H4-08 Solutions

Problem 1:
For any n

zn4 N] = ¢ 1(HN) o ¢yeiw2(ntN)
_ Clejw1nejw1k1N1 + Czejwwengnga
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= 179" 4 cped2"

= x[n]
z[n] is N-periodic.
Problem 2(b)

y(t) = cos” (1) (1)

CAUSAL:  y(t) depends only on z(t).

MEMORYLESS:  y(t) depends on z(t)

NOT TIME INVARIANT:  If #(t) = 2(t — t,), then

() = cos*(t)a(t)
cos?(t)z(t — t,)
7£ y(t - to)

LINEAR: If z(t) = z1(t) + axa(t), then

y(t) = cos®(t)z(t)
= cos?(t)x1(t) + acos®(t)xa(t)
= y(t) +12(2)

STABLE: If

K, Vt, then
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P.S: For TI, equality of §(t) and y(t — t,) must hold for every t,, not just
some t,!

Problem 2(d)
CAUSAL: Easy.

NOT MEMORYLESS: Easy.

TIME INVARIANT:  &(t) = a(t — t,), yields

gt) = et / t e"z(r)dr

t
= e_t/ eTT(T — to)dT
Also,

Let o =7 +1¢,

LINEAR: Easy
STABLE:
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Problem 2(f)
y(t) = 2(~1)

e NOT CAUSAL: Att=-1,y(-1)==x(1)

e NOT MEMORYLESS: y(1) = z(-1).

e Not TIME INVARIANT: Use an example

For t, =2
X(t) y(®=x(-t)
1 _— 1
> t »
1 -1
x(t) y(O)=x(-1)
1 - 1

\J
\J

3 -3

Clearly 9(t) # y(t — 2)

o LINEAR: If x1(¢) yields yi1(t) and z2(¢) yields y2(t), then

(t) = bwi(t) + w2(t) yields
g(t) = #(—t) = bay(—t) + za(—1)
= byi(t) + yalt
o STABLE:
lz(t)|] < K, Y t, implies
ly(t) |[=|=(—t)| < K, Vt
Problem 2h

y(t) = ', e=7)a2(0)do



CAUSAL:  Since y(t) depends only on the input values before .

NOT MEMORYLESS

NOT STABLE: Since z(t) = 1, —oo0 < t < 00, yields

t
y(t) = / t=do = —et=0) gzt_oo—> 00

NOT LINEAR: Since Z(t) = 2x(t) yields g(t) = 4y(t)

TIME INVARIANT:  Since &(t) = 2(t — t,) yields

g(t) = / =) 22(o)do

—00

t
g(t) = / =% (0 — t,)do

—00

Let =0 —t,

t
i) = / etto=T)22(1) 1

= y(t - to)

Problem 2j
y(t) =3z(t+1)—4

e NOT CAUSAL
e NOT MEMORYLESS
TIME-INVARIANT: y(t — to) = 2(t — to).

e NON-LINEAR: Can see by direct substitution
e STABLE: y(t) < 3M — 4 when |x(t) < M, any M.

Problem 21
y(t) = 3x(t) — [x(t — 3)]

e CAUSAL



e NOT MEMORYLESS

e TIME-INVARIANT

e NONLINEAR because |a + b| # |a| + |b].

e STABLE

Problem 3a
y[n] = 3z[njz[n — 1]

CAUSAL:  y[n] depends only on z[n — 1], z[n]

NOT MEMORYLESS:  y[n| depends on z[n — 1].

TIME INVARIANT: If Z[n| = z[n — n,), then

gl = 3afnlafo— 1]
= 3z[n —nolz[n —ne — 1]

= 4o~

NOT LINEAR: If #[n] = 2z[n], then
gln] = 32[nje[n -1
= 12z[n]z[n — 1]
# 2y[n]

STABLE: If | z[n] |< K, then | y[n] |[<3K2%, ¥V n
Problem 3c
y[n| = 4z[3n — 2]

NOT CAUSAL: e.g. y[2] = 4z[4].

NOT MEMORYLESS: Same as above.

NOT TIME INVARIANT:  If 2[n] = z[n — n,), then

gln] = 4z[3n — 2]
= 4x[3n —2 —n,)



But

yln —ne] = 4x[3(n —n,) — 2]
= 4z[3n — 3n, — 2]

For specific example, compare the responses to §[n| and é[n — 1]

LINEAR: Easy

STABLE:
|z[n]|] < K, V n
=lyn]| < 4K, V n
Problem 3e
e CAUSAL

NOT TIME-INVARIANT

NOT MEMORYLESS

e NOT LINEAR
e STABLE

Problem 4a

Invertible. Noting that



Problem 4b
NOT INVERTIBLE. y[1] = 0 for any input.
Problem 4c

k=—o00
Since
zln] = yn|+yn—-1+yn—-2]+---
= (zn]—zn-1)+ (zn -1 —zn—-2])+---
= n]
Problem 5a

S2(S1) is the cascade connection.

y,[n]=x,[r]

xl[ n| ] s S

23n — 2] = aafn]

3xa[n + 2] = 323 [n + 2 — 2]

— 32%n]

un [n
Y2 [n

Problem 5b:



yiln] = Y 6k~ K]

k=—00

= > d[n—las [
=0

= x1[n]

Similarly,
ya[n] = 2x3[n]

But z3[n] = y1[n] = z1[n]. Therefore
ya[n] = 2x1[n]

Problem 6:
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(a)

zq[n] = 3z[n — 1]

So LTI gives

Yaln] = 3y[n — 1]



y,[nl
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(b) From sketch,
xp[n] = zn] — z[n — 1]

B zyln] = uln] — ufn — 2] — [ufn — 2] — uln — 3]
By LTI
yoln] = y[n] —y[n —1]
x[n]
(¢) Write
zeln] = uln] —un — 2]+ [u[n — 2] — uln — 4]]
= z[n]+zn—



Then, by LTI,

yeln] = yln] +yln -2
= 2r[n] —2rn— 2]+ 2r[n — 2] — 2r[n — 4]
= 2r[n] —2r[n — 4]
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