Signals and Systems I EE360: Spring 19

Homework #6
Due Mo. 4/08

Note: The Basic Problems with Answers will be worth half as much as the other questions.
You must show all your work to receive credit.

1. (OW 9.29)
Solution
(a)
x(t) = e tu(t) £ . i 1 Re{s} > —1
h(t) = () 55 - i - Re{s} > —2
(b) .
Y(s)=X(s)H(s) = ) Re{s} > —1
()
A B
&= 15
A= ! =
s+ 2 s=—1
B=—| =1
S s=—2
1 1
&) =31 552
y(t) = e tu(t) — e Hu(t)
(d)
y(t) = z(t) xy(t) = /t e et dr t>0
0
=e" /0 e Tdr =e" [—6_7]0 =e ‘[l —e']
= [e7t — e ?Mu(t)
2. (OW 9.30)
Solution
x(t) = u(t) < s(t) = (1 — et — te—t)u(t)
X(s) = % Re{s} >0
S(s):i_sil_(sjl)z Re{s} > 0
C(s+1)2—s(s+1)—s 1
N s(s+1)2) -~ s(s+1)2
H(s) = )i((i)) = E j 72 Re{s} > —1
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Using the output y(t) = (2 — 3=t — e~ 3)u(t)

Y(s):z—si1+si3 Re{s} >0
25+ 1)(s+3—-3s(s+3)—s(s+1) 6
N s(s+1)(s+3)) Cs(s+1)(s+3)
_Y(s) 6(s+1) _[A B
X(S)_H(s)_s(s—i—?))_ [s—’_s—i—S]
A_s+1 1
 s+3|., 3
B_s+1 =2 2
R N
X(S)_§+$ Re{s} >0

3. (OW 9.31)

Solution

(a) See Fig. (1| for the pole plot.

2

[s2 — 5 — 2]V (s) = X(s)

Y (s) 1 1 A B
H = = = =
() X(s) s2—s5—-2 (s=2)(s+1) s—2+s+1
_ 1 _ 1
s+, 3
! 1
S os—2|_, -3
/3 1/3
H(s) = -
(s) s—2 s+4+1
(b) (i) stable = —1 < Re{s} <2
1 1
h(t) = —gthu( t) 3¢ bult)

(ii) causal = Re{s} > 2

(iii) neither = Re{s} < —1
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0] (i) (iii)

0 1

Figure 1: OW 9.31

4. (OW 9.33)

Solution

s+ _ s+1

Cs2425+2  (s+14+4)(s+1—7)

z(t) = e 1 = etu(—t) + e u(t)

-1 1 -2

+ g

s—1 s+1 (s—1)(s+1)
—2 s+1 -2

Y(s) =X(s)H(s) = =

(s) = X()H(s) [(s—l)(s—i—l)] [32+25+2} (s —1)(s2 + 25+ 2)

A n Bs+C

s—1 s2+2s+2

—_— _2 -

_32+25+25:1 )

(Bs+C)(s—1) + A(s* +25+2) = —2
2

A+B:0:>B:—A:5

—C+2A:—2:>C:2A+2:§
2/5  2/5s+6/5

H(s)

Re{s} > -1

X(s) = —1<Re{s} <1

2

Y(s):—s_1 249542 —1<Re{s} <1
a5 2] s+l 4 |
T os—1 5[(s+1)2+1} 5[(3—1—1)2—1—1]
y(t) = %etu(—t) + %e_t cos(t)u(t) + ge_t sin(£)u(t)
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5. (OW 9.40)
Solution
(a)
Y (s)[s* + 657 + 115 + 6] = X (s) = si4
_Y(s) 1 - 1
H(s) = X(s) s2+6s2+11s+6 (s+1)(s+2)(s+3)
1 A B C D
Yls) = Xlo)H(s) = Gr)GE12)(13)(s+4) s+l 512 s+3 s+4
1 1
T (5+2)(s+3)(s+4)|,_, 6
T D+, 2
IRCE N [CE) [CE ) N
_ 1 _ !
D +2)(5+3) ey

1/6 1/2 1/2 1/6
vy M6 12 12
s+1 s+2 s+3 s+4

Since a causal response is required for the zero-state response (ZSR)

1 1 1
Your (1) = Be_t B 56_% + §€_St — Ze | u(t)

(b) The zero-input response (ZIR) uses the initial conditions and unilateral Laplace Trans-
form with X,(s) = 0.

s°Yu(s) = s*y(07) = sy/(07) = y"(07) + 6 [s*Yu(s) — sy(07) — 3/(07)]
+11 [sYy(s) — y(07)] + 6Yu(s) = Xu(s)
Y.(s) [53 + 652 4 115 + 6] —
[s*y(07) + s(y'(07) + 6y(07)) +3"(07) + 6y/(07) — 11y(07)] =0
Yi(s) [s* + 65> +11s + 6] — [s* + 55+ 6] =0
Yu(s) [53 + 65 + 115+ 6] = s> 4 55+ 6
Y, (s) = s?+5s+6 (s +3)(s+2) 1
T g3 4652+ 11s+6  (s+1)(s+2)(s+3)  s+1
yzir(t) = eitu(t)

(c) The total response is the sum of the ZSR and ZIR (for input z(t) = e *u(t))

7 _ 1 _ 1 _ _
y(t) = yzsr(t) + yzir(t) = 66 t_ 56 2 + 56 3t _ 66 at u(t)
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6. (OW 9.45)
Solution
(a)
X():z—l_; Re{s} <2
y(t) = —=e*u(—t) + 1eftu(t)
23 13 s
Y(S)_S—Z s+1  (s+1)(s—2) ~l<Refsp <2
_Y(s) _ $ _
B = x5 " ity s>l
(b)
s A B
HE) = aevy ~sr1 Tse2
A= s+ 2] 1:_1
—p= " -
s+1|,__o
-1 2
(s) = s+1 * s+2

h(t) = —e " u(t) + 2e2tu(t)
(c) Remember e® is an eigen-signal for an LTI system and use H(s) from above to solve.

x(t) = e3t s y(t) = H(s)|,_3 e3t = iegt

20
7. (OW 9.48)
Solution
(a)
5(t) = h(t) * ha(t) <=5 1 = H(s)Hi(s)
1
=)
(b) See the pole-zero plot in Fig.
1 s+1
M) = g5~ 5=1
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Figure 2: OW 9.48




