EE 361002 Signal and System HW16 Answer
10.32

() We are given that Aln] = a"u[n} and z{n] = ufn] - u[n = N]. Therefore,
yin] = z[n] s hin]

i hin - k]z[k)

ks —on
N-1
= za“"u[n - k)
k=0
Now . y[n! may be evaluated o be
0. n<0
n
Za"a L 0<n<N-1
yin] = { -0
N-1
za"u . nN-1
k=0
Simplifying,
0| n < 0
yin] = ¢ (a" - a”1)/(1 - a'), 0<neN-1
a(1-a /(1 ~a"),  n>N-]

(b) Using Table 10.2, we get

H(z) = 1—_—:“:—' . 2] > ia}
and . =
X(5)= 570, Al
Therefore,
1 xS

Y(z) = X(2)H(z) = TR |7 TS (_l_.____._____-l_l)“ et

The ROC s 12| > |a] Consider

1
rir) = -2z -az")

with ROC |2/ > Jal. The partial fraction expansion of F(z) is

_Yi-a) YO=eh)

P(z)

1 -2~ 1l =-az"!
Therefore,
! "
pin] - -l-_-;u!n] et ulnj.

Now, nute that

Y(2) = P(x)t - 2=").

Therefore,

1 1
yln] = pln] = pin = N] = 1 {ufn] - un - N} + e {a"u[n] = ™ Nuln
a -

This may be written as

0, n<0
yin) = { (a" ~a"")/(1 =a" 1), DSnEN=I
a"(1 ~a"N)/(1=a"'), n>N-I

This is the same as the result of pact (a).



10.35

Taking the z-transform of hoth sides of the given difference equation and simphifving. we
get
Y(z) i 2=}
= = .
X(z) z-8+2' 1-32143:2

H(z) =

The partial fraction expansion of H(z) i1s

-2/3 2/3
~dz-1 " 1 =22V

H(z) = 7

If the ROC is |z| > 2, then
hynl = ; (1) ujn} + ;- (2)" u[n]).

If the ROC is 1/2 < |z] < 2, then
ha[n) = -g (%) u[n] — %(2)" u[-n -1}
If the ROC is |2] < 1/2, then
_2/1\" S
hy[n) 3 (2) u[-n- 1] - :’-(2) ul=n - 1]

For each h[n], we now need to show that if y[n| = A,[n] in the difference equation, then
z[n| = é[n]. Consider substituting 4;(n] into the difference equation. This vields

§ ()" uln -1 - 3@ tuln - 1) - §(3)" uln)
+3@uln) + 3 ()™ uln+ 1) - 3@ 'ufn 4 1) = 2ln]

Then.
zin) =0, forn< -1,
r[-1]=2/3 -2/3 =0,
z[n)=0, forn>0.

It follows that z|n] = é[n]. It can similarly be shown that Ag(n] and haln] satisly the

di1fference equation



10.38
(a) ei[n] = fi[n]
(b) e2ln] = faln].

(¢) Using the results of parts (a) and (b), we may redraw the block-diagram as shown in
Figure S510.38.
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Figure S10.38

(d) Using the approach shown in the examples in the textbook we may draw the block-
diagram of Hy(z) = [1+ (1/4)z7}|/[1 + (1/2)2 | and Hy(z) = [1 -2z '|/[1 - (1/4)27 ]
as shown in the dotted boxes in the figure below. H(z) is the caseade of these two
systems.

(e) Using the approach shown in the examples shown in the textbook, we may draw the
block-diagram of H)(z) = 4, Ha(z) = [S/3]/[1 + (1/2)z7 '] and Hy(z) = [-14/3]/[1
(1/4)z~"'] as shown in the dotted boxes in the figure below. f{(z) is the paraliel com-
bination of H,(z). H.(z), and Hy(z).



10.42

(a) Taking the unilateral z-transform of both sides of the given difference equation, we get
Y(z) + 3271 Y(2) + 3y[—1] = X(2)

Setting A’(z) = 0, we get
-3

Ye) =

The inverse unilateral z-transfornu gives the zero-input response

yaln] = —3(=8)"uln] = (=3)""u[n].

Now, since it is given that z|n] = (1/2)"u[n|, we have

1
X(z) = T =y |z} > 1/2.
Setting y[—1] to be zero, we get
1
Yiz) + 327 W(2) = oy
- 12

Therefore,
1

(1- 321} (1+3271)

Y(z) =

The partial fraction expansion of Y(z) 15

7 6/7
PNa) = 1= ;}z“ " 14+ 32~

The inverse unilateral z-transform gives the zero-state response

y,,[n] = ; (%) ufn] + g(_:;)“u[n].



(b) Taking the unilateral z-transform of both sides of the given «ifference equation, we get
. l -} L ! a3 - l 1 <
Y(z) 2% Y(z) 2y[ 1] = X(z) 52 A(2)

Setting A'(z) = 0, we get

Y(z) = 0.

The inverse unilateral z-transform gives the zero-input response
yuln] = 0.

Now, since it 1s given that z[n| = un), we have

1

X(z) = — |zl > 1.
Setting y[=1] to be zero, we get
I 4 1 (172)z !
V() - 527 W(e) = o - N
Therefore, 1
y(z) - 1—:—2—_—1.

The inverse unilateral z-transform gives the zero-state response
vas[n] = ufn].
(c) Taking the unilateral z-transform of both sides of the given difference equation, we get
Y(z) - 1:")’(:) - !y[-ll = AX(z) - A x(z)
2 2 2
Setting A'(z) = 0, we get

Y(z)= l—l-/fi-?z—_;

The inverse unilateral z-transform gives the zero-input response

oln] = (;) ufn).

Since the input z[n] is the same as the one used in the part (b), the zero-state

response 15 still
Yas(n] = uln].
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