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z-Transforms

Signal Transform
1 =1 e -
=-—0X d X[z] =
x[n] Zwrf ()" dz (2] = n_zmx[n]z B
3[n] 1 Allz
1
uln] T [z| >1
a"uln) 1 —1053_1 lof > |
neuln) _Ei_,i ldf > o] ® E.1.1 BILATERAL TRANSFORMS FOR SIGNALS
(1-o0z™) THAT ARE NONZERO FOR 2 < 0
1-zlcos ) :
[cos( Q) Juln) 1= e Zcos 0, ; pre 2] > 1 Signal Bilateral Transform ROC
- «'sin@, L uen 1] L el <1
[sin(Qy7) Ju[n] 1—2"2cos +27° I >1 1—izg?
3 1 = z7'rcos £, —au[—n — 1] L | < lef
[ cos(Q2yn)u[n] 1 — 2 2rcos Q, + 222 ol > 7 1-ozt
; 2 rsin @, —nol'ul—n — 1] —"L_l-—-, fz| < ia|
(7" sin(Qy7) Ju[n] 1 - z'2rcos O, + 7222 |z} >r - (1- rxz_l)"'
z-Transform Properties
Unilateral Transform Bilateral Transform ROC
x[n] == X(2) x[n] —— X(z) zeR,
Signal yln] <= Y(2) y[n] —— ¥(2) zeR,
ax[n] + by[n] aX(z) + bY(z) aX(z) + bY(z) Atleast R,NR,
x[n ~ k] See below *X(z) R,, except possibly |z| = 0, o0
n ' x L
a"x(n] X(a) x(a) lafR,
1 1
x[~n] — X(z) R
X(z)Y(2)
x(n] * y{n] ifx(n] =y[n] =0 forn<0 X(2)¥(2) At least R, N R,
d d R,, except possibly addition
nx(n] -‘zZX(z) -zde(z) or deletion of z = 0

m E.2.1 UNILATERAL Z-TRANSFORM TIME-SHIFT PROPERTY

x[n — k]

A E@mm c::F

x[n + k] e o, —x[O]zk = x[l]z]‘"l —_..

ag‘jt?-]+cl,~5u-13 ooy G 3[n-N) = bpry

B x[—k] + [~k + 1]z71 + - + 2[~1]z7%*1 + 77kX(z) fork > 0
- x[k — 1]z + z%X(z) fork >0
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Signal Transform
oo oo
sy ==t [ X(s)erds xX(s) = | x()esde N
' T Jomjoo Joo ROC
u(t) .y Re{s} >0
o 1 T
tuit) ‘s'g ne{sy = U
m D.1.1 BILATERAL LAPLACE TRANSFORMS FOR SIGNALS
ét—1), T=0 e for all s THAT ARE NONZERO FOR t < 0
e~u(t) et 7 Re{s} > —a Signal Bilateral Transform ROC
s 1 Refel = —g S(t—7)T <0 i forall s
O] G +ayp 1S !
s —u(—t) = Re{s} <0
[cos(w,t)Ju(z) Tl Re{s} =0 5
b
¢ L —tu(—t = Re{s} <0
[sin(w;)]u(t) . +1w% Re(s} > 0 (—1) e {s}
) _ 1
[e7* cos(wqt)Ju(t) s j.fzi = Re{s} > —a —e *u(~t) Tt Re{s} < -a
kb T u) T owny
[ sin(w, ) Ju(z) —_ Re{s} > —a —te™"u(—t) 1 Re{s} < —a
= (s + a)* + i (s + a)?
Unilateral Transform Bilateral Transform ROC
x(t) <2 X(s) x(t) > X(s) seR,
Signal y(t) = ¥(s) y(t) —— ¥(s) seR,
ax(t) + by(s) aX(s) + bY(s) aX(s) + bY(s) Atleast R,NR,
_—ITW LY
e " As) -
- e X(s) R,
HE=1) | ifals = r)uls) = (e = #hale — )
es‘,rx(” x{‘ = 5,) X‘:s - 50) Ry + RE{‘o}
1. (s 1 (5) R,
=t - > — X! - =
x(at) ax(a), a>0 P %
2 = vl 2) X(s)Y(s) X(s)¥(s) Atleast R, MR,
SR ifx(r) =y(t) =0 fort <0
BT AN ix:’g\ ixf;\ R,
tait) ds ! ds”
%x{t] sX(s) — x(07) sX(s) At least R,
t ] - X(s
[ L wtrrae + X2 2 Atleast R, {Refs} > 0}

s D.2.1 INITIAL-VALUE THEOREM

l_l.rgo sX(s) = x(0%)

This result does not apply to rational functions X(s) in which the order of the numerator
polynomial is equal to or greater than the order of the denominator polynomial. In that case,

X(s) would contain terms of the form ¢s*, k = 0. Such terms correspond to the impulses
and their derivatives located at time z = 0.

m D.2.2 FINAL-VALUE THEOREM

IimosX(s] = lim x(#)
1ol t—+CC

This result requires that all the poles of sX(s) be in the left half of the s-plane.

m D.2.3 UNILATERAL DIFFERENTIATION PROPERTY, GENERAL FORM

d’ L, . Ll
i x(1) s"X(s) dfﬂjtx(t] .
dm?
— st(t)L-ﬂ_ = s g

— s Ix(07)
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