12 Lista de Exercicios — Capitulo 3

3.1. Determine the z-transform, including the region of convergence, for each of the following
sequences:

(@ ()" uln]
) ~(3)"ul-n-1]
© (3)"ul-n]

(d) d[n]
{e) &[n—1]
(0 d[n+1]

® (})" (uln] ~ u[n - 10])

3.3. Determine the z-transform of each of the following sequences. Include with your answer
the region of convergence in the z-plane and a sketch of the pole—zero plot. Express all
sums in closed form; o can be complex.

(a) xz[n] =M, 0< el = 1.

I, D=n=N-1,
(b) xp[n] = {ﬂ. otherwise.

n, 0=n=N,
{e) xJn]:{?.N—n. N+1=n=<2N.

0, otherwise.
Hint: Note that xz{n] is a rectangular sequence and x.[#] is a triangular sequence. First
express x.[#n] in terms of x[#n).

3.7. The input to a causal linear time-invariant system is
x[n] = u[—n-1]+ (11_;:]"[([."].

The z-transform of the output of this system is

—1,=1
51
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(a) Determine H(z), the z-transform of the system impulse response. Be sure to specify
the region of convergence.

(b) What is the region of convergence for ¥ (z)?

(¢) Determine y[n].

3.8. The system function of a causal linear time-invariant system is
H(z) =

The input to this system is
x[n] = H)" u[n] + u[-n —1].

(a) Find the impulse response of the system, h[n].
(b) Find the output y[n).
(c) Is the system stable? That is, is h[n] absolutely summable?



3.9. A causal LTI system has impulse response h[#n], for which the z-transform is
14z
(- F0+ o)

(a) What is the region of convergence of H(z)?
{b) Is the system stable? Explain.
{¢) Find the z-transform X (z) of an input x[n] that will produce the output

yinl = =4 (=§)"uln] = $@)"ul-n - 1].

{d) Find the impulse response h[n] of the system.

Hiz) =

3.23. An LTI system is characterized by the system function
(1-1zY) "
= . > =.
(=30 1) 2

{a) Determine the impulse response of the system.
{b) Determine the difference equation relating the system input x[n] and the system

output ¥[n].

Hiz) =

3.25. Consider a right-sided sequence x[n] with z-transform

1 _ 22
l—az")(1-bz"")  (z—alz—-b)
In Section 3.3 we considered the determination of x[n] by carrying out a partial fraction
expansion, with X (z) considered as a ratio of polynomials in z~'. Carry out a partial frac-
tion expansion of X(z), considered as a ratio of polynomials in z, and determine x[n] from
this expansion.

X(z) =
(2) 0

3.32. The pole-zero diagram in Figure P3.32-1 corresponds to the z-transform X (z) of a causal
sequence x[n). Sketch the pole-zero diagram of ¥ (z), where y[n] = x[—n+ 3]. Also, specify
the region of convergence for ¥'(z).

Figure P3.32-1

3.38. Consider a stable linear time-invariant system. The z-transform of the impulse response is
'+

(= {e)

Suppose x[n], the input to the system, is 2u[n). Determine y[n] atn = 1.

H(z) =




3.40. In Figure P3.40-1, H(z) is the system function of a causal LTI system.
(a) Using z-transforms of the signals shown in the figure, obtain an expression for W(z) in
the form

W(z) = Hi()X(z) + Ha(2)E(2),

where both H)(z) and Hs(z) are expressed in terms of H(z).
{b) For the special case H(z) = z7' /(1 — z7'), determine H,(z) and Ha(z).
{c) Is the system H(z) stable? Are the systems H,(z) and H1(z) stable?

eln]

+
Hiz) ——
wn]

Figure P3.40-1

3.46. The signal y[n] is the output of an LTI system with impulse response h[n] for a given input
x|n]. Throughout the problem, assume that y[n) is stable and has a z-transform ¥ (z) with the
pole-zero diagram shown in Figure P3.46-1. The signal x[n] is stable and has the pole-zero
diagram shown in Figure P3.46-2.

z-plane

Figure P3.46-1

z-plane

He(z) Figure P3.46-2

(a) What is the region of convergence, ¥ (2)?

(b) Is y|n] left sided. right sided, or two sided?

{c) What is the ROC of X(z)?

(d) Is x|n] a causal sequence? That is. does x[n] = O forn < 07
(e) What is x[0]?

(f) Draw the pole-zero plot of H(z), and specify its ROC,

(g) Is h|n] anticausal? That s, does A|n| = 0 for n > 07



3.51. Using the definition of the z-transform in Eq. (3.2), show that if X(z) is the z-transform of
x[n] = xg[n] + jx;|n], then
(a) x"|n| < X*(z")
®) x[-n] < X(1/2)
(© xzln] <= L[X(2)+ X*(z")]

(d) I;Ir.'.] -s-z—b EIT[X“J- Xt(z:.}l



