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CAPITULO 2.- Representaciones en el dominio del tiempo
para sistemas lineales e invariantes con el tiempo

1. Introduccion.

2. Convolucion: representacion delarespuesta
al impulso.

3. Propiedadesdelarepresentacion dela
respuesta al impulso.

4. Representaciones mediante ecuaciones
diferencialesy en diferencias.

5. Representaciones mediante diagramas de
bloques.

6. Descripcionesen variable de estado.
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2.1 Introduccion

i Sistemas SLIT

s Sistemas que cumplen con dos propiedades
» Linealidad

» Invariancia en el tiempo

» Representaciones que caracterizan el

comportamiento entrada-salida para sistemas
SLIT continuos o discretos:

» Respuesta al impulso

« Ecuacion diferencial lineal, Ecuacion en diferencias
» Diagrama a bloques

» Variables de estado

11/06/03 Sefigles y Sisternas 2
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Figure 1.50 (p. 54)

Discrete-time-shift operator Sk, operating on the discrete-time signal x[n] to
produce x[n — K].

x[n — k]
A

x|n]

— Sk
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Figure 1.49 (p. 53)
Block diagram representation of operator H for (a) continuous time and
(b) discrete time.

(T )
x(1) - y(1) x[n] - yin]

(a) (b)
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2.2 Convolucion : representacion de larespuesta
al impulso parasistemasLTI

i Respuesta al impulso

» Es la salida de un sistema SLIT cuando la
entrada es un impulso en el tiempo t=0 6
n=0, segun corresponda.

s Caracteriza por completo el comportamiento
de cualquier sistema SLIT

= Es una propiedad basica de todos los
sistemas SLIT.

= Sistemas discretos: Sumatoria de Convolucion
» Sistemas continuos: Integral de Convolucion

1106/03 Sefiglas v Sistemas 3
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Sumatoria de Convolucion

» Descomposicion de una senal discreta
mediante impulsos recorridos en el tiempo

xlnld[n] = x|0 Bn]
dluBin—k1=xlkBlu-k]

= w28+ 21+ =110+ 11+

+xloBlal+x1 Bl -1+x[26[2-2]...
xln|= i_‘r[ﬁ; I ln—k|

k=—oc
11/06/03 Sefigles y Sisternas 4
Copyright © 2003 Jonn Wiley & Sons. Inc. All rights reserved.
Figure 2.1 (p. 99) Eiies
Graphical example illustrating the i
representation of a signal x[n] as a s T ooooooooo
weighted sum of time-shifted .
impulses. +
0o lU x[-1]
X{nl= > Xklo[n-K] o
+ x[0]
K=—oo R IV
0
o[n] x[11d[n - 1]
+ [ I
R
[2]d[n - 2]
=
il o
(.]
x[n]
[ 105
10
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Figure 1.49 (p. 53)
Block diagram representation of operator H for (a) continuous time and
(b) discrete time.

x(t) y(1) x[n] y[n]

—_— H — —_— H —

(a) (b)
SNl —  hn
S[n-k] =  hn-Kk|

S KO-k - > K-k

k=—°° k:—oo
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Sumatoria de Convolucion
(cont.)

V= ] u]g [;;M”_u}

b=—o

_1'[!?]2 HJ ii[ﬂb[:—v{ﬁll = i.‘f[ﬁf lf'f'{ﬁi[!?—kl}'

.‘::—Eﬂ- .‘::—Eﬂ-

_1'[!?]: z I[.ﬁg Ll'i' [J.-‘—kl. fi H]: Respuesta al impulso

.|;'=—:-:|

yin] = .‘L'IH l f.-‘[:.-‘] = i _T[k ]Ji' I:.-‘ —k l = Sumatoria de convolucion

.|;'=—=-:|

110603 Sefiales y Sistemas 5
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Figure 2.2a (p. 100)

[llustration of the convolution sum. (a) LTI system with impulse response
h[n] and input x[n].

Mllfuilww_.. S e
i

LTI System
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rNMyuilc .cv

(p. 101) ; T i
(b) The decomposition of to— l TU [t —— o]fo R
impulses results in an outy -

Impulse responses. LTI System
(a)
k=-1 x|-1]dln+1] X|=11hln +1] k=-1
1
-1 -1 T 2
° S—0—0—0—0 n — h[n] — o O—O—O—0—nN
l 1 2 3 4 rL 1 1 L 3 4 35 6
—1 LTI -1
k=0 x[0]d[n ] x[0] h[n ] k=0
12 172
ccToouo n — h[n] — oo?Ti?occn
-1 I 2 3 4 —-1/2 1 3 4 5 6
= LTI
k=1 x[1]d[n-1] x[11h[n-=1] k=1
1
T [
O—O0—0 0—0—0 n — h[n] — o—0—0 o—0—1
& 12 3 4 12 b 456
_1 LTI -1
k=2 x[2]d[n -2] x[2] h[n -2] k=2
1
-1 2 . 172 23 o 05
© © O O o o n —p nj —» © o \'s o © n
R-REE TN N R72 SR TN SRR
LTI
2 =
aln) =3 x(kldn-k] yinl= % (k] hin k]
k=—co k=—co
yinl= 3 XkIhn—K] N Ny
° T — — h[n] — & o—n
k=—co l s s b
o LTI 1 1
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Procedimiento para evaluar la sumatoria de
convolucion

(o]

yinl= > XkJh[n-K]

k=—oco
secuenciaintermedia

w,[K] =X K]h[n—K]
k: variableindependiente

n: constante
yinl = > Xk]h[n—K]
h[n—Kk] = h~(k— )] G-
secuenciaintermedia
hnd W, [K] =X K]h[n—K]
yinl= > w,[k]
k:—oo
Sgnals and Systems, 2/E by Simon Haykin and Barry Van Veen
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PROBLEMA

1 3
. . ., == —k
Dado €l sistema definido por la ecuacion : A 4§X[n !
Determinar, por convolucion, lasalida del sistema, cuando la entrada
es el pulso rectangular definido como:  x{n] =u[n]-u[n-10]
= 01n] = il = 3 Ak = (Ll -un—4)
) n<0 : w[k]=0

1/4, k=0 1/4, k=01 1/4, 0<ks<
d) 0<n<3 : wo[k]={ wl[k]={ wn[k]={ n
0, resto 0, resto 0, resto

1/4, n-3<k<n
e) 3<n<9 : w[k]= 0. redo

1/4, n-3<k<9

f) 9<n<12 : Wn[k]z{ 0. resto .
) n>12 : wik]=0 y[n]=k;ox[k]h[n—k]

M= Swik  Yc-c(N-M+D secuenciaintermedia
n<0 : y[n=0 ; 0<n<3 . y[n]=zn:1/4=”TJrl Wn[k]:X[k]h[n—k]
3<n<9 y[n]:il/4=%(n—(n—3)+1)=1
9<n<12 y[n]:§:31/4:i(g_(n_3)+1):13—n
n>12 : yn]=0 Signals and Systems, 2/E by Simon Haykin and Barry Van Veen
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Figure 2.4 (p. 106)

Evaluation of the convolution
sum for Example 2.3.

(a) The system impulse response
h[n].

(b) The input signal x[n].

(c) The input above the reflected
and time-shifted impulse
response h[n — K], depicted as a
function of k.

(d) The product signal w,[K] for
the interval of shifts0 <n < 3.
(e) The product signal w_[K] for

hin]

<)I{E! YT i O—0-0—0—0~ N
0 2 4 6
(a)

x| k]

BT

hin - k]
/!
o000 PrYeY l;4o o-o— k

n-3 n

(c)

wylk]

x[n]

i

0 2 4
(b)

wylk]

A ) P
0 n 4
(d)

w,[k]

II...

o-o-o0-o0—k

the interval of shifts 3<n < 9.

(f) The product signal w,[K] for JAL 9998 o ¢
the interval of shifts 9 <n < 12. Ll 2 4 n-39
(g) The output y[n]. © ®

y[n]

Sl ..

{ 6 & 10 ] 2
(2)

Sgnals and Systems, 2/E by Simon Haykin and Barry Van Veen
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Integral de Convolucion

= Descomposicion de una sefal continua como
la superposicion ponderada de impulsos

recorridos en el tiempo

AN T (s .y, Propiedad deselecciondela
we)= | xle)sle =tk Funcién deimpulso

E H-{ Jaxl'r]ol'- —THT } = j.rl[ryf'{al'.r— r T
vl )= J AT hle—1 Mt =0 )% bl ) it )= Respuesta

S al impulso
11/06/03 Sefiales y Sistemas ]
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Figure 1.49 (p. 53)

Block diagram representation of operator H for (a) continuous time and
(b) discrete time.

x(1) y(1) x[n] y[n]

—_— H — _— H —

(a) (b)

o(t) — h(t)
o(t—1) — h(t—17)

fwx(r)é(t—z')dz' — IZ X(D)h(t—7)dr

Sgnals and Systems, 2/E by Simon Haykin and Barry Van Veen
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Figure 2.10 (p. 117)

Input signal and LTI system impulse response for Example 2.6.

PROBLEMA

Evaluar la convolucion integral para calcular la salida del sistema

x(1) h(t)

1 1

1 —

o0 1 2 3 o 1 2

X(t)=u(t-)—-u(t-3) entrada
h(t) =u(t)-u(t—2) respuestaa impulso

Sgnals and Systems, 2/E by Simon Haykin and Barry Van Veen
Copyright © 2003 John Wiley & Sons. Inc. All rights reserved.




Figure 2.11 (p. 118)

Evaluation of the convolution integral for Example 2.6. (a) The input x(t)
depicted above the reflected and time-shifted impulse response. (b) The
product signal w,(t) for 1 <t < 3. (c) The product signal w,(t) for 3 <t<5.

(d) The g\lcftpm nnitnit vt
b

T
! t
0 ] 2 3
T
| hit -1)
T
_— t
t-2 t
(a)
T
w,(t)
3<t<5
y(t)=-t+5 .
t
0 | i S |
(c)

T
wih 1<t<3
! |—| yt)=t-1
T
t
0 1 ¢
{h)
¥(t)
2
|
i
] | 2 3 4 5
(d)
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y(t) = [; x(2)h(t—7)dz
W, (7) = X(7)h(t - 7)

y(t)=|_ w(2)dz

h(t—7) =h(-7+t) = h(—(7-t))

Q)
T
(T
-
=0 [1&))
T
0w
N S B B T y=0
|
=1 [T
| T
=1 M|
H H T: y(1)=0
[
t=2 h(-(T-2))
T
[
SN N e e _ T y@-1
I i H
t=3 h(-(T-3))
T
g ]
|
t=4 h(-(T-4))
T
oo T T
' : | T y(@)=1
|
22 (TS
T
)|
] T ¥(6)=0
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2.3 Propiedades de la representacion de larespuesta
al impulso parasistemasLTI

Propiedades de la respuesta al
iImpulso de los sistemas SLIT

= Conexion en paralelo de sistemas SLIT

hy(t) 4
x{L) t
=+
h,(t)
®(t) yit)
hy{E)+ha(t) —————*
1106403 Sefigles y Sistemas 7
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hy(t) +
x{L) [ 4
-+
h,(t)
®( k) yit)
hy{E)+hat) — ™
|
-. 11406403 Sefialas y Sistemas 7

= Conexion en paralelo de sistemas SLIT
(Propiedad distributiva)

A= e E i)
= xhe)® b bt )+ xle )= b, ()

s LR

=| e (r—1)dr +j X7 Jh, lt —T KT

=

=| x(zHh(t—1)+h(t—1)dr

= |"_'" e lele—t T =xle ) ale ) Bl )=kl )+ h,(¢)
xle )b (e )+ x(e )= by (e )= e ) 4 (e )+ (2]
11/06/03 Sefigles y Sisternas B




Propiedades de la respuesta al
i Impulso de los sistemas SLIT

= Conexion en cascada de sistemas SLIT

x(t) . hi{t]' () h;{t} i) ,

%[t y{t)

hy(t)*hs(t] —"

L h — ho M

11006/03 Sefiglas y Sistemas 9
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Propiedades de |a respuesta al
i impulso de los sistemas SLIT

» Propiedad asociativa

vig )=zt h(t)  =zlt)=xlt)* h(¢)
e )= Loele ) e ) g (e ),

e )= xle)* hle )= xle )= o, e )* by (0]
el ) by (e )1 Ay (e )= (e )= () hy () )

11/06/03 Sefiales y Sisternas 10




= Conexion en cascada de sistemas SLIT

®l L) hi'[”' =) hzl:t:l yit] »
Rt w(t)

—_— hy{t)*hs(t)

i () o hyh

ta al
IT

; 11006/03 Sefiglas y Sistemas 9

« Propiedad conmutativa
h(e)=hy(e)* hy(t)= [ b (c Dy (e —7 it
V=I—T, T=1I—V.

We)= 1" i le—v v Jdv =hy ()= (1)
It ) bt )= b (8 )% By ()

Figure 2.20 (p. 131)

Interconnection of systems for Example 2.11.

PROBLEMA Dado el sistema.:

—> hy[n] —l
+

' + A—
—— h,[n]

> h4[n]

x[n] ——¢

— —> h;n] —: —> y[n]

h[n] = u[n]
h[n]=u[n+2]

¢Calcular h[n]? Siendo :

h{n]=n-2]

h,[n] = a"u[n]

Sgnals and Systems, 2/E by Simon Haykin and Barry Van Veen
Copyright © 2003 John Wiley & Sons. Inc. All rights reserved.




Figure 2.21 (p. 131)

(a) Reduction of parallel combination of LTI systems in upper branch of Fig. 2.20.
(b) Reduction of cascade of systems in upper branch of Fig. 2.21(a).
(c) Reduction of parallel combination of systems in Fig. 2.21(b) to obtain an

equivalent system for Fig. 2.20.

> h,[n]
 +
+
> hafn] > > y[n]
|+ =
x[n] —— —> hyln]
+ > hyln]
—> hya[n] = hy[n] + hy[n] » hs[n] > > yin|
x[n] ——ve _I
> hyln]
(a)
+
— hyys[n] = (hy[n] + hy[n]) = hs[n] > > y[n]
x[n]——orp _I
> hyln]
(b)
x[n]=—— h[n] = (hy[n] + hy[n]) = hs[n] — hyln] —— y[nl
(c) Systems, 2/E by Simon Haykin and Barry Van Veen

6opyright © 2003 John Wiley & Sons. Inc. All rights reserved.

— hyy(n] = hy[n] + hyn] h[n] yin]
x[n] ——9 _I
> hyln]
- ALr] =l
: h,[n] =u[n+2]
—> hyp;(n] = (h[n] + hy[n]) = hs[n] > > vn]
5 jaaln] = (hy[n] + hy[n]) = hsn _I I’E[n]:g[n—z:l
Xin >
- i h,[n] = &"u[n]
(b)
x[n]=——  h[n] = (h,[n] + hy[n]) = hs[n] = hyln] ——s= ¥[n]

(c)

h{n] = (h[n]+h,[n])* h[n] - h,[n]

h,[n]=u[n]+un+2]-u[n]=u[n+2]

Nos[N] = N[N * Ry[n] = u[n+2]* 6[n—2] = u[n]

hn] =u[n]-a"un] ={1-a"}u[n]

Sgnals and Systems, 2/E by Simon Haykin and Barry Van Veen
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Figure 2.22 (p. 132)

Interconnection of LTI systems for Problem 2.8.

PROBLEMA

Calcular laexpresion paralarespuesta al impulso del sistema:

> h(t) —> hy(D) _l
+

—> hs(t) —> y(1)
x(t) =>—4—> h,(1) —++ _T

> (1) j

h(t) = [h (t)* h, (t) — h, (1) — hy(t) ]* hy(t)

Sgnals and Systems, 2/E by Simon Haykin and Barry Van Veen
Copyright © 2003 John Wiley & Sons. Inc. All rights reserved.

Figure 2.23 (p. 132)

Interconnection of LTI systems for Problem 2.9.

PROBLEMA
Dado € sistema:

—> h,[n] _++

x[n] == hy[n] —¢ —> yln]

sendo h-(3]un+a  him-am ni-un-y eCaloularhin]?

hin] = h[n]*h,[n]+h[n]* hy[n]

h[n] = (%jnu[n+ 2] +(8—@jn Ju[n+1]

Sgnals and Systems, 2/E by Simon Haykin and Barry Van Veen
Copyright © 2003 John Wiley & Sons. Inc. All rights reserved.




Sistemas SLIT sin memoria

= Un sistema SLIT discreto no tiene memoria si
y solo si: h{k)=cd(k), ya que y[n] solo
depende de x[n] y no de x[n-k] para k
diferente de 0. h[k]=0, k '= 0. k=0

= Analogamente un sistema SLIT continuo no
tiene memoria si y solo si: h(t)=cd(t)=co(7)

= Estos solo efectiian multiplicacion escalar
sobre la entrada.

_t'[.is |= h |n | l‘[f.’-‘ |= iﬁﬂ.{' Hn —k ]

vit)=hlt)* xlt )= j_ﬁ AT (e —T Mt

11/06/03 Zafighes y Sisternas 12
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Sistemas SLIT causales

s Un sistema SLIT discreto es causal si h[k]=0

para k<0
= Un sistema SLIT continuo es causal si h(t)=0
para 1<0 .

1 f?:Eﬁh’fh‘[ﬁ—H . }';[Hzil k<)

A =—ixi

vin|= iﬁ'ﬂ.{' Hn — .{'l

L—
=l

vie)= [ wlele—t)dr, Kir)=0 <0

vt |= lTJ"*.'[T Ile—1 kT

11/06/03 Sefizhes y Sistemas 13
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Sistemas SLIT estables BIBO

s Un sistema SLIT discreto es estable si la
respuesta al impulso es absolutamente sumable.

« Un sistema SLIT continuo es estable si la
respuesta al impulso es absolutamente integrable

|_1'|n]|=|h|n]*‘.1'[n || = ih[ﬁ: ]t|n—ﬁ:]‘. ||:.! +b| < |c.!|+|h|

e

bl Spalkh-l}- -l

ylnll= X alk] | xln -kl |xln—&]|< 6,
o i} Condicion suficiente
vinl|=ae, X [nlk]]. X)alel <o | |#le)|dr <=
k

o f—e
11/06/03 Sefigles y Sisternas 14
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Estabilidad BIBO . Condicidn necesaria
sea:Nn=0
V0] => h[K]X—K]

1; h[k]=0
sea: X—k] = sign{ h[Kk]} :{J_rl- h{k}ZO

X[—k]|=1<e entradaacotada
Sstema estable = |y[0]| < o

Y{0] =S hK]sign{hk]} =3 |K]| < o = 3| FK]| < oo

Sgnals and Systems, 2/E by Simon Haykin and Barry Van Veen
Copyright © 2003 John Wiley & Sons. Inc. All rights reserved.




Figure 1.69 (p. 79)

Block diagram of first-order recursive discrete-time filter. The operator S
shifts the output signal y[n] by one sampling interval, producing y[n — 1].
The feedback coefficient p determines the stability of the filter.

PROBLEMA
. : . YInl=xn]+ py[n-1]]
Dado el sistema descrito por la ecuacion : ]
donde h[n]=p"u[n]

¢, Este sistema es causal, sin memoriay estable BIBO ?

Input signal

x[n] +
—_— » Qutput signal
N y[n]
Feedback Dlscrete-ylyne
P r S time-shift
coefficient

operator ., .,
: Solucion de la ecuacion

Y 1] yinl =k§pk><[n—k]

Sgnals and Systems, 2/E by Simon Haykin and Barry Van Veen
Copyright © 2003 John Wiley & Sons. Inc. All rights reserved.

El sistema es causal porque h[n]=0 paran<O
¢El sistemaes sin memoria ?

Estabilidad
Sk =3Jp|=3lel <= s o<1 = Sistemaesteble

Input signal

x[n] +
z » Output signal
+ I y[n] y[n]:x[n]+py[n_1]
Feedback S Digcretn?l-lt‘it['ne donde h[n] = p"u[n]
coefficient time-shift
operator
y[n —1]

Sgnals and Systems, 2/E by Simon Haykin and Barry Van Veen
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Sistemas SLIT invertibles

« Un sistema SLIT es invertible si la entrada para el
sistema puede recuperase de la salida.

= La recuperacion de x(t) a partir de h(t)*x(t) se
denomina desconvolucion.

®L] " h[:t:] yit)

h-i(t)

vig)=xle )= hle)  xle)= vle)® 57" e
xle)= xle ) ()= 57 (¢))

heER ™M) =61¢)

J'?[ﬁ]“f'?"ln ]= é‘fln]

11/06/03 Sefiales y Sistemas 15
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Figure 2.24 (p. 137)

Cascade of LTI system with impulse response h(t) and inverse system with
impulse response h-(t).

x(t) —> h(t) &— h"™Y(t) —> x(1)

Sgnals and Systems, 2/E by Simon Haykin and Barry Van Veen
Copyright © 2003 John Wiley & Sons. Inc. All rights reserved.




Respuesta al escalon unitario

s La respuesta de un SLIT a un escalon refleja
como el sistema responde ante un “cambio
repenting” a la entrada.

= En sistemas SLIT discretos es la suma infinita de
la respuesta al impulso. En sistemas SLIT
continuos es la integral indefinida de |a respuesta
al impulso. sln|=hlal=ulnl= "% Ak jln— k]

e.'|n_ k |= 0, para k = n. .!-'|n —k |= l, para k =n

.
.'.'|ri' | = E ."i'|.# | ."i'|ri'|= :r|ri'|—.'.'|.ril - ||
b e
sled=| Rt k., &lel=—slt)
11/06/03 "Zafiales v Sisternas alt 16
Copyright © 2003 John Wiley & Sons. Inc. All rights reserved.

Respuesta en estado estable senoidal, en tiempo discreto

* Xn]=e"" senoidal compleja

Vinl= S HKI{n—K =3 Ak 0 e 3 k] (/2] = H (%) = H (e/?)e™

k=—co k=—co Kk=—c0

H(em)=i‘,h[k](em)_k = respuesta en frecuencia
k=—co
H(ejQ):‘H(ejﬁ)‘ejarg{H(eiQ)} ‘H(ejg)‘ —  respuesta en magnitud
aglH(e®)} =  respuestaen fase
R

* ok x[n]=Acos(Qn+¢)=§ej(9”+¢)+§e“'(9”+¢) senoidal real

y[n] = ‘H (e‘“)‘Acos(Qn+ ¢+ arg{H (€)})

Sgnals and Systems, 2/E by Simon Haykin and Barry Van Veen
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Respuesta en estado estable senoidal, en tiempo continuo
* x(t)=e' senoidal compleja
y(t)= [ h(x)e”"Idr=e [ h(r)e ”"dr =e"H(jw) = H(jw)e"
H(jw)= Eo h(r)e''dr = respuestaen frecuencia

H(jw) = respuestaenmagnitud

H(io)=IH(iw plagiH (jo)}

y(t) = ‘H (jw)‘ej(aﬂarg{H(jw)})
**  x(t) = Acos(at + @)= ge"(““‘” +§e“'(”‘+"’) senoidal real

suponer h(t) real = H' (jw) = H (- jw) = |H (jo)| par;argiH (jw) jimpar
y(t) =|H (jw)|Acos(et + ¢ +argiH (j w)})

Sgnals and Systems, 2/E by Simon Haykin and Barry Van Veen
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2.4 Representaciones mediante ecuaciones diferenciales
y en diferencias

Fcuaciones Diferenciales y de
Diferencias para sistemas SLIT

= Reflejan las caracteristicas de entrada-
salida para sistemas SLIT.

= Ecuaciones diferenciales de coeficientes
constantes = Sistemas en tiempo continuo.

= Ecuaciones en diferencias de coeficientes
constantes = Sistemas en tiempo discreto.

11,0603 Sefizles y Sistemas 17
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Ecuacion de Diferencias de

i Coeficientes Constantes Lineal

=« Forma general:
N M
Z a, I_\'[n — f{] Zz b, .T[H —k ]
k=0 k=0
« X[n] es la entrada
= ¥[n] es la salida

« N &s es el orden de la ecuacion de
diferencial o en diferencias. Implica la
memoria maxima que implica la salida del

sistema.
11/06/03 Sefighes v Sistemas 19

COpyngmn © 2Zuus JOrn vvilgy & OIS, ITIC. ALl TIgILS reservea.

Ecuacion Diferencial de
i Coeficientes Constantes Lineal

=« Forma general:

N “,l.ﬂf M ”;.ﬂr
Z”k P r(r)ZthT.T(r)

k() al I E—() il

= X(t) es la entrada
= ¥(t) es la salida

=« N es es el orden de la ecuacion diferencial
o en diferencias. Implica la derivada mas
alta del sistema.

11/06/03 Safiges y Sistermas LB
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Formulas recursivas (computadora)

> ayn-kI =) bxn-K
2N+ a,yin-kl =) bxn-K
1 1<
== —K]-— —k
yrl =2 2. Bon-KI- > ay{n-K

n=0: y[@ﬁibkx[—kl—%iaky[—k] . X0
X[-1,X-2],...x[—M] V[-1,¥[-2],..., Y[-N] C.I.

n=1 y[1]=%2bkx[1—k]—i2aky[1—k]

Sgnals and Systems, 2/E by Simon Haykin and Barry Van Veen
Copyright © 2003 John Wiley & Sons. Inc. All rights reserved.

Ecuaciones diferenciales

Zak y(t) Zbk X(t)
(,y(t)? Vit >t,

condicionesiniciales:

v(0), dY(t) d?y(t) d"7y(1)
ez T deMN?

, evaluadasent,

Sgnals and Systems, 2/E by Simon Haykin and Barry Van Veen
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Solucion de ecuaciones diferenciales y en diferencias
Solucion natural Y@ x(®)=0 ; y“[n] ,xn]=
Larespuestaforzada y'”(t) ; y'”[n] ; C.l.nulas,reposo
L arespuesta completa
Larespuestaa impulso

Caracteristicas de sistemas descritos por ecuaciones diferenciales
y en diferencias

Sgnals and Systems, 2/E by Simon Haykin and Barry Van Veen
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Solucién natural
yo(t) xt)=0 : Zakdky“”() Zbk x(t)

Zak I(y(“)(t) O:>Zakr =0ec.caracterisica = y™(t)= Zce no rep.
k=0 =1

raizrepetida pveces : €' ,te",t%",... t" %"

YOIl =0 ;Y ayin-Ki= Y bn-K

N N N
Zaky(”)[n—k] =0 = Zakr“‘k =0ec.caracterisica=  y™[n] :Zc,ri” no rep.
k=0 k=0 i=1

-1,.n

: ; . n n p
raizrepetida pveces : r/,nr,.,n"T,

raicesr. * reales= respuesta exponencid

* Imaginarias = respuesta senoides

* complgas=> respuesta senoides amortiguadas

Sgnals and Systems, 2/E by Simon Haykin and Barry Van Veen
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Solucion forzada

yviO® ; y[n] ; C.l.nulas, reposo
yO@)=yPO)+y"(t) t=0 ;y®P(t) particular (= entrada)
y"[nl=y®[n]+y"[n] nxz0

Solucién completa  y() = y[n]+y™[n]
Respuesta al impulso

5(t) = h(t) 5(t)=%u(t)

u) >0 he) =0

o[n] > h[n] d[n]=u[n]—u[n-1]
uln] > gn] hin]=9n]-gn-1]

Sgnals and Systems, 2/E by Simon Haykin and Barry Van Veen
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Caracteristicas de sistemas descritos por ecuaciones
diferencialesy en diferencias

Larespuestaforzadade un sistema LTI eslineal con respecto alaentrada
Larespuesta natural eslineal con respecto alas condicionesiniciales
Larespuesta natural esinvariante con €l tiempo

L arespuesta completa no esinvariante con e tiempo (C.1.)

L arespuesta forzada es causal
Estabilidad [ <o =r|<1
respuesta natural
@itl < 0o = Re{r} <0

Sgnals and Systems, 2/E by Simon Haykin and Barry Van Veen
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2.5 Representaciones mediante diagramas de blogues

Representacion mediante
diagramas de bloques

m Para sistemas LTI descritos mediante
ecuaciones diferenciales o de
diferencias

= Representacion mas detallada que la de
ecuaciones diferenciales o de
diferencias y la de respuesta al impulso.

= Representa a detalle calculos y
operaciones dentro del sistema

11/06/03 Siefigles y Sisternas 20
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2.5 Representaciones mediante diagramas de blogues

Representacion mediante
diagramas de bloques

= Operacones elementales:
= Multiplicacion escalar:
« ¥(t) = ax(t), yin]= cx[n|, c= constante
» Suma
« W(t) = x(t) + wit), y[n] = x[n] + win]
= Integracion para sistemas de tiempo continuo:

=i

_1‘{1'}:] xlr dr

» Retardo para sistemas de tiempo discreto
« ¥in] =x/n-1]f

11/06/03 Sefizles y Sistemas 21
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Figure 2.32 (p. 162)

Symbols for elementary operations in block diagram descriptions of
systems. (a) Scalar multiplication. (b) Addition. (c) Integration for
continuous-time systems and time shifting for discrete-time systems.

| y(t) = x(t)ct
x(1) i) = x(1) + w(t)

t
o —_— = V(1) = R
x[n] v[nl = x[n] + w[n] x0) e y() —e_w-‘—{tlf“

x(t) c vt} =cx(t)
—_——
x[n] yln] =cx[n] Wit
x[n] == 8§ — y[n]=x[n-1]

w(n]
(a) (b) (c)

Sgnals and Systems, 2/E by Simon Haykin and Barry Van Veen
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Figure 2.33 (p. 162)

Block diagram representation of a discrete-time LTI system described by a
second-order difference equation.

| |
x[n] ! g » - ¥ ! = ¥ = v[n]

' l b A A

' |

I 5 | S

| |

. I B

Formal directa; ,, | % ., S (.

| ! A | A |

| |

| S [ S

| |

| b | )

: x[n - 2] : “ yln -2]

L TP SR |

win] = byx{n]+b{n—1] +b,xn—2]
yinl =-a,y[n-1]-a,y{n-2]+wn]
yinl = -ayin-1]-a,y{n—2] + by n]+bX{n-1]+b,x{n-2]
yinl+ay[n-1+a,y[n—2] =bx{n] +bx{n-1] +b,q{n-2]
n>0= y[-1,y[-2] C.l.

Sgnals and Systems, 2/E by Simon Haykin and Barry Van Veen
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Flgure 2.3o0 (p. 164)
Direct form Il representation of an LTI system described by a second-order
difference equation.

“El diagrama de bloques gue describe un sistema no es Unico”

o~

fln] L
¢ :0 > 3 » y[n]

A

x[n] > 3
A

Formall directa

(mas eficiente)

f[n]=—af[n-1-a,f[n—2]+Xn]
yin]=b, f[n]+b f[n-1+Db,f[n-2]

yinl+a,y[n—1]+a,y{n-2] =bx{n] +bx{n—1]+b,{n-2]

Sgnals and Systems, 2/E by Simon Haykin and Barry Van Veen
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Figure 2.34a (p. 163)

Block diagram representation for Problem 2.33 (2.34b in next slide).

PROBLEMA : Determi ne laecuacion en diferencia de un sistema cuya
descripcion mediante diagramas de blogues es :

Y
[\l
Y
o™

x[n] > y[n]

v e

hg!
A
AN —

Y o

i
S 1
|
|

A G| —

Soluciéon:  y[N] +% y[n—1] —% yEn—3] =X Nn]+2Xn-2]

Sgnals and Systems, 2/E by Simon Haykin and Barry Van Veen
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Ecuaci (’)n diferencid :

Zak ()Zbk X(t) [*]

Ecuacion mtegral :

sea V"(t) laintegral deorden n con respectoat

v (t) = v(t)

v (t) = J'_twv(”‘l) (r)dr+v"(0), n=123,... recursiva
s Vv™(0)=0 C..

d o O =v" (), t>0 y n=123,...

dt
s N>M , integrando[*] N vecesobtenemos:

>,y 00 =3 bx" N )

Sgnals and Systems, 2/E by Simon Haykin and Barry Van Veen
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Figure 2.37 (p. 166)

Block diagram representations of a continuous-time LTI system described
by a second-order integral equation. (a) Direct form I. (b) Direct form II.

Formal directa Formall directa

1 b,

x(t) . — vy > ¥ —> V(1) () —= % 2 1 > ¥ — y(1)
I , ,[ A l 4
J R L /I
b —a ' = b
(1) p——— ¥ ¥ e v'(1) 3 >
JrilJU
! 4 A ¥ 4 A
J e Jle Jle
I —dy —ag by
it < v <

f[3](r)
(a) (b)

2 2
D a Yy ) => b x®(t) Ecuacion integral de segundo orden
k=0 k=0

a_oy‘” () +ay? (1) +a,y(t) = b x? (t) + bx® (t) + b,x(t)
s a =1
y(t) =—ay® () —a,y? (t) + b,x(t) + b x® (t) + b,x? (t)

Sgnals and Systems, 2/E by Simon Haykin and Barry Van Veen
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2.6 Descripciones en variable de estado para
sistemas LTI (SISO)

Estado deun sistema deorden N
“conjunto minimo(N) de sefales (variables de estado) que representan
la memoria completa del pasado del sistema’ (no Unico)
Descripcion en variables de estado constade :
1.-N ecuaciones diferenciales (en diferencias) de primer orden acopladas
gue describen como evoluciona el estado del sistema.
2.-Una ecuacion que relacionala salida del sistema con las variables de
estado presentesy la entrada.
Ecuaciones matriciales

L qpfn] | q[n+1] |
g e
an[n] | an[n+1] ]
%q(t) = Aq(t)+bx(t) t=t,
y(t) =cq(t) + ax(t) Signals and Systers, 2/E by Simon Haykin and Barry Van Veen

Copyright © 2003 John Wiley & Sons. Inc. All rights reserved.

Figure 2.39 (p. 167)

Direct form Il representation of a second-order discrete-time LTI system
depicting state variables q,[n] and q,[n].

> Y — y[n]

A lq[n+1] A

Sgnals and Systems, 2/E by Simon Haykin and Barry Van Veen
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x[n] ——= X
~

qln + 1]
1

b,

!
|t .g
lfnlnl )
1

—a,

b,

C|1[rH'1] = _a‘lql[n] - azqz[n] + XN ~%
Gp[n+1 = q[n]
yin] = —a,q,[n] - &,q,[n] + b [n] +b,q,[n] +X{n] = (b, —a)a,[n] + (b, —&,)q,[n] + X{n]

n+1)|_|-a -a|qlnl| |1 | )
{qz[nﬂ]}{ 1 O}Lz[n]}{o}[n] ; q[n+1] = Aq[n]+bx(n]

cu[n]
O[N]
A:{_ai _aﬂ ; bzm - c=lb-a b-a] : d=1

Cl[n+1]={ql[n+l]} ; q[n]={q1[n]} vector de estado
q 0,[N]

q2ln]

yinl=|h —-a, bz_az{ }rlx[n] ;- yIn]=caln]+dxX{n]

Sgnals and Systems, 2/E by Simon Haykin and Barry Van Veen
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Un sistema de orden N contiene al menos N operaciones de
corrimiento en €l tiempo en su representacion mediante diagramas
de bloques.

> ¥ — y[n]

Si e diagrama de blogues para un sistema tiene un nUmero minimo

de corrimientos en €l tiempo, entonces una eleccion natural para
los estados son |as salidas de |os retardos unitarios, ya que los
retardos unitarios engloban la memoria del sistema.

Sgnals and Systems, 2/E by Simon Haykin and Barry Van Veen
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Figure 2.40 (p. 169)
Block diagram of LTI system for Example 2.28.

PROBLEMA : Encuentre la descripcion en variables de estados del
sistema de segundo orden descrito en lafigura eligiendo las
variables de estado como las salidas de |os retardos unitarios.

g[n+1] g,[n]
> 5

b

d,
x|[n]
d,
Sgnals and Systems, 2/E by Simon Haykin and Barry Van Veen
Copyright © 2003 John Wiley & Sons. Inc. All rights reserved.
gyln+1] gInl
> S

g,[n +1] = aq,[n] +d,x{n] E\\\Hﬁiﬁz///
d,[n+1] = ga,[n] + ba,[n] + d,x[n] b
y[n] = h,g,[n] + h,q,[n]

wln+1]_fa Offalnl] fd ., _[a o] . _[d
q,[n+1]] [g bl g,n]l]| |d, " lg b " T |d,

a,[n]

=1h, h
=l ] 200

}+Ox[n] ; c=Ih, h] ; d=0

Sgnals and Systems, 2/E by Simon Haykin and Barry Van Veen
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Figure 2.41a (p. 170)
Block diagram of LTI system for Problem 2.26 (2.41b on next slide).

PROBLEMA : Encuentre la descripcion en variables de estados
correspondiente a diagrama de blogues en lafigura
eligiendo las variables de estado como las salidas de los

retardos unitarios.

2
>

3 l
qqln] q-nl
x[n] \7—» \7 ¥ — y[n|

el
2
(a)
Sgnals and Systems, 2/E by Simon Haykin and Barry Van Veen
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) 2
qyln] { galn] l
x[n] ——w ZU—» \j—» Yy — vy[n]
1 gl
)
Ch[n"'l]:_qu[n] + X[n] -

(a)

a,[n+1] = q,[n] + %qz[n] +3x[n]

y[n] = q,[n] + 2x[n]

{ql[””]}: 2 0 {ql[n]}{l}x[n] . A=| 2
qan+1] | 5 L|lan] 34 .
3

Wl O
o
Il
1
w
| E—

y[n] = [0 1]{21[n”+2x[n] : c=[0 1] ; d=2

Sgnals and Systems, 2/E by Simon Haykin and Barry Van Veen
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Figure 2.44 (p. 172)
Block diagram of LTI system for Example 2.30.

PROBLEMA : Determine la descripcion en variables de estados

correspondiente a diagrama de blogues en lafigura
Laeleccion de las variables de estado seindicaen el
diagrama

Sgnals and Systems, 2/E by Simon Haykin and Barry Van Veen
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PROBLEMA

dg, (1) /P—\
g,(1) g (1
x(1) ~ 5 & > j / yit)
dqa

%ql(t) = 2q,(t) — g, (t) + x(t) ©y(t) =30, (t) + 0, (t)

d —

aqz (t) - ql(t)

L1}

ool a oJan) )@ i 0k o
d—CIz(t) 1 0Ja® _El & LM g
_at ] A

Sgnals and Systems, 2/E by Simon Haykin and Barry Van Veen
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TRANSFORMACIONES DEL ESTADO

No hay una descripcion en variables de estado Unica para un sistema

con una caracteristica de entrada-salida determinada.
Es posible definir un nuevo vector de estado con una matriz de

transformacion (T) del vector de estado original :

qdlnl—q } q=Tq=q=T7q9" ; T:matriznosingular
qt)—a
_ afn+1]
q=Adq+bx q=>1 d
Descripcion en variables de estado a4
y =cq+ dx

q'=Tq=TAq+Tbx=(TAT )g+(Tb)x=A'q-+b'x
y:cq+dx:(cT‘l)q'+dx:c'q'+d'x
A'=TAT® ; b'=Tb
c=cT™ ; d'=d
d'zA'q'er'x

Nueva descripcion en variables de estado
y=c'g+d'x

Sgnals and Systems, 2/E by Simon Haykin and Barry Van Veen
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PROBLEMA 2.32 (p. 183)

Un sistemadiscreto LTI tiene larespuesta al impulso h[n] descrita
en lafigura(a). Determine lasaliday[n] cuando laentradaes:

(1) X[n] =35[n]—25[n—1] hin]
(2) Xnl=un+1-un-3] 3
(3) X[n]dela figura (b) : ?I T T

2 -1, % 1 |

h[n] = o[n+1] +33[n] + 26[n—1] - S[n— 2] + J[n—3] (a)

x[n]

X(N] = 26[n— 3] + 28] — 8[n+ 2] =
(b)

Sgnals and Systems, 2/E by Simon Haykin and Barry Van Veen
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PROBLEMA 2.32 (p. 183) I I
1

SIn—KI* hin] = hin—K] sl
(ax,[] + bx,[]) * h{n] = (@[] * h{n]) + (bx,[] * h{r])

h[n] = o[n+1] +3d[n] + 20[n—1] - o[n—2] + o[ n— 3] - ;,'?I : ] s o5 on

(1) X{n]=3d[n]-24[n—-1]
y[n] =3h[n]—2h[n—-1] =3d[n+1 + 70[n] — 7d[n— 2] + 55[n—3] — 26[n— 4]

(2) Xn]=uln]-u[n-3 =4[n]+d[n—1+d[n-2]
y[n] =h[n]+hn-1]+hn-2] =
=o[n+1] +4o[n]+6d[n—1 + 40[n— 2] + 20[n— 3]+ J[n—5]

(3) Xn]=20[n—-3]+2d[n]-d[n+2]
y[n] =2h[n-3]+2h[n]—h[n+2] =
=—-0[n+3]-30[n+ 2]+ 70[n] + 35[n—1] +85[n— 3] + 48[ n— 4] — 26[n— 5] + 26[n— 6]

Sgnals and Systems, 2/E by Simon Haykin and Barry Van Veen
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PROBLEMA 2.33 (a)
Calcular la siguiente convolucion :

yin]=un+3]*u[n—-3] =Xn]* h[n] = ix[k]h[n—k]

x[n] h[n] k=—eo

n-3<3 ,n<0=y[n]=0

n-3
n-3>3 ,n20=y[n]= > 1=n+1

k=-3

x[K]

h[n-]

n-3 |

Sgnals and Systems, 2/E by Simon Haykin and Barry Van Veen
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Figure P2.38 (p. 185)

Un sistema LTI tiene respuesta al impulso h(t) descritaen lafigura.
Determinar lasaliday(t) del sistema s laentrada x(t) es:

(a) x(t) = 28 (t+ 2)+ 6 (t - 2)
y(t) = 2h(t+ 2)+ h(t- 2)

(b)) x(t) = 6 (t—1)+ S (t—-2)+ & (t - 3)
y(t) = h(t —1)+ h(t- 2)+ h(t- 3)

() x(t) = > " _(-1)P8(t-2p) ; pe Z
y(t)y = > _,(=1)"h(t-2p)
h(t)
A
[
—1 0 1 Sgnals and Systems, 2/E by Simon Haykin and Barry Van Veen

Copyright © 2003 John Wiley & Sons. Inc. All rights reserved.

Figure Problema 2.43 (p. 187)

Un sistema LTI tiene larespuesta al impulso descritaen lafigura.

() Expreselasalidadel sistemay(t) como funcion de la entrada x(t).

(b) Identifique la operacion matematica efectuada por este sistemaen
el l[imitecuando A—o0

h(1)
(a) y(t) = x(t)* h(t) = x(t)* (i 3(t) -%5@ - A)j 1/A
1 .
y(®) = (xO - x(t-4) S \ t
(B)A—0 5 limy®=lim s Z(t —- % XU _1/A
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PROBLEMA 2.50

Evaluar larespuesta al pulso paralos sistemas LTI representados
por la siguientes respuestas impulso :

(a)h[n]{—%j unl ; gnl= Y K]

Nn<0=4n]=0 h
Kk k _;[(_;jn_]} n
n 1 n 1 1 1
n=0= gn]= (——j =1+ (——j =1+ =_[2+(__]}
kzzgi 2 kzl‘ 2 _;_1 3 2

(@) =7 O-ut-4) 5 sO=] he)dr

t<0 =19(t)=0

O<t<4:>s(t):1_rd2':1t
47 4
1 ¢4

t>4 :S(t):zjodrzl

Sgnals and Systems, 2/E by Simon Haykin and Barry Van Veen
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Figure Problema 2.65 (p. 190)
Encontrar las ecuaciones en diferencias de los sistemas de lafigura:

- f[n] =-2y[n]+ x{n]
Xl —~Z 4§ e By ] yin] = f[n-1+2f[n] =-2y[n-1 + xn-1] - 4y[n] + 2X{n]
1 T 5y[n]+2y[n—1] = {n—1] + 2X{n]

-

=L

(a) f[n]=%y[n]+x[n—1]

fial f[n—1]
xn]— § ——E— § —¢—vn]
t yin] = f[n—l]:%y[n—1]+x[n—2]
i
e yinl- yin-1 = Xn-2
3
| e | =S
] ——E— § — § — L —3—vIn]
t 1 yin] = x{n—1] + f[n—2]:x[n—1]+x[n—2]—éy[n—2]
. y[n]+éy[n—2]=x[n—1]+x[n—2]
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Figure Problema 2.68 (p. 190)

Encontrar |as descripciones en ecuaciones diferenciales paralos
dos sistemas de lafigura:

I y(t) = xP () +2y" (t)

x(t) —X— e > V(1) d
— y(t) —2y(t) = x(t)
2 dt
(a)
x(t) e ) ' y(1)
Coon y(t) =x" (t) +2y? (1) -y (1)
7 e I d2
— y(t) - 2 Y(t) +y(t) = —X(t)
o] ot
|l ]
(b)
Sgnals and Systems, 2/E by Simon Haykin and Barry Van Veen
Copyright © 2003 John Wiley & Sons. Inc. All rights reserved.
Figure Problema 2.69 (p. 190) -

. . e . x[n] ——3F— § q—[rﬂhi—r v[n]
Determine una descripcion por variables I -
de estado de los sistemas de lafigura: P

(@ qn+l=-2qn]+Xn] =>A=-2 , b=1 55 —qn]

yln] = d[n]+3xn] —c=1 , d=3 .
(b) ql[n+1] = _qz[n] + 2X[n] x[n]

1 1 4
qz[n+1]=zq1[n]+§q2[n]—x[n] 0N
yin] =-2q,[n] by
x[n] .
(€) g[n+]] =—Eq3[n]+x[n] ' oa[n]t' o> adn]
8 I—+~ 8§ —=>3X—> §—+¥X—§ y[n]
1 1 1 1 T
qz[n+1]=q1[n]+zq3[n]+2x[n] g 6 - )
1
G5[n+1] = G[n] - - ] + 3] MLE wil® ol

yin] = gy[n] ‘Q_S‘j"z—" S TZ—-—\‘IHI

(@ aln+g = q[n]+alnl+n] ,
a,[n+1] = q,[n] +qg,[n] +2X{n] @

yin] =q,[n]—x{n] Signals and Systems, 2/E by Simon Haykin and Barry Van Veen
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Figure Problema 2.71 (p. 191)

Determine una descripcion por variables de estado de |os sistemas
delafigura:

(a) %q(t) — —q(t) + x(t)
y(t) = 2q(t) + 6x(t)
(b) %ql(t) = g, () + 2x(1)

d
E 0. (t) = 4q1(t) - 2% (t) e= I
y(t) =q,(t)
d _ ; " o q
(d) aql(t) ==80, (1) -3q,()+x(t) [ ] o T SR L
d —
E 0, (t) = q,(t) +4qg,(t) + 3x(t) @ 3 ®

d T A (t)
£ (0= 20,0+ G0 -G RS
y(t) = gs(t) |

-3
(c)

Figure Problema 2.74 (p. 192)

Considere €l sistema en tiempo continuo descrito en lafigura:

a)Encuentre la descripcion en variables de estado para este sistema
suponiendo que los estados q,(t) y g,(t) son como se sefala

b)Defina nuevos estados q' 4(t) ¥ g’ ,(t). Encuentre las nuevas
descripciones en variables de estado

qy () =0q(t)—a,(t) - q,(1)
q, (0 =20,0 T
b, T C1
d 2,
(a) aql(t) =oq()+bx(t) X T — y(1)
%% (t) = a0, (t) + bzx(t) ba CH
- q-(t)
y(t) = 6,0, (1) +C,0 (1) ? g
_ al 0 P bl A~ A -«
A_{O aj,b—{bj,c—[cl c,|;d=0 =~

Sgnals and Systems, 2/E by Simon Haykin and Barry Van Veen
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Figure Problema 2.74 (p. 192)

(b) g, (t) =0, (t)—a,(t)
qlz (t) = qu(t)

{q‘l(t)}_r —1}{@)}:”_ 1 —1} ra_1fo 1}_ A
q,® | |2 0a,@) 2 0 2|-2 1] |-1 %
Al:TAT—l: o, }é(al_az) - . eJ‘ q,(1)
-2 o,
T T ¢
I 3
2b1 x(1) z — y(1)

CIZCT_lZ[_Cz %(Cl"'cz)] b> c,
d—d'—o ¥ > j Ch(f)

Sgnals and Systems, 2/E by Simon Haykin and Barry Van Veen
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Problema 2.35

2.35. At the start of the first vear $10,000 is deposited in a bank account earning 5% per vear. At the

start of each succeeding vear $1000 is deposited. Use convolution to determine the balance at the start

of each vear (after the deposit). Initially $10000 i= nvested.

P2.35 Convolution signals
12000

for n = —1

-1
y[—1] = 3 10000(1.05)"F = 10000{1.05)"+!

E=—1

$1000 is invested annually, similar to example 2.5

forn =10

10000
8000
= soo0f
sno0 -

2000 -

Time in years

. . . !
y[n] = 10000{1.05)** + 1000{1.05)"

uln] = 10000{1.05)"* + % " 1000({1.05)"~*

k=0

y[r] = 10000( 1.05)™" 4+ 1000(1.05)" Z[I.D'uj -k
k=n

n+l
— (=)™
1 — 1

1.05

y[n] = 10000(1.05)™+1 + 20000 [Lo5™+! 1]
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Problema 2.35 b

x10°

P2.35 Yearly balance of investment

Investment value in dollars

|l

=] 0

|

10 15

Time in years

20 25 30

Figure P2.35. Yearly balance of the account

Sgnals and Systems, 2/E by Simon Haykin and Barry Van Veen
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Problema 2.40

2.40. Consider the continnons-time signals depicted in Fig. P2.40. Evaluate the following convolution

intesrals:, P
(b mid) = wlf)+ z(t)

i} [] |r _2
for £ + 1 < —1 t < -2 .
_lr - -'_} _-."_] _ |r _]
mit) =10
i —1=<t=10
fort 4+ 1 =<0 | it
| - i4+1 L D=t<1
mit) = — / dr = —t — 2 5 _ ¢ 1l <+ <92
J_1 — T
for t +1 < 1 —1=t<0 () t =2
.0 i+1
mit) —/ dr / dr i
. 1 S0
|-||]' T — ] < 1 1] = i < ] x(r)
0 1
mlt) —/ dr / dr =t !
JE—1 S0
for £ — 1 < 1 1 - 2 __l] 0 |_r
1
mit) [ dr Dt (1)
JiE—1 :
fort — 1 =1 t =2
2 - {
mit) =10 0 1 )
-l

Sgnals and Systems, 2/E by o

Copyright © 2003 John Wi




Problema 2.66

. Draw direct form I and direct form Il implementations for the following difference equations.

(b) y[n] + 2uln — 1] — Ly[n — 2] = 2[n] + 22[n — 1]
(i) Direct Form I

g[—n]g( ). ) @ | A =

-1
s J <
]_ S
= 8
2 <
Figure P2.66. (b) Direct form I

x[n] 5 | 5 y[n]

1
2

¥V

)

A OO"—'

(ii) Direct form II n Haykin and B_arry Van Veen
Ficure P2.66. (b) Direct form I1 Sons. Inc. All rights reserved.

Problema 2.67

2.67. Convert the following differential equations to integral equations and draw direct form I and

direct form II implementations of the corresponding systems.

x(1) y(®
e O F

(b) Lru(t) + 5Euy(t) + dy(t) = La(t) ; 7
@ >—5

y(t) + 5y V() + 4P (1) = Pt N /
y(t) = 2P) - 550 () — 4P (1) —4

Figure P2.67. (b) Direct Form I

Direct Form II
\

/"

— y(t)

(=)

'
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Problema 2.72

2.72. Draw block-diagram representations corresponding to the continuous-time state variable descrip-

tions of the following LT1 systems:

Lo —1
. — 3 — — — I
((L)A_[D _%] b_[ ) ] c=[1 1] D=[]
d 1
E‘Il( ) = gffl(f}_im
d 1 o
Et}z[ﬂ —EQZ(t) + 2x(t)
y(t) = aqlt)+alt)
2

]
9
~
—t
S—

Vi

y(®

q,(t)

y Van Veen
tsreserved.




