UCLA — Electrical Engineering Dept.
EE102: Systems and Signals — Midterm Exam

Wednesday, October 28, 2015

This exam has 4 questions, for a total of 33 points.

Closed book. One two-sided cheat-sheet allowed.
Answer the questions in the spaces provided on the question sheets. If you run
out of room for an answer, continue on the back of the page.
Please, write your name and ID on the top of each loose sheet!

Name and ID:

Name of person on your left:

Name of person on vour right:

Question | Points | Score
L 9 Wi
2 10 B 7
3 8 b4
1 6 | 6
Total: | 33 | 4%
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Multiple-choice questions — Check all the answers that apply.
1. (a) (3 points) Consider the system described by the input-output relation
y(t) = sin(x(t + 1)).

What are its properties?
O Linear
Y Time-invariant
0 Causal

(b) (3 points) Consider the system described by the input-output relation

y(t) = /oo ee”"r(r)u(t — 7)dr.

What are its properties? ([ W -7 \ ~
Linear ' j-m € X(C}M[t‘ (.-) d—(/
o\ \9’ ime-invariant
&4 Causal

(c) (3 points) Consider the system described by the input-output relation

y(t) = x(at), a>0.

\V@ condition on « for the system to be causal?
7< 1

Y a=1
/\ DZ>1
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/ | 2. The input-output relation of a system & is

/ y(t) = f—oo sin(t — T)u(t — 2r)x(r)dr.

(a) (2 points) Is the system time-invariant or time-varying?
(b) (3 points) What is the impulse response of the system? -
(c) (5 points) Compute the output, y(¢), when the input is z(t) = u(t) — u(t — 1)

8) Time Varyiag. TCdperls a0 (220 ), noA oy (=),
/ 'UOM_ deqﬂndﬁ Xa t-—?,‘(,% '

5 s<gt, e
hit.8) = Sm({,:‘)\/@/ ol-
So. Wt = gin [1-6) u({-26) @
(u Becase T ko / O+ k(0] kT (nl0) 1 F2 706(00]
o the sydem s hres
g({)/ 7[urt)- u{ﬂj Tlu) - /[“[f"ﬂ |
fyk)= TISI0) 1T L) = b9 = hlti 1)

4 y(9)< 5m Bu(t) = soalliu(t-2)

o 1) (A(T/Z) oo
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Y= Jt .3\‘/1['(')11[1) d1 -—I\: sinl1-1) w(1-2) AT
_\°

= ff s (1) 6{5 - ft sin( T-) 0/6

{ ¢
- s, wm,;)J

P>

= _cos(O)#] 1 cosll ) cos(V

—
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3. Let & be a linear, time-invariant, and causal system. We know that the output corresponding
J to x(t) = (t = 3)u(t — 3) is

y(t) = de= 3t = 3) — (¢ — Du(t — 4).

(a) (3 points) What is the impulse response of §? (Hint: consider that <-tu(2) = u(t).)
(b) (5 points) Compute the output of § when &(t) = (1 — t)u(t).

& Y= T
9“/{5): 7[)( f’f%)]«)'{{mg."m/(;m'ar"(

-—

Le wlt)-(t-Dul{1)- ([{uuj ‘
%“THU \]i ’[0{{, t M(t}}’l 7 b(’ Hj /{:, ‘

)= 4e - 4€ futt glty- ultq) R
’%{U do (AH/ Ul \/ //
R ICGUER e AL 'fw:wm
Wtz 450t - bot5lt) + e ult) - 5({;“ //

2 /

J(0)= 'l[(-Uu(f)]:ﬂmf)-wm] T [fuﬁj
Q)= 4510) - 4€ W -wd) = et s (tputt-
_agt) - getutt) Dt

v
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4. A system & is described by

dy dr
=42 i ) > 0,2(0) = 0.y(0) = 0.

(a) (3 points) Write down the impulse response function h(t; ) of &1.
(

b) (3 points) System &, is now cascaded with a second linear, time-invariant system, &3
whose unit step response, g(t) is given by LTL S.

ga(t) = te~ut) = T u(0)]
Compute the impulse response, h »(t; 7), of the cascaded combination.

Q) A - 2t dy b
a Zt%we{w g 4 2e” Y~ Fen MY

o
d[éﬁyw:jf ”)(/()j ye A1)

at
£ . / 5 a‘(‘
oyl = e? xii)- J;P‘;e \ ()
gre)= X ™) he g ¥
L AR A B
Wty = §leD) —e?t [ e b5y a8 {@y
_Sltv-e ettt v J~-e u({ t)

CI ORI R0 B

= oty e[ty t e'{gwj = e ut)— e wly=-Yew
LTt )= H) 7.1 Yyt

U\”J - Lt0)- T
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fZH 0 u(f- '(/)] j
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\i’roduct to Sum

Sum to Procluct

2sin(a) sin(3) = cos(a — §) — cos(a + J)
2 cos(e) cos(8) = cos(a — 3) + cos(a + 3)
2sin(a) cos(3) = sin(a + 3) + sin(a — 8)
2 cos(e) sin(3) = sin(a + 8) — sin(a — 3)

sin(a) + sin(3) = 2sin (4
sin(a) — sin( 13 = 2 cos (X
cos(a) + cos(3) = 2cos (&£
cos(a) — cos( ) = —2sin (5=

| Sum/Difference

| Pythagorean Identity

sin(e £ 3) = sin(a) cos(3) £ cos(a) sin(3)

cos(e & 3) = cos(a) cos(B3) F sin(a) sin(3)

tan(c) £ tan(3)

te =
an(c & 3) 1 F tan(a) tan(3)

sin®(a) + cos?(a) = 1

| Even/Odd

Periodic Identities

sin(—a) = —sin(a) sin(a + 2an) = sin(a) J
cos(—a) = cos(a) cos(a + 27n) = cos(a)
tan(—a) = — tan(a) tan(a + mn) = tan(w)

Double-Angle Identities

Half-Angle Identities

sin(2c) = 2sin(a) cos(c)

AL 1 — cos(a)
() e

=

cos(2a) = cos* () — sin*(a) cos (%) =t/ 1_4-_(.)(.{@
2 tan(c « 1 — cos(a)

tan(2c) = T—_tax%()aj tan (5) =+ m

Laws of Sines, Cosines, and Tangents Mollweide's Formula

sin(a)  sin(3)  sin(vy) atb _cos (e2)

P é sin ( 5 )

a® = b* + ¢ — 2bccos(ar)

a—b  tan(%32)

a+b  tan (2£2)
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