Signals and Systems I EE360: Spring 24

Homework #3
Due Su. 2/18

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 2.8) Basic Problem with Answer

Solution

y(t) = (t) « h(t) = x(t) = [6(t + 2) + 25(t + 1)]
=x(t+2) + 2z(t + 1)

t+42 0<t+1<1 t+2 —-1<t<0
st+1) =32 (t+1) 1<t+1<2={1-t 0<t<1
0 else 0 else
t+3 —2<t<-1
z(t+2)={—t —1<t<0
0 else
t+3 —2<t< —1 t+3 —2<t< -1
(= 2+ -t S1<E<0_ Jtgd —1<t<0
Y=Y 2 0<t<1  |2-2t 0<t<1
0 else 0 else
5
4,
3,
2,
l,
-3 -2 -1 0 1 2 3

Figure 1: OW 2.8

2. (OW 2.9) Basic Problem with Answer

Solution

h(t) = e*u(—t +4) + e 2tu(t — 5)
ht —7) = 2 Du(—(t —7) +4) + e 2yt — 7 — 5)
= 2 y(r —t +4) e 2" y(—7 + ¢ — 5)
—_— —_———
=0 for 7<t—4 =0 for 7>t—5

=A=t-5 B=t—-4
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3. (OW 2.10) Basic Problem with Answer

Solution
(a)
t<0 y(t) =0
t
0<t<a y(t):/dT:t
0
t
a<t<l y(t) = dr=t—(t—a)=«
t—a
1
1<t<l+a y(t):/ dr=—1—(t—a)=1+a—t
t—o
t>1+a y(t) =0

t 0<t<«
Qo 1<t<1
y(t) =
—t+(14+a) 1<t<l+4a
0 else
(0%
0,
6 a i 1-&La

Figure 2: OW 2.10
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(b) y(t) has 4 discontinuities at ¢t = 0, «, 1, and 1 + « unless it is a triangle = o = 1.

4. (OW 2.11) Basic Problem with Answer

Solution

(a)

t<3 y(t) =0
=3 1 t—3 1
_ —37 _ —37 —3(t—3
ISP<O y(t)_/o ‘ dT__g[e ]0 5[1_6 ( )]
i3 1 t—3 1
—37 —37 —3(t—5 —3(t—3
t>5 y(t)—/tSe dr —g[e ]t—5_§[ (t=5) _ =3( )}
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11— e300 3<t<5
y(t) = % [e—s(t—s») _ e—3(t—3)] t>5
0 else
(b)
o dx(t) d B
d(t) = praaln [u(t—3) —u(t—=>5)]=0(t—3)—0(t—>5)
g(t) = d(t) = h(t) = e 3E3y(t — 3) — e 3Dy (¢ — 5)
(c)
p e 3(t=3) 3<t<5
a4y ) 3(t-5) _ _—3(t-3)
Yt =qe e t>5
0 else
=g(t)
5. (OW 2.22)
Solution
(a)
y() = 2(8) # h(t) = / s(F)h(t — 7)dr
. -0
_ / e T —B(t—T)dT
0
t
= e_ﬁt/ e(—atB)T t>0
0
for =«
t
y(t) = eﬂt/ Qdr = e P ] = te P
0
= te Plu(t)
for 8 # «
1 t e P
_ Bt (—a+B)T 7 _ Bt (—atB)7]" _ (—a+B)t _
y(t)=e /Oe dr =e —a+6[e }0 _a+ﬁ[e 1]
e_ﬁt
_ (—a+B)t _
Ll 1u(?)
(b)

t<1 y(t)=
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(€2t — 2e2(172) 1 2(9)] <1
[62 _ 262(1‘/72) + 62(1575)] 1 S t S 3

<
—
~+
S—
O NI NI N

[62(t_5) — 62] 3<t<6
else
()
t<1l y(t)=0
t—1 9 i1 9
1<t<3 y(t)= / (2)sinmrdr = —=[cosmT]; = —[1 — cosm(t — 1)]
0 s s
2 . 2 2
3<t<5 yt)= (2)sinrdT = — [cos7(t — 3) — cos 2| = — [cosm(t — 3) — 1]
t—3 m ™
t>6 yt)=0
2[1—cosm(t—1)] 1<t<3
y(t) = ¢ 2cosm(t—3)—1] 3<t<5
0 else
(d)
Let
1
h(t) = hi(t) — gd(t —2)
with

4/3 0<t<1
hl(t): / -
0 else.

(t) = 2(8) » he) = 2(t) » [1r (1) — 300 — 2) = 2(8) » (1) (¢~ 2)

q(t)
t /4
g(t) = / () at + bdr =
t—1 \3

| W~

[(1/2)@7‘2 + bT] i_l

3
- %[(1/2)@2 Fbt— (1/2)a(t® — 2t + 1) — b(t — 1)]
4 1
= g[at—i-b—ia]
y() = glt) — %w(t 9= %[at . %a] _ éx(t _9)
zg[at—i—b—éa]—%[a(t—%—i—b} =at+b
= z(t)

(e) Since x(t) is periodic, y(t) is periodic with 7' = 2 and the convolution only needs to be
computed over a single period.

1 1 ~1/2 t 1
——<t< = y(t):/ (t—T—l)dT+/ (1—t+7)dr==+t—1t?

2 2 -1 —(1/2) 4

1 3 1z ' 2 7

—<t< - y(t) = (I—-t+7)dr + (t—1—7)dr =t"—3t+ —

2 2 t—1 1/2 4
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1 2 1 1
;Ht—t? —5<t<;
y(t) = 42 71 ; 3 ?
tf=3t+; 3<t<j
6. (OW 2.23)
Solution

z(t)= Y 6(t—kT)
k=—00

y(t) =a(t)«h(t) = Y 6(t—kT)*h(t)

k=—o0
= > h(t—kT)

k=—00

0.2f 0.2r

(c) T =3/2

Figure 3: OW 2.23
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7. (OW 2.28 (a)-(d), (g))

Solution
(a) Causal and stable

hin] =0

o0

>

n=—oo

EE360: Spring 24

(b) Not causal and stable

n < 0 = casual
1\" — (1\" 1 5
- = ) = == tabl
5) uln] %(5) T=(1/5) 1 < 00 = stable
hin] # 0 n = —1,—2 = not casual
Z (0.8)" 5 < oo = stable
n=—2

(¢) Not causal (anti-causal) and unstable

h[n]
0

£ ()

n > 0 = not casual, actually anti-causal

= 00 = not stable

n=—oo

(d) Not causal and stable

hin] #0

2.

n=—oo

(i) Causal and stable

n < 3 = not causal
1 5 625
(5)" = Z (> =2 = — < 00 = stable
=, 5 1-1/5 4

hin] =0 n < 1 = casual

oo 1 n [o.¢] 1 n

Zn <3> S Z <3> < 00 = stable
n=1 n=1

Note: the geometric term (%)n reduces much faster than the n term, hence convergence.

8. (OW 2.29)

Solution
(a) Causal and stable

h(t) = 0

.

(b) Not causal and not stable

h(t) =0

/.

Ih(t)|dt

Vt < 2 = casual
& 1 1
|h(t)|dt = /2 e Mt = ~1 [6_415};0 = 18_8 < oo = stable
Vt > 3 = not casual
3
1 1
= / e Oldt = —— [e*Gt]S = —[0o — e 1¥] = not stable
oo 6 6
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(c) Not causal and stable

h(t) =0 Vt < —50 = not casual
> < o L —ayoe L 100

/ |h(t)|dt = / e “dt = —3 e }_50 =5 <= stable
—0o0 -50

(d) Not causal and stable

h(t) =0 Vt > —1 = not casual
oo -1 1 . 1
/ |h(t)|dt = / edt = 3 [th]_io = 5[672 — 0] < oo = stable

(e) Not causal and stable

h(t) defined V¢ = not casual

o0 0 [e§) e8] 1 1
/ |h(t)|dt = / eStat +/ e Oldt = 2/ e Oldt = 26 =3 <00= stable
e s 0 0

(f) Causal and stable
h(t) =0 Vt < 0 = casual

00 00 —t 0
/ |h(t)|dt:/ to—tat — [612(_15_ 1)] 10— (1(—1))] = 1 < o0 = stable
oo 0 .
(g) Causal and not stable

h(t) =0 Vit < 0 = casual

/ |h(t)]dt:/ Qetdt+/ o(t=100)/100 1 — o [eft]go+10067100 {et/loo}zo
e 0 0

=24 100e %[00 — 1] = not stable

9. (OW 2.40)
Solution
(a)
t
)= [ e ar - 2)ar
let ! =7—2=>717=¢t+2
t—2 ,
— / e—(t—t _2)1‘(t/)dt,
L h(t) = Dt~ 2)
(b)
t+1 -
Ist<d  y(t)= / ey = —1 D] T =1 - D
2 2
t+1
t>4  y(t)= / e Adr = 1 D] 2 ) o)
t—2 -2
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0 t<1
y(t) =1 —e D 1<t<d4
e—(t=1) _ o=(t=1) ;>4
10. (OW 2.46)
Solution

x(t) = 2e3tu(t — 1) — y(t)
dx(t)
dt

— —=3y(t) + e Hu(t)

da(t)

ke 2e735(t — 1) + —6e3tu(t — 1)

=2e736(t — 1) — 6e Stu(t — 1)
=2e735(t — 1) — 3x(t)

= —32(t) + 2736t — 1) — —3y(t) + e u(t)
since —3z(t) — —3y(t) by definition and linearity

2e 3 6(t — 1) — e 2u(t)

ad(t — 1) — e 2tu(t) = ah(t — 1)

1 1
=h(t—1)= aefmu(t) = 5.3 e 2tu(t)

I 9143
=z t
26 u(t)

let T=¢t—1
1
h(r) = 5672(T+1)+3U(T +1)

1
= ie*ZTHu(T +1)
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