v 2.21. For an arbitrary linear system, we have r

|
| + 16
vln] = T{z[n)},
Let z[n] = 0 for all n.
vin] = T{z[n]}
For some arbitrary z, [n], we have
w1ln] = Tz [n]}
Using the linearity of the system:

Tl +afn)} = Tizp)+ T{z:[n]}
vin] + yin)

Since z[n] is zero for al] n,
T{aln) + z:[n)} = T{as[n]} = yyfn)
Hence, y[n) must also be zero for all n.

V'2.22. We use the graphical approach to compute the convolution:

yln] = z{n] ¢ hin]

= 3 zlklhln-k)

=—o0

(2) ¥[n]= z[n] * hln]
vin) =dn-1)+ hln] = hln - 1)

(b) y(n] = z[n] « hin]

(©) yln) = 2(n) + A[n)
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(d) y[n] = z[n] + h[n]




v~ 2.24. The response of the system to a delayed step:

Evaluating the above summation:

For n < 4:
Forn=4:
Forn=5:
For-n = 6:
Forn=T1:
Forn = 8
Forn>:

z([n] * h[n|

3" z[kan -k
k=—no

i ulk — 4jhfn - k]

ke=—oo

y[n]

I

]

y[n] = i hin ~ k)
k=4

yn]=0

vln] = hl0] =1

yln] = h{1} + Af0] = 2

y[n] = A[2) + A1) + h0]=3

y[n] = A[3) + hi2] + A[1) + h{0] =4

y[n) = A[4] + h[3] + A(2] + A1) + A(0] = 2

vin] = hls] + Af4] + h[3] + h{2) + A{1] + A[0] = 0



)
2.25. The output is obtained from the convolution sum:

yln] = z[n] =+ hjn)

o0

= 3 zlkhln -k
k=—-x

= i z[kJu[n - k)
k=—n

The convolution may be broken into five regions over the range of n:

y[n]=0,forn <0

yin] = Yo
k=0
1 = gin+1)
1-

dor0<n<

Il

Ny
yln) 3a
k=0
1 - glM41)

= —— forMi<n<h,
l-a

Ny n
vln] = zﬂt + z glk=Nz)
k=0 k=N,
1—gM+l)  _ gln+d)
l-a l-a
2~ giMi+1) _ glnd1)

Ty y for Mz <n < (N + Ny)

Ny+Na

Ny
zﬂl"' E alk=Na)
k=0

k=N

v[n]
Ny

= z:ak + Z Nlam

k=0 m=0
Ny
= 2 Z a*
k=0

1 — giMi+1)
2- (—u-—) ,forn> le + IN3)

]

1-—




(a) Notice that z;[n] = z2[n] + z3[n + 4], so If

T{ai[n)}

T{z2[n]} + T{zs[n + 4]}
yz[n] + yaln + 4]

From Fig P2.4, the above equality is not true. Hence, the system is NOT LINEAR.
(b} To find the impulse response of the system, we note that

[n) = z3[n + 4]

Therefore,
T{in)} = win+4q

= 36[n+6]+28[n+5]

(c) Since the system is known to be time-invariant and not linear, we cannot use choices such as:
8{n] = z1[n] = =2[n]
and 1
d[n] = Ezz[n+ 1]

to determine the impulse response. With the given information, we can only use shifted inputs.

J 2.86. (a) Suppose we form the impulse:

1 1 )

§[n] = -2-':;[11] - Ez;»[n] + z3[n]
Since the system is linear, 1

. 1
L{sn)} = ny[ﬂ] - 53’2[“] + y3[n]
A shifted impulse results when:
1 1
éiﬂ - l] = —Ezl[n] + 'Z‘Ig[ﬂ.]

The response to the shifted impulse

L{dln - 1)} = ~Sun] + 3]
Since,
L{8[n]} # L{8[n - 1}}
The system is NOT TIME INVARIANT.
An impulse may be formed:
6] = g2aln] ~ 2aln] + z3ln)

since the system is linear,

1 1 ]
¥i[n] = geln] + paln]
= hn]

L{5[n]}




w[n] = —&[n + 1] + 38[n] + 3é[n — 1) + 6[n — 3]
v2ln] = —=8[n + 1] + 8[n] — 35[n — 1] - §[n - 3]
va[n] = 26[n + 2] + §[n + 1] = 35[n] + 24[n — 2

from the figure,

Combining:
hln] = 28[n+ 2} + 5[ + 1] ~ 26[n] + 36[n — 1]
+28[n — 2] + §[n - 3]
3

a

4 2.37. For an LTI system, we use the convolution equation to obtain the output:

ol =*f; n - KAfK)
Lletn=m+ N: o
ym+ N = *i alm + N = kJh[k]
= 5 alm- 8+ Mg
=,

Since z[n] is periodic, zfn] = z[n + rN] for any integer r. Hence,

ym+N) = i z{m - k]h[k]

k==-0

yfm)

1l

So, the output must also be periodic with period N.

v 2.38. (a) The homogeneous solution to the second order difference equation,
3 1
y[n] — 4y[n -1]+ Ey[ﬂ =2=2z[n-1),
is obtained by setting the input (forcing term) to zero.
3 1 o
yin) - guln =1+ gyln -2 =0

Solving,




Rl PR e

1 1 _'
-3z 1= 327 =0,
and the homogeneous solution takes the form

win] = M)+ 4G,

for the constants 4, and Az,
(b) Substituting the intial conditions,

== AG) + Ay =, '
and
w0 =4+ 4, =0.
We have
24; +44; =1
A1+ 4 =0
" Solving,
and

(¢} Homogeneous equation:

1
yln] ~yfn — 1]+ Zy[n -2=0
Solving,

1
1-271 4 zz'z =0,
1 _ 1 _
(1—51 1){1~§2 =0
and the homogeneous solution takes the form
. .—\..__—T'_n

Inveking the intial conditions, we have

wl~1]=24; =1
w0 =4, =0
Evident from the above contradiction, the

initial conditions cannot be met.
(d) The homogeneous difference equation:

1
yln) —yln - 1) + Ey[n -2[=0
Suppose the homogeneous solution is of the form

wlrl = A4 (3)" +nB, (31,

substituting into the difference equation:
1
valn] = ya[n — 1) + Z!ﬂ;[" ~2]=0
1 n 1 n l n-1 _ } n=1
Au(3) +nbi(3) —41(3) (n-1)Bi(3)

1 1 n-2 1 _ l n-2 _
EAI(z} +4(l’l 2)31(2) 0.




(e) Using the solution from part (d):
1 1
] = A (Z)" +nBi(3)"

and the initial conditions

w[-1]=1
and
val0] =0,
we solve for A; and B;:
A =0 '
B], = —1}(2<
Y, 2.39. (a) For z1[n] = §[n],
wnft] = 1
wil] = ayllj=e

For z;[n) = &[n - 1],

v2(0] 1
va(l] ay[0] + za[l] = e +1 # 41 [0]
Even though z3{n] = z,[n = 1), ye[n] # ¥2[n ~ 1]. Hence the system is NOT TIME INVARIANT.
(b) A linear system has the property that

T{az;[n] + bz2[n]} = aT{z:i[n]} + bT{z2[n]}}

Hence, if the input is doubled, the output must also double at each value of n.
Because y[0] = 1, always, the system is NOT LINEAR.

(¢} Let 25 = azy[n] + fzz[n].

Forn > 0:
valn] = a3[n]+ays[n - 1]
r = az;[n] + fzzln) + alz3fn — 1) + yaln — 2))
= « "E a*zyn -k + 8 z::x"x;!n — k]
= k=0
= a(h[n]* 21[n]) + B(h[n] * z2[n])
= ap(n]+ Byz[n].
Forn < (:
wln] = awln + 1] - z3fn))
. = -a E a‘zyln—k) -8 Z a*zafn — k]
k=1 =-1
= ay[n] + Byzfn].
Forn = 0:
k) = ] = saln] = 0.
Conclude,

yaln] = aw[n] + Byaln], for all n.
Therefore, the system is LINEAR. The system is still NOT TIME INVARIANT.




v 2.50. (a) Carrying out the convelution sum, we get the following sequence g[n):

4 4
3 3 3 3
[ H i
1 1
TT n
1 3 4 5 6 7
get

8 9 10
(b) Again carrying out the convolution sum, we the following sequence rin]:

4 rln]
3 3
11]'I
L1t n
01 2 3 4 5




(c) Let a[n} = v[=n] and b[n] = w(—n], then:

+ o0
aln]=bln] = > afklbln - k)
k==oo
+o0
= 3 u-Kufk-n)
k=—co
+00
= Z v[rjw[-n = r] where r = —k

= g[-n).

We thus conclude that g[—n] = vf-n] w[-n].

i



