response F of system F; that is, derive a simple relation between G(ω) and
F (ω), ∀ω ∈ R.

(b) (12 Points) The impulse response h of a discrete-time LTI system H : [Z →
C] → [Z → C] is defined as follows:
∀n ∈ Z,

h(n) = eiω0 n f (n − N ),

where ω0 and N are constants such that 0 < ω0 < π and N ∈ Z. Explore how
the frequency response H of system H relates to the frequency response F of
system F; that is, derive a relation between H(ω) and F (ω), ∀ω ∈ R.
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