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23

24
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2.6

Chapter 2

@) |x1], =22.85, x|, =9.1396, x|, =4.8L,
() [z, = 1868, [xz], =7.1944, |x; |, =3.48.

_ 11 n 2 O’ _ 1, n< O, _
pln] = {O, n<O. Hence, p[-n-1]= {O, n>0 Thus, x[n] = p[n]+p[-n-1].

(a) Consider the sequence defined by x[n] = iﬁ[k]. If n <0, then k = 0 is not included

k=—00
in the sum and hence, x[n] = 0 for n <0. On the other hand, for n >0, k=0 is included
in the sum, and as a result, x[n] =1 for n > 0. Therefore,

2 _J1, n=20, _
x[n]—kzz[k]—{o, n <O’—u[n]-

1, n21

T _J1, nz0,. T ,
(b) Since p[n] = {O, n it follows that p[n—1] = {0, ne<l Hence,

<0,

) —pin 1= {5 "% 0 =8in).

Recall p[n]—pu[n—1]=98{n]. Hence,

x[n] =8[n]+36[n—-1]—-26[n—2]+48[n—-3]

= un]-pln =10 + 3(uln —1]1-pln - 2D = 2(uln - 2] - pln - 3D + 4(ufn - 3] - p(n - 4]
= pu[n]+2p[n —1]1-5uln — 2]+ 6u[n — 3] - 4pu[n - 4].

@ dn=x-n+2=(2 0 -3 -2 1 5 -4),
(b) din=)[-n-3]={-2 7 8 0 -1 -3 6 0 Q),

© elm=wl-n]=(5 -2 0 -1 2 23 0

@ ulm=xnl+y{n-2={-4 5 1 =23 -3 1087 -2,
@ vin)=sin]-win+41=(0 15 2 -4 3 0 -4 0),

® sinl=yln]-wln+41=(-3 4 -5 0 0 10 2 -2,

® rIn1=35){n]=(21 105 -35 0 28 245 -7).

(@) x[n]=—48[n+3]1+58[n+2]1+6[n+1]-28[n]—38[n—-1]+28[n-3],
yln]=68[n +1]—-38[n]—6[n—1]+88[n—3]1+76[n—4]-258[n-75],
wln] =306[n—2]1+28[n—3]+28[n—-4]-08[n—-5]-28[n—-"T7]+58[n-38],

(b) Recall §[n] = p[n]—puln-1]. Hence,

x[n] = —4(uln + 3] - pln + 2] + 5(uln + 2] — pln + 11) + (uln + 11— pln])
=2(u{n] - pln -1 = 3(uln ~ 1] - pin - 2 + 2(uin - 31— pln - 4))
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= —4u[n +3]+9uln + 2] —4uln + 1] -3u[n] — pln — 1]+ 3uln — 2]+ 2p[n — 3] - 2u{n - 4],

2.7 (a)
x[n-1] x[n-2]
x[n] +— 1 I -k 1
A[0] th h(2)
"3 »H— yln]

From the above figure it follows that y[n] = A[0)x[n] + A[1]x{n — 1]+ A[2]x[n - 2].

(b)

From the above figure we get win] = h[0](x{n]+ B;(x[n—1]+By1x[n—2]) and
yln]=w[n]+ Biawln —11+ Brywin—2]. Making use of the first equation in the second
we arrive at
yin]l = h[01(x[n] + Bq1x[n — 1]+ B21x[n-2])

+B12h[01(x{n — 1]+ By 1 x[n — 2]+ By x{n —31)

+ Bzzh[O](x[n - 2] + Bl lx[n - 3] + lex[n - 4])

= H01(x[n] + By + B2 )aln — 11+ B2y +B12By1 +B22)xln—2]
+(B12B21 +B2aB11)xn =31+ ByPoxin —47).

(c) Figure P2.1(c) is a cascade of a first-order section and a second-order section. The
input-output relation remains unchanged if the ordering of the two sections is
interchanged as shown below.

yln]
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The second-order section can be redrawn as shown below without changing its input-
output relation.

0.6 1
An] —(F wln] - u[n] o y[n+1]
71 71 1
-0.8 _ 03 0.4
@4 5 5]
A [
-0.5 wln -2] 0.2

The second-order section can be seen to be cascade of two sections. Interchanging their
ordering we finally arrive at the structure shown below:

06 _sln) L uln] o Y+ 1]

ynl

Analyzing the above structure we arrive at
s[n] =0.6x[n]+ 0.3x[n—1]1+0.2x[n - 2],
u[n] = s[n]—-0.8u[n—-1]1-0.5u[n - 2],
yn+1] =u[n]+0.4y[n].
From u[n] = y[n+1]-0.4y[n]. Substituting this in the second equation we get after some
algebra y[n+1]=s[n]—-0.4y[n]—0.18y[n —1]+0.8y[n —2]. Making use of the first
equation in this equation we finally arrive at the desired input-output relation
y[n]l+0.4y[n—-1]1+0.18y[n —2]-0.2y{n - 3] = 0.6x[n— 11+ 0.3x[n — 2] + 0.2x[n - 3].

(d) Figure P2.19(d) is a parallel connection of a first-order section and a second-order
section. The second-order section can be redrawn as a cascade of two sections as

indicated below:

x[n] —G& winl

-0.8

w yylnl

-0.5
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Interchanging the order of the two sections we arrive at an equivalent structure shown

below:
0.3

xfn] —[ 1 qln]

<+

0.2

Analyzing the above structure we get
q[n]=0.3x[n-1]1+0.2x[n-2],

y2[n]=qln]-0.8y,;[n—-1]1-0.5y;[n-2].
Substituting the first equation in the second we have

y2[n]+0.8y;[n—11+0.5y,[n—2]=0.3x[n - 1]+ 0.2x[n - 2].

Analyzing the first-order section of Figure P2.1(d) given below
u[n] 3 u[n - 1] 0.6

x["]—»?——* 7 y1ln]
0.4/]

N

we get
u[n] = x[n] +0.4uln —1],

y1[n] =0.6u[n-1].
Solving the above two equations we have
y1[n]-0.4y;[n—1]1=0.6x[n-1].
The output y[n] of the structure of Figure P2.19(d) is given by
y(n]=yi[n]+ y;[n].
From Eq. (2-2) we get 0.8y;[n~1]-0.32y;[n—2] =0.48 x[n —2] and

@2-1)

(2-2)

(2-3)

0.5y1In-2]1-0.2y;[n—31=0.3x[n—-3]. Adding the last two equations to Eq. (2-2) we

arrive at y;[n]+0.4y;[n—1]+0.18y;[n-2]-0.2 y;[n - 3]
=0.6x[n—-1]+0.48 x[n—2]+0.3x[n-3].
Similarly, from Eq. (2-1) we get

2-4)

—0.4y,;[n-1]-0.32y,[n—2]-0.2y;[n—3] =-0.12x[n — 2] - 0.08x[n — 3]. Adding this

equation to Eq. (2-1) we arrive at
y2[n]1+0.4y,[n—1]+0.18y,[n—2]-0.2 y5[n - 3]
=0.3x[n-1]+0.08x[n —2]-0.08 x[n - 3].

(2-5)

Adding Egs. (2-4) and (2-5), and making use of Eq. (2-3) we finally arrive at the input-

output relation of Figure P2.1(d) as:

y[n]+0.4y[n—-1]+0.18y[n-2]1-0.2y[n-3]1=0.9x[n - 11+ 0.56 x[n — 2] + 0.22 x[n - 3].
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28 (a) xflnl={1-j4 -2-j5 3+j2 -7-j3 -1-j},
T
xf[-nl={-1-j -7-j3 3+j2 -2-j5 1-j4}). Therefore
T
xl,c,[n]=%(xf[n]+x;‘[—n])={j1.5 -4S5+j 3 -45-j -j15)
xl,ca[n]=%(x’1"[n]—xi"[—n])={l+j2.5 25+j4 —-j2 -25+j4 -1+j2.5}.
T

(b) x;[n]= e/™/3 Hence, x3[n] = e~ ™/3 and thus, x3[-n] = ef™/3 = x5[n].

)=ej21tn/3

Therefore, x5 (s[n] = %(xi[n] +x5[-n] = x[n], and

%3,calm) = 1311 - x31-n1)= 0.

() x3[nl=je~ /™' Hence, x§[n]=-je/™'> and thus,

x3[-n]=-j e immlS _ —x3[n]. Therefore, x3 .s[n] = %(15 [n]+ x3 [—n])= 0, and
x3,cqln] = ‘;‘(xi [n]—x3 [—n])= x3[n] = je_jﬂ:"/5 .

29 @ an=(-4 5 1 -2 -3 0 2 Hence, x[-n]={2 0 -3 -2 15 -4},

Therefore, xev[n]=%(x[n]+x[—n])=%{—2 5-2 -4 -2 5 -2)
=125 -1 =2 -1 25 -1)

and xoqln] = (x{n] - *[-n))=2{-6 5 4 0 -4 -5 6)
={-3 25 2 9 -2 -25 3

(b) yn]={0 0 0 0 6 _T3 -1 0 8 7 -2}. Hence,

M-n]l={-2 7 8 0 -1 —T3 6 0 0 0 0}

Therefore, yev[n]=%(y[n]+y[—n])={—1 3540 25 -3 25 0 4 35 -)
and yod[n]=%(y[n]—y[—n])={l -35 -4 035 0 -35 0 4 35 -
() in={0 0.0 00000090322 -10 -2 5. Hene,
wi-nl={5 =2 0 -1 22300000000 0 0 Therefore

Weyln] = 3 (w{n]+ wi—n])
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=25 -1 0 -05 1115 O (T) 01511 -0520

-1 2.5} and
Woaln] = 5 (win]—wi-n])
={-25 10 05 -1 -1 -15 0 (T) 01511 -05 0 -1 25}
2.10 (a) xi[n]=pln+2]. Hence, xj[—n]=pl-n+2]. Therefore,
1 1/2, nx3
X evlnl=-(n+2]+pu-n+2])=q 1, -2<n<2, and
2 1/2, -3<n,
) 1/2, n23,
xl,od[n]=—(p[n+2]—u[—n+2])= 0, -2<n<2,
2 -1/2, -3%<n.

(b) x3[n]=a"u[n-3]. Hence, x;[-n]=a "u[-n-3]. Therefore,

%OL", nx3,
x2,ev[n]= %(a”u[n -3]+a " "u-n —3])= 0, -2<n<2, and
%OL_", -3<n,
1 n
Ea N n23,
X3 oalnl= l(oL";,L[n -3]-a "uf-n —3])= 0, -2<n<2,
$] 2 1 _n
"Ea y —SSn.

(€) x3[n]=na’pu[n]. Hence, x3[-n] = —na.~"u[-n]. Therefore,
*3,evIn] = %("“n“["]*“(—n)a_"ll[— ])= llnlalnl and

2
3,04l = L n o]~ (-m) o~ u-nl)= L P,

(d) x4[n]l= alnl. Hence, x4[-n]= al_"l = alnl = x4[n]. Therefore,
x4,e0[1] = 5 (x4 + x4 [-n]) = 5 (Faln]+ xgln]) = x40n] = ol and

X4,00ln] = 3 (xa[n] - x4 [-n1) = - (xgln] — x4 n]) = O.
2.11 Xeyln]l= %(x[n] + x[—n]) Thus, x,,[-n] = %(x[—n] + x[n]) = Xx,,[n]. Hence, x,,[n] is

an even sequence. Likewise, x,4[n] = %(x[n] - x[—n]) Thus,

Xoql—nl = %(x[—n] - x[n]) = —x,4[n]. Hence, x,4[n] is an odd sequence.
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2.12 (a) gln]l=x,,[nlx,,[n]. Thus, g[-n] = x,,[-nlx.,[-n] = x,,[n]x,.,[n] = g[n]. Hence,

gln] is an even sequence.

(b) uln] = x,,[nlx,4[n]. Thus, u[-n] = x,,[-nlx,4[-n] = xev[n](— xod[n]) = —u[n].
Hence, u[n] is an odd sequence.

(©) vinl = x,4lnlx,4ln]. Thus, v[-n] = x,4[-n1xogl—n] = (- xog[nIN= Xoqln])
= x,4[n)x,4[n] = v[n]. Hence, v[n] is an even sequence.
2.13 (a) Since x[n] is causal, x[n]=0,n<0. Also, x[~n]=0, n>0. Now,

Xy [n]= %(x[n] +x{-n]) Hence, x,,[0] = %(x[O] +x{0])= x[0] and
2x,,[n], n>0,

Xeylnl = %x[n],n > 0. Combining the two equations we get x[n] = { xe‘(,)[n], n= 8,
, n<0.

Likewise, x,4[n]= %(x[n] - x[—n]) Hence, x,;4[0] = %(x[O] - x[O]) =0 and

Xoqlnl= %x[n],n > 0. Combining the two equations we get x[n] = {erov[n], : Z 8’

(b) Since y[n] is causal, y[n]=0,n<0. Also, y[—n]=0,n>0. Let
yinl =y, [nl+ jyy,[n], where y, [n] and y;,[n] are real causal sequences.

Now, Yeqlnl =L btn~y*[-n1) Hence, yoa[01= 1101~ y*[01)= iy;m[0] and
Yealnl= % yln]l,n > 0. Since y,,[0] is not known, y[n] cannot be fully recovered from

Yealnl.
Likewise, y,[n] = %(y[n] +y* [—n]) Hence, ,,[0] = %(y[O] +y* [0])= v,,[0] and

Yes[nl = % ylnl,n > 0. Since y;, [0] is not known, y[n] cannot be fully recovered from
Yeslnl.

2.14 Since x[n] is causal, x[n] =0, n < 0. From the solution of Problem 2.13 we have

2x4,[n], n>0, |2cos(w,n), n>0,
x[n]=4 x,y[nl, n=0,= 1 n =0, =2cos(w,n)u[n] - d[n].
0, n<0, 0, n<0,

2.15 (a) {x[n]}={Aa"} where A and a are complex numbers with |a| <1. Since for

n<0,|o|” can become arbitrarily large, {x[n]} is not a bounded sequence.
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229

2.30

2.31

={-2 5 3 2 2 -1 0},0sn<6. Hence, one period of w[n] is given by
(-2 5 3 2 2 -1 0},0<n<6.

X[n] = Acos(w,n +¢).

(@ Fnl={1 -1 -1 1 1 -1 -1 1}. Hence A=+2,00, =7/2,0=m/4.

(b) Fnl={0 -3 0 V3 0 -3 0 3}. Hence A=+3, o, =n/2,

d=m/2.

(¢) F[n]={1 —-0366 —1366 —1 0366 1.366}. Hence A=+2, o, =m/3,

¢=mn/4.
(d X[n]={2 0 -2 0 2 0 -2 0}. Hence A=2,0,=7/2,6=0.

The fundamental period N of a periodic sequence with an angular frequency o,

satisfies Eq. (2.47a) with the smallest value of N and r.
(a) ®, =0.51. Here Eq. (2.47a) reduces to 0.5nN = 2nr which is satisfied with

N=4,r=1.

(b) ®, =0.8n. Here Eq. (2.47a) reduces to 0.8nN =2nr which is satisfied with
N=5r=2.

(¢) We first determine the fundamental period Ny of Re{e/™’3}=cos(0.2n). In
this case, Eq. (2.47a) reduces to 0.2nN{=2nn which is satisfied with Ny =10, =1.

We next determine the fundamental period N, of Im{ejn"/ 10 _ jsin(0.1zwn). In this
case, Eq. (2.47a) reduces to 0.1nN ,=2nr, which is satisfied with N, =20, =1.
Hence the fundamental period N of X .[n] is given by

LCM(Ny,N,)=LCM(10,20) = 20.

(d) We first determine the fundamental period Ny of 3cos(1.3nn). In this case, Eq.
(2.47a) reduces to 1.37N 1= 2nry which is satisfied with Ny =20, =13. We next
determine the fundamental period N5 of 4sin(0.57nn +0.57). In this case, Eq. (2.47a)
reduces to 0.5tN = 27nr, which is satisfied with Ny =4,r, =1. Hence the
fundamental period N of X4[n] is given by LCM(N{,N,) = LCM(20,4) = 20.

(e) We first determine the fundamental period Ny of 5cos(l.5an +0.757). In this
case, Eq. (2.47a) reduces to 1.57N 1= 2nr; which is satisfied with Ny =4, =3. We
next determine the fundamental period N, of 4cos(0.6nn). In this case, Eq. (2.47a)
reduces to 0.6nN = 2nr, which is satisfied with Ny =10,r, =3. We finally
determine the fundamental period N3 of sin(0.57n). In this case, Eq. (2.47a) reduces
to 0.5nN 3= 2nry which is satisfied with N3 =4,r; =1. Hence the fundamental period
N of Xs[n] is given by LCM(N;,N,,N3)=LCM(4,10,4) =20.

The fundamental period N of a periodic sequence with an angular frequency ©,,
satisfies Eq. (2.47a) with the smallest value of N and r.
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2.32

233

(a) ®, =0.6n. Here Eq. (2.47a) reduces to 0.6nN = 2nr which is satisfied with
N =10,r =3.

(b) ®, =0.28n. Here Eq. (2.47a) reduces to 0.28nN = 2nr which is satisfied with
N=50,r=17.

(¢) ®, =0.45n. Here Eq. (2.47a) reduces to 0.45nN = 2nr which is satisfied with
N =40,r =9.

(d) o, =0.55n. Here Eq. (2.47a) reduces to 0.557N = 2nr which is satisfied with
N=40,r=11.

(e) ©, =0.65n. Here Eq. (2.47a) reduces to 0.65nN =2nr which is satisfied with
N =40,r =13.

®, =0.087. Here Eq. (2.47a) reduces to 0.08nN =2nr which is satisfied with

N =25,r =1. For a sequence X,[n] =sin(w,n) with a fundamental period of N =25,
Eq. (2.47a) reduces to 25w, = 2nr. For example, for r =2 we have

0, =4n/25=0.16m. Another sequence with the same fundamental period is obtained
by setting r =3 which leads to w3 =6n/25=0.24n. The corresponding periodic
sequences are therefore X,[n]=sin(0.16nn) and X;[n]=sin(0.247n).

The three parameters A,Q,,and ¢ of the continuous-time signal x, () can be
determined from x[n] = x,(nT) = Acos(Q,nT +¢) by setting 3 distinct values of n.
For example

x[0]=Acosd =aq,
x[-1]=Acos(=Q,T + ¢) = Acos(Q,T)cos ¢ + Asin(Q,T)sin$ = f3,,
x[1}= Acos(QQ,T +¢) = Acos(Q,T)cos$— Asin(Q,T)sin¢ =y.

Substituting the first equation into the last two equations and then adding them we get

cos(Q2,T) = —@;—Y which can be solved to determine Q,. Next, from the second
[0

equation we have Asin¢ =B —Acos(Q,T)cos¢ =B —acos(Q,T). Dividing this
B-acos(Q,T)

asin(Q,T
which can be solved to determine ¢. Finally, the parameter is determined from the first
equation of the last page.

equation by the last equation on the previous page we arrive at tan¢ =
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2.46

2.47

248

2.49

© © n k
(@) a"u[nl®uln]= Totulkpn-kl= Ta*pn-kl= {Zk=o°‘ > 20
k=—o0 k=0 0, n<0.
o ® n k
(b) na"Wnl@un]= Tka*plkin-kl= Yka*pln—kl= {Zk=o ko™, n>0,
k=—0 k=0 0, n<0.
Now from Eq. (2.72) an arbitrary input x[n] can be expressed as
x[n] = oZo:x[k]ﬁ[n — k] which can be rewritten using Eq. (2.41b) as
k=—
xinl= Talkl(pn-Kl-pln—k-1]) = Talklpln—k] - Sxlkpln-k~1}
k=—oo k=—oo k=—w

Since s[n] is the response of an LTI system for an input p[n], s[n—k] is the response
for an input p[n — k] and s[n—k —1] is the response for an input p[n—k—1]. Hence,

[o 0} [e o}
the output for an input ¥ x[klu[n—k] — X x[k]ufn—k —1] is given by

k=—o0 k=—
ylnl= oZo:x[k]s[n ~k]- 0Zo:x[k]s[n —k—1]1=x[n]®s[n]—x[n-1]1®s[n—-1].

k=—00 k=—00

yln] = 0Zo:h[m]i[n —m]. Hence,

m=—a

yin+kN]= Ozoj A[m)x[n+ kN —m] = oZo:h[m]x[n —m]=y[n]. Thus, y[n]isalsoa

m=-— m=—uo
periodic sequence with a period N.

In this problem we make use of the identity 8{n — m]@8[n—r]=8[n—m—r].
(@) y1[n] = x;[n]@hy[n] = (38[n — 2] - 28[n + 11)®(- 8[n + 2] + 48[n] + 28[n - 1])

= —38[n - 21@8[n + 2]+ 128[n — 2]@ 8[n] — 65[n — 2]@8[n — 1] + 28[n + 11®5[n+2]
—83[n+11®8[n]+ 43[n+1]®8[n—1]. Hence

y1[n] =-36[n] +128[n — 2] - 68[n — 3] + 28[n + 3] — 85[n + 1] + 48[ n]
=28[n+3]-88[n+1]+d[n]+128[n—-2]-65[n-13].

(b) y;[n]=x,[n]@®hy[n] = (58[n —31+28[n +11)®(38[n — 4]+ 1.58[n — 2] - 5[n +1])
=158[n - 3]@®8[n — 4] +7.55[n - 3]® &[n — 2] - 58[n — 3]® &[n + 1] + 68[n + 11@&[n — 4]
+33[n+1]®8[n - 2] -28[n +1]@3[n+1] =158[n~7]+7.58[n - 5]-58[n-2]

+68[n —3]+38[n—1]-28[n +2].

Not for sale. 23



2.50

2.51

(©) y3lnl=x;[n]1®hy[n] = (- 38[n — 2] - 28[n +1])O(38[n ~ 4]+ 1.58[n — 2] - 8[n +1])
=98[n —2]1@®8[n — 4] +4.55[n - 2]®8[n — 2] - 38[n — 21® 8[n + 1] - 63[n +1]®§[n — 4]
—38[n +1108[n - 2]+ 28[n + 110 8[n +1] = 98[n — 6] + 4.58[n — 4] - 38[n—1]

—68[n—3]-38[n—-1]-38[n—1]+28[n +2] = 28[n + 2] —68[n — 1] — 68[n — 3]
+4.58[n — 4] +93[n - 6).

(d) y4[n] = x,[n]®hy[n] = (58[n — 3]+ 28[n + 1])®(= 8[n + 2] + 45[n] — 25[n — 1])

= —58[n — 31® 8[n + 2] + 208[n — 3]® 8[n] —108[n ~ 3]® 8[n — 1] - 25[n +1]1@ 5[n + 2]
+88[n+11®8[n]— 48[n +1]®8[n —1] = —-58[n—1]+208[n — 3] —108[n — 4] -25[n +3]
+88[n +1]-48[n] =-28[n + 3]+ 83[n+1] - 48[n] - 58[n — 1]+ 208[n — 3] - 108[n — 4].

(@) u[n] = x[n]® yln]
={~24, 42, -5, —20, —45, 23, 66, —25, —42, -17, 22, 14, —4},-4<n<8.

(b) v[n]=x[n]@wn]
={-12, 7, 5, 10, —16, -3, —28, 30, 13, -6, —15, -4, 10}, -1<n<11.

() gln]=wln]@yln]
=(18, 3, 3, ~14, 25, 26, 60, —11, —16, —14, 26, 39, —10},1<n<13.

yln]= Z’IX?__NI glmJhln —m]. Now, h[n—m] is defined for M; <n—m < M,. Thus,

for m = N1, h[n—m] is defined for M; <n—N; < M, or equivalently, for

M{ + N <n<M, +N;. Likewise, for m = N5, h[n—m] is defined for

My <n-N,; <M,, or equivalently, for M; + Ny) <n< M, + N,. For the specified
sequences Ny =-3,N,=4,M; =2,M»=6. (a) The length of y[n] is

My +Ny -M{—N;+1=6+4-2—-(-3)+1=12. (b) The range of n for y[n]#0 is
min(M| + N{,My + Np) <n<max(M; + Ni,M, +N,), i.e.,

M| +N; <n<Mj, +N,. For the specified sequences the range of n is —1<n <10.

Not for sale. 24




2.60

2.61

2.62

2.63

(@) yln]=g,,[(n1®h,,[n]=X5-_ohe[n—klg,.,[k]l. Now,

W-n]=Y e _hey[-n—klg,,[k]. Replace k by —k. Then the summation on the left
becomes y[_n] = Z?:—oo hev[_n' + k]gev [_k] = Z?:—oo hev [—(fl - k)]gev [—k]
= y[n]. Hence g,,[n]®h,,[r] is an even sequence.

(b) yln] =gy [n1®h,yln] = Z?:—oohod[n —k]gey[k]. Now,

}’[—n] = Z?:—oo hod [_n - k]gev [k] = Z?:—oo hod [—n + k]gev [_k]
= Z?:-—oo hod[—(n - k)]gev [_k] = _Z?z—oohod [n - k]gev [k] = —)’[’l]~
Hence g,,[n]®h,4[n] is an odd sequence.

(c) ylnl= 8od[n1®hyyln] = Z?:—oohod [n—~klgoalk]. Now,

-nl =2 _wohoal-n—Kklgoalkl = ZE- _whoal-n +k1goyl—k]

= Y=o hod [—(n — )18 oa [~k = X F- o hoqln — K1g oq[k] = yln].
Hence g,,[n1®h,,[n] is an even sequence.

The impulse response of the cascade is given by h[n] = hy[n]® h, [n] where

h[n]l=a"uln] and hy[n] =PB"un]. Hence, hln] = (ZZ=0aan—k),l[n].

Now A[n] = ap[n]. Therefore y[n] = Y. _ohlkIxin — k] = XE_ ook xln - k]

= x[n]+ X2 ok xln - k] = xn]+ 0 XL gk x[n -1~ k] = x[n] + o yln - 11.
Hence, x[n] = y[n]—ay[n—1]. Thus the inverse system is given by

yln]l= x[n] - ax[n—1]. The impulse response of the inverse system is given by
Alnl={l, a},0<n<1.

From the results of Problem 2.62 we have h[n] = (ZLOock B"_k ).t[n]. Now,

® o k © k
yinl= Txin—kWhkl= X [Za’"ﬁk""}[mlx[n—k]= 5 ( Za"'ﬁ"‘"'}-[n—k]

k=—0 k=~0\m=0 k=0\m=0

o k
=x[n]+ 3 ( > oc”‘Bk -m }-[n —k]. Substituting r =k —1 in the last expression we get
k=1\m=0

o [ r+l o) r
yinl=x[nl+ ¥ ( 5 Oc”‘B"”“”‘}u[n—r—1]=x[n]+ > ( Tamprtl-m +ar+l),l[n—r—l]
r=0

=0 r=0\m=0

3

= x[n] +B

r

a8

S mB’_m}u[n—r—-l]+ %a’”x[n—r—l]

a
m=0 r=0
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2.64

2.65

2.66

2.67

= x{n]+Byln—1]+ oxfn—1] + a’x{n—2] + a>x[n—3]+.... The inverse system is
therefore given by x[n] = y[n] - (o +B)yln — 1]+ aByln —2].

(a) Aln]=hy[n]@hy[n]® h3[n]® h3[n]+ h[n]@hy[n]+h3[n]Ohy[n].
hi[n]® hy [n]® h3[n]

(b) h[n]=hy[n]+ 1-hy[n]@hy[n]©hs[n]’

h[n] = h[n]® hy[n]+ h3[n]. Now
hi[n]® hy[n] = (28[n —2]-38[n +1])@(S[n — 1]+ 28[n +2])
=28[n-2]1®8[n—-1]1-38[n+12]®8[n—1]+28[n - 2]@ d[n +2]-38[n +1]® 5[n + 2]

=28[n— 3]+ 6[n] —68[n—~3]. Therefore,
h[n) = 28[n —3)+8[n]—658[n — 3]+ 58[n — 5]+ 78[n—3]+26[n - 1] - &[n] +3[n +1].

3
(a) The length of x[n] is 8—4+1=5. Using x[n] = L{y[n] — Y hlklx[n - k]} we
h[0] k=0

arrive at {x[n]}={3, -2, 0, 1, 2},0<n <4.

(b) The length of x[n] is 7—4+1=4. Using x[n] = ——!——{y[n] - %h[k]x[n —k]} we
h{0] k=0

arrive at {x{n]} ={1, 2, 3, 4}, 0<n<3.

(c) The length of x[n] is 8—5+1=4. Using x[n]= L{y[n] - %h[k]x[n - k]} we
h[0] k=0

arrive at {x[n]}={1, -2, 3, -1},0<n<3.

yln]l = ay[n — 1]+ bx[n]. Hence, y[0] = ay[-1]+ bx[0]. Next, y[1] = ay[0] + bx[1]

= a(ay[-1]+ bx[0])+ bx{1] = a®y[—1]+ abx{0] + bx{1]. Continuing further in a similar
way we obtained y[n] =a™*'y[~1]+ 7 _,a" *balk]

(a) Let y;[n] be the output due to an input x;[n]. Then

yiln] = a™y[-1]+ Z;::Oa"_kbxl[k]. If x;[n]=x[n—-n,], then

nln)=a" "Y1+ TF_oa" *balk - n,) = a1 y[-11+ T2 0" " T bxir]
However,

yin-n,]=a"ly-1]+ ZLOa"'kbx[k —ny]=a"""y-1)+ g a" " T bxir).
Hence yj[n] # y[n—n,] if y[-1]=0, i.e., the system is time-variant. The system is
time-invariant if and only if y[-1]=0, as then y;[n]=y[n—n,].
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