
Ecuaciones	  diferenciales,	  
convolución,	  respuesta	  al	  

impulso	  



Sistemas	  LTI:	  convolución	  

•  Primera	  forma	  de	  expresar	  la	  salida	  en	  función	  
de	  la	  entrada:	  con	  la	  convolución	  

h(t)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

h[n]
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>



Respuesta	  al	  impulso	  

•  	  Si	  pongo	  como	  entrada	  un	  impulso,	  

x(t) = �(t) �! y(t) = h(t)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

x[n] = �[n] �! y[n] = h[n]
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

y(t) =
Z +1

�1
x(⌧)h(t� ⌧)d⌧ =

Z +1

�1
x(t� ⌧)h(⌧)d⌧,

=
Z +1

�1
h(⌧)x(t� ⌧)d⌧,

=
Z +1

�1
h(⌧)�(t� ⌧)d⌧ = h(t),

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>



Sistemas	  LTI,	  Tiempo	  Con?nuo	  (TC)	  
•  	  De	  forma	  equivalente	  se	  pueden	  expresar	  con	  
ecuaciones	  diferenciales	  lineales	  a	  coeficientes	  
constantes	  

•  	  La	  equivalencia	  perfecta	  se	  da	  cuando	  las	  
condiciones	  iniciales	  son	  todas	  nulas:	  

•  	  pero	  que	  hay	  que	  precisar	  algo…	  

t0 = 0
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

En	  general	  

Aunque	  
deberia	  ser	  
“menos	  
infinito”	  



Hallar	  h(t)	  	  

•  	  Para	  hallar	  directamente	  h(t)	  desde	  la	  
ecuación	  diferencial	  (sin	  pasar	  por	  el	  dominio	  
transformado	  –	  ?po	  Laplace),	  tenemos	  que	  
tener	  un	  poco	  de	  cuidado.	  

•  Para	  ello,	  necesitamos	  repasar	  un	  poco	  de	  la	  
teoría	  básica	  de	  las	  ecuaciones	  diferenciales	  
lineales	  a	  coeficientes	  constantes	  (EDLCC).	  	  	  	  



Teoría	  Básica	  de	  EDLCC	  	  

•  	  En	  general,	  la	  solución	  esta	  formada	  por	  dos	  
partes:	  

•  Solución=	  Sol.	  homogénea	  +	  Sol.	  Par?cular	  

•  Respuesta	  natural	  	  +	  Respuesta	  forzada	  	  	  

y(t) = y
o

(t) + y
p

(t)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

0
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>



Teoría	  Básica	  de	  EDLCC	  	  

•  	  Ecuación	  homogénea	  (asociada	  a	  la	  EDLCC)	  

•  	  con	  las	  N-‐1	  condiciones	  iniciales	  genéricas	  

0
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

….	  
dy(t)
dt

����
t=0

,
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

dN�1y(t)
dtN�1

����
t=0

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

y(0),
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>



Teoría	  Básica	  de	  EDLCC	  	  
•  A	  la	  ecuación	  diferencial	  homogénea	  	  se	  asocia	  un	  

polinomio	  caracterís?co	  

•  …cuya	  raíces/ceros	  son	  muy	  importantes.	  

•  Esto	  será	  también	  el	  denominador	  que	  aparece	  en	  la	  
trasformada	  de	  Laplace	  (extensión	  de	  la	  transformada	  de	  
Fourier).	  	  	  	  

•  La	  raíces	  se	  de	  este	  polinomios	  se	  suelen	  llamar	  “polos”.	  

aksk + ak�1s
k�1 + . . . + a1s + a0 = 0

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>



Teoría	  Básica	  de	  EDLCC	  	  
•  Consideramos	  N	  raíces/ceros	  diferentes	  	  reales	  o	  

complejas	  

•  	  La	  solución	  (libre)	  será	  

•  	  donde	  las	  constantes	  
se	  hallan	  usando	  las	  condiciones	  iniciales.	  

�1, . . . ,�N
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

y(t) = c1e
�1t + c2e

�2t + . . . + cNe�N t
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

c1, c2, . . . cN
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>



Teoría	  Básica	  de	  EDLCC	  	  
•  Si	  hay	  raíces/ceros	  múl?ples	  la	  solución	  es	  un	  poco	  mas	  

complicada.	  
•  	  aparecen	  términos	  del	  ?po	  

Donde	  	  	  	  	  	  	  	  	  es	  la	  mul?plicidad	  de	  la	  raíz	  	  	  	  	  	  	  .	  	  	  

•  En	  cualquier	  caso,	  que	  la	  solución	  es	  estable	  (no	  explota)	  
cuando	  t	  crece,	  solo	  si	  todas	  las	  raíces	  son	  nega?vas	  (o	  
nulas).	  	  	  	  

 mj�1X

i=0

ci,jt
i

!
e�jt

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

�j
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

mj
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>



Solución	  libre	  con	  cond.	  Iniciales	  nulas	  

•  	  Además	  nótese	  que,	  por	  lo	  dicho	  anteriormente,	  	  	  	  

•  	  con	  	  todas	  las	  condiciones	  iniciales	  nulas	  	  

•  	  SERÁ	  SIEMPRE	  LA	  SOLUCIÓN	  NULA	  

0
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

y0(t) = 0
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>



Consecuencia	  	  
•  	  	  Lo	  que	  nosotros	  expresamos	  como	  convolución,	  

es	  la	  respuesta	  FORZADA/PARTICULAR	  

h(t)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

x(t)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

y(t) = x(t) ⇤ h(t)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

y(t) = yp(t) =
Z +1

�1
x(⌧)h(t� ⌧)d⌧

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

y0(t) = 0
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>



Respuesta	  al	  impulso=	  h(t)	  
•  Desde	  la	  convolución	  es	  facil	  ver	  que	  la	  respuesta	  al	  

impulso	  es	  h(t).	  

•  Desde	  la	  ecuación	  diferencial,	  tenemos:	  

•  Con	  condiciones	  inicial	  todas	  nulas:	  	  

•  	  diccil!	  Vamos	  a	  ver	  que	  podemos	  hacer….	  

NX

k=0

ak
dky(t)
dtk

=
MX

j=0

bj
dj�(t)
dtj

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

t0 = 0
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>



Primer	  paso:	  Sistema	  sin	  derivadas	  de	  la	  delta	  	  

•  Consideremos	  el	  sistema	  simplificado	  

•  Con	  condiciones	  inicial	  todas	  nulas:	  

•  	  buscamos	  la	  	  SOLUCION	  PARTICULAR	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  DE	  ESTE	  
PROBLEMA,	  	  porque	  sabemos	  que:	  	  	  

t0 = 0
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

NX

k=0

ak
dky(t)
dtk

= �(t)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

y0(t) = 0
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

y(t) = yp(t) =
Z +1

�1
x(⌧)h(t� ⌧)d⌧

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>



Primer	  paso:	  Sistema	  sin	  derivadas	  de	  la	  delta	  	  

•  	  Por	  definición	  de	  delta,	  	  tenemos	  la	  tentación	  de	  
estudiar	  el	  sistema	  homogéneo	  	  

•  Siendo	  las	  condiciones	  iniciales	  nulas,	  	  la	  solución	  seria	  
nula	  

•  …	  algo	  no	  va	  bien!	  El	  problema	  es	  que	  entre	  

la	  delta	  no	  es	  nula!	  Que	  podemos	  hacer?	  

NX

k=0

ak
dky(t)
dtk

= 0
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

y(t) = 0
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

t = 0�, t = 0+
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>



Primer	  paso:	  Sistema	  sin	  derivadas	  de	  la	  delta	  	  

•  	  Método:	  se	  considera	  en	  sistema	  homogéneo	  	  

•  	  pero	  con	  las	  siguientes	  condiciones	  

NX

k=0

ak
dky(t)
dtk

= 0
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

y(0) = 0,
dy(t)
dt

����
t=0

= 0, . . .
dN�2y(t)
dtN�2

����
t=0

= 0
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

dN�1y(t)
dtN�1

����
t=0

=
1

aN
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>



Solución	  parcial	  y	  completa	  

•  Resolviendo	  el	  sistema	  anterior	  obtenemos	  una	  solución	  
que	  llamaremos	  

•  Y	  la	  solución	  del	  sistema	  completo?	  	  

ey(t)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

yp(t) =
MX

j=0

bj
djey(t)
dtj

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

h(t) = yp(t)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>



Ejemplo	  

•  	  Ejemplo:	  

(con	  cond.	  Iniciales	  nulas)	  

Polinomio	  caracterís?co	  

Las	  raíces	  son	  	  -‐1,	  -‐2,	  	  then:	  

ÿ(t) + 3ẏ(t) + 2y(t) = 2ẋ(t) + x(t)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

s2 + 3s + 2 = 0
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

y
o

(t) = Ae�t + Be�2t

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>



Ejemplo	  

•  	  Queremos	  resolver:	  

con	  cond.	  Iniciales	  nulas	  

ÿ(t) + 3ẏ(t) + 2y(t) = 2�̇(t) + �(t)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>



Respuesta	  al	  impulso:	  solución	  parcial	  	  	  

•  Consideremos	  el	  problema	  homogéneo	  y	  las	  condiciones	  
iniciales:	  

ey(t)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

y(0) = 0
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

ẏ(0) =
1
a2

= 1
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

A + B = 0
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

�A� 2B = 1
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

A = 1
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

B = �1
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

ey(t) = e�t � e�2t
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

t � 0
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Cero	  para	  t<0	  



Respuesta	  al	  impulso!!!	  	  	  

h(t) = �e�t + 3e�2t
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

t � 0
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Cero	  para	  t<0	  

h(t) = 2
dey(t)
dt

+ ey(t)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>



Con	  Laplace	  	  	  

	  Unilatera	  o	  bilatera	  no	  importa,	  porque	  las	  condiciones	  
iniciales	  son	  nulas:	  

s2Y (s) + 3sY (s) + 2Y (s) = 2s + 1
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

(s2 + 3s + 2)H(s) = 2s + 1
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

H(s) =
2s + 1

s2 + 3s + 2
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>



Con	  Laplace	  	  	  

	  Tenemos	  que	  an?-‐trasformar	  

H(s) =
A(s + 2) + B(s + 1)

(s + 1)(s + 2)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

H(s) =
(A + B)s + 2A + B

(s + 1)(s + 2)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

H(s) =
2s� 1

s2 + 3s + 2
=

A

s + 1
+

B

s + 2
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

H(s) =
2s + 1

s2 + 3s + 2
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

A + B = 2
2A + B = 1

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

A = �1
B = 3

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>



Con	  Laplace	  	  	  

	  Tenemos	  que	  an?-‐trasformar	  

H(s) =
�1

(s + 1)
+

3
(s + 2)

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

h(t) = �e�t + 3e�2t
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

t � 0
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Cero	  para	  t<0	  

Tenemos	  que	  
aclarar	  mas	  
esto…	  



Transformada	  de	  Laplace	  de	  h(t)	  como	  auto-‐valor	  

s = � + j!
<latexit sha1_base64="jtb7+gOWGd4fWVfwNmFRkxmpdkg="></latexit>



Caso	  discreto	  

NX

k=0

aky[n� k] =
MX

j=0

bjx[n� j]
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

con condiciones iniciales

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

y[n] = � 1
a0

NX

k=1

aky[n� k] +
1
a0

MX

j=0

bjx[n� j]
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

a veces se escribe aśı tambien
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

a0y[n] + a1y[n� 1] + . . . + aNy[n�N ] =
MX

j=0

bjx[n� j]
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

EQUIVALENCIA	  CON	  LA	  CONVOLUCION	  (UN	  SISTEMA	  LTI	  SE	  PUEDE	  REPRESENTAR	  ASI)	  

y[�1] = y[�2] = y[�3] = ... = y[�N ] = 0
<latexit sha1_base64="PPeI0ETOt4pL8nHUfeXWfGF9TXk="></latexit>



Ecuación	  homogénea	  asociada	  	  	  

NX

k=0

aky[n� k] = 0
<latexit sha1_base64="191KY0Vp5r68k4b58StWMe/8D8U=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWAR3FgSFXRTKbhxJRXsA9IYJtNJO2QyCTMTIYRs/BU3LhRx62e482+ctllo64ELh3Pu5d57/IRRqSzr21hYXFpeWa2sVdc3Nre2zZ3djoxTgUkbxywWPR9JwignbUUVI71EEBT5jHT98Hrsdx+JkDTm9ypLiBuhIacBxUhpyTP3+zKNvDxsWMXDLfLCzOEnoduwPLNm1a0J4DyxS1IDJVqe+dUfxDiNCFeYISkd20qUmyOhKGakqPZTSRKEQzQkjqYcRUS6+eSBAh5pZQCDWOjiCk7U3xM5iqTMIl93RkiN5Kw3Fv/znFQFl25OeZIqwvF0UZAyqGI4TgMOqCBYsUwThAXVt0I8QgJhpTOr6hDs2ZfnSee0bp/VrbvzWvOqjKMCDsAhOAY2uABNcANaoA0wKMAzeAVvxpPxYrwbH9PWBaOc2QN/YHz+AOIjleo=</latexit>

a0y[n] + a1y[n� 1] + ... + aNy[n�N ] = 0
<latexit sha1_base64="IrMVVbrEd/7kZPlMlzoarm5ln+M="></latexit>

a0 + a1z
�1 + ... + aNz�N = 0

<latexit sha1_base64="5SL+zO26JieHkXmQyLEyUYQ915U="></latexit>

a0z
N + a1z

N�1 + ... + aN = 0
<latexit sha1_base64="DIBLnP0RdY6ySzrzsOZls+utVlQ="></latexit>

�1, . . . ,�N
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

ceros

<latexit sha1_base64="/aTc62Y9AKI23ON3HKCO76Dso78="></latexit>



Solución	  libre	  	  
•  Consideramos	  N	  raíces/ceros	  diferentes	  reales	  o	  

complejas	  (mul?plicidad	  1)	  

•  	  La	  solución	  (libre)	  será	  

•  	  donde	  las	  constantes	  
se	  hallan	  usando	  las	  condiciones	  iniciales.	  

�1, . . . ,�N
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

c1, c2, . . . cN
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

y[n] = c1�
n
1 + c2�

n
2 + ... + cN�n

N
<latexit sha1_base64="HHuvCzk9Bookr2TizT659Rqd5Ms="></latexit>



Solución	  libre	  con	  cond.	  Iniciales	  nulas	  

•  	  Además	  nótese	  que,	  por	  lo	  dicho	  anteriormente,	  	  	  	  

•  	  con	  	  todas	  las	  condiciones	  iniciales	  nulas	  	  

•  	  SERÁ	  SIEMPRE	  LA	  SOLUCIÓN	  NULA	  

NX

k=0

aky[n� k] = 0
<latexit sha1_base64="191KY0Vp5r68k4b58StWMe/8D8U=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWAR3FgSFXRTKbhxJRXsA9IYJtNJO2QyCTMTIYRs/BU3LhRx62e482+ctllo64ELh3Pu5d57/IRRqSzr21hYXFpeWa2sVdc3Nre2zZ3djoxTgUkbxywWPR9JwignbUUVI71EEBT5jHT98Hrsdx+JkDTm9ypLiBuhIacBxUhpyTP3+zKNvDxsWMXDLfLCzOEnoduwPLNm1a0J4DyxS1IDJVqe+dUfxDiNCFeYISkd20qUmyOhKGakqPZTSRKEQzQkjqYcRUS6+eSBAh5pZQCDWOjiCk7U3xM5iqTMIl93RkiN5Kw3Fv/znFQFl25OeZIqwvF0UZAyqGI4TgMOqCBYsUwThAXVt0I8QgJhpTOr6hDs2ZfnSee0bp/VrbvzWvOqjKMCDsAhOAY2uABNcANaoA0wKMAzeAVvxpPxYrwbH9PWBaOc2QN/YHz+AOIjleo=</latexit>

y[�1] = y[�2] = y[�3] = ... = y[�N ] = 0
<latexit sha1_base64="PPeI0ETOt4pL8nHUfeXWfGF9TXk="></latexit>

y0[n] = 0
<latexit sha1_base64="3BX8pRWpyiEaMXYuv+cNnayfA1s="></latexit>



Consecuencia	  	  
•  	  	  Lo	  que	  nosotros	  expresamos	  como	  convolución,	  

es	  la	  respuesta	  FORZADA/PARTICULAR	  

h[n]
<latexit sha1_base64="L2uiXPzfP+OoXdrCycsvYRnKAQY="></latexit>

x[n]
<latexit sha1_base64="YRCfRaF8sOTbTx2N7QNM0ReAgGQ="></latexit>

y[n] = x[n] ⇤ h[n]
<latexit sha1_base64="5mz1reavlrnrYnMIlw5+IcY7rMc="></latexit>

y0[n] = 0
<latexit sha1_base64="3BX8pRWpyiEaMXYuv+cNnayfA1s="></latexit>

y[n] = yp[n] =
NX

k=1

x[n]h[n� k]
<latexit sha1_base64="lP+qPS9HxU7VzisAqAeNSkwypUQ="></latexit>



Respuesta	  al	  impulso=	  h[n]	  
•  Desde	  la	  convolución	  es	  facil	  ver	  que	  la	  respuesta	  al	  

impulso	  es	  h[n].	  

•  Desde	  la	  ecuación	  diferencial,	  tenemos:	  

•  Con	  condiciones	  inicial	  todas	  nulas:	  	  

NX

k=0

aky[n� k] =
MX

j=0

bj�[n� j]
<latexit sha1_base64="FAtJKsAfdMFNUEQ0xqPl7VwNZWQ="></latexit>

y[�1] = y[�2] = y[�3] = ... = y[�N ] = 0
<latexit sha1_base64="pfysa+RvxA/2bJkU1bsFMBnM3xg="></latexit>



Primer	  paso:	  Sistema	  sin	  deltas	  desplazadas	  	  

•  Consideremos	  el	  sistema	  simplificado	  

•  Con	  condiciones	  inicial	  todas	  nulas:	  

•  	  buscamos	  la	  	  SOLUCION	  PARTICULAR	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  DE	  ESTE	  
PROBLEMA,	  	  porque	  sabemos	  que:	  	  	  

NX

k=0

aky[n� k] = �[n]
<latexit sha1_base64="cAFncF2IKWelYK+EWAHUIy4i/zo="></latexit>

y[n] = yp[n] =
NX

k=1

x[n]h[n� k]
<latexit sha1_base64="lP+qPS9HxU7VzisAqAeNSkwypUQ="></latexit>

y0[n] = 0
<latexit sha1_base64="3BX8pRWpyiEaMXYuv+cNnayfA1s="></latexit>

y[�1] = y[�2] = y[�3] = ... = y[�N ] = 0
<latexit sha1_base64="pfysa+RvxA/2bJkU1bsFMBnM3xg="></latexit>



Primer	  paso:	  Sistema	  sin	  derivadas	  de	  la	  delta	  	  

•  	  Por	  definición	  de	  delta,	  	  tenemos	  la	  tentación	  de	  
estudiar	  el	  sistema	  homogéneo	  	  

•  Siendo	  las	  condiciones	  iniciales	  nulas,	  	  la	  solución	  seria	  
nula	  

•  …	  algo	  no	  va	  bien!	  El	  problema	  es	  que	  entre	  

la	  delta	  no	  es	  nula!	  Que	  podemos	  hacer?	  

NX

k=0

aky[n� k] = 0
<latexit sha1_base64="TP2zFnh9tdsM1lHMXQQ0c417S/8="></latexit>

y[n] = 0
<latexit sha1_base64="9ELCE+Pf45N7uCUiK1NTtDqssiQ="></latexit>

n = 0�, n = 0+
<latexit sha1_base64="k5McvReTtpd+On7RSGNnxxd7SY4="></latexit>



Primer	  paso:	  Sistema	  sin	  derivadas	  de	  la	  delta	  	  

•  	  Método:	  se	  considera	  en	  sistema	  homogéneo	  	  

•  	  pero	  con	  las	  siguientes	  condiciones	  

•  	  Hemos	  quitado	  la	  condición	  inicial	  sobre	  !	  

NX

k=0

aky[n� k] = 0
<latexit sha1_base64="FQibf48GaUoFWgP7wmCcYJpkOww="></latexit>

y[�1] = y[�2] = y[�3] = ... = y[�N + 1] = 0
<latexit sha1_base64="1Ze2TB9SHgwBA0p8b1O+UF1fLI4="></latexit>

y[0] = 1
a0

<latexit sha1_base64="ljR/T/bkcX/lqFww9pMC7TSXir8="></latexit>

y[�N ]
<latexit sha1_base64="AlvMx+Zi2sfdEuGr2FY3UNOCuFs="></latexit>

Pero	  realmente	  esta!	  Mirad	  después!	  



Primer	  paso:	  Sistema	  sin	  derivadas	  de	  la	  delta	  	  

•  	  Esto	  se	  puede	  entender	  porque	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  ,	  entonces	  	  �[0] = 1
<latexit sha1_base64="WvZ1PTR6WknlkLgWs1S4MWGBI50=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgqSQq6EUoevFYwdpCGspmM2mXbnbD7kQopT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMizLBDXret1NaWV1b3yhvVra2d3b3qvsHj0blmkGLKaF0J6IGBJfQQo4COpkGmkYC2tHwduq3n0AbruQDjjIIU9qXPOGMopWCbgwCaeCF136vWvPq3gzuMvELUiMFmr3qVzdWLE9BIhPUmMD3MgzHVCNnAiaVbm4go2xI+xBYKmkKJhzPTp64J1aJ3URpWxLdmfp7YkxTY0ZpZDtTigOz6E3F/7wgx+QqHHOZ5QiSzRcluXBRudP/3ZhrYChGllCmub3VZQOqKUObUsWG4C++vEwez+r+ed27v6g1boo4yuSIHJNT4pNL0iB3pElahBFFnskreXPQeXHenY95a8kpZg7JHzifP2BmkKY=</latexit>

NX

k=0

aky[0� k] = 1
<latexit sha1_base64="uy7UiAAU2ABIfyJ4+v3tEurqAkU=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAR3FgmKuimUHTjSirYB6QxTKaTdsjkwcxECKFu/BU3LhRx61+482+ctllo64ELh3Pu5d57vIQzqRD6NkoLi0vLK+XVytr6xuaWub3TlnEqCG2RmMei62FJOYtoSzHFaTcRFIcepx0vuBr7nQcqJIujO5Ul1AnxIGI+I1hpyTX3ejIN3Tyoo9H9DXYDmNnoOHDqlmtWUQ1NAOeJVZAqKNB0za9ePyZpSCNFOJbStlCinBwLxQino0ovlTTBJMADamsa4ZBKJ598MIKHWulDPxa6IgUn6u+JHIdSZqGnO0OshnLWG4v/eXaq/AsnZ1GSKhqR6SI/5VDFcBwH7DNBieKZJpgIpm+FZIgFJkqHVtEhWLMvz5P2Sc06raHbs2rjsoijDPbBATgCFjgHDXANmqAFCHgEz+AVvBlPxovxbnxMW0tGMbML/sD4/AHiE5Xb</latexit>

a0y[0] + a1y[�1] + a2y[�2] + ... + aNy[�N ] = 1
<latexit sha1_base64="sunEztOoBjrWE6xVcMQaV1RXlpw=">AAACEXicbZBLS8NAEMc39VXrK+rRS7AIhWLYVEEvSsGLp1LBPiANYbPdtEs3D3Y3Qgj9Cl78Kl48KOLVmze/jZs2B20dWPjNf2aYnb8XMyokhN9aaWV1bX2jvFnZ2t7Z3dP3D7oiSjgmHRyxiPc9JAijIelIKhnpx5ygwGOk501u8nrvgXBBo/BepjFxAjQKqU8xkkpy9RpyYWpDp45cK7VPrRwaChpO3TRNlbRU0nKuLFevQhPOwlgGq4AqKKLt6l+DYYSTgIQSMySEbcFYOhnikmJGppVBIkiM8ASNiK0wRAERTja7aGqcKGVo+BFXL5TGTP09kaFAiDTwVGeA5Fgs1nLxv5qdSP/SyWgYJ5KEeL7IT5ghIyO3xxhSTrBkqQKEOVV/NfAYcYSlMrGiTLAWT16GbsO0zkx4d15tXhd2lMEROAY1YIEL0AS3oA06AINH8AxewZv2pL1o79rHvLWkFTOH4E9onz/0Ipnq</latexit>

a0y[0] = 1
<latexit sha1_base64="VLqgHfnM/SsJPAx5vjzPkti+0n8=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqWxU0ItS8OKxgv2QNJTNdtMu3d2E3Y0QQn+FFw+KePXnePPfuG1z0NYHA4/3ZpiZFyacaYPQt1NaWV1b3yhvVra2d3b3qvsHbR2nitAWiXmsuiHWlDNJW4YZTruJoliEnHbC8e3U7zxRpVksH0yW0EDgoWQRI9hY6RH3Ueaj4NrrV2uojmZwl4lXkBoUaParX71BTFJBpSEca+17KDFBjpVhhNNJpZdqmmAyxkPqWyqxoDrIZwdP3BOrDNwoVrakcWfq74kcC60zEdpOgc1IL3pT8T/PT010FeRMJqmhkswXRSl3TexOv3cHTFFieGYJJorZW10ywgoTYzOq2BC8xZeXSfus7p3X0f1FrXFTxFGGIziGU/DgEhpwB01oAQEBz/AKb45yXpx352PeWnKKmUP4A+fzB4z/j5E=</latexit>

=) y[0] =
1
a0

<latexit sha1_base64="glPYycndiNZMRUhXKf7Jgz4HPs0=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4vgqiQq6EYpuHHhooJ9QBPCZDpph05mwsxEKSF7N/6KGxeKuPUH3Pk3TtsstPXAhcM593LvPWHCqNKO822VlpZXVtfK65WNza3tHXt3r61EKjFpYcGE7IZIEUY5aWmqGekmkqA4ZKQTjq4mfueeSEUFv9PjhPgxGnAaUYy0kQK76t0IPpB0MNRISvEAxz3Hv/AiiXDm5hkKnDywa07dmQIuErcgNVCgGdhfXl/gNCZcY4aU6rlOov0MSU0xI3nFSxVJEB6hAekZylFMlJ9Nf8nhoVH6MBLSFNdwqv6eyFCs1DgOTWeM9FDNexPxP6+X6ujczyhPUk04ni2KUga1gJNgYJ9KgjUbG4KwpOZWiIfI5KBNfBUTgjv/8iJpH9fdk7pze1prXBZxlMEBqIIj4IIz0ADXoAlaAINH8AxewZv1ZL1Y79bHrLVkFTP74A+szx/4D5r5</latexit>



Solución	  parcial	  y	  completa	  

•  Resolviendo	  el	  sistema	  anterior	  obtenemos	  una	  solución	  
que	  llamaremos	  

•  Y	  la	  solución	  del	  sistema	  completo?	  	  

ey[n]
<latexit sha1_base64="+IiIVH0vRUj5lOqiIVZ7l2JitCA="></latexit>

yp[n] =
MX

j=0

bjey[n� j]
<latexit sha1_base64="8sTTEVXG1s6opLCuibuUthTY7RY="></latexit>

h[n] = yp[n]
<latexit sha1_base64="4/SHt/ZG1T0MOIyvxNqX/266hnk="></latexit>



Ejemplo	  

•  	  Queremos	  resolver:	  

con	  cond.	  Iniciales	  nulas	  

2y[n] + 3y[n� 1] + y[n� 2] = �[n] + 2�[n� 1]
<latexit sha1_base64="lITCMIaUs8TBTIWl5rUV3Q8EDoA="></latexit>



Ejemplo	  

2 + 3z�1 + z�2 = 0
<latexit sha1_base64="ABxb20yYLQs95cjP60mpw7ITtkg="></latexit>

2z2 + 3z + 1 = 0
<latexit sha1_base64="1Vbk1hszuGbFtCWF9CaEq+V9XxQ="></latexit>

z = �1
<latexit sha1_base64="T9IXVQG2JPeTQoJaZcpPZX0PEcs="></latexit>

z = �1
2

<latexit sha1_base64="wQowq7OlwUJe+bdYwisW+IIta38="></latexit>

y
o

[n] = A(�1)n + B

✓
�1

2

◆
n

<latexit sha1_base64="v3E8QKBeFIzpGUWG8KMFy2JLs4g="></latexit>



Ejemplo	  

y
o

[n] = A(�1)n + B

✓
�1

2

◆
n

<latexit sha1_base64="v3E8QKBeFIzpGUWG8KMFy2JLs4g="></latexit>

y
o

[0] =
1
2

<latexit sha1_base64="g+dIfa6wb5XVkQ4eO+Fc5nUi9bU="></latexit>

y
o

[�1] = 0
<latexit sha1_base64="Vg1cDU0gBK301k7IKSLfOZRZKQQ="></latexit>

A + B =
1
2

<latexit sha1_base64="syJZaTQnMlxhaEyPpgPECLsCCLA="></latexit>

�A� 2B = 0
<latexit sha1_base64="zI59aNbo4Bh521X9sTte36HvRcU="></latexit>

A = 1
<latexit sha1_base64="KiimO/adHgF7ffxdlPA3h2AVoWE="></latexit>

B = �1
2

<latexit sha1_base64="cMd0iHAZHXtsoDpHMAxD1x06vds="></latexit>

ey[n] = y
o

[n] = (�1)n � 1
2

✓
�1

2

◆
n

<latexit sha1_base64="aXEi5uJaoD1SROzKiNp1y0y5MQ0="></latexit>



Solución	  completa	  

ey[n] = y
o

[n] = (�1)n � 1
2

✓
�1

2

◆
n

<latexit sha1_base64="aXEi5uJaoD1SROzKiNp1y0y5MQ0="></latexit>

h(t) = ey[n] + 2ey[n� 1]
<latexit sha1_base64="TtiAQYfkkxIUS0qCQFBb+92eDiw="></latexit>

Se	  puede	  llegar	  al	  mismo	  resultado	  usando	  la	  transformada	  Zeta	  	  

h(t) = (�1)n � 1
2

✓
�1

2

◆n

+ 2(�1)n�1 �
✓
�1

2

◆n�1

<latexit sha1_base64="pTO+7i7Rttvew9bMid1ozLUUys4="></latexit>

h[n]
<latexit sha1_base64="BDwqheMi/jZKOYv0MvWIPaneyPI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cK9gPSUDbbTbN0dxN2N0IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZemHKmjet+O5W19Y3Nrep2bWd3b/+gfnjU1UmmCO2QhCeqH2JNOZO0Y5jhtJ8qikXIaS+c3BV+74kqzRL5aKYpDQQeSxYxgk0hxb4MhvWG23TnQKvEK0kDSrSH9a/BKCGZoNIQjrX2PTc1QY6VYYTTWW2QaZpiMsFj6lsqsaA6yOe3ztCZVUYoSpQtadBc/T2RY6H1VIS2U2AT62WvEP/z/MxEN0HOZJoZKsliUZRxZBJUPI5GTFFi+NQSTBSztyISY4WJsfHUbAje8surpHvR9C6b7sNVo3VbxlGFEziFc/DgGlpwD23oAIEYnuEV3hzhvDjvzseiteKUM8fwB87nD/1njjI=</latexit>



Transformada	  Zeta	  de	  h[n]	  como	  auto-‐valor	  

y[n] =
+1X

k=�1
x[k]h[n� k] =

+1X

k=�1
h[k]x[n� k]

<latexit sha1_base64="FmxxjbACrGsOyTayupVNSDY0Vh0="></latexit>

y[n] =

 
+1X

k=�1
h[k]z�k

!
zn

<latexit sha1_base64="1gECu3ToDVeePayF2A9zS2UKNOo="></latexit>

y[n] =
+1X

k=�1
h[k]zn�k

<latexit sha1_base64="QGy4QVn+4CA3mvla1YlfoRUQIh4="></latexit>

y[n] = H(z)zn
<latexit sha1_base64="wk1Pebwus8BcECYHHh/boTXTuNY="></latexit>

x[n] = z

n =)
<latexit sha1_base64="X3c83xe4lQAiHytfbzpEMOLVMuo="></latexit>

z = rej!n
<latexit sha1_base64="MnKs5CdnXkBu6s7Z5OEfMIX9FZ4="></latexit>



Dominio	  transformado	  

•  HASTA	  AHORA:	  DOMINIO	  TEMPORAL	  (convolución,	  
ecuaciones	  diferenciales,	  ecuaciones	  a	  las	  diferencias)	  

•  	  DOMINIO	  TRASFORMADO:	  ESTUDIO	  DE	  LOS	  
AUTOVALORES	  DE	  LOS	  SISTEMAS	  LTI	  

•  	  Ú?l	  para:	  
•  Estudiar	  comportamiento	  del	  sistema	  
•  Resolver	  una	  convolución	  de	  una	  forma	  fácil	  
•  Resolver	  ecuaciones	  diferenciales,	  ecuaciones	  a	  las	  

diferencias	  de	  una	  forma	  fácil	  
•  Etc.	  



Fourier	  	  

Con?nuo	  	  

Señales	  
Periódicas	  
(Serie	  de	  Fourier)	  	  

Señales	  No-‐periódicas	  
(Transformada	  de	  Fourier)	  	  

discreto	  	  

Señales	  
Periódicas	  
(Serie	  de	  Fourier)	  	  

Señales	  No-‐periódicas	  
(Transformada	  de	  Fourier)	  	  

Función	  de	  

No	  converge	  	  para	  señales	  
periódicas,	  y	  se	  hace	  una	  
extensión	  un	  poco	  
“forzada”	  :	  TF	  EXTENDIDA	  
o	  GENERALIZADA	  	  

Los	  resultados	  de	  la	  TF	  
Generalizada	  “encajan”	  
perfectamente	  con	  la	  SF	  	  	  

!
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Paso	  matemá?camente	  
“no	  del	  todo	  correcto”	  



Fourier	  	  

Con?nuo	  	  

Señales	  
Periódicas	  
(Serie	  de	  Fourier)	  	  

Señales	  No-‐periódicas	  
(Transformada	  de	  Fourier)	  	  

discreto	  	  

Señales	  
Periódicas	  
(Serie	  de	  Fourier)	  	  

Señales	  No-‐periódicas	  
(Transformada	  de	  Fourier)	  	  

Función	  de	  

TF	  EXTENDIDA	  o	  
GENERALIZADA	  	  

!
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Laplace	  	  

Zeta	  	  

s = � + j!
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

GENERALIZACIONES	  	  

X(j!) =
X(!) = F{x(t)}

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

z = rej!
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

X(z) = X(rej!)

Z{x[n]} = F{x[n]r�n}
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

X(s) =

L{x(t)} = F{x(t)e��t}
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

X(ej!) =
X(!) = F{x[n]}

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>


