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e (a) Suppose for input z1(¢) and x4(t), we have the output
yi(t) =tz (t = 1)

and
yo(t) = t2ao(t — 1).
Let
x3(t) = ax1(t) + bxa(t),
then

ys(t) = tas(t—1)
= t*(az1(t — 1)+ bao(t — 1))
= ayi(t) + by2().
So the system is linear.

Next if we have
l‘4(t) = xl(t — to),
then

ya(t) = tay(t—1)
= t2x(t—ty—1).
However, for system to be time-invariant,
y1(t —to) = (t — to)?x1(t — to — 1).
So the system is not time-invariant.

e (b) Suppose for input x;1[n] and z3[n], we have the output

yin] = zi[n — 2]
and
ya[n] = x2[n — 2].
Let
x3[n] = ax1[n] + baa[n],
then
ys[n] = @[ —2]

(az1[n — 2] + bxa[n — 2])?
# ayi[n] + by2[n].

So the system is not linear.
Next if we have
x4[n] = 1[0 — ngl,
then
yaln] = ailn 2]
= 22[n—np—2]

For system to be time-invariant,

y1[n — no) = z3[n —no — 2).

So the system is time-invariant.



e (c) Suppose for input x;[n] and z3[n], we have the output

yi[n] = x1[n+ 1] — 21[n — 1]

and
ya[n] = x2[n + 1] — xa[n — 1J.
Let
x3[n] = ax1[n] + bas[n],
then

ys[n] = xzs3[n+1] —x3n —1]
= axi[n+ 1]+ bxz[n+ 1] —azxy[n — 1] — bxa[n — 1]
= ayi[n] + by2[n].
So the system is linear.
Next if we have
x4[n] = x1[n — ngl,
then
ya[n] = za[n+1] —z4[n —1]
= xn—no+1] —x1ln —ng —1].
For system to be time-invariant,
yi[n —ngl = z1[n —no+ 1] — z1[n — ng — 1]
So the system is time-invariant.

e (d) Suppose for input z(¢) and z2(t), we have the output
y1(t) = Od{z:1 ()}

and
y2(t) = Od{xs(t)}-
Let
x3(t) = az1(t) + baa(t),
then

ys(t) = Od{zs(t)}
= Od{az1(t) + bxa(t)}
= aOd{z,(t)} + bOd{z>(¢t)}
= ayi(t) + bya(t).
So the system is linear.
Next if we have
x4(t) = z1(t — to),
then
ya(t) = Od{xa(t)}
= (a(t) — za(-1))/2
= (z1(t —to) —x1(—t —tg))/2.
However, for system to be time-invariant,
y1(t —to) = (x1(t — to) — 1 (=t +¢9))/2.

So the system is not time-invariant.
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a) Linear and stable
b) Linear, time-invariant, causal, and stable
¢) Linear, memoryless, and causal

e) Linear and stable
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(d) Linear and stable
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(f) Linear, memoryless, causal, and stable
(

g) Linear and stable
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(c) Suppose z[n] = xz[n + N, then

cos[gnQ] = cos[g(n + N)2.

Thus,
gn? +2rk = g(rf + N2 4 2nN)
-8 16

For z[n] to be periodic, k must be an integer for all n. So the smallest N = 8.



