nsform 4 Problems

Advanced Problems

3.30. A causal LTI system has system function

1-z1 _ 1-z71
1-025z72  (1-05z-1)1 +0.5:-1)

H(z) =

wetion (a) Determine the output of the system when the input is x[n] = u[n].
wtion (b) Determine the input x[n] so that the corresponding output of the above system is
0 thix : ylal = é{n] — §[n — 1.
(¢) Determine the output y{n] when the input is x[n] = c0s(0.5wn) for —oo < n < co. You

- may leave your answer in any convenient form.
[ILE

- Determine the inverse z-transform of each of the following. In parts (a)~(c), use the methods
specified. (In part (d), use any method you prefer.)

(a) Long division:
—1.,-1

1
X =130

T x[n] a right-sided sequence
—

(b) Partial fraction:
x[n] stable

(¢) Power series:

X(z) =In(1 - 47), lz] < Zlf

(d) X@ = - |zl > 3713

1
1-1g-3

. Using any method, determine the inverse z-transform for each of the following;

1
(@) X(z) =

5 ,
(1+31) a-22ha -3
[P (x[n] is a stable sequence)

(b) X(@)=e?

77 =2z
(¢) X(») = =3

Determine the inverse z-transform of each of the following. You should find the z-transform
properties in Section 3.4 helpful.

3773

(x[n] is a left-sided sequence)

(@) X() = 7 x[n] left sided
1,-1
1- 42

(b) X(z) =sin(z),  ROCincludes |z| =1
27 -2
(¢) X(Z)=I?—Z‘_—7, [z} > 1

3.34. Determine a sequence x[n] whose z-transform is X (z) = % + 1/ L, z#£0.
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5.28. A causal LTI system has the system function

H = 1= eI A~ emim Bl (1 111765~
(1= 0.9ei7/3;-Ty(1 - 0.9e=i7/3z=1y(1 + 0.85;~ 1)

(a) Write the difference equation that is satisfied by the input x[n] and output y[n] of this
system. .
(b) Plot the pole~zero diagram and indicate the ROC for the system function. :
(¢) Make a carefully labeled sketch of |H(e/®)| . Use the pole~zero locations to explain
why the frequency response looks as it does.
(d) State whether the following are true or false about the system:

(1) The system is stable.
(i) The impulse response approaches a nonzero constant for large .
(iii) Because the system function has a pole at angle 5/3, the magnitude of the fre-
quency response has a peak at approximately w = /3.
(iv) The systemis a minimum-phase system.
(v) The system has a causal and stable inverse.

5.29. Consider the cascade of an LTI system with its inverse system shown in Figure P5.29.

i x{n] LTI win] LTI ¥ln]

i —_— System Inverse System

7 hln] hi(n)

i Figure P5.29

The impulse response of the first system is A[n] = §[n] + 28{n —~ 1].

z’ (a) Determine the impulse response h,- [n] of a stable inverse system for h[n]. Is the inverse
i3 system causal?
5 (b) Now consider the more general case where k{n] = §[n] + adfn — 1]. Under what
4 conditions on & will there exist an inverse system that is both stable and causal?

7

,; 5.30. In each of the following parts, state whether the statement is always TRUE or FALSE,
i Justify each of your answers.
(a) “An LTI discrete-time system consisting of the cascade connection of two minimum-
i phase systems is also minimum-phase.”

(b) “An LTI discrete-time system consisting of the parallel connection of two minimum-
o phase systems is also minimum-phase.”

“ 5.31. Consider the system function
i 1

: rz=

H(z) Izl > r.

" 1—(2rcos wg)z™ !+ r27-2°

Assume first that ey # 0.

(a) Draw a labeled pole-zero diagram and determine h{n].
(b) Repeat part (a) when wq = 0. This is known as a critically damped system.




