13.4
x(n) . - w‘_”nu_
z8. di(n)= * b=k 1
() 0, n#k P
0, n=0
z9Y. ' .I_ .
rz - n=l (a complex) I—a
0 0, O=sn=sk-1 1
LI, —_ k
H:. J a*=k, n=k (2-a)
k=1
zll. at —
| -
212, T Tl na"=1 2 =
k m _ (z—a)k+! (z—a)-
213, nan a(z+a)z
(z=a)
zId, A:+J a Hhur_
k z—a
z15. at=lgjn AT ~ % _
2 2442
z16, ml sin nd z
b (z—a)*+b?
?. b=, «u..t._n_+m". O=nrctan r_J
. &
217. I sinng z
b (z+a)y+h? .
T. b>0, r=Va'+P, m"a-nﬂnuﬁ . v
i -
rl8. A cosnd 2(z—rcos §)
22-2r2 0050+
z19. " sinng rzsin 6
22=2rrcos 847
220, eifn! e’

Recurrence (difference) equations
An Nt order finear recurrence equation with constant coefficients and N initial values:
(13.1) *hﬁa+2u+ntl_ x(n+N-1)+...4+apx(n)=f(n), n=0, 1, 2
(13.2) x(0), x(1), ..., x(N—1) given

q.n_._nnz._nmm_::.n._Ernu.ﬁ:ﬂ.nqanm ﬂmcmnmﬁni ..
. _ . mun_um.uu.q._ﬁ_...nmh,n
from E_.:nr x(n), n=0,1, 2, ... are uninquely determined, m ., @

§ OEER
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13.4

13.4 The z-transform

For sequences (x(n}) =g the z-transform is defined by

.| xX@= T xmzr

.. -H!w. .l__ "lu_r.- ﬁ..__ : I
?E.Ena.?aaﬁn:ﬂ? m:_._uﬂ_.sqk.nnuun n.n o Aw.mﬂumu X(z)|z-1=0 (r large enough)

In practice, x{n) often is determined by series expansion or by using the table below.

Properties and table of z-transforms

Below 0(n)={ Hm
x(n) . . X(z)

z1, x(m) =m.=i:vu|=

z2, ax(n)+by(n) - aX{(z)+b ¥Y(z)

23, h?ﬁ?uinﬁ:ﬁmﬁmnwﬂ kX(z)

74, x(n+k) (k>0) kX (z)— 28 (0)—2F - Lx(1)—...—
—zx(k-1)

5. a~"x(n) X(az)

z6. nx(n) ~zX'(2)

a. | amR)= I x(n-k)y®) X(z) ¥(z)
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TABLE 3. SOME BASIC LAPLACE TRANSFORMS
Functions are listed on the left: their Laplace transforms are on the right. a and

¢ denote constants with @ > 0 and ¢ € C.

L] f() F(z) =2 f(z)
2. | Hit - a)f(t - a) e~ F(z)
3. | S f(1) F(z-¢)
4. | f(at) a~'F(a='2)
| SO o[ S A
6. | 51 z8F(z) - 357" 2710 f)(0)
7. | [o f(s)ds z=1F(z2)
8. | tf(1) —F'(z)
9. 1 711 (1) [° F(w)dw
10. | f+g FG
11. | Ve (Rev > -1) (v +1)/(z-c)"*!
12. | t"e' (n=0,1,2,... n/(z —c)"+!
13. | (t+a)~! e?’E \(az
14. | sinct c/(z% + ¢?)
15. | cosct z/(z% +¢?)
16. | sinhct c/(z% - c?)
17. | coshct z/(z* - ¢?)
18. | sinvat \/;m/;;za p—a/4z
19. | t~1sin Vat werf (/a/4z)
20. | e~ (VT [2a)e? 144" erfc(z/2a)
21. | erfat z~ 17144 erfc(z /2a)
22. | erf v 1/zvZF1
23. | eferf v/t 1/(z -1z
24, | erfc(a/2+v/t) z=leg—avz
25. | t~1/2¢—Vat ]z e%/%% erfe(y/ajaz )
26. | /2= /4 ATz e V2
27. | t73/2¢—4 /4 20~ /T e—2VE
28. | VL (8) (v >-3) '~ 12T (v + 1)(2% + 1)—1*—{1/2}‘
29. | Jo(v7) g=1p—1/4z
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