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e (10 Points) Print your official name (not your e-mail address) and all digits of
your student ID number legibly, and indicate your lab time, on every page.

e This exam should take up to 80 minutes to complete. You will be given at
least 80 minutes, up to a maximum of 90 minutes, to work on the exam.

e 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 one double-sided 8.5” x 11” sheet
of handwritten, original notes having no appendage. Computing, communi-
cation, 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 Con-
duct. Scratch paper will be provided to you; ask for more if you run out. You
may not use your own scratch paper.

e The exam printout consists of pages numbered 1 through 6. 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 six numbered
pages. If you find a defect in your copy, notify the staff immediately.

e Please write neatly and legibly, because if we can’t read it, we can’t grade it.

e 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.

e Unless explicitly waived by the specific wording of a problem, you must ex-
plain your responses (and reasoning) succinctly, but clearly and convincingly.

e We hope you do a fantastic job on this exam.
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MT1.1 (105 Points) The input-output behavior of a discrete-time LTI filter H is
given by

Vn € Z, y(n):AZx(n—k)

k=-2

where z denotes the input, y the output, and A > 0 a constant parameter.

(a) (10 Points) Select the strongest true assertion from the list below.

(i) The filter H must be causal.
(ii) The filter H could be causal, but does not have to be.
(iii) The filter H cannot be causal. )

To receive credit, you must provide a succinct, but clear and convincing, ex-
planation.

JE)=A [x(a+1) 4% (n a\-\\ ()4 x (n =) *X('wl\]
*’w\'\*\fe \’K\WQS O'Q "e\i "\?

(b) (15 Points) Determine a reasonably simple expression for, and provide a well-
labeled plot of, the filter’s impulse response values h(n). Your expression for
h(n) should be in the form of a linear combination of shifted impulses.

Let k(23R JE)=her A [S@wl}\-ﬁ )46 ()b @\ D3 S(V\-;l)_s
g taE

— 0 ' a




FIRST Name Ig h I’ / LAST Name ‘ er’
Lab Day & Time: A%[ 7 SID (All Digits):_ V22456789

(c) (25 Points) Determine a reasonably simple expression for H(w), the frequency
response of the filter.
You'll receive full credit if you provide a correct expression that is a finite sum,
and each term of which is real-valued—that is, no complex term should be
seen anywhere in your final expression for H (w).
Alternatively, you'll receive full credit if you show that the frequency response
can be expressed in the closed form

sin(fw)
sin(yw)

Hw) =«

for all w € R, and if you determine a correct expression or numerical value for
each of the scalars «, 3, and ~.
Depending on how you tackle this part, you may find it useful to know that
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(d) (10 Points) Determine A so that if z(n) = 1 for all integers n, then y(n) = 1 for
all integers n.
For this value of A, describe, in plain words, what the filter does to an arbitrary
input signal z?
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(e) (10 Points) Determlne and provide a well-labeled plot of, the output values
y(n), if the input is z(n) = (—1)" for all integers n. If you're unsure of the spe-
cific value that you found for A in part (d), you may leave your expression for,

and the plot of, y(n) in terms of A. 7 ~
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(f) (20 Points) Determine the simplest expression for, and provide a well-labeled
plot of, the output y(n), if the input is

VneZ, a(n)=cos (2%”) + {Sin <27TT”)} g

If you're unsure of the specific value that you found for A in part (d), you may
leave your expression for, and the plot of, y(n) in terms of A.

Depending on how you tackle this part, you may or may not find the following
trigonometric identity useful:

1-— Cos(2a

sm a =

<\ fr\gonowne \C\ \ no .‘R"j’
W wa"ﬁt T a ‘\— C Aeyvqh-"a_‘ u\"{ -\’Q,

l QAN | I Kin\ =S
( \ C°5(§'\ Aconétwj-“farm

\f@\\‘ - coy (RTW\ \_ ) e S(\\-\\nl/ :;m;;ms;’i‘:i’“”?
Readd Thar g
Ry = A 220 /%) i~ (%

S ) _p s sia -O
A CE S )

Sinie WY~ NEu, it oo Trac ok WEEF)= O

Fucfermore, \_\;(uar\ p(sm( - Asm(l“\ -0=W\(- ‘)

sc-ﬂ ( * s\n &1\'3
Dince Tf\t Mr'ﬂt can he t((’t‘tsseo\ PN ax\meafm:‘w\ciowl\
"' 11\2 Cﬂr\sTA.\T 4 M) -‘e\t CQN\‘:\& Citov\e'tnxs C &:}o,\se

"'L 1"% Tf\’e Carfe a«Js rt Y S\m
T° .\f\t umST A “'Qr 'Sf\ ) \a TRQ( -‘EW"\S “,;‘2 XQQ{,V(C'\ \Wi,'/
s \‘of‘ T s
‘e ,;\",wf \S a(/\\, /a Vs %)S Je): 2

,a-\o A3 n



FIRST Name /O A 7 / LAST Name Z 6 V\ '/\
Lab Day & Time: ’:[:/ 7 SID (All Digits){ 2.3 Y56 / 57

(g) (15 Points) Consider a discrete-time LTI filter G whose impulse response is
shown in the figure below.
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You may assume that g(n) = 0, except where shown explicitly otherwise in the
tigure.

Determine a reasonably simple expression for G(w), the frequency response of
the filter G.

Hint: You'll receive full credit if you express G(w) in terms of H (w) as explicitly
and simply as possible. For example, you may express G(w) by rewriting—
in the simplest form possible—the expression for H(w) suggested to you in
part (c), even if you did not determine the parameters o, 3, and « correctly.
Alternatively, if your expression for H(w) in part (c) was a finite sum of real
terms, you'll receive full credit here if you express G(w) by rewriting that fi-
nite sum in the simplest form possible, such that it accounts for the special
relationship between H(w) and G(w).
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