ECE102, Spring 2020

Signals & Systems

University of California, Los Angeles; Department of ECE

UCLA True Bruin academic integrity principles apply.

Midterm
Prof. A. Kadambi
TAs: A. Safonov & G. Zhao

This exam is open book and open note, but you may not perform an internet search to seek a

worked solution to a problem. Collaboration is not allowed.

8:00 am Wednesday, 29 Apr 2020
- 8:00 am Thursday, 30 Apr 2020.

State your assumptions and reasoning.
No credit without reasoning.

Show all work on these pages.
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BONUS _____ / 6 bonus points

Total /100 points + 6 bonus points
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1. Signal Properties (25 points)

number:
T(E)= e’t(cos(3t) + sm(t)),m

t is real. IGO0 8
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(b) (5 points)Energy and power. What are the energy and power

z(t) —Ae'“tu.(t) with a>'0.;
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(c) (5 points) If z(t) is an even function, and z(t —1) is
your reasoning. 0 (LRN' ¥ @-) - X("\')
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(d) (5 points) Assume that the signal z(t)
(i.e. (1) =—z(-1)- What is the value
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(e) (5 points) Evaluate the expression
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2. System Properties (22 points)
(a) (12 points) A system with input z(t) and output y(t)

: causal or stable. Determine which of these properl;xw 1‘1017 |
: Explain your answer. {
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(b) (10 points) Determine il ench of the following staterne
or false, Explain your reasoning.
16 () s the impulse tesporise ur an LTT mwﬁ ml

lht‘ system 18 unstable.
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It is given that Systems 1, 2 and 3 are all LTI systems, which
Note that w;(t) and ws(t) are the outputs of Systems 1 and

and Ai5(t) represent the impulse response for System 1, 2 and 3, 1
For parts (a) through (d), we have prior knowledge of Subsystem

ha(t) = u(t - 2).

For parts (a) through (c), we also have pﬁqr’kﬁowledge’ ge'c
entire system - ; (£ s © sk

s i
ylt) = 20t 1:5) & / a(r ~ )dr

() (6 points) What is the impulse response of the entire.
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() (8 points) Find hy (1) and hg(?) that satisfies ihe,a’hmm
given. 1t might be useful to determine the values of w
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(c) (6 points) Using the solution from parts a and b, is System 1 €
subsystem (Cascaded Systems 2 and 3) Causal/Stable'i Fir
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(d) (6 points) Now assume that an additional LTT sub

sume that Systems 1, 2 and 3 remain the
changed due to the introduction of Syster

system is added as seen above, As

same, with the input/output mapping being
n 4. What is the impulse response of the new
equivalent system? Give an expression that is in terms of hy(t), ha(t), hy(t) and ha(t).

Next, give a specific equation for ha(t) that will allow for the new equivalent system
(57;) to be Stable.

e T E ey ()

~ysume Ry s -u(f—g) Hhen f(i) 35)drhy =La-g))ra(Hes)
= Fahg)t-Tepe
-0

o ; “‘Z,—‘ 6(# "'v» - ‘,\(L%)W‘\H'%) 24 (* ‘§)

Yhys ey 15 Hhe omplie cespve & o stable  Gustem 5!"&
o Q)
s‘,\ys'ﬁtsg(hﬂﬁ:\ ¢ 0 |

o)

(
\ )

)

~ O




i Convolution (27 points)

(a) (7 pointe) Let 2(1), w(1) be defined in Lo k
) =81 =D 4812+ Newd)

Plot wit), which is given by w(t) = 2(t) « '(‘) U(o
intonmediate results).

y(‘)l )(‘)

(b) (% points) Let x(t) = sin(nt)u(t) and y(t) = -«)
output 2(1) = z(t) « y(t).
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(€) (6 points) Prove or disprove the thmg tqmlim
6(()(\)3(2() s () = x(t),
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. Bonus (6 points)

Uh\\ question was used in an industry interview (o m
problem.)

Self-driving cars have devices on top of the car known as LIDAR afﬂ!ﬁ detec
LiDAR uses the time of flight principle to obtain the 3D shape of the
ment. LIDAR works as follows: o packet of photons gets sent to the A
object a range of = meters away and returns to the LIDAR unit. Since we
photons travel, we can compute the range of the object. '

First, recall that the round-trip distance is
distance = ur.lbcity xit‘.(., e

where distance is the round-trip distance of travel (from the source,
and £, is the time the trip takes to occur. We are interested in the r
18

range = ¢ X tg x 0.5,

and we only need to measure the time delay of the pulse to ohtain
from this class, this can be written as a system.

5(t) =6 (t - AR range ';“"ge) -y,

Here the laser pulse that we sent is 8(¢), and it goes into a
to yield the measurement. This is an idealized model of |
multipath and assumes the laser can emit a Dirac pulse.

(a) (2 points) Please draw the equivalent system dia

range; and a brick wall behind it at ranges. We
of the transparent window and brick wallmho
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(b) (2 points) Plense draw the equivalent system dingeam if the bric
c.hm\gud to n b ck of wax, Please justify and/or ﬂpllin m Ny
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concisely how the output y wlll be changed and why this
multipath case.
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