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CHAPTER 2

P.P.2.1

ft)y=e*", g(t)=t
Let y(t) = f(t)*g(t),

y(t) = T f(r)g(t—r)dr:T e (t—-7)dr

—00
o0 0

=t I e dr— j re~*" dr(the second term is zero)

—0 —00

2(2)
P.P.2.2
0, t<O0
x(t) =tu(t), h(t)=“(t)={1, t>0

y(t) = x(t)*h(t) =tu(t) *u(t) = T ru(r)u(t—7)dr
But B

1, O<t<r
u(z)u(t—r) =
(utt=2) {O, otherwise
Hence,
t Zt t2
t)=[rdr=2| =—,t>0
y(t) j =075
or
y(t) = 0.5t%u(t)
P.P.2.3
X(t-7) y(7)
A A
2
1 1

v

-1 t T 0




y(r)=1,0<1<2
Let z(t)=x(t)*y(t) = j y(z)x(t—7)dr
For 0<t<1

Z(t)zj.r(l)drzi t :£t2,0<t<1
0 210 2
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y(7)

A

v

y(7)

A

/

v

0O 1 t2 T

For1<t< 2,
72 1
z(t) =— =—(2t-1),1<t<?2
(t) > li—1 2( )
For 2<t<3
22 1 1
72(t) =— =Z|4—(t-1)? |==(3+2t-t?),2<t<3
) =] =54 =07 == )

X(r)

0
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For t>2, there is no overlapping/ z(t) = 0.
Thus, in summary,

ltz, O<t<l
2
Loy, 1<t<2
zt)=9 2 '
%(3+2t—t2), 2<t<3
0, otherwise
P.P.2.4

Let z(t) = x(t)*y(t)
2(t) = [ x(t-7)y(z)dr

For t<0, z(t)=0
ForO<t<1,

t-1 D t 1 T

t
t
z(t) = j(l)sin mrdr = —lcos T 0= l(1—cos;zt)
0 T T

0 t-1 1 t T

Forl<t<?2,
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1
1
z(t) = J' Dsinzrdr = —icomr = —i(com—cos”(t -1))
Ao} T -1

1 . . 1
=——(-1-cosztcos z —sin ztsin ) = —(cos zt —1)
T T

For t > 2. There is no overlap and z(t) = 0.
Thus,

l(1—cos;zt), O<t<1
VA

Z(t) = 1(COS;rt—l), 1<t<2
T

0, otherwise

P.P.25
h(t) = T h(z)h,(t—7)dz =T 2e*u(r)4e Iyt —r)dr =8e ™ T e‘u(r)u(t—r)dr

t

=8e‘2tjefdr,t >0=8e2(e' -1),t >0
0

=8(e”' —e?)u(t)

P.P.2.6

o0

yIn1= > x[k]h[n-k]

k=—o0

Sequences x[k] and h[k] are shown below for n<0 and n>0.

x[K]
2 10 1 2 3 4 K
h[n-k], n<0
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h[n-k], n>0

v

-2-10 1 23 n

For n<0, x[k[ and h[n-k] do not overlap. For n > 0, they overlap from k=0 to k=n.
y[n]=> a"*
k=0

Changing the variable of summation k to m=n-k gives

Thus,

l— an+1
y[n]=

u[n]

l-a
P.P.2.7

Analytically, y[n] =x[n]*h[n]
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x[n]=o[n]+o[n-1]

h[n] =35[n]+ 26[n]+ o[n-2]

y[n]= x[n]*(S[n]+ 28[n]1+ 6[n—2]) = 3x[n]+ 2x[n —1]+ x[n— 2]
=30[n]+30[n—1]+ 26[n—1]+ 26[n— 2]+ o[n— 2]+ S[n—3]
=30[n]+50[n—-1]+35[n—-1]+o[n—3]

which is sketched below.

P.P.2.38

The sequences x[k] and h[n-k] are shown below.

1 x[K]
]
1/4
1/16
1/64
? ,
3 2 -1 0 K
h[n-k]
[ X | [ X
*—o—>
210 1 2 k
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1 yin]
4/3
1
1/4
1/16
? .
3-2-1 012 3n
For n >0,
© 0
ylnl= > xkIh[n—k]= > 4*
k=—o0 k=—o0

Changing the variable of summation from k to r=-k,

But,

4
y[n] = 3

When n<0, x[k]h[n-k] has nonzero values for k<n, Thus, forn<0,

y[nl= > x[kJh[n—k] = _Zn: 4

k=—o0

By performing a change of variable I=-k, then m = I+n

-5 5 5l

Thus,
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4" n<0
nl=
y[n] ﬂ, 150
3

P.P.29

x[n] ={1,8, 4,5}, y[n]={4, 38, 66, 61, 46, 14, 5}
X(z)=2°+82°+42+5
y(z) =4z° +382° + 662" + 612° + 462° +142+5

47 +62° +2z+1

722 +872°+ 4z +5|42° +382° + 662* + 612° + 4622 + 142 + 5
47° + 327° +167* + 207°

62° + 50Z* + 412° + 462% + 142 + 5
62°+ 487* + 247° + 307°

27 + 1722 + 1622 + 142 + 5
27* + 162° + 87° +10z

22+82%2 + 47 +5
22+87° + 4z+5
0

Hence, h(z) = 4z2°+62*+2z+1
or
h[n]={4 6 2 1}

P.P.2.10

x1=[2543510];

x2=[1639 4 72];

y = conv(x1,x2)

y=[2 17 40 60 88 110 103 98 58 45 17 2 0]
P.P.2.11

The MATLAB code and the plot are given below.

T =0.1; % sampling period
t=0:T:10;
x = exp(-t).*sin(t); % calculates x(t)




o1

h = 0.5*( exp(-t) - exp(-4*t) ); % calculates h(t)
y = T*conv(x,h); % calculate y[n] =T x(n)*h(n)

{0 = (0:200)*T

plot(t0,y) % or use this plot(t,y(1:101))

xlabel('Time (s))
ylabel('Response y(t)")

0.05F

=

o

B
T

=

fuu]

[74]
T

Response y(t)

=

o

iv]
T

0.01 -

1 1 1 1 1
0 2 4 & 8 10
Time (s)

P.P.2.12

I I I I
12 14 18 18 20

The MATLAB code with the result is shown below.

>>x=[18405];
>>y =[43866 6146 14 5];

>> h= deconv(y,x)

P.P.2.13

If h(t) = u(t), then

]E|h(f)|dT=T(l)dT:rog=oo

—o0 0

h(t) is not integrable and hence the system is unstable.
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P.P.2.14

kZéolh[kll Z( 0.6)" m—2.5<oo

which is flnlte Hence the system is stable.

P.P.2.15
v, (t) =V, (t)*h(t) = j u(z)h(t-z)dr = j 5e 276 I

t
= 5e"J'e’Tdr =5e"'(1-¢e™)
0

=5(e" —e?)u(t)

Prob.2.1

Change variable by letting A =t—7.

X, (1) * X, (t)_jx1 ,(t—7 olf_jx1 (t=2)%, (A)d2

= [ % ()% (t-7)2 =0 *% )

Prob. 2.2

00

(a) f(t)*5(t):j f(r)s(t—r)dr= f(r)T:t= f(t)

—00

(b) fO)*S(t—t)=5@—t)*f(t)= Té(t—to) f(t—7)dz

=f(t-0)| _ =ft-t)

0
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o0

© fO*uO =] f@ut-r)de

—00

1, <t
But ut—-r)=
0, t>t

Hence,

f)*u(t) = j‘ f(r)dr

Prob. 2.3

0

x(t)*%&(t) = x(r)%é(t —7)dr :%x(t)

—00

Prob. 2.4

@ x()*y(t) = 25(t)*4u(t) = 8u(t)
() x(t)*z(t) = 25(t) *e 2u(t) = 26 2u(t)

4e72l t )
=2(1-¢™
> lo ( )

(c) y)*z(t)=4u(t)*eu(t) = 4j‘ edA=

(d) y(O)*[y(t)+z(t)] = 4u(t) *[4u(t) + e *'u(t)] = 4I [4u(1) +e**u(A)]dA

5]

e

t
t
=4[[4+e?1dA =44t + [ =16t-2e7+2
0

Prob. 2.5

(@) t*e"u(t) =

t

al al

1 eat

€
g—?(at—l)

e

>-(al-1)
a

t
:l(eat —l)—
0 a

t at
joe (t—A)dA =t

alo

t t
(b) cost*costu(t) = Icos Acos(t—A)dA =I{cost cosAcosA+sintsin AcosA}dA
0 0

sin24

t t t
= costj£[1+c052}t]d/1+sintj cosAd(—cos ) |= 1cost[/1+ ]| —sint——
2 2 0 2 0 2

= 0.5cos(t)(t+0.5sin(2t)) — 0.5sin(t)(cos(t) — 1).

cos A |t




54

Prob. 2.6
(@) We use the property f(t)*o(t—t))=f(t-t,)

y(t) = x(t-2) = (t-2)°
(b) y{t)=x(t-2)=(t-2)(t—2+0.5)* = (t—2)(t-1.5)

© y)=x({t-2)=4e*"?cos[2x(t-2)—r/2]

=4e'e ™ cos[2nt —4rx —x12] = 4e*e ™ cos(2xt -7/ 2)

Prob. 2.7
(@ x(t)=TI(t/2)*[5(t+1)+5(t+2)]=TI((t+1)/2) +TI((t+2)/2)
which is a combination of two unit rectangular pulses, shown below.
x(t)

2

A

v

(b)  y@©)=[AC+D)-At-D]*5(t)=At+1)—-At-1)
which is sketched below.
y(t)

v

(c) Both TI((t-7)/2 and A(z) are sketched below.

I1((t-1)/2)
A(7)
X

t-1 t t+1 -1 1 T

v
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When t < 2, there is no overlap. For -2 <t<-1,

t+1 2

e |t+l 5
Z(t)=j(1)(1+r)dr=r+? =05t +2+2, —2<t<-l
-1

T1((t-1)/2)
'
/\/A(r)
£ -1l 1 i
For -1<t<1,
TI((t-1)/2)
¥
N\ /A(r)
t 1 11 *
2(t) = j);(l)(l+ r)dr+1-1(1)(1—f)dr = (mrf_zz] _OlJ{T_r_;] t;l
=1—£t2, ~1<t<1
2
For 1<t<2,
TI((t-1)/2)

IAX( L)
N /

v

A

-1 11 t t+1
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2

1
1
z(t) = '[ (1)(1—r)dr:r—%t 1:O.5t2 -2t+2, 1l<t<?2
1

Thus.

05t +2t+2, -2<t<-1
1-0.5t2, -l<t<1
05t° -2t+2, 1<t<2
0, otherwise
z(t) is sketched below.

Z(t) =

2(t)

A

0.9

Prob. 2.8

@  u(®)*u(t)= j-u(r)u(t —7)dr :j O@)dz =tu(t) = r(t)

(b) We use one of the properties of convolution, i.e.

y(t) =x{t)*h(t) —— x(t+t)*h(t+t,)=y(t+t +t,)
Hence,

ut+t)*u(t+t) =r(t+t +t,)

If t,=-1 and t,=-3, then

ut-D*ut-3)=r(t-4)

v
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(c) TI(t/2) =u(t+0.57)—u(t-0.57)
I1(t/2)*11(t/2) =u(t+0.57) *u(t + 0.57) — 2u(t + 0.57) *u(t — 0.57)
+u(t—0.57)*u(t-0.57)
=r(t+z7)-2r(t)+r(t—17)

But  A(t/7)=[r(t+o)—2r(t)+r(t-7)]
T

Hence,
II(t/2)*T1(t/2) =zA(t/7)

Prob. 2.9
y(t) =h(t)*x(t) = J. e 2 10e " dr

t

=10e™" j e'dr =10e ' (- +1)
0

=10(e™" —e ™" )u(t)

Prob. 2.10

o0

y(t) = x(t)*h(t) = [ x(@D)h(t—7)dz

—00

(t-7) (t-7)

e, t—-r<0 |e'", <t

X(r)=cos2z, h(t-7)=1{ T M
e t—z>0 e, >t

t - . .
y(t) = j cos27e" Vdz +.[ cos2ze“ dr =e™ j c0s 27e°d 7 &' J cos2ze-dz

—o t —o0 t

et e’ (cos2r+2sin27) || t e e " (-cos2r +2sin27) ||
5 —00 5 t
=0.2cos 2t
Prob. 2.11

y(t) = h(®)*x(0) = (e 2u() - 50)) *e'u(t) = ﬁ(e‘ e )u(t) —eu(t)

=e'u(t)—e?u(t)—e'u(t) = —e*u(t)

Prob. 2.12
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For t<0, the product of x(t) and h(t-t) is zero, i.e. y(t) = 0. Fort>0,
e”, O<r<t
x(o)h(t—7) = '
©h(t=1) {0, otherwise
t 1

t
1
t) = e—Z‘rd :__e—ZT — 1_e—2t
y)=[e*rdr=—Ze ) =50

ie. yt)= %(1— e?)u(t)

Prob. 2.13
(a) Using Table 2.2,

2t
e 2ut)*u(t) =+

(b) Using Table 2.2,

u(t) = %(1—e‘2‘)u(t)

e ?u(t)*e'u(t) = ﬁ (e —e ™) =(e* —e)u(t)

t t
(c) cos2tu(t)*e?u(t) = j cos2re " dr =™ j cos2re”dr
0 0

27 t
—e?| 2 (2c0s27 +2sin2r)
4+4 0

-2t
= %[e” (2cos 2t + 2sin 2t) — 2]

1 . -2t
:Z(c052t+sm 2t—e )u(t)

Prob. 2.14
x(t) =u(t)

y(t) = x(t)*h(t) = jefu(r)dr = (L—e™)u(t)

Prob. 2.15

o0

@ y()=x@®*h(t) = I X(z)o(t—7) = x(t)

—00

i.e. a unity system.

(b) y@) = T X(r)%&(t—r)dr :%x(t)

—00

i.e. the system is a differentiator.
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© t

© ¥ =] x(@ut-r)dr = [ x(x)dr

—00 —00

i.e. the system is an integrator

Prob. 2.16
y(t) =ht)*x(t) =[ 4e*u(t) |*[ 5®) - 2¢*'u(t) ]
=4e?'u(t)*5(t) — 4e *u(t) * 2e*u(t) = 4e *'u(t) - 8™ j e°d A
= 4e*u(t) —8te *u(t)

Prob. 2.17
In Example 2.3,

A, =2x1=2, A,=1x2=2, Ay=%(1+3)(2):4
Hence, A\/ = AuA,

Prob. 2.18

t, O<t<?2

t) =
%(1) {4—t, 2<t<4

Let () =x(t)*%(t) = [x,(t-7)x(r)de

For t <O0. there is no overlapping, y(t) = 0.
For 0 <t < 2, there is overlapping as shown below.
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2“
1
20 1 2 i ™
t 2
|t 1
t)=|)rdr=—| ==t*, O<t<?2
y(t) !()m =3

For 2 <t <4. there is overlapping as shown below.

1RVAN

t-2 2 t 4 T

y(t) = jz (1)fdf+i(l)(4—r)dr = r—;‘t 324{4,__)

:2—1(t—2)2 + 4t—1t2 —8+2j
2 2

_o-Llesorora-tee
2 2
=—t’+6t-6, 2<t<4
For 4 <t < 6. the overlapping is as shown below.
2

A

1

2 124 ®
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4
t—2

y(t) = i D@ -7)dr = [42’—%}
=16—8—4(t—2)+%(t—2)2

=8—4t+8+%t2 —2t+2

=%t2—6t+18, 4<t<6

Thus,
0.5t2, 0O<t<?2

—t? + 6t —6, 2<t<4
0.5t — 6t +18, 4<t<6
0, otherwise

y(t) =

Prob. 2.19

Let  y(t) =x(t)*h(t) = [ x(t - 2)h(r)d

For t <O0. there is no overlap, y(t) =0.
Fort>0,

y(t) = J;.(l) (2¢7)dr= Zfl :) =—2(e"-1)

=2(1-e"), t>0

Prob. 2.20
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@ x,t)=ut-1)-u(t-3), x(t)=u(t)-u(t-1)

y(t) =x (t)*x, () =ut-D*u(t)—u(t-3)*u(t)—ut-D*ut -1 +u(t-3)*u(t-1)
But

Xl(t+t1)*X2(t) = y(t+t1)

Xi(t+t1)*X2(t+t2) = y(t+t1+t2)

Hence,
t-1 1<t<?2
1, 2<t<3
) =r(t-D)-r(t-2)—-r(t-3)+r(t-4)=
y()()()()()4_t, 3<t<a

0, otherwise
(b) x () =u(t+2)-2u(t)+u(t-1), x,(t)=4e?u(t)
V() =% (1) * %, (£) = Ut +1) * %, (1) - 2u(t) * X, (1) + u(t —1) * %, (t)
=Y, (t+1) =2y, (t) + y,(t-1)
where
0, t<0

t

Yo () =u(®)*x,(t) = [ %, (x)dr =

—00

4} e, ~207€NO
0
y(t)=2(1—e®* Hu(t+1) -4@1-e " )u(t) + 2(L—e **?)u(t 1)
0, t<-1
2(1-e7%), -1<t<0
22 —e?*-1), 0<t<1
22 —g B _g ) 1>]

Prob. 2.21

For 0<t<2, the signals overlap as shown below.

t-2 t 2 A
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y(t) = x()*x(t) = [ Q@)d 2=t

For 2 <t< 4, they overlap as shown below.

2
2
)= | Q@O)dA =t =4-t
v = [ Odi=y ~,
Thus,
t, O<t<?2
y(t)=44-t, 2<t<4
0, otherwise

Prob. 2.22

t, O<t<l
x(t) =
0, 1<t<?2

t

Let y(t) =x(t)*h(t) =Ix(r)h(t —7)dr

0

For t<0, y(t)=0. For 0 <t<1, x and h overlap as shown below.

1 X(7)

v

t t

y(t) = Jre""”dr = e’tjrefdr =e" [e‘ (t-1) +1} —e'+t-1

0 0
For 1<t<2,they overlap as shown below.
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»
»

0 t 1 t 2 T

F 1 t
t — —(t—r)d 2_ —(t—r)d — -t T _1 —t 2 T _ AT _1
y(t) = [ze z‘+!( 7)e r=e'[e’( )]O+e (2" -¢(z )]O

O e

—e'—2e™M_t+3 1<t<2

For t>2, they overlap as shown below.

v

1 2
2

yt)=[re P dr+|(2-7)e " dr=e"+e| 26" € (r -1)

s s

—e'—2e™M4e™  t>2
Thus,

0, t<0

y(t) = e'+t-1 O<t<l

et -2 _t+3 1<t<?2
e'—2e™M e t>2

Prob. 2.23
h(t) =(4e" —e ™ )u(t)

Prob. 2.24
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h(t) = hs(t)*[h4(t) + hz (t)*hg(t) - hl(t)]

Prob. 2.25
(@ When a=1,

N-1
D 1¢=1+1+1+---+1(in N places) = N
k=0

For a=1, let
N-1
F=)a‘=l+a+a’+a’+--+a"" )
k=0
N-1
aF=ay a‘=a+a’+a’+a’+---+a" (2)
k=0
Subtracting (2) from (1) gives
(l-a)F =1-a"
N-1 __ AN
F=Zak:1 2
k=0 l1-a
Thus,
. N, a=1
a“‘=<1-3"
k=0 1-a ) azl
1-a

(b) From part (a)

fak _ 1-a"

pard 1-a

We take the limit of this as N approaches infinity
) _ N

Sa=timi® -1 i

Py Noo ]1—3a —a

(c) From part (b),

Yat -

k=0 1-a

Taking the derivative of both sides,

i katt=— 1
(1-a)’

k=0

Multiplying both sides by a,
kak =—2 :

0 (1-a)
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Prob. 2.26

y[n]=h[n]*u[n] = (0.4)"u[n]*[S[n —1]+35[n]]

= (0.4)"*u[n—1]+3(0.4)"u[n]
y[2] = (0.4)'u[-1]+3(0.4)*u[2] = 0+ 3(0.4)*(1) = 0.48
y[5] = (0.4)*u[4]+3(0.4)°u[5] = 0.4* +3(0.4)° = 0.05632

Prob. 3.27
(@ For n<0, y[n]=0. For n>0,

=Y e o= =22

(4™ =1)uln]

n

()  y[n]=2"u[n]*2"u[n] = zn“zk u[k]2"*uln-k]=2"" @) = 2" (n+1)u[n]

k=0

n 0 (03) (151
(c) y[n]=Zx[k]h[n—k]=2 Z(7j =2 (15 lJu[n]
k=0 k=0 D
=2"(1.5" =1u[n]
Prob. 3.28
Using entry 4 in Table 2.4,

y[n]=6<3)“u[n]*(2)”u[n]=6[3:—2]:6[3““—2””]

Prob. 3.29
y[n]=x[n]*h[n] = Z x[k]h[n —K]

y[n] is shown below for n<0.

DIn-k]  n<0 X[K]
1 y=0 1

[ ] |

N —e

=V
o
[EEN
vy
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-1
For n=0, y[0] is calculated as shown below.

h[n-k] n=0 X[K]h[n-K]
1] y=()(1)=1 1

v

r—
~—
N
W"
_ o

For n=1, y[1] is calculated as shown below

h[n-k] n<0 n=1 X[KIh[n-K]
3 y=1-1=0 1
i [ y > [ .
l k q 1 2 k
_1. o
For n=2, y[2] is calculated as shown below.
h[n-k] n<0 n=2 [k]h[n-K]
11 y=1-1+1=1 1
X > | [ >
k

T T

Continuing this way, we obtain




n=0
n=1
, h=2
y[n]=5-1, n=3
0, n=4
-1, n=5
0, otherwise

which is sketched below.

y[n]

1

68

BE

-1

Prob. 2.30

(@ x[n] and h[k] are sketched below.

[n]

v

h[n]

3e

J

(b)This can be done in three ways.

Method 1: Using MATLAB,
x=[1-1];

N

3‘ y
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h=[1 3 2];
y=conv(x,h)=[1 2 -1 -2]
Method 2: Analytically, we can apply x[n]*8[n-k] = x[n-k]
X[n]=d6[n]-6[n-1]
h[n] = o[n]+35[n—1]+ 256[n-2]
y[n] = x[n]*h[n] = S[n]*o[n]+35[n]*S[n—-1]+ 256[n]*S[n-2]
—o[n]*o[n—1]-35[n-1]*o[n-1]-25[n-1]*S[n - 2]
=o[n]+25[n-1]-o[n-2]-25[n-3]

Method 3: Graphically, y[n]=x[n]*h[n]= Zn: h[k]x[n—K]

Forn =0, y]0] = (1)(1)=1. For n=1, we have the figure below

h[n]
A
3e
2.
1'
T g
X[n-K]
I 1
k

y[1] = ()(-1)+(1)(3)=2

Forn=2, y[2] = (3)(-1) + (1)(2)=-1

For n=3, we have the figure shown below.




y[3]=(2)(-1)=-2. Thus,

1, n=0
2, n=1
y[n]=4 -1, n=2
-2, n=3
0, otherwise
Prob. 2.31

Method 1: Graphically, y[n] =x[n]*h[n]
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v

For n =0, there is no overlap, y[0] =0.
For n=1, y[1]=1(1) =1
For n=2, they overlap as shown below.

XIK]

y[2] =2(1) +1(1) =3
Forn=3, y[3]=3(1) + 2(1) + 1(1) =6 and so on.

y[N]=[0 1365 3]

Method 2:
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y[n]=x[n]*h[n] = ; x[kJh[n—k]
= x[LJh[n —1]+ x[2]h[n — 2] + X[3]h[n - 3]
=h[n—1]+h[n—2]+h[n—3]

y[1]= h[0]+ h[-1]+ h[-2] =1+0+0=1

y[2] = h[1]+ h[0]+ h[-1] =1+2+0=3

y[3]1=h[2]+h[1]+h[0] =3+2+1=6

y[4] = h[3]+h[2]+ h[1] =0+3+2=5

y[5] = h[4]+h[3]+h[2]=0+0+3=3

Prob. 2.32
y[n]= Zu[k][(OA)”‘k +(0.5)"** J[n—k]

= i[(0-4)”‘k +(0.5)"* |= (0-4)”Zi:(0.4)‘k +(o.5)"+12i“ (0.5)™

= (0.4)"Zn: (1/0.4)" +(o.5)”+1i (1/0.5)"

— (04)n [1_ (2'5)n+1] + (0.5)n+1 [1_ 2n+l]

1-25 1-2
— %(0.4)n (2-5n+1 _1) _ (0.5)n+1(2n+1 _1)

Prob. 2.33
(&) When they are connected in parallel,

h=h +h, = (0.4)"u[n]+ 6[n]+0.55[n —1]

y[n] = h[n]*x[n] = (0.4)"u[n]*[ (0.4)"u[n]+&[n] + 0.55[n —1] |
= (n+1)(0.4)"u[n]+ (0.4)"u[n]+0.5(0.4)" *u[n-1]
= (n+2)(0.4)"u[n]+1.25(0.4)"u[n—1]
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(b) When they are cascaded
h=h *h, = (0.4)"u[n]*[5[n]+0.56[n—1]]
= (0.4)"u[n] +0.5(0.4)" *u[n 1]
y[n] = h[n]*x[n] = (0.4)"u[n]*[ (0.4)"u[n] +0.5(0.4)" *u[n -1] |
But if z[n]=a"u[n]*a"u[n]=(n+21)a"u[n]=r[n]a"
a"u[n]*a"u[n-1=z[n-1=(n-1+a"'u[n-1]=na""u[n-1]
Hence,
y[n] = (n+1)(0.4)"u[n]+n(0.4)""u[n-1]

Prob. 2.34
h[n]=h,[n]*(h,[n]*h,[n] - h,[n])
Prob. 2.35

h = deconv(y,X)
=[2 3]

Prob. 2.36

h = deconv(y,x)
=[4 6 11]

Prob. 2.37
(a) The MATLAB code and the plot of y(t) are presented below.

clear

T =0.1; % sampling period
t=0:T:10;

t1=0:T:2

lenl = max(size(tl));

x =ones(lenl,1); %calculates x(t)
h = exp(-t) ; % calculates h(t)

y = T*conv(x,h);

len2 = max(size(y));

t0 = (1:1en2)*T,

plot(t0,y) % or use this to plot(t,y(1:101))
xlabel('Time (s)")
ylabel('Response y(t)")
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Response yit)

(b)  y(t)=x(®)*h(t) =eu(t)*[u(t)-u(t-2)] =
=(1-e")-(@-
:{1—e‘t, O<t<2

e (e’ -1),
which agrees with the plot.

Prob. 2.38

10 12 14

“t ~(t-2) _
¢ Lin-Lui-2)

-1 -1
e D)u(t-2)

t>2

The MATLAB code and the result are shown below.

clear
n =0:10;
X = c0s(0.5*pi*n);

h=[11111-1-1-1-1-1];

y = conv(x,h);
y =
Columns 1 through 11

1.0000 1.0000 0
1.0000 -1.0000

Columns 12 through 20

-0.0000 1.0000 -1.0000 -2.0000 -0.0000 1.0000 -
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1.0000 0.0000 -2.0000 -1.0000 1.0000 0 -0.0000 1.0000 1.0000

Prob. 2.39
The MATLAB code and the plot of y are provided below.

m=0:1:20;

lenl = max(size(m));

x =ones(lenl,1); %calculates x[n]
n =0:10;

h = (0.6).”n; % calculates h[n]
y = conv(x,h);
u=max(size(y));

nn=1:1:u

stem(nn,y)

xlabel('n’);

ylabel('y[n]’);

25 oD

y[n]

0st

0 TTT‘P%S%

0 5 10 15 20 25 35

Prob. 2.40
The MATLAB code and the results are shown below.

m=0:1:20;

X = cos(m*pi/6); %calculates x[n]
n = 0:10;

h = (0.6).”n; % calculates h[n]

y = conv(x,h);

u=max(size(y));
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nn=1:1:u
stem(nn,y)
xlabel('n’);
ylabel(y[n]’);

y[n]

e

Prob. 2.41
clear
x=[1-124];

y=[264 08512];
h = deconv(y,x);

h=
2 8 8 -16

Prob. 2.42

@) Tlh(r)ldr—Tez’dr—ezrw—oo
el 0 7 |0

Hence, the system is unstable.
¢ T —C0S 27 |©

b h dr=|sin2zdzr =

(b) jw|(r)|r£ rdz .

The value of cos2t varies between 1 and -1. Hence the system is stable.

(©) T|h(z') | dr:Te’ cos2zdr

—00

e—T
1+4

1
=<

o0
(—cos 2z +2sin 27) 0
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Hence the system is stable.

Prob. 2.43
© 1 l
[In@)dr=[@dr =7 =25
-0 -1 -

Hence the system is stable.

Prob. 3.44

0

@ Y Ihk]l=> dlk]=1
k=0

i.e. the system is stable.
o0 0 1

() D IhK]=D (-05) =——=2
k=0 k=0 1-05

i.e. the system is stable.

©  YIhKI= Y [ulk]-ulk ~10]] =10

i.e. the system is stable.

Prob. 3.45
> Ih[k]|= D ulk]=oo
k=0 k=0

i.e. the sum of |nh[K]| is inifinte. Hence, the system is not BIBO stable.

Prob. 3.46

v, (t) = h(t)*v,(t) =e u(t) *[u(t-1) + 5(t—2)]

e'-1

] 1-e", O<t<2
1-e'(1+e%), t>2

Prob. 3.47

v, (t) = h(t)*v,(t) = 2e ‘u(t) *u(t)
=&1_1)u(t) =2(1-e")u(t)

. ut)—e “2ut-2)=1-e"Hu()—e*u(t-2)




Prob. 3.48

X(t) =u(t)
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Let y(t) =x(t)*h(t) = u(t)*[ 5(t) - 2e*'u(t) | = u(t) *5(t) —u(t) *2¢ *u(t)

t
=u(t)-2[ e dr=u(t)+2 -

-2t t
£ _=@retu




