ELE314 Linear Systemsand Signals Exam #la Summer 2017 Name: SOLUTION
Open book/notes (10 questions, 10 points each)

1. ( C) Which of the following is a nonlinear time-varying system? (A) y(t)=vx(t),

(B) y(t)=sin[x(¢)], (C) y(t)=sin[x(¢)]+t, (D) y(t)=sin[x(t)]+cos[x(¢)], (E) none of
the above.

(A), (B) and (D) are nonlinear time-invariant systems.

2. ( D) The impulse response of a LTI system h(t) is shown on the hk
right. Theinput ¥1(?) is a square pulse, which is 1 for ©=<!=<1 and 0, |
otherwise. The output 21(?) =2 —
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3. ( C) For the above problem, what is the L aplace transform of the square pulse x,(¢) ?

A) s(1+e™), B), s(1—e) () 1_Se . (D) ”: . (E) none of the above.
© 1 st ! -t 1 —st
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H(s) = _(’;xl(t)e dt = {e dt s, E +s B
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4. ( E) With the same h(t) of the above problem, the input is e

now isasinewave x,(¢)=sinm¢ . Theoutput y,(¢)="? o
(A) —2cosmt, (B) —cosmt+sinmt, N

(C) cos2mt, (D) 2sinmt,  (E) none of the above.

y(t) = ih(T)X(t—T)dT = -1

1
[sinn(t—t)dt—[sinn(r—7)dt = x(e)=sinx(t-c) |
0 1

2
1

cos (1 —1)|—[cosm(r—7)]; =

\
cos(t—1)—cosmt—cosm(t—2)+cosm(t—1) = \/

—COS T/ —COSTU!{—COSTU{—COSTU! =

—4 cosmt

5. ( B) The pole-zero plot of a LTI system is shown on the right.
Assume that the magnitude of the DC gain is unity. What isthe  s-plane

v

-

transfer function H(s)? (A) %
s—2 s(s+2)

® s+ © Grne2) .
) % & o

, (E) none of the above.

O =)

-2 s—2

Poles: -1, -2 Hs) = (S_(_ls))(s_(_z)) ~ (s+1)(s+2)

Zeros. 2, «©

For the DC gain, set s = 0. We have H(0) = -1, which has a magnitude of unity.

6. ( A) For the above problem, the red and green lines help to visualize the magnitude of the
frequency response. What kind of filter isthis? (A) low-pass, (B) high-pass, (C) band-pass, (D)

band-stop, (E) none of the above.

The magnitude of the Fourier transfer is the product of the lengths of the vectors to the zeros over
the product of the lengths of the vectors to the poles. Because there are two red lines and one green

line, the magnitude decreases with increasing frequency. It is alow-pass filter.
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7. ( D) For the above problem, what isthe impulseresponse h(t)?  (A) (3e > +7¢ " u(t),
(B) (2¢ =5 )ult), (C) (e *+3e)u(t), (D) (4e*~3e")u(t), (E)none of theabove.

| | | s p b a(s+2)+b(s+1)
Do partial-fract 3 Tl stz
o partial-fraction expansion: =5y = ot (s+1)(s+2)

We have s—2 = (a+b)s+(2a+b), or a+b=1and 2a+bh=—2. Solving the smultaneous
equations, we have a=-3 and b=4.

H(s) = =3 Sf"z . Takethe ILT, wehave A(t) = (4e > —3e " )u(t)

+1

8. ( C) The transfer function of a LTI system is H(S)z# , what is its impulse response

s +2s+5
h®?  (A) (e *sint)u(t),  (B) (e *cost)u(r), (C) (e 'sin2t)u(t),
(D) (e 'cos2t)u(t), (E) none of the above.

2
Hs)= =
(s) sSH+2s+5 (s+1)42

- . Using the LT table, we have h(z)=(e 'sin2t)u(¢)

9. (D) The factored form of H(s) is changed to the partial-fraction form according to:

(S+3>S(S+2) - si3+si2' a=? (A)-2, (B)2, (C)-3, (D)3, (E) none of the above.
s _a b a(s+2)+b(s+3)
573)(5+2) ~ s+3 542 (s43)(s42) - Vehave

s = (a+b)s+(2a+3b), or a+b=1and 2a+bh=0. Solving the simultaneous equations, we
have a=3 and b=-2.

10. (A) Fortheaboveproblem,b="?(A)-2, (B) 2, (C)-3, (D) 3, (E) none of the above.
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