EE 20N: Structure and Interpretation of Signals and Systems
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* (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" 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.

e The exam printout consists of pages numbered 1 through 8. 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 eight numbered
pages. If you find a defect in your copy, notify the staff immediately.

o 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.

¢ 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 (15 Points) The input to a discrete-time system S is described by
VnelZ, z(n) = (%) e/,
and the corresponding output is

ez  y(n)= (%) g/t
Select the strongest true assertion from the list below.

(i) The system S must be LTI.
(ii) The system S could be LTI, but does not have to be.

systemScannotbem.

To receive credit, you must provide a succinct, but clear and convmcmg, explana-
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MT1.2 (15 Points) The spectrum of a continuous-time 24kHz complex exponential
signal ¢ described by

Vt € R, q(t) = 80007t

is given by Q(f) = d(f — 24000), where f denotes frequency in Hertz, and ¢ is the
Dirac impulse.

(a) (5 Points) Determine a reasonably-simple expression for, and provide a well-
labeled plot of, the spectrum R(f) of the signal r described by

_ vt € R, r(t) = cos (48000xt). .
We oft given that o(4)=orie0ooTs o J(27000)(2m)E
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(b) (10 Points) Determine a reasonably-simple expression for, and provide a well-

labeled plot of, R(w), the spectrum, as a function of the radial frequency w (in
radians/second), of the signal r. To receive full credit, you must provide a
succinct, yet clear and convincing, explanation.

(AJ:’-ZT-S' e —g:%
=> R($) =385(§-24000) +38(5+24000) Grorm @)

=1 §(55-240e)) + £ § (£ +211009)

- w - Y8ooor ' 1 S’(w-f- “8ovow
-2 A ) e 2T '

Rm\\ Yhe A-‘\w}-?nn/uwl&c:‘\'ow PV‘& of -'H\e, D(ru; Adhi
S(olw) = —’_'1-!‘5[@ @‘S(od(wg) = Tl—(—ig(jw—@‘

—"

C—)/‘*{';“j s o the. delns above Coﬂ = % = Y§oo0r o —-‘QOOB')

| | 3 |
£ uo)::. WS(W"f/ﬁOOOF)-f- Tg(u-&"i&oa@r) -

ERDEL PN B b e

Scanned by CamScanner



FIRST Name LAST Name
Lab Day & Time: | | SID (All Digits):

MT1.3 (75 Points) Consider a discrete-time filter F whose input is z and corre-
sponding output is y, as shown in the figure below:

X — f —>y

The output y of the filter is described by-

YneZ, y(n)=(1-a) i a™z(n —m),

m=0

where) < o < 1.

(a) (10 Points) Show that the filter F is linear and time invariant.
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‘(b) (15 Points) Determine a reasonably-simple expression for, and provide a well-
labeled plot of, the impulse response f of the filter.

Your expression for f(n) must be in terms of the generic parameter a. How-
ever, for your convenience, use the value o = 1/2 for your plot in this part.
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(c) (15 Points) Determine a reasonably-simple expression for (but do NOT attempt
to plot) the filter’s frequency response values F'(w) for allw € R. As a “sanity
check,” show that your expression for F(w) is 27r-periodic in w.
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(d) (15 Points) For each of the following inputs z;, where i = 1,2, 3, determine a
reasonably-simple expression for the corresponding output y;. If you need, but
are unsure of, your result from part (c) (depending on your approach, you may
not need it), you may receive partial credit if you express your answers to this

part in terms of the frequency response generically.
(i) (5 Points) z;(n) = 1 for all integers n.
Xy(n) = e'On = wi(w) = F(o)e oW = F(D)
= S O

=9E.m =

(ii) (5 Points) z3(n) = ms(tn) for all integers n.
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(e) (20 Points) The filter F is placed in a cascade (i.e., series) interconnection with
a discrete-time LTI filter G whose impulse response g is described by

VnEZ,  g(n)=1 _l_oé(n) -3 faa(n e B,

where a is the same as that used in the description of the filter F. Note that the
output y of the filter F serves as the input to the filter G. This is shown in the

figure below:
i)

h

(i) (10 Points) Show that the system H, which consists of the cascade inter-
connection of F and G, is linear and time invariant.

We know Hhat F e LTI (13(x) and we ove Held Hot
G s Vi,
Led 3,0, 2, (<) be amy 2 dnpuks wh H, and ek N, 4l
be Hhe ﬁmspoh)vw\:, putputs $row sas%w\ F/ ond e IHORANE
be ‘-lke (,cmzsporJ.:rj oubputs Jom saskm G, |
Debire Q("\)gﬁlxl("\""cz}z(ﬂ for ﬂmf C-VC.:,‘E‘L-
Let (3(.\) be the wmfml:h\j oot fom B oand let
?(VD be the Caff"-slooﬂc‘hfj o&\‘P«A’ I G, , .
i "S(n) = cl\tj,&)wzdz(-«) (l,7 linearidy oF F) |
. ""90 s (n) +C5 W) (L«, \"W“f‘j of G)
‘- s => proves \'Mwﬂj cf‘ H | ¥
T DeRne x(MEx,(n-N) for NeZ. Let GV ad T Le
S . MSFOV\J\:RJ sutpvts fowmn T a,\,,o\ ,ms,:ec_-};ml\j'
e '5(»)_: Y-N) by dwe-iwedanee of )
S Fl=q(neN) (b Emecimaimee of 6)

S . = Prves five- imvalowst S adis

Scanned by CamScanner



FIRST Name LAST Name
Lab Day & Time: _ SID (All Digits):

- (ii) (10 Points) Determine the impulse response values h(n) and the frequency
’ response values H(w) of the filter H.
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