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Example 24

Consider the following Zeta Transform:

22

(z—1/3)(z —2)

Find all the possible ROCs and obtain the corresponding signals x[n].

X(2) =
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The poles are

Possible ROCs:

ROC :

ROC :

ROC :

2| < 3
— < |z] < 2

z] > 2
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For finding all x[n]’s, first of all:

z* 1
X(z) = (z—1/3)(z — 2) B (1—1/3z=1)(1 —2z—1)
X0 - I T

(1—1/32"1)(1—22"1)  (1—-1/32"1) (1 —2z"1)

We have to find the value A and B.



Example 24

We have to find the value A and B:

1 A B
M = s ) T 1B a2

Al -2+ B(1-1/3z71)

(1 —1/3z71)(1 —2z—1)
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A1 —-22"H4+B(1-1/32"1) =1

Then:
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Thus, we arrive:
-1/5  6/5
(1—1/32"1) (1 —2z"1)

X(z) =

Now, we have to consider the 3 different possible ROCs

1

ROC : |Z‘<§
1

ROC : §<\z\<2

ROC: |z| >2
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If we consider the ROC |z|<1/3 and using the “tables” (i.e., the
transformation that we already known), we can come back in time. Note
that if the complete ROC is |z|<1/3, it means that we have |z|<1/3 for the
first sequence (first part of the sum) and |z|<2 for the second sequence
(second part of the sum). Namely,

ROC: {|z| < 1/3} ={|z] <1/3} U{|z| < 2}
@ g
left-sided signal left-sided signal

Similar arguments can be used the other ROCs...and find “right-sided”
and “left-sided” signals...
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Then with the ROC |z|<1/3:

_1/5

6/5

X(z) =

9
See other examples or tablesi/
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Then with the ROC 1/3<|z|<2:

O Vi:

6/5

9
See other examples or tablesi/

(1—1/32"1) (1 —2z"1)

ol
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Then with the ROC |z|>2:

-1/5  6/5

(1—1/32"1) (1 —2z"1)

See other examples or tablesi/ \
o 1 //1\" . 6 2l
LTIN| = —— — uin — uin
- O 3 - O -

X(z) =
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Consider the following Zeta Transform:
z — 2
22 —1

X(z) =

Find all the possible ROCs and say how many different signals x[n] can have
this X(z).
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The poles are 2 — 1, z = —1

Then we have two possible ROCs (and then only two possible signals):

ROC: |z]| <1,
ROC: |zl > 1.
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Consider the following Zeta Transform:
z — 2
22— 1

X(z) =

Try to find all the possible x[n] as in Example 24 (and using the
information in Example 25).
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z — 2 z — 2 A B

X () 21 (z—1)(z+1) z—1  =z+41

(A+B)z+A—B

B z — 1

A+ B =1
<>A:—1,B:§

A—B=-2 2’2
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Solution for the case |z|>1:

Solution for the case |z|<1:

r|n| = §u[—n — 2]

3

2
(~1)" tufn ~ 1
(1"l n 2
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Jn sistema LIT discreto causal esté caracterizado por la siguiente ecuacién en diferencias,

yin] - Syin - 1] - 3vin — 2] = zin] - szin - 1]

(a) Obtenga la funcién de transferencia del sistema, H(z).

(b) Obtenga v represente la region de convergencia (ROC) y el diagrama de polos y ceros de H(z).
Indique justificadamente si ¢l sistema es estable o no.

(¢) Determine la respuesta al impulso del sistema. hin,.

(d) Calcule la salida del sistema, yin], cuando la entrada es zin] = 2".

(e) Obtenga el sistema inverso de H(z), H,..(z). ;Podria ser H,..(z) un sistema nntiaml"?. Jutlﬂ |

fique la respuesta.
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Elmummumabhnthw "l;' e
(a causal system is not stable only if all the poles has a module smaller than 1)

(and a non-causal system? answer as an homework)
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(d) Dado que z[n] = 2" es una autosecuencia de los sistemas LIT discretos, su salida se puede

calcular como,

vl = o] H(x = 3) s gz“

5l sistema inverso de H(z) es,

1, - 1

H(z) 2? ~ 32

I’uw(z) =

(z) tiene un polo en z = 0, por lo que z = 0 no pertenece a
ser un sistema anticausal, va que la ROC de los sistemas
delimitada por el polo més interno incluyendo

.
‘omo puede observarse, Hine

su ROC. Por lo tanto, no puede
anticausales es el interior de la circunferenica

el punto z = 0.
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Consider two cascade-connected LTI syste : : .
following differential Do ystems. The first system is causal and is characterised by the

nin] - mn-1) = zy|n).

The second system is stable with frequency response

;
(1-2z Y)(1+3z 1)

(a) Obtain the Z-transform of the first system. H,(z). Determine its region of convergence (ROC)
together with its poles-zeros diagram.

(b) Determine the ROC of the second system (Haz(z)). Plot it schematically together with its poles-
zeros diagram. Determine the impulse response in time domain (h2[n)).

(c) Plot the ROC and the poles-zeros diagram of the join system H(z) = H;(z)Ha(z).
(d) Obtain the differential equation in the time domain describing the system H(z). Does it depend
on the ROC of H(z)?

(e) Determine the output y[n] of the system H(z) for the input signal :(u]'a- HUL +ub‘-’-;¥k“
Does it depend on the ROC of H(z)? et 4 41 2

Hz(:) —=
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Solution:

There is a zero in z = 0 and a

impulse signal is right-sided. Thus L
For our system, ROCy, = {|z| b } i

Thepoleoazeroodiagnm? ,,x g 3{.

222
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b)) We have

5 522
) = e - TGS

S0, we can see that there is a double zero at z = 0, and two poles at 2 2and 2 = -3,

respedwaly Since the system is stable, its ROC must contains the unitary circumference.
Therefore, the ROC has to be extended from the pole at z = 2 inwards. ROCy, = {2l < 2}.

The poles-zeros diagram is:
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To obtain the R
I impulse response in the -
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2| < 2| < | =3
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determine A and B:

‘h\

4

m-”ni w B=A
|~ M)+ B 0=3 =» A= -1
B AV

4

Rty

% »;:a' = o
s, we need 1o know the ROC of ¥ (z). Form
'”i » ,m .- | L

w ,.

Y"P M. - “H‘ yis 2

;_ L %4 o g A & 3

' Wt ¥4 (%.'P =
..: A “q

:

,‘.‘

h ®
.



Questions?



