Homework #9 — Chapter 6 — Convolution

Problem 6.2
The convolutiondurationpropertyimpliesthatpa(¢) x p2(t) =0 fort < -2 =-1—-1andt >2=1+1.
For —2 <t < 0, the convolution produces

1+t
*pQ / dT:t—l—Q
-1

For 0 < t < 2, the convolution produces

1

pa(t) * pa(t) = / ldr=2—1t

—14t

Problem 6.4
By the convolutiondurationproperty,we havethat fi(¢)  fo(t) = 0for¢t <0+ 1=1andt > 1+2 = 3.

In the time interval 1 < ¢ < 2, the convolutionis given by

t—1

fl(t)*fg(t):/T(—T—1+t)dT:—(t_l) -I-(t_l) (tfl):é(t—l)3
0

3 2
In the time interval 2 < ¢ < 3, the convolutionis given by

3 2
Fil0) = (1) = e (1

t

1 1
T(—T—l+t)dT:—§—|—§(t—1)—|—

—

1

Problem 6.5
By the convolution duration property, we have that the convolutionis equalto zerofor t < 0+ 0 = 0 and
t>1+2=3.

In the time interval 0 < ¢ < 1, the convolutionis given by

t t2
*fg / :*§+t
0

In the time interval 1 < ¢ < 2, the convolutionis given by

1 ¢
t)*fz(t):/(—r—i— dr—i—/ T—1)d —t2—3t+g
1 1

t—

In the time interval 2 < ¢ < 3, the convolutionis given by

t) x fo(t (r—1)d (t2+4t73)

»a\m

t—

The continuitytest: att = 3 the convolutionis equalto zero. Also att = 2 bothexpressiongroduce).5. Similarly,
we can checkthat the convolutionis continuousatt = 0 and¢ = 1.



Problem 6.6
By the convolution duration property, the convolution of thesetwo signalsis equalto zerofor ¢t < 04+ 0 = 0
andt > 2+ 2 = 4.
In the time interval 0 < ¢ < 1, the convolutionis given by
t
t2
fl(t) * fg(t) :/TdT = E

0

In the time interval 1 < ¢ < 2, the convolutionis given by

2

1 t
fl(t)*fg(t):/rdr+/(—r+2)dr:—%+2t—l
0 1

In the time interval 2 < ¢ < 3, the convolutionis given by

2

rdr + (7T—1—2)d7':7%—|—2t71

—

Ji() = f2(t) =

H\m

t—2

In the time interval 3 < ¢ < 4, the convolutionis given by

2

(fr+2)d7':t—f4t+8

fi(@) = f2(t) = 5

\m

t—
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Problem 6.9*
The systemtransferfunction and its impulse responseare given by

B 1 (1 1 1 1 (1
H) = oimeva ™ <3>5—1—1 N <3>s+4 = h(t)= (36 3¢ )“(t)
The signalin Figure 4.13 can be representedn termsof elementarysignalsas
Ft) =u(t)—rt)+r(t—2)+u(t-3)

so that we needto find only via the convolutionintegral the systemstepand ramp responsesandthento usethe
linearity principle. The systemstepresponseds given by

t
1 1 1 1
y* P (t) = h(t) x u(t) = /u(r) —e= (=) _e=4-T) Vg = —(1 — e_t) — —(1 — e““), t>0
3 3 3 12
The systemramp responseyia the convolution procedures obtainedfrom
1 1 1 1 1 1 1
ramp — — o= (t=7) _ T _—4(t-71) — Z(_ e A - -4t >
Yy (t) = r(t) * u(t) /T(36 3¢ )dr 3(t 1)+36 12(t+4>+486 , >0

The systemzero-stateresponses given by

yzs(t) _ ystep(t) + ystep(t o 3) o yramp (t) + yramp (t o 2)



Problem 6.12
The signals f1[k] and f»[k] are given by

2, k=1
’ 1, k=0
hilk] = {4’ k=2 . Folk] = { 0, otherwise
0, otherwise ’

bl

By the convolutiondurationproperty,the convolution f[k] = fi[k] * f2[k] is equalto zerofor k < 0 andk > 3.
The sliding tape methodproducesf[1] = 2x 1 =2 and f[2] = 4 x 1 = 4.
In summary,the following convolutionresultis obtained

2, k=1
fIK] = filk]+ folk] = {4, k=29

0, otherwise

Problem 6.14
The sliding tapemethodproducesf[k] = fi[k] * f2[k] = 0 for k& < 0 sincethe signalsfi[m] and f2[—m] do not
overlap. For othervaluesof k, we obtainthe following results: f[l] = 2x 1 =2, f[2] =2x 0+ 1x 1 = 1,
fBl=2x1+41x0=2, f[4] =1x1=1,andf[k] = 0 for k > 5.

In summary,the following convolutionresultis obtained

0, k<0
2, k=1
I, k=2
SR = A« Rl =3y 72y
1, k=4
0, k>5
Problem 6.15
Using the sliding tape method,the requiredconvolutionresultis given by
0, k<-—1
1 x 3:3, k =
Ix0—-1x3=-3, k=
flkl = filkl« ol = ¢ Ix (-2)+(-1)x0+1x3=1, k=2
() x (-2)+1x0=2, k=3
I x(=2)=-2, k=
0, k>5
Problem 6.16
The sliding tape methodproducesthe following convolution result
0, k< -2
(-2) x1=-2, k=—
(-2)x242x1=-2, k=
(-2)x34+2x24+1x1=-1, k=1
_ ) (2)x242x3+1x24+(-1)x1=3, k=
flk] = filk] = fo[k] = 2x2+4+1x34+(-1)x24+4x1=9, k=3
Ix24(-1)x3+4x2=7, k=4
(—1) x2+4x3 =10, k=5
2)(4:8, k=6
0 k>7




