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CLASE 0
Introducción

.

.
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Ejemplo: incubadora de huevos

objective:
"mantener

l a temperature cte"

Tink) → s o b r e t i r o
(overshoot)

I . f r#io.I

- # ( s )G

TdeseadaDiagrams
→ affectihad
"⟂Etdor#

T H
S a l i d a
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Ejemple: "inverrado automatico"

objective:
"mantener

l a temperature cte"

(vs)
Tink) → s o b r e t i r o

(overshoot)

😐😐😐😐 (tolerance)

I

- # ( s )②
↘
tiempo d e a s e n t a m i e n t o

n

TdeseadaDiagrams
→ a f fec ted""
"Feodor!

T " "
S a l i d a
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E j emp : " s e r i a l d e tempentura"

•
n o e s realists!!

¥

µ#
( " " " P " " "

M A n a

a u

F i n e n e s s
2) 13£

• •

is-MMwMwh±ni.µs t¥¥F
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E jemp lo f f
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t e a r a d e n o m e r
Natures: A x i a n a s ( d e P e a u o )

1) O E M

2) t h e #
,
S c h ) E M

3) K m , n EM, m e n ⇒ s o n ) = s c n )

4) A n e w / s e n s e 0

I 2

operacioucsum
+ : M x # → NC? ) I

* est ruc tu rd : (114, t ) 2tD2f--
2t@3.S* grupospuillo, coerpo.

* grupo: → Clausura : d , b E I N →
atb#

→ asocit iv idad: @ t b ) to-at&t)
→ e l e m e n t identidad: D e EN) Anel ly

n t e e n ✓

n o e l e m e n t i n v e r s o

then , I n '' E M / n t r i ' t e

e j÷ X E N 1×+1=0 X
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Z : → complete l asuna .

→ %2E.to k⇐÷⇐
¥:@¥.L .
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maid:.fi?:::Ii::?EsGn--
juto-:*agvupacieue n

b a s e t e u n a

propiedad s u a v e t.IE
ooo.
÷Q c '

X u s t a d
e s t a '

§.µ.,
÷ : *• t o d e

+
Balance: simplicidad V s universa l idad
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ETEMPLOSN

Maroospdiddros: "relacion d e aspectoz:L"

MI 1 )
A n d o igual a l i m i t e d feed largo
* var iab le : -

d : a u d i o

- l : largo
* mode lo : l i z a

2) Car k i l o d i r e c t o : w a n t s
m a d e r d n e c e s i t o p u t o n M a r c o d e

5 c m d e a u d i o ?
P-Gta)-2

D = 5 ⇒ i 1 = 2 .ciao}
⇒ P - 2 . (lots)

11=32
3) T e n go a n d m a d a r a d e 7 2 c m d e

l - f o . C o m o n e f reda e l c u a d r o

1=2 a

2@ t a )= p2)⇒
2 data)-72
6 2 = 7 2

H I T
11=29
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Hamburgis :
* v a r i a b l e s :

-
h : c a n t i d a d d i e hamburguesas

- p : c a n t i d a d d e panes
* mod e l >d o : - 2 h - p

- v : prec io product
8 = 2 0

- V = 2 0 . (http)
* Pregunta: - s i v e r d i 7 2 0 S l u

Cuartas a r i d >d e s
v e n d i ?

.
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CLASE 1
Introducción

[ v e r transparencies]
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CLASE 2
Señales

Definición y clasificación

① Classification basica

② Classification avantadd

③ Transformations dominio

④ Transformaciones c o d o m i n o

⑤ Senates pares e impares
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autsFII.EE?:::s-Def:" s e r i a l "
funcion X t ) t : t iempo.

E s s e n :
* d i v i d i r i n conjunto e n c l o s e s ◦ categories
* s iempre hay i n c r i t e r i a : e n b a s e a

a t r i b u t o s ◦ propiedades

Demin is tas :
* d e t e r m i n i s t i c a : tengo u n a forma f i j a d e

s a b e r l a cor respondenc ia .
* a l e a t o r i a : e x i s t e i n component d e a z a r

e n l a correspondencia .

I d e a s

* r e p i t e exactamenter s o v a l o r c o d a c i e l o

t i empo.

F R I
↳a n i l i s i s e n u n

periodo
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*

☁🙁🙁🙁wave s):

c o n t i n u e s c o n d e r i v a d a s c o n t i n a s

* i r regulares: d i s c o n t i n a s o n o d e r i v a b l e s

✗e )

✗ E ) = f E , s o /
✗ e c t

o , t oce.ae#f
-f

I ∈

derivada
✗ECO

"reduce
s a i d , " /¥ - 4 .

*

↑
x"#10°Obs:

* n o e s b i n a r i a , e s gradual

* q u e t a n d i s c o n t i n u a
es?€ .

* propiedad f e e
/
/" s e u m p t e e n c a s i t o d o a

punto"
:

* : funcion d e
curiculet😐😐😐
😐🙃 ✓

1:::g#=) I t E Q
I

◦ T E R M E i s
Senales y Sistemas - Parte 1 15 of 191



S e v e r e d
E e m p l : a m i n o

☆ potencia instantaned: p A - w a i t ,

🙁🙁😐
😐😐

F E B - 1 w e ) - R . i e )

* Ener🙁😐🙁😐🙁🙁😐
ftp.vk#/E(ts,tz)-ft #

* Pot-miof.IE#eEfI?/Pfs,tz)-
¥,.}

⊕.net)-def

/ I s
promedio

Ejemple: F R - - b . N I T

D E - T r → T r - F .dnocons.tt#fffH--
P.I)prE)=Erf).NE)-b.net)
PM:/PIt)=#T⑤N²E#

4I
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D e v i c e s tomato. s i x t h
* Energia: → Ees,a )=,[I#1? d e

→ EM , , n z ] = IF, I N ] / ²
T 2

* Po tenc i a m e d i a :
→ Plt , ,t , ) = ate, £, 1×411?d e

→ Penna] = ¥,-¾n,/✗In]/²

* s o porte d e u n a funcion: S : 5=1 EER/f-( e )+04

¥ - 1 1 1 1 k
" e l conjunto c e r r a d o ma ' s ch i co , f u e c o n t i e n e

t o d o s l o s v a l o r e s n o mulos" T

* Ene rg i a t o t a l :
FEEF.ae/=liyo#4?d-
D

T E T
* Po t e u c i amediaotal.IT#fKesP.d
ef--YIPt/

→

-
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Del ic ious :
* s e r i a l d e e n e r g i a (finite): E x s o

* s e r i a l d e potencia (finite): Poo 2 0 0

Ejempts
1) ✗⇔ - g ' t e e m ÷;#%😐 →

0 C . D . C .

→ E x = LIKE)P d t = 2 ✓

→ d e s o p a t e a c o t a d o " 5 < 0 "

→ P o - O ✓

2) X # = 1 , H E R # 😐 #

→ E x = 0

→ P ro = 1

3 ) ✗⇔ - E , # #

"E.
♀🙁🙁
😐😐

n o E N = a

→ P o = 0 0

⇔ : "como t i e n e f u e s e r m a s e r i a l p a r a

☁ decreciate.s e r d e energia"#yL i m Ke ) / - 0
t o o •

5#/→ a

s i x > 1
- 0 0
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TRANSFORMA INES
I d a : catalogar h a s transformacieres f e e

pede s u fois u n d ser ia l para simpl i f icar
e l a n a l i s i s d e l o s s i s t e r ' s

T.de/avariableindepeyfente-#

of ♀😐😐🙁 🙁☁ '

s - ÷ ×

F -

n o tftp.t#n-ym=xtn-d.gg#fff:fyI1J=XI1-2J=XE1]

y E ) = ✗ [ 2 - 2 ] - X E ]
= =

* s i n o t r e t a r d o

☆ s i n o s o a d e l a u t o

I d : "description d e a d ser ia l"
* a n c h o (soporte)
* a l t o (amplitude)

} fo rma .

* position (Ubication e n e l tiempo)
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C-sioucexpansiodntempodl--
y.myE ) = ✗ ( X t ) , ✗ E R I

E ) F i d o
1) y e ) -✗ ( a t ) 1) × - 2 → ←

y e t ✗ G ) ##fd,
y o ) -✗ ( o )

✗ ½
Obs: * ✗ > 1 : compresion 2) ✗½

↑* 2 < 1 : expansion

😐
✗e ) simetia

↑
f )I :🙁 ¥ t n e

. a e

Y e t t e r
ye t -✗ ( t ) ↑

#
→

EYE I # É→ .
Simetric
central
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😐🙁🙁🙁🙁🙁🙁t. fi#eIi.

é ✗ ( e ) = ✗ ( t -T )
* c o r r i m i e n t o temporal

↑
# )

y # = # - t ) f i n dinvariante!!

* ♂ T K- K . T , K E Z

→ T K t amb ién e s periodo.
n o ✗ (e) t i e n e inf in i tos periodos.

* periodo fundamental: To-minh l t r. IE
* importancia para s i s t e m a s :

→ e n t r a d a periodica
→ S a l i d a periodica
→

C o n e l m i s m o periodo.

r

t #
-
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TRANSFORMACIONESDELAVARIABLEDEPENDIENTE
E s c a l d o (Amplification) ✗I n ]

YIN]-α. ✗ I n ] 7×-2
🙁 🙁

n

y I n ] = 2 . X IU ]

Rectification
"bono t o negativo"

# I # f n**#*y,,y🙁
🙁🙁⚠ y

QBS

* c a m b i a he velocidad!!#h

of fset
y a -✗ e ) t k f ∉ f # ,
* c a m b i a pos i t ion v e t i c a l .
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senalespaeseimp
aresxpar.ie#f 🙁😐

😐🙁😐🙁😐 .

* impar: ✗ (e) = - ✗ ( t )

" n o c a m b i a n c o n l a transformation" ①

* integral pa r : I f f
T"xx).d t = 2 . (Ke).de£ NINE* integral impar:

T

[ " * ) - d e - 0
"facilitan a s eventas"

⚠##¼
'
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CLASE 3
Señales especiales

① senta tes especiates (sinusoidates)

② s e n a t e s especiates (singulares)

③ E sp a c i o d e funcieves
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*÷¥÷:÷÷÷÷÷
÷÷÷i÷÷÷÷÷±A , wo, 0 E R

* c o s e n o : n o d e t e r m i n i s t i c

u s e periodied
→ p a r ( 0 = 0 )
→ regulroidad: c o

* parametos: s o period: T o ( s )
→ freweuncia: f o = t o ( H F )
i s freweucia angu la r w o e 2 1 T.fo-2¥
i s Fa s e i n i c i a l : o f

* s e n o : → d e t e r m i n i s t i c

→ pe r i o d i c
a n i m p - ( 0 = 0 )
→ regular d a d : c o
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E r e s

ye)-A. Cbt A , b E Q

a s k . L A , b , t o E R
5 0

ye )-A . eb(t-to)#😐 i€.

R e c o m p o s e s
* rep. c a r t e s i a n a : C - a t j . b e b

☆ rep . vectorial: C - ( a , b )

* r e p . po la r : c -

S.EE🙁
🙁�☁* E u l e r : →

e"-COSY t j . s e n t
→ cost-¥+6 /

→ send-effie
* conversion: → a - 9 . c o s t

→ b - S . s e n d
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c a s o i m a g i n a r i o p y a - I . E I K E A E R
fase B E QURmodu l o

yet-A.[cos@otJtj.sen@off b = j w o
w

m o u t o n

ejemple: wo-tat,A=z → y e ) - 2 . et#€

a im

8,49812/
3

I I •

•¥•¥, T•#¥¥re
g, g

Ig
g
y

Y : R →
1122

B E7
)

(7
ft8 8¥

{Notaiverespiale
p r e s e n t a c i a i n

obs= * s i emp r e pe r i od i c> s

* mayor w e → mayo r v e l o c i d a d d e o s c
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casocom-plejo: I , I E l l

ye)-E.@5€
AKA.@JO

T e b t j w o

YA - A . e m . ebt iw¥
ye s - A .

ebt.es?eiwEfgzgeJ@-EI#--
Re3yes4

FEERe3yes4eA.e
bt.cos@ottfV
obs.k

n o e s periodico (perocasi)

* m o d e l a i d u n o c a m b i a l a ve loc idad

* m o d u l o y fase separados
* reguloidad: c o
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*¥÷÷÷;÷§j
¥÷÷.
A - 2 , wo# %¥¥¥¥n
s i x [ u ) fuera periodic,
3 - NE#/XIU]-XIAN]

#cos [won]-Atos [wo@too)]
A

woXt2KITeWoT@tDgKtZ--
2kITeWo.N

sea,/
¥I÷÷¥

'¥0 % ,

N ⇒ I T

Oks : B n o ¥ 0 w o produce w a

µ=k¥§
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Esponencialesdiscret

caso inag ina r ion X I N ] - A . e t ' "

* Obs : - W a l e s l a ve loc idad maxima?
G

→ e n e l C a s o c o u t i n o WOE [ 0 , 0 )

m e @jwon

+

£57"
ellj@ot2ITJn.ejwo"

A l a s e r i a l c o n frewencia w o too.e s l a M i s u r a que afuella c a r

w o t 2 K I T

* l a f ree . d i s c r e t a t i m e m a r i n o .
q

v s c o n t : W O E TO;D) → f o o , o o )
→

d i s c : w o f f o , T ) v s f t , T ) doggo
u n a vuelta.
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d ) I
c a s o r e d an]-a", d e r

c a s h e d

a]-🙁🙁
😐😐😐🙁

✗ I n ] = S? eine
↳ -

modulo f a s e

I t
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⇔ : "t.int?::Eni::iwg:I,
Impu l sovn i t r i c •

S E E } I n o - 0 k ,
I 0 n ≠ o

* O b s : → d e l t a d e K r o n e c k e r

→
" s e r i a l m a i s sencilla"

E s c a l i n n i t a e I I I .0in]=f! n o

n o
# # # n

* O b s : m o d e l a e l V 4 3
"encendido d e u n a

Have"

p"¥🙁 #

o.i.io/-hhi.nVEnJ=UIn-1]

✓ E ) =

ON]-SENT]] ⊖ ↑"
"]

• • ◦ •

r a t s : :&: w i t h i n
⊖ 1ˢᵗ"UE-1) = U t n ] - 8 I n - 1 ]

fstn3-IN-UNNT-I . f i#n
↓

primera diferencia.
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uEn]zuF# → "o'Ers"

fE7-nft¥ → f t )

1A O b s : → primera di ferenc ia e s e l a n d l o g o d i s c u e t o

a l a d e i Vada p r ime ra .
→ S I N ] e s l a d e r i n d a d e l e sca l o n O E D

2 ) " i n v e r s a "

Ol in ] e s l a "integral" d e l a S t u ]
e

* Acumulacier:
"VIN] = I see]" → Fet/ft).DE

K e - o o

tjempbiw.no'

I I ! !K e - o o f ¥ 0 2 1 5 7 ,

went} h t t n > 0
cte

"i÷±÷÷÷.
t . F I # "I,÷i÷÷"
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t.IN?oonessiusulaxoanas,

± ÷ .O K K g I t a

o t o

* Obs: funcioir d e Heaviside

Impu l soun i ta r i o

* SE ) =
of d e l t a d e D i r a c

t o 8 K ) = u ' t )

* Preguntd: g.
c o i n d i r i v o e n l a

discoutinidd?

* O b s : → d o u c l e n o e s d i s c o n t i n a , e s o o o

→ enfffve opesto:" l o i n t e r e s a n t e e s

l a d i s cont in idad"
→ W a n d o n o predo c a t w h o ⇒ a proximo

|¥§ / A ¥continua
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EI.mg#&IsII:issDEtXiowe
s €0"htt ~ntX¥_µ. I f

n¥f5 ~ # ¥

* O b s : → s o n iguabs? 1 ¥ I
→ pa ra l a t a r e a d e n t o

m i s n o , s o n efvivalentes
1 0 0 2 l o o k

← m u m m i e s

2 0 0 1
• - m u - o

Aproximanoucoutine
D a d o f t F t c f u i e r o e n c o n t s m a

E E c ' / d f f , E ) n o

* O b s : a s n e a e s i t o m e d i r "distancias" e u t e furious

→ I d s d i s t a n c i a s s e m i d e n e n

espadas ve c t o r i a l e s
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.EE:5?::#veaores
→ E : e s c a l a r e s (nimeros)

* operaciones: → s u m a ( 2 vectores): + : V x V - V

i s producto (vector-escalar): • : V X E - V

Eemple: V = R ² , E - R " ve c to re s e u c l i d e a n "

B a s e : B - t e , , e z 4
* L . I .

☆ generador
* o r t o noma l : ⟂

y 11 11=1 ( largo)

* ope ra t i ons : → decomposition
→ feveracion

producto.int#angws:VxV-E
L N , W ) = N , . W, + N z . W z

☆ propiedades:
→ S i m e t r i a conjugada: < x ,y > = 9 , 5

M Y E R ⇒ a x , ] > = < y , × ?

→ l i nea t idad : ( X t y , 2 ) I X . 2 ) + a y , z >

→ defini d o positio: → 4 × 1 × 7 7 0

n o 4 × 1 × 7 = 0 ⇔ × - 0

☆ O b s : → "sirve paramedire l anguloe n t r e d o s vectores"

→ perpendicularidad: s i x t y ⇒ < × , y > = 0
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Norman: "largo d e e n vec to r " S : V - E

* propiedades: → homogeneidad Cabs):S@ort)-14.94J
→ s ub - a d i t i v i d a d : Ko t a ) E 945 ) +Mn t )
→ n o negatividad: G G ) 7 0 , F r o e r

→ de f i n i d a : 9 @ ) s o , n e o

* O b s : → s e p i ece cons t ru i r a parardel prod. i n t e r n s

→ < N , r o s e 11 r o l l
2

MEtr icd : " d i s t a n c i a e n t r e d o s purtos"
d : V x v → E

* propiedades: a s positiva: d (X.g ) 7 0
→ definida: d a y t o ⇐ x - y
→

s ime t r i c a : d Ky)-Acy, x )
→ triangular: d @ f ) E d a y ) t d § p )

* d a y ) - 1 1 x - y "

E j e = p b : d k y ) =} f H y
E y

* O b s : → m e t r i c s ✓
X i Y i

X z I z

- n o n . "

÷ ÷ ÷
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🙁🙁njun to

d e ve c t o r s s e n c i l l o s que m e permiten
represents i n E .V . "

Reconstruccie
* s i n t e s i s , generation Ef----

•

w̅

/🙃🙁🙃🙁 ingredients

,÷÷I t canticlades

*
PIIE.IS#aescouposicioias=sni
eTlaz=sn,es/☑ = (21,22)B

< Ñ , E s - s a , es t a , es, es-fiestas,ñs

"EE.it " se l f ' t I
E j e m p s :

p - q , s , e , = ( 1 , 0 )

e z = ( 0 , 1 )
dg = < 4,5), (1,0) >

= 4 . 1 + 5 . 0 ∄
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L j ewpb : "proyeccieu"
w e (1,1 )

e . fat.Ey-f, 1 )
E z - f i , 2 )

⇐ ⇐ ⇒
÷÷¥÷÷÷÷

i
ez-ft, E )
a y e < M e , > = 1 . ¥ t I-§ = §

¥1.392

a z = L N , e z > = 1 . ¥ + I . 2¥ = ¥40.42
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A-ximacE.VN-
( 1 , 9 , 0 . 1 ) ER ³

N ' E ( 1 , 9 , 0 ) ∈#3 •
N🙁😐

😐🙁

↓ y

v " = 11,4) E1R² ¼

E - ": - # =🙁🙂 🙁🙁

= 9¥ ± 0 . 0 2 → /E-ZI]
I s : * necessito m a forma d e m o d i r funcieves.

H i
← f

o s * N ' e s l a progecciaide n o e n 1R²
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CLASE 3.5
Señales

Espacios de funciones y aproximación continua
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D a d o
fAIR¥,MA%Iw•nTino#

f e d / d CE, E ) n o G tEspaciosdefenciones I f

E span a vec to r i a l : ( Y E )
V s l y fe ) E F / f : RosRG I
E - R

o b s i neces i to m a fo rma d e "medir" funciones
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agua

• II%fE.tt#%fesa*
A

-

g -

N s - 1 0 k m / h = 2 . 7 8m / s😐
N w = 3 km/h = 0 . 8 3 w / s

→ - ☆#%g
f É a r e n a Tom.

10km/h

ftz-53.S
N#*Eca: c a m i n o ma i s c o n t o e n t r e d o s

p u n t o s -↳ d a d a a n d

☆ d i s t a n c i a : e s e l largo d e
m é t i c a

a n d g e o d e s i c
M e d i d s a

⇐

÷:&😐🙁😐

🙁 🙂 🙁

◦

2=61
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UAE)-I l t > d
÷÷÷:÷÷÷*÷÷÷÷
÷.↳( E td )

Apnoxiwa b i e n s i d u o

e d # = l o t ) -O,#1 (
e y e ) → oceroeudoso-
casitoaf
=#§]#,Oct)#co/panty

& (e ) E c o ÷¥¥¥ t
u#=) I s E E E A D → ←

O e .O - C . # ¥* d e f : 8pct-offs #co

Dest'. "impulse unitario"

s E ) = l i m Sae )
A d o

0 ¥ : k n o t i m e i n a formula explicit ,
* E , = f.IS#ide=liufIl8aey?dE

A s o

( E o §
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www.eois
s#g*q.. 12.d e n i r o¥

3 . reconstry

SE ) a - Sae)
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CLASE 4
Sistemas

Modelado
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De t "sistema"s"¥M#xE§E,
X , y e ( Y E )

* transformation: → x # I s y e s
→ ye ) - 8 4 * 4-

→ L : v - v

T e r r i o :

* s i s t e m a s c o n t i n u e s
y d i s c r e t o s

→ Concerto s i s t e m a . R e p . m a t e m a t i c a

→ Compona tes d e u s i s t e m a .

i s Ejemplos (b i o l og i cs , mecairicos,elected
a s I t x i a y e s c a l s .

i s Prop iedades
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EIEMPlostEI.IM#u
w-tigqsistemaeEcti• Fencesm¥¥u:&, s e r i a t e s d e

%¥¥
¥i¥←

trialin teres
* components
* l eyes : → comparates

→ integrative -

%⇐4]5e⇐)se r i a tes O c , N s , o k , i o , i e , i s

* e n t r a d a s : Osce) } e lecc io ie

* s a l i d a s : r o d e )

g -
leg d e w compareate@mp0fehU.steua.a:

nope, = R . iR⇐) ①
* c o n d e u s a d o r : i c e ) - Q . ddE# ②

lieges "leyes Kirchoff" ③
* Mallas (conservation): Osce) - D e f ) - N c E ) t o

ene rg i a

* N u d e s (conservation): i sE ) = i c e - i c e , i c e )
c - g a ④

§EL£¥I¥¥#rose,
s o § R . i r e , t rees- roses

④ → R i f t ) tweet-NSA-00£ R . c l . d¥⇐) + W e a r s #
= O .
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🙁😐😐😐
🙁😐😐🙁

" "

-

L I a n d a
☆ O b s : → E c u a c i o n Diferencial o r d i n a r i a

→ d e p r ime r o r d e r

→ n o homogéned

→ Coeficientes c o n s t a n t e s .

EFefbyesto.IE/
* O b s : → combination l i n e a l d e l a entraddy

s u s d e r i v e da s

→ i d e m p a r a l a S a l i d a

⇔ : " e s c a l a " a+

NEE ) E) { R NRC ) - R . I E )

- 1
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🙁 😐 🙁 🙁
🙁 �🙁😐🙁🙁 Ittf atmosteries.

he
)/

N E ) ↓
p i t ) p o t )s c a l e s :

h, t i , F o , F , #

😐 🙁

components

①
densidad.

* t a n f u e : n o A . he ) = N E )

→ Ps#=#=:#=😐😐 §

" read

p s # = S.gg/.he#

→ ♀ : * ) - f , e ) = d N X ) ②

0 , 0 ⇒ FEE=#¥4T
-

* v a l v u l a :

P 2 - P o - 0 ⇒ #
Py f P 2

Ps = p , e )

f = K.(P1-P2)

ffitl-K.PT#--
rey;f,?EI,-Is. 😐 😉
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🙁🙁😐😐🙁😐
🙁😐🙁🙁😐😐🙁 todd.

S a l i d d .

☆ E D O , lineal, coet. ctes , primer o rd e r , n o h o w .

Analogie
→ tangue: a / m a c e r a ene rg i a

potencial gravitania
/&=#∃

→ v a l v u l d : f rena 0 p e rm i t e
f l u j o . FRID

① . p't) + & . pct) = ♀:C)

f-plttpt-R.fi#-circuito--
hidra5lico-
* s e n a t e s : → presion (voltage): potential

→ f lu jo (corriente):
* components: → tangue : f (e) = C . p't ) capacitor

→ v a l v u l a : ♀E ) = I . PE ) resistacia

→ c a n o ideal: R - 0 cable i dea l
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* a 🙁 😐 🙁 😐 😐😉🙁😐

m

→

sina.no#EfIfi
* comparentes ↳ypedeseria-f-rvoza.mni n to dinamico a t ) = N ' t )

N E ) = X ' E )
(viscoso): fp#=b .N R # f a u l t

* Leyes:
→ N e w t o n : I F - m a .

f e ) - f r t ) = m . a t )

leydelsistemafm.net--
b.es#fEDOfineal,

coets. ctes, I f ordew, n o

H .
* Analogia: → m a s a : a l m a c e n a energia ¢

Cinercia) c i n é t i e d

→ n o zamiento: d i s i p a evergia. R
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sist-emamasa-restefrtl-b.net)
¥-5T

a n t i :fe l t ) = -K-X t ) k

f t )-K-XA)-bNA=O

1y😐*😉=##entrada

↳
s a l i d s
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Resumeum

* Una grandiose d e problemas s e mode ld d e l a

m i s n a M a n e r a .

* m o d e b s b i o l o s i c o s

* Fisiologid C .
y

Modebos
y
simulacion

I TF/i±±⇒±¥
sit"?titty,←
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CLASE 5
Sistemas
Propiedades

① Propiedates

② E s p a c i o d e funciones
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PROPIEDADES

Memora (Con o s i n ) :

s i n : " L a S a l i d a s o l o depende d e l a en t rada

actua l"

i f y e ) - 2 . X E )

✗ e ) = 3
{→ 6 = 2 . 3

/¥:"rsistewv,*,
🙃t o

😐 😐

o f " m e d i a movil" (promediador)

yen] = XINTXIM-DTX.IQ
pasado

o f "capacitor"

ye s : voltage fya-f.TT✗ C t ) . d 6

✗ E ) : corriente

→
a c u m u l a ca rga
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Dete rm in i sm

* s i l a e u t a d d e s f i j a , l a S a l i d a e s f i ja
* per oposicion d b s S i s t e m a s d e a t e r i o s

* hay s i s t e u r a s o s e r i a t e s f i r e s o n a l e a t o r i o s

(rule-6)
* hay s i s t a n a s o se r i a tes free s o n mug

complejos y d i f i c i l d e mo d e l e r exactamente .

→ E M G

H ei s s o u i d o s a t o n a l e s

→ C h i n a

ta r ta r
EIYI.fi/:-tiae#eu+..aasysaeiaas

→ I E n t r a d a y T S a l i d a
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±%¾":;:tie#
✗ (t-to) £ ? y e t )

😐 😐
🙁�😐

& : yes-2.x#/
😐 🙃

yt-to)

* →t.es#fi%ffEi--
ej-:yEn1=n.xTu]✗

if •

•

5%"

you] yen-9]
2 - •

→
•

,!
••

•

✗I n ]
•• •

✗ In-9t h e
✗I n ] = ✗In-9]
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e¥nmiIIII×⇐,
→ yes-THEE

x e s - i z - ye ) ✓

e j= "d e r i v a d o r d isc re te"

gin]= XLI]-XIU-D e s En]-I ytk3✓
K e - o o

ej÷ * y I n ] t o ×
"in.ge#uidad"

* yer] = XIN] § §
Causalidddy l a S a l i d a e n u r m om e n t d a d o

depende s o l o d e l parade

e j ± * yen]-xtn-1-xtz.BR

=" " ' " ' " '" '"÷i÷÷
÷÷¥÷.

obs i → a u d i o (tiepo real) r
→

d o d o grabado X

u
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5254¥, 8 - y e s
4 4 ) ↳ y , e )

a . × , # + a , × , # £ ? a n y , # + b,-yet)

Fxttazxf-as.fi#taz.f4x-ct4
-

ye )Estabilidad I f

→ e n t r a d a pequent 😐s•f"

n o diverse

⚠

↗× e )
→

•

y ⇔ I T
de f : → B I B O e s t a b l e (EASA)

→
e n t r a d a a c o t a d a (Bounded Input)
s a l i d d a c o t a d (Bounded Output)

g : "trailer" fievnoutubel
-
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Resum-en a m

y E )
e z . x e ) a n #

s e a × , e ) = X,E ) t Xz⇐)

Y374=2.0×34) = 2 . (X,e , t Xi ) )
= 2 X , t ) t 2 ACT ) = Y , E ) t fa c t )

¥ , ¥ ,
→ l i n e a l

→ Ah e r o weutas 2/117.1,
#→ Descouposicier ¥ ¥ ¥ q

y
superposition ] (i i i .÷:'¥i÷÷÷

:
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E S P A c i o s D E F # N E S
De t

µ , e , +
, < s ) v : c - ( R - R )

E : R
funciones reales d e m a v a r i a b l e

Lbs : dimension infu i ta ! !

Operacioues

* p r o d u c t pe r u r e s c a l a r :

d a d d f e r , & . f ) C t ) = d . fee)
X E E

A product i n t e r n < f t ) , get>=) ft).SI).de
D

* n o r m a : HfEN2= LEE ) , fe ) >=), I fell? d e
\
↳ energia

061 : * general: D = Goo,oo)

s t periodical. D = f i t ,T )
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Ejemplop v e c o V=R2

i.E.fi#i.EEiEE
o o

1) <fee) ,SE)> effect yes . d e - I 1) < N , w > = I

-

o f

2) Life), h e ) ) =/ fees h t t de-I 2) s o , h > = 'z
- o

3) <f t ) , i t > = 0 3) s o , i > = 0

a) < f a t , # = I 4 ) s o , j > s o

5) <FEI, k e y > = o

diferate velocidad.
¥¥¥¥¥i¥

6) L feet, l e t> s o

<fee), m e > s o .GE#ATe a t
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* a .EE? i . : a i i : .# . : *e ix
→ He#112-seize,#→

D = # i t ) I T £

a
9 .et'±#↳e t " . E"? d e

-÷.-Es.ae-÷..FI/Q:--
*ejwGoEhvebocidddo
scilaieiXyE)=ej2lTE

M E ) = e
j u t e }

= dmpc i t e d

=/ v e l o c i d a d (dob le )

I T

< e
P E, e ia E> = ¥) e's? E. e-J "

t

. d e

i t - I T

=#f e-"t.ae#..EIi/"
- i t

-jz . IT - i t

→ ¥.-kw-e""¥B¥."
, Y
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*¥%ujuto B - y e s . . . . . . , e r , . . . . 9

epoineciales e s u n a b a s e or tanarms d e c o

* L e i , e ; 2 = 1

* L e i , e j> s o i # j
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CLASE 6
Sistemas
SLIT discretos

.
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D e s w m p o s h i n i m p s
× [ n

① X, In ] = 3 . 8Th] 'ti,t ② X i u ] = 2 . s [n-D

=

¥ ? i I J ⇒ F i n n
3 §

①

I
¥ 7 1t

②

t.i.IE.
③ f

t . .
F i n e
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]
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CLASE 7
Sistemas

SLIT discretos ejemplos

.
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EJEMPLOSDEJTEMAS--
Rafp.es??IfYIsfomaiai:yens-84*34
* c c . difereucias: → o f } y't), yes,#4=0

→ o f 4 ye t i s , you] , F l u t e
* re sp . impu lse : h t t ] = . . .

D i a g am a b l e s "÷±÷÷÷÷÷
×tn1s¥→TE'
R e t r o b i d e a l -

obs: C a s o n d - 0
S t u )

X I ) y a ]
→ 1 7 ¥ , yes-hEi3*xEi3

yen ] = x [ u ] " i d e n t i c a l "

Oba :
yep-XIN-nd]
TED-se-na] * g u y

{⇒

|s[n-na]*xtu¥µ

Senales y Sistemas - Parte 1 72 of 191



¼🙁🙁[n*tfth,

M E M E '

✗ I n ] - S I N ] ⇒ ha]-1-SEAD + f . SENT + f . SIN-1]
-- Fresente

future pasado

21
× "

D i r a m a b o f e s •

÷ t .
yen]EETITITIE- f "1 - •

•
•

T i r u

if÷ i H .

• • •
/•¼🙃" .

- i 🙁 h
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Accumulator

¥÷ j .HE-nd]

I o.o.in#s.H i l l
n d 3 0

C d o s a l

0 5 1

i t .
Pa r a s o e s t a b l e

h e n ] → O

n - o o

y u k I I h t n - k3 . E E-
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E j emp l o I I R

* e c . d i te renc i a s : → I I o r d e r (gin-I])
c a n t i d a d d e v e t o d o s d e

l a S a l i d a

→ Ge t s . c t e s . ( a )

l
her]=} a", n 3 0 #

I 0 , n o

D i a g a m o f i e s

× E E ¥ ' " '

(&""""
component÷⇐¥i÷÷¥..

XIN]
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X I U )
→ to_¥I'"'i

| ¥ ¥ realimentaciou

obs: * s i s t e r s rea l imeutado

* cos elementos d e l diagrams se" poaeen"
d components d e u r c i r c u i t
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s i sT EMASDE F I PORECENDFER EWU . r s
Eve r s l ides]
p . 6 s

Ec.uditeren
cisst. y I n ] -a-ya-s] = I . × I n ]

w

d o ¥ b o
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E jempo : * pre-alinetician: d o = I , d j - o F j z i

(2 re t ) * r e - a l i m e n t > c i e u : b o s s , b i - o - t

6 2 = 0 . 9 , b i = 0 f i t s

h e r ] = S t u ) t 0 . 7 . S t n -D - 0 . 9 S t u - z ]
n h e ]

f i t .
5 % - 1 3 = 0 + - 9 " '

XIN-D14¥.⇒±g
- I ] t f ¥

EI.fm#.to-rn
"
"ftp.T.oD-
sqfyxa#f5
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Acumidor

YEN]- ✗ [ 1 0 ] + X P ] + . . . .

y e s ] -XTIDTXHY.LI#--
ytnJ=yTn-13+XEn]
yen] = a yen-1] + X I U ] , 2 = 1 ⇒ inestable.!!

Mediamond ME5 . ,
M i t o .

YEN] =IIXEF.tl#EH--
yII3=XC*Xf...tXI7x6Tyt"]

= YTIO] + f . ✗ [ 1 1 3 ¥ 5 5 ]
n i n n-M

e s : ☆ 6 we n t ' s v s 3 .

* eficiencia computa cional.

t o a u d i o : → I caution → 2 '

→ I S → 4 4 k H z

→
t o t a l : I M .
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* diagrama d e blogues
✗I N

⚠

ytus
→ ⚠ - ⊕ - ⊕ -

↑ I✗ i n - 1 BY

↑- E F
: ya-1]

✗E-o l # ⚠

-
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COWD-
iciONEINiciALE.SN#LAs
LinealidadyEn3=dyI n - D t x e r ] YELL

XENESE]

i i i .
yes]- dca t l ) yes]=d ( a t )
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CLASE 8
Sistemas

SLIT en tiempo continuo

.
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Def i n i t i on

x¥§sT't'yet = T h e y
x# Is yet)
P r o p i e d :

* D e t e r m i n i s t i c

* c a n t i d a d y t i p d e e n t r a d a s y sa l idas
* Memor ia

* I n v e r t i b i l i d a d
* Linealidad
* I n v a r i a n z a e n e l

tempo} S L I T S
A C a r s a l i d a d

* E s t a b i l i dad
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SLiTs@NT0sDetieti--
IEEssi.Ei1atisserue.us

[sail
① ②

.÷¥÷÷÷±±÷÷

±t÷÷÷÷÷:
061: l a aptox: d e l a de l td n o e s Unica.

esa§u¥
§¥¥,

¥01 f d e r i v o r

impulse 8 4 ) re%tny§TK)
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Definiciairnativa

1 T a t

i . . . . I I I E .h t t )=)
eh o s t a t

See)-f ¥ te to,T ] ±i±÷÷"O e . O c .
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Descomposition y o u #☒#

1)Aproximer ✗e ) e n to ,T]

1150,7=41 t e a , ]

"

😐 😐

y , ymy
qq.my#qayfy
,

O e . O f .

☑ E ) = ✗ (o).Alto,T]
n Tot)

= ✗ D . T . s i " 🙃😐😐😐
😐😉 (KT)

2) Aprox. g a l

* 4 )

=😐🙁stlt-
KD.IE#yi

←

x,̅#=🙁🙃 IKE)

=😉 D . T . 8,4-KT)

/4w😐🙁 #⇒

* " " ¥ :

🙁😐😐😐😐🙁😐
😐🙁🙁😐😐😐😐
😐

fgokttfe.se-0.de#/xh=ffa.sct-ddI-
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s # i

😐🙁😐
🙁😐🙁

x#̅1=29.-
✗

(KT).SC-KT)

5*-93:#÷::*:"
X I . p e )¥:&:*.es#EY=E.#

🙁😐🙁😐🙁 IE .mn#I

y # = Liz
94)-11×6.44--0.16=57
1

T s o ,KF-integadonouioi--
ff.EE#=/
sumadeconvducioi

/yk)=XA*#convolution
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E x p o : a # = v e ) , b e ) - u l ) → C A ) - a t / * b e ,

[mostarslides bet )
c o n convolvia
d i s c r e t e 😐#f##😐

🙂 !

① ( A )=🙁😉¥446
∄ , t o

② C A ) = [1.1 . d o +∃ , t o o

4 )= } : I : {⇒ l a t e s t

ejemplo: "interpretado c o m o sistema"

yes-✗e )* h i t s ✗E f f #
✗ E ) = v 4 ) , h # = U E )

I E - E L I E "
" y " " e "

⇔ : sistema" integrator"
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Ejemple:
h t t - u t ,

UK)'t
v e t . £2

* ⇐ one.t÷AE÷¥
e

② y e ) =/, I . 6 d 6 =
EYE

y e t # , t o o

° F§¥¥¥€
Hewett

Senales y Sistemas - Parte 1 89 of 191



Ejempb2.com ( 9 8 ) h( t ) = u t ) , xe )= v e ) .e - *
,

a >o

②

ye s= [e-d? s . d 6 , t s o

y e t ¥4;
y e t ¥-at

*÷⇒÷÷÷±
÷÷÷÷÷÷÷
÷.
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Predades

operacid
☆ i d e n t i d a d : ✗ 4 ) * S E ) - S E )

* a s s o c i a t i v e : (X)#g#)#ZH)-✗ f ) * (y#*ZN)

* d i s t r i b u t i v a .

interconexion

* s e r i e : → T H E
- T h
→ I☁#ns→

* paratelo
→ ☒ →

⊕ →↳t ☁ →

→ F H →
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Estabil lo ( y e ) 1 < 1 3 × 4 0 , F E A R

④
(yet>I s By < • H E

#
TO 0

⇐ ((heydt =
11he'll, s o

- D

C a s a l i
J causal ⇐ h e ) = o , f e s o
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TgsT2tEL0iTDxKFY--
oe.oc.1tEL0iTD--
hkkfoe.o.c.--
yCt1efIx@7.h-48).deiii.

÷÷÷÷.
÷i÷÷÷
÷÷÷:÷
÷÷

÷÷
÷⇒① g a f f , t o

② yet)} 1 . I d ' t ] t e a t , ] ④

③ Y E ) - I FELT,,Tz] ⑤

⑤ y t ) -O E E [Tittz,D)

÷¥i÷÷÷⇐
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= ] T O @ ⑦
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AO

BO

@

DO
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CLASE 9
Sistemas

SLIT en tiempo continuo

i .
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oIE.IE?.Eenms:#aate"

±÷÷→ loktt.se#/
→ T imp rox . continus
→ 0¥'-'yo, I I¥ o c t e t ¥}¥¥'
→ S tCt)-f K O s tE T

0 e - O - C

→ E%0tff¥4)
→ 4¥ ,

Steese,
N

→ 58ft)d e I ⇒ / SA)-d t- i
- o o - o o

→ def. operativa:-SF) t a t que s e ) = X t ) * s e t )

V x Ct)c - I

-
"neutro d e l a convowciou"
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Propiedadesadicious "fire agregamos?"

Ob e : "caracteriza por complete u n sistema"

s ± t #⇒ '

"4 7¥ "
ya-Xt)#he,

Oby: "propiedad d e muesteo"
a x k )

→ " " ' " " " " ° " ""§¥
¥¥

s i T w o

I K ) = Xo ) . 8,1)-T

xcos.s.ie#xes.sitHEs'Ns--
limXCo).8-Ct)=liwxtD.8fD
T - J T → o '

lxld.sctl-XA.se# propiedad d e

selection 0

m u e s t r e o
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a ,

Respuestaalescalunito (238,y§§§y¥
s e ) - h t ) * uct)

set-1%6).UE-D-de 84¥71"
fseh-f.in#7

s t y
554¥71?

↳ **s⇐¥¥¥±÷i÷ih±±,

s ± f ¥ ¥ t ¥ 5 '
81/72*78"

Obes: → E n l a prattica e s ma's f a i l generar escalones

→ E l e scabin t i e n e a n d u t i l i d a d e u s i m i s m o .
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m±¥¥#Ei÷÷¥¥⇐¥÷¥n÷I ÷ ÷→ Salida: Wtc)

fftl-m.ro#b.NH E D O lineal. coefs.c t s .

b e 2 KgbM-1kg
N'E) theVt)-ML.f t )

µCt) t2N##

E j empb2# (p.118+28) f t ) = v e ) .
K.ee#kft*
/

' t
w t ) = once)t w pCt)

d ) homogenea: f t ) = o ⇒ N'G)+ 2 N l t ) - 0

part)
supongo: nines-A-e" ← " P " ' " '

1µg"ficites"
A.fr#tz.Afer/=o-slrtz-I

I polinomio caracteristico

l r . I T ⇒
IronetA.EFf

Lbs : * l a homogeinea s e c a l a l a m a v e z

* t r ans form o c h a E E . d i t . e n m a algebraic
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b) particular: NpCt) = Act).E " ← Vdriaciaidectes.

¥e¥¥¥EjAt2.AE#=fE)
-

A'es.E"- f t ) ⇒A'ftp.fgo.ES/AHIE.d5)--
AH=/ues.k.e3?e?Eio
Ac t h ¥ es t ⇒ ftp.N#.e3Tf

c ) completa:
N l t ) = A .e-

2 £
+ § .f t

K i ' d a t ,

v e ) t A .e-" t } . I t ← n e c e s i t o c .c . i .i .

w @ 1 = 0 ⇒ w e > = A t f ⇒/A=§

m e ) =-st. e-2f t .E t , t > o

µ)=uH§(e3Ee2¥↳ Trego
repos
inicial .
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c ) "respresta a l impulse" (otrapartiudw)
e

ft)-SA) ⇒ A'Ct).e-
*

= f t ) ⇒
Act)-f.

of@e29deAeeffI5Ctl.eZ?
d e ← aprox. continua.

^

Are'-Listen.es?as=fI.e2?
a.#ItIEAteI-zf.e23/o--/

o t o o

)e2¥' t e e n ] * Q

I e2¥ t a t
I 'Hopital

*O,÷:.÷÷±÷÷÷eo=. ÷±¥¥
€÷÷

ftp.ATH-u#/ropt)=uH.e-2J

¥i÷÷÷÷÷÷
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Verificdlioir_NpCt-u@j.e'"

1⇐¥t¥t¥eE s e ,

U't).es?t=SH)

s e r e " . s e , # = L
sea.e°-se)

/se¥⇒✓
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RISUMEN.it#sisenedowiniodeltiewp0-
* Def. s a i d l e s y propiedddes: clasificaciout h e rramieutss

¥ Def. s i s t em a s y propieddes: clasificacioin ther iamieut ts
* mode l d d o d e s i s t e m a s rea les : gran familid que s e describe por E D O l i n e a l e s

* S L I T :
→

s e carac ter izan per s u respoests a l impulse h e

→
herrdmieutd: convoluciou

h e r ]

* Ejemphintegiddor..

→ s e e k s i nowcoadas

→ m o d e↳ d o → E D O

→ S L I T : c a l c u l dmo s h t ) comosoluciou d e l a E D O

Anarlisespectal: i d e a

* e s o't i l V e r l a respuesta d e u n S L I T d u n a combination

l i nea l d e s e c i a l e s s e n c i

→ E s t e conjunto d e s e permitir coastn i r u n d C l a s e d e amplid y ✓t i l .

→
L a r e s presta d e l s i s t em a d a d d s e r i a l d e b e s e r seucilld.

* V a m o s a t race r t o m i s m o p e r o c o u O t r a b > s e .

→ Exponenlishes periodica s

→ w a n t o m f s "parecida" e s l a b a s e a 1 >s s e r i a t e s

a represents," major" e s l a representacia
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CLASE 10
Series de fourier

Señales periódicas continuas

i . .
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±i÷÷÷.."÷÷÷÷÷÷→*
→ 1 7 5 3 : Bernoulli, t o o l s ↳ m o v € #fisicos d e u n d w e r d d

s o n combination lineal

d e l e s m o d o s originates.

→ 1 7 5 9 : Language, critico' por e l c > 5 0 discontinue

→
1 8 07: F o u r i e r dessro th l a teo r i a (imprecise)
e x t e n d s e s t e a u I c is i s a l c a s o n o periodico

→ 1 8 2 9 : Dirichlet demostro l a t e o r i a
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EII.si#%ea&TAE=wiaeswmpu=
as 1*2*7
yet)-Thesef - h # * es t × I s y

yet-Thx#4yes-f)he.es#?deyes=fIhG).qI.e-
s?ds=es?fTna.eiFds*O,

t o p e s

define
ftkskf.ph#e?d-/*Q

O b s : * s o l o depende d e ht t ) → d e l s i s t e m a
-

* e l c >s o discrete a suslogo.

e . • h*÷÷÷¥.I*..:÷÷÷i÷i÷¥i..
vec tor

(escalav)

i t I s t . r o
0 ¥ * h a s exporeucidles

s o n vectores propios d e b s S L I T
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sumadeexpoweuu.dk#--
XCt)=dy.es5tazes2ttd3.es5

linedl i d a d

yet)-Thxe )4¥as.IE#tes,teazT4e*E
td3.T4es3t40b=ap--
weceubsmismos

components a l a salida.
i::i÷ii÷÷ii
÷:÷±⇒ .
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Ejempb-3.li/Ct)=eJ2t--
d)yCt)=xf-3)=eJ2ltIe-6sejzt

¥ E n o exp ye) = X t - 3 )

s=2j 2 = 1 HH ) ya-ha#ADS
c o

b) HG)=) SEE.ES?dg=e-s.3=fe-3sJ
- c o

* " " "

"÷.⇒..
÷÷÷÷÷Hej l =e-3.gs/

e-6jJotv#d:

H E H1%6-3).ES?
dz=e-3sf&%d3teJ--
0bIfg@).f@7.d6=fe)
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Edgemphf
efft • seaa t s e n f t )

i )

i i .

*.!:÷÷÷÷÷÷÷÷÷
#
Xe l = I . et"t}e-Mt¥ et?§e-J

*

yE )e I . H(aj)e"ft.Hfaj).e"" I¥.HCj7).e#It.Hf's7 ).

e-J "

yes= ±. E'".e"I ± .e"!I 'II..E ?e'¥÷j.EYE
*

y t ) = {(et
4t-'3'tet"t kJ) + § (e

J # - 2'j-e-j#taj)

|y⇐)=Gs(4ttz)tsen(7t-2l#
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SERiEsDEF0URiER6m--
b.linedl-x@gqgdk.e#Isy#=?au.tksrd.es#Definiuou-

X Ct) periodical Xfttt)e x ( t )

(xes.IE/k.eJ?F#ecsintesis--
*ehj0exponencid6sarm,,w¥¥*,"

' " '" % )

→ imaginaries p o o s

→ A s"forewencias"
s o n miltiplos d e a r e free. b a s e

→ S k - j . 21¥ , K E Z

* notaciai:

→ d ie : coeficientes (cantidid d e Cada ingredient)

→ T : periods (fundamental 0 To )

→ fo : freweucia fundamental t.FI#/wo=ziT.fo-
I7→ W o : free. (fundamental) angular

lxeu.E.in#Ftti::iiiiI
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De-teminauoudeloswefs.dk#

die = L X t ) , CJ
" " t> ← proyecciou

0 ¥ * B e a,.Etaez → a , = Loot,I s

* s f a , ga)>=L,>f t ) SH.de
O n s walfvier per iodT

|dk=t§xµ§ e c . and-lis i s

Cproyeccia)

° ⇐ "

"¥¥¥
¥§#←

" " " " " " °

(continua.)
offset

¥⇒÷¥¥r

Senales y Sistemas - Parte 1 112 of 191



Ejemplo3.se "Oudd andrada"

^

,
= ,

i
÷÷t÷÷±¥÷÷.

Xt)-f 1 H k T,

O T,< H k }

*

=,
±§¥§"

" f " " Periodde l a y, ,

X X ) .
e-
jkwot.ae#.iie*:iEII'÷÷÷!"

a r et.fi?
jIwoewoT).zfz.seyfko
woi#gK=oao=tfIs.deFEI÷÷÷¥i
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d) T e s s , I - I , w o - I I , woT=t¥¥fI]
d i e ¥.se?fIzy#→kk-sf.IE#J::.--
ao=zI,--4EItIf

✓ K pa r ⇒ a u t o
- 2 0

"

"÷÷÷÷÷¥
÷¥÷÷¥¥÷.

O 42

I 'ft

'÷.

⇐÷⇒i÷÷i¥¥
Wo 2 W o 3 W 0

f o 2 f o 3 6

Obes : THE 2 1 f t 3 H t

* function d i s c r e t d : e l Ve rd e e s interpol>d o

* e s p a r , d i s c r e t e . ¥ #
* forma www.dai/seyIf

-
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L b s :

* s e a n u l d n l o s coets. p a r e s F - Is, fo-THE
* l a f rewenc i as s o n a r m o n i c a s W i t e k - w o
* e l e y e d e freweucias n o t i e r e m i d > d e s

* C o n c e n t r a energia e n freweucias ba j a s
* e s u n a s a i d " I a t a " ( te rm ino relat ive)
* t i m e c o n t i n u a ( E )
& A n c h o d e b a n d a : " s o p a t e e m freweucia"

a s concepts aproximado: a u d i o d e l primer b -b o l o

→ K - z → 1130=2-477

* t a n t o e l a u d i o d e b a n d a , C o m o e l

e j e d e f r e w e r c i a s o n r e l a t e s a fee
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CLASE 11
Series de fourier

Convergencia

.
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b ) Te s s , T,- Ig , f o = ¥-THz

÷÷÷:ti¥
÷÷÷÷

←

"dos velocidades"¥¥e
b a d >d d e repeticiou (periodicidad)

* espectro; r o b s ingredients d e treweucid.
→
l a velociddd d e c a n b i o deutrode u h periods

H H
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a r e # 'seuft.EE?YseufE#/ko/iE
I 0¥do-2¥41

o o 3 03¥

4/0÷#iii.
ad? 7818¥

'T
""
§

•
•

•i.eu#0b-s:
* e s u n a serial "Kuta" (Concentra energia a t baja tree.)

* B w , K - 9
⇒/
Bw=4fo-4Hz⇒
B w = 4 . 2 1 T - 8 1 T
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Definition: s e u c e k g se¥x) x # o

l I X D

OB I A l i a r
× → o ± 84¥ e ¥ = ,

* c o n t i n u a .

ob=. a ) a r e = I . s%¥¥K]-4'z.sencfE#

b) a r e
at.se#tyF3=/at.se=7
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Ejempo: "coseno" jwot
.

xekwscwots-fz.ae#e?
w*dk=ftzk=I1oeoa...I..I...

a ) X ,e xwseit.es#nninb)xzCt)=cos--
CzILg2t)

a )
a

b )

• o o o o f..tt:1#...*fI.
¥¥f(Hz)¥¥%z
0 ¥ t x tienenelimismo" espectro

* d k E R

* d u s o n relativosa ¥ ! !
* d o o ⇒ e l c o s e n o n o t i m e continua.
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Ejempb-3.rs:@187) " S e n o "

X E ) = sen@otJelzg.eJwIz1j.e-J'
K , K ,

a

2 K

d k
= ) § K - l

) ¥ . K - t g! f •

o e . e c . 7 0 1
• t-¥

O B I A 2 K £ ¢
* n o pvedo greficar a s i n a n a s . a r c : Z →

1122

I t tengo f e e m i r r o r u n s a u b y f a t e .
* t i e r e d d m i s - B W a la r y
* m o d u l o : velociddd.
* f a x : posiciai

• {"zoo
•
I 9 . elie 7 7 1 ,

a 2 41¥'s. e -i e • f 172

¥ ¥ i
. .

- Th
e}

•
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CONVERGEWCIA
TE)-II.oak. e t " ' I,#-Ewan.eJ"'
R E D - l i a r knees, converge? I #exes?

H o o x e )

g o e s - a - % " I i daEE -f, ten# Id t ←

farrearoja-
I representaciae, UL-En-o

,
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CONVERGEW
CIASE'¥n¥⇐,

f a t < o TO D 3- a r e .

2 ) R e ) → X t ,

D e u x

1) l a ke ftp.fyxces.e-jkw.de/2 ✓

if,.fi/xeD.e-Jkw*/?de=fz.f1xesidt
÷ T o

0 ¥ * Garant i 'd

B Energia f in i ta . → m a y o r d e has

satales r e a l e s .
* n e c e s s i a .
* conservedora. pe ro t r a i l
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* *
ifeng.%E9.ie?in:Yt-casieoaopuueo

* s a l v o e n l a s d i s c o u t i n u i d a d e s c l o u d e converse
a t punto m e d i a

foxes
• a

a r e a - 0 Y E T*

1) 1,1×+41<0 (memos fueenostTEII
2 ) conjunto f i n i t e d e d i s c o n t i n x i d a d e s tinitas

e n u n i n t e r v a b f inite.

# : ¥
3 ) n i m e r o f in i te d e e x t r e m e s

i n t o r a w f i n i t orevives:L:@ i f
4 1 ↳ W o n

t w o
Senales y Sistemas - Parte 1 124 of 191



Ejcmpb-3.si

ICT) = §[£.sen#k).ejkwo'T
§'-¥

I t , ) = II.¥.sen#k).
et"#¥¥

I t , )- Iz (st¥ . ed¥¥ .e"#t.....) E T
se.EE#obs=*fen5--
meno d e Gibbs

* oscildliones

* n u nc a s e arrests.q://t.net#
÷t⇒
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IASPARAONSTRUIRUNAHERRAIENTA

I d e a

D etinician
E jemplos (abstractos, wentas) ]funciones(abstract)
C onvergencia (garantia)

⇒ Propiedades ( a h o r r o r we n t a s )
E jemplos ( ap l i ca r propiedades)
A plicaciones ( S i s temas y s e n a t e s reales)
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O f f i c e r s

Elan)=#f,K#-É.fr.0K€)}d e

: # = ¾/IE)-area#)]Quel d e - 0

(t ✗e ) . 0k€ ) =),a#DIE)de-defdict) d e
✗E ) 0 k t ) d e

a r e 1 - =🙁🙁😉 🙁😐 I

f- 054 110K€)K= I

far-sxair.AT formula

-
progeria

OFatddlti
mamente
mp-
westoyda
noff-EL.is0¥ ) d e 3 0 ⇒ ∃ m a x i m o ✓
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CLASE 12
Series de Fourier

Propiedades y ejemplos
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pRoPiED*##z⇐
, IA.ar.to?#kLigneatidId-e,I

a r e

y E )
¥ b k .

Z E ) ¥ C k

E E ) = A . X t ) t B . yet)

0 ¥ . X E ) , y E ) periodica s ⇒ x e s t yet) periodica

C - E E , T ]Desphaffmigafettiere'-e-
to t e e E a t ,

× E-E) & b u t I
- j K w o t I

- d e '
b n=#f X E - t o ) . e .

d e =#(el). e-j
Kwok't)

( T ) L T >

.

e-jKwo8briffxey.
eTkwot'

¥-de '
< T )

M= f .E"?} ace').
e-jkwod.de'

=

e-jkwo.ae.

( L t -

0 ¥ t o l bu t = I d k I
* c a m b i a l a fa s e

A c a n d i d position
y c h e l a ve l o c i d a d .
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Inversiontempo

x x )
=§?odk-
et""" X f t ) ¥ bae?

X f t ) = II.oak.e -
J K " "

=
¥,b×.@Jk't

-jwot
. . .

t¥eJW¥watd¥I¥. =
. . . t h e e

tbwtb.ee't....

|bk=d_⇒

Corolario:

* X t ) p a r ⇒ X # e x t t )
I I

£ - 7 7 ⇒ t akes

* X t ) e s impair⇒ lakesimpary
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Conjugal f×*¢)→d*¥

Coro l i s

1) X t ) rea l ⇒ X t ) e x
* Ct)

(dk=¥Q → Are.et¥ A .← .

e-J E "

dk=A×.@Jk

d#=A a .Et
%

→ /Au=A.k⇒m5#espµ
the= - E k ⇒ f >s e e s impar

2) X E ) r e a l y p a r ⇒ a r e reales y p a r e s

3) X t ) r e a l e impair ⇒ d i e imaginaries puros e impares

d o s o
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Escalamientotempor

xcat ) #bae? x@e) =

¥[a±eJ±"w¥

MY-
ftp.ejewotobs:

* l o s weficientes s o n b s m i s m o s : b r e a k

* c a m b i a l a freweucid fundamental: W, = - w o
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E j e m # 2 = 2 X@ t ) w e d . w o → w , - z o o

⇒÷÷÷÷÷÷*÷÷.
I • §'• 3 4

¥ ¥ µ ¥ 9 K
W o Z w o

b) ,̂ _xke) ab l e

• §'• 3 4± i ¥ ¥
F E M A > K

w , 2W,

a
d k÷÷¥÷÷?'%÷÷\
T

314
• f.

t u f a ,
b)

x lze) a s k

• •t i t h e t i
.

W
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m.IE#::i.IEEoIa*i*Ia?
c E ) =

¥[are.e i kw?,§bn.e I
n ' t

I EIa

C E I = § § a x . bnet
"

"Fein"? I [a,.sn.EMI'
" t ¥,

h K

c ⇐' =¥.§§€. e
I I K E

t.a.E.ae#⇒ I:÷÷÷÷÷I.
.

|Cm=dm*bm]
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I d e n t i d a d d c Pa r s e

'±÷÷i÷÷÷÷......

e n e l t i ewpo. e n freweucid

°¥¥
permile calwler e l v i t a l d e l a energia e n a m b o s

d o m i n o s

* d a O t r a vision d e l rep-to d e energid

1¥ " " "÷IIi±¥#÷:*
* ' I I
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Ejempo:
"energia d e a r coeficieute"

¥ q
×KK)-

du.@jkwot

1 ¥
Eat#ftp.e#5/de=fL,,akl2dE=/
dkRtLyy1.dt=lakl2

i n
|Ek=ldr#
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ParsevetINose-da.ME/
aslxeiiat--EIauiD--
Mjq.x*y,¥ §¥£← multiplicacion

+

↳ =#1,4×4,
de"'Ermedio conjugacion

Ffa,Hey?d e
cnn.E.oan.at-n "IIco-E.grate-n-Eldar

k e - o
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j e e p : "Constante" ÷i÷÷÷.X e )= L , EELGT)

por inspeucieir

x#II.naked""}... ta.ie#tydota,.eJwott...

n
d K

I K - Oart},
* o

§'

arised I n
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EIIIY.es#iioT
- i z -

* y ' t e a r ,
÷¥¥I÷#±.

- 'z t e T I ,a )
n f ( E - l ) - }

T - 4 , T, = I , WE#=I I

* ⇒ e - r i . ±¥ i¥¥ .
f i r e I . s i n e( Ik ) age)-I→

get¥ 8 k ÷÷¥E÷.gene Ej:'
A

get-1) I s e-J"E.gu.

*

in.
±i¥n÷sm÷÷÷÷÷→

x t ) ¥ µ.
It".Es

in#a) K ¥ 0

O K - O
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drift.EE?sintEHk-tokoAoaig#e
O k o

I 'ft - % I I
2 O - t

s
}
§,}.
?,⇒
,

÷÷÷i÷#÷
÷..

4 O - 2 1 T - I T

s s t I I - I t

a
L d k •¥⇒÷÷¥
¥÷÷→⇒:#*"fase negative"

-
Eat

Lbs : A L a k e I I .k \b¥\
* L a k = - I I .

KITED"?'til"
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Ejemple: "constante" axe,
x # i s i t ' "t.IE#Iedk=f.fxes.e-
JkYdteLT7dk=f/
oTs.e-JKw0tdt-fI K - o

e-""fino
Tjkwo O-÷÷÷a¥'=et÷÷

Wo-1¥
a

A K

du-g I
K - o

o K € 0

/ ¥ ¥
.oo¥%.

Senales y Sistemas - Parte 1 141 of 191



Der inda
× € , ¥ d k

x ' t ) ¥ jwo.dk
Convoluci ( rec ipe mocwlaciou)

|xA*yeDI¥#
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Clase 13
Series de Fourier

Tiempo discreto
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"setIffejosentienoisiscretided:
* b a s e s seuci l las: - C-y perisdicas
* descorposicidu: - escr ib i r serial w i n o c o m b . lined

A supe rposiciou: - S a l i d a f a i l p a i d S L I T

-
combination l i nea l d e s a l i d a s

* universalidad: - aplicable a mudrossist.

ttakLIT~tosunexp.com/dejoEh#I"
Xin]=Z",yer]=¥@htk3.XLn-k3--
yLnT-hLn3ttxIu3yLnz--
E.hoE.E"-£¥¥¥¥"sswaepe.ae d e Z

H#=I±⇒F¥ µnt¥§I¥,
¥Lp% propio
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Definiciai

F¥P¥¥¥:[nth],
N per iod , wo- I I free.fundamental

Basey: Okey =
ejkwen

K drmonicas: Wh-K-wo

* s o l o hay N freweucissditereutes ⇐
(%£%%e§+i

↳ W k e s periodico

sintesixs-nzza.pro/uEdAo/
xLn3=I?zw3=J

Ana.li#:fan=gIy
,,xaI.eJ~Qobs:

* I a s e w a c i o u s e s s o n simetrias

* c o m o l a s s u m a s s o n finitas ⇒ sieu.pe exist!!
* n o t r a c e falta e s t r d i a r I d convergea c i d

Senales y Sistemas - Parte 1 145 of 191



C a t c h N d a t o ⇒ W E I también

⚠ =,¥n,dk.😐😉 =

E t a i t . . i t

⚠

= ,In,²k.
🙂

"

"I😐 tq.EE.. . t e n , .😐
" " n o

÷
¥ ] 🙁Eg .

et#oa¥o#e😐 If... .
+ ¥ , .😐

" ' " " w e

¥ :
* s i n t e s i s : → ✗ I n ] incognitas /→ s u m a di recta

A T → d k d a t o s

* a n i l i s i s :
n o ✗ I n ] d a t o s

# → a n

incognitos}#Sistema lineaky,

Célatoeficiente
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Obs: "periodicidad"

a )

⇐me🙂
" "

"= Y N

K-Im.NO
e .O . C .

* I n ]=🙂
"
🙂😐🙁qtn-ei .FI

ONIn]-e🙂🙁😐 1,

} ⇒ XERXNED

b) ✗ I n ] = a#H t a# f t I I ]
"

✗ I n ] = d I I . k t t . t d n - i . e u ] t h e ]

⇒ ao.EE#I?.yis:;'s
⇒ lao-andt

c )
* e n general:/an=dntf

* coets.de Fourier e n T. D . s o n

periodicos
😐🙁🙁🙃 /conting
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(p214) ✗In]-sentwn],Wo-¥ ,NEINEIE.IT?#ej.s.s:xel=senut)

→ ✗I n ] n o siempre e s periodica!! /N=I

a)W=2I=w,→ freweucidw y e l periodo N e s t a n relation-dos

✗ In]-ftp.et"😐😐E "" y - t e ,
• I ½j- o r ,D😐 :÷÷i:#ti://ii.ie.

will😐😉-"N iz

igual que T C .

T : - - . _ ,
b)W=M.FI (M= 3 ) I

1

% ↑I

WFM.W o
misrepida!

T.tk#hise--
ak=f&k=m!! ! . --to-I

½ . K - - M

t o e . a e I N ] =-&.🙁
"If.EE/-sentwouJ

3.I T ½ SOLAPANIENTO
✗I n ] = sent:#in] ≠ IN]=-sent#in] ◦ ALIASING!!
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Ejemplose m e . I
• - • - • • →

-'•
d) calculo laserie.m.n l#- i i I i i i : .

- % : # ½

*
=🙁😐
ftp.e#wnm=ntN,

an#¥4, ""ftp.#IeTkwoCm-
NIeIKNYm&'e-jkwo.m

an
" " " I :C😐 ""I.IE?E?II#nde--

shagoc.V.
* ÷ : 😐🙁😐😐😉🙁🙁🙁

😐😐😐😐🙁 🙁 😐 😐

- -

"it😐😐😐😐😐😐

😐😐😐🙁

t.it#Idiiiid
Senales y Sistemas - Parte 1 149 of 191



b ) representation gritica (moduloy fase)

•

😐🙁🙁🙁🙁🙁🙁
😐🙁🙁🙁🙁😐🙁 •÷⊛
¥:###
..

FINITE.
144:*
s

↑#Ein.
d o=🙁😐H E]

a - to:&'s-17*4;] sente-K]-self#'K]

sent#-K] I F #K
"I IK=¥]

♀🙂 ver

s imulation I s
* / a s s u m a s parciatese n computadora.S e h a r e n ene l praitico7
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Clase 14
Series de Fourier

Análisis de sistemas LIT
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t j e m p # C p 187)

XH=µ§§×.ejkwot
do - l ,d I g = at,d±⇐ I , d-13= }

fod K

•

•i.l.li#.xei=zta.et--
Ft.ew"

' I I . e-'II . ePT÷.'""+ I e

¥ ¥ ¥ ¥ T h I s I s

µ)=1t£.cosCwot)taskwµ}3w

qbs: * I a s ser ies d e Fourier preden U s a r c o m o b a s ecosecs
* e s t o o c e r r e w a n d o l o s c o e f s s o n pares
* t a n s i e s p-de h a - s e c o n s e ¥ (indigenesJPG)
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⇐ *
toner.EE?niE:IEnIfi:i#n*.
g.FI#res.Motieuefvesersenalo

* Aherd v a m o s a passer a aplicarb

Tiempocoutino Tiempodisereto

I d e a r I d e a r

De f i n i c i o u r Definit ion r

Ejemplos V Ejemplos
✓

Convergence'd ✓ Convergence X

Propieddeles. V Propieddeles. ✓

Ejemplos ✓ Ejemplos ✓

Aplicaciones Aplicaciones
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SER.ES#F0URiERYs insTEMASLIT-

×§f§Y→'y e ) = Hess.e s t KO,
I funcioir s i s t e m a yet)-htt)* H )

* c a s e periodico: S j w

H a s f)hit).e-
⇐ →/
H(jw)=[h⇐teYµ
resp.eu#tewenaa.

* x x )
=,
[§a×.@jkwot

4*0, o o
e s u n a s e r i e

*
-E.iq#.I.eieexp.ar--
m5nios4ae F o u r i e r y

fifths
y e ) ¥ box = H( jk¥k
HCjkwo)-f)

h e ) .Et
"

"Ile fh]
YE) ¥ hk .dk dk→§→bK

b u t hk.dk
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h t ) o r

E jemp63# (p228-229)

±iY⇒→"' 1 ¥ ,
he) = v e t .e -

t

a ) Ca l w l >r respuesta e n treweucid
o o

h a H (jkwo)
,HCjwf.%e4.EE?de=/

oIlJYdItHcjwtfw'
'"II,¥]

Qbs:

* Hfjw)-¥-¥wp-=I I = HID → modulo pa r

→ f >s e impar
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b) Ca lw la r l a S a l i d a (en freweucia)

s e a x (e)= I t } c o s(wut)t c o sKwot)t } cos@wot) (ej3 2 )

Obes: * x e ) rea l y par}⇒ yes real
* h e ) rea l

* a d m i t u n d Ser ie d e c o s e w s

* dates: → F - I
, f o -T H z

→ W o e 21T.I = 2 1 T

Gets the: ha-H I " ' t ¥¥I
coefs. S a l i d a : b k = H(jkwo).dk

bot d o .Hijo) = 1

b, = d i .HAwo)- I . y¥iT
b ., = d-t. H(Two)-ut.y-jzitbz-
z.pt#sb-2=tz.gt
j4Tb3=3t.gttjiT) b-3=31.¥65
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c ) Reoustruyo yet)

yet-It,¥¥e""*t⇐¥e"'"
t . . .

b , = B, .£9, B ,Hb,l o , = p , ⇒ b . , - B , .eT°'

y e t - s t
B,.es#Ei-B,EFeTEt...

|y(t)=1t2B,.ws(2Ttt0i)t2Bz.Gs(4lTt2B3To)

I 0.16-0.951TI taste → tank'D
§§¥
¥e,2 0.08-0.471T

÷i÷
⇐:*.Z t.tt#f-dtau@it)

-

£¥ aten's m i s I a s freweucias a l t as ⇒ filtropasabajos
* fasenegative→ retards!! y confirmamos causalidad
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d ) A n i l i s i s d e l r e t a r d

µµgy•* buscar u n pentosingular:
↳ ehjo e l primer maxino.

* Cos@Kt) ,
tm5×=? →wu.tn#=2t/tmix=2wIJ
→ t i e 2¥71

t e I I I ' zD↳ = fate's

* r e t a r d o : c o s (E ) IT"ws¥§) ⇒ tma-Os-2T
t m i x = > I Tt o

* c o s( w u t ) I t fFos(WvuCt-os))⇒ watmix-o.s)-21T

Indirect.
temax-O-s-II ⇒ tmJx=¥t¥

* c o s (wat)¥ cos@Kt-Oz) ⇒ w×tmi×-ok⇒ I T

t h a t= # +
¥¥"LIFE
=
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e ) And'lisis general M
AY'§poy

decreciate

H(jw)-¥jw

Hcjw)l=¥→D( H i v ) =-a tan lw) i t

impary decreciate#÷i÷÷÷÷
÷÷÷÷.
f ) coeficieutes hk .

that,¥FI ]Ok=-atau@Tk)*÷÷.
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Clase 15
Series de Fourier

Análisis de sistemas LIT y 
Filtrado
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E j ( P 230)
xt1h§§"

h En]= UED,a", a s I

hate] yEither]*xtn]

X in ]= c o s Iwon]= C o sI I .n]

µX[n]= } . et
% I {ej

wo n

→ ¥ %⇒ II?.hn?antreueacia.z=9.eJw-
sz=eJw(s=jw)
H (em) = E.aha].e-Jw"

tieiwtn.IT?e-iwn-nEcaerII"-Liz I I I .
¥
%j§E¥""

IHeiwt-E.IT/tkeM=Ejas#/
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b) Carlwho d e S a l i d a : f In]= B i . C o s[wont o , ] , N - 9 ⇒ wo.IE

h,-H@YLz.H@" ) - ,¥eF±

" '"¥F¥F÷µ⇒Y.⇒
Heine-atauf.IE#)=/
dan(IIioIw)J--
Q=0eiE)=ataufa.segfE'E)fa tan

fytn3-gf.ws/E.nta-
auca5

a t f f h , = 1h,l .et
° "

b,= £ . 1h,let"
b.is'z 1h,I . e-

JO'

YEH= 1h,
t.es#eE?efIz1h.l.eJIeJo'

ye r ] = 1h11. c o s[Into,]
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c ) Ana i l i s i s general

IHKMFq.at#shenwt

i:÷÷÷:÷÷÷÷÷
÷÷÷÷±i± e n

tat))
③

÷÷÷i÷
÷÷÷÷.¥T¥w
② a ④ a

÷t÷¥¥w
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i i ) ptos. caracteristicos /HEIDI

Heigl-=p t f

Heigl-¥51
" " " ⇒
÷'t:X
F t w

Heigl-#Ga's> ,

Itt@F)I-+¥<iHei"H=¥¥
¥rT=# { '÷p
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Filtrosselectivostietffet
( es t )

1 ) s e l e c t i v o s (pasabsjos, posiatos, etc)

2 ) Conformadores (mod i f i e r l a t o e weuc i a )

{1M
£91

*¥
¥÷o÷÷O÷ F # E
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÷÷÷¥
¥÷⇒÷÷÷F÷÷÷±÷÷⇒⇒.ms

t ransducer

= I I . E a
②

¥÷÷
÷÷t÷.

¥
¥÷±÷' t e e

in
Guforndder

surrounds.I
E#tTz'→ TEAMED]-go. ,})¥

¥}1 - REIF. 10¥
E i
1 - d i v i d e i t grierdd y deedra
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,¥Ii%E÷÷÷÷,
quo.84524K¥.FR#T%aAttn

.
H i ↳¥¥

I i
(Mo
dular

12M¥
Mezdo.

I r e n e
H-n.in#sii::siii:s.

§ de -modu l o
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Indigenes

÷:÷i÷÷i#f÷I¥÷
Is
sp
oofI X . y ) E [0,1 ] stops] y a

0 o/o o o o

E⇐⇒###±¥iI
l

'=
/ If

i i

¥t÷÷÷¥
I '

T h '

t
t t

iff,
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Clase 16
Series de Fourier

Filtrado
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ie.ir#aeFIEEIEIspoIiEI*yge,
a ) X t ) ¥ a n

yet) ¥ b k

'" '
"§¥
¥.)

t h x . a e

⇒ Eitan's"'"
|h⇒=jw±→hu=H(jw)/w=w,

3 ,
yct-h.ci#xct)

t hey ] 4 2 ¥ ?
bkthk .dk

b) IHfjw)I - M

<Hjw)i f I w > o

"

"÷¥÷÷÷
÷÷÷÷:* W
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Ebs:
* conformactor: pasaaltus (HPE)

* parseval: energia infinita a # )

E = fly#Pde-Σ/but-21hr1?/are = n o

♂ 4 -
* ines tab le : n o e s real izable

e n l a pra i t ica - 1 T ¥* fase posit iva (woo) :
→ p a r e c e que ade lan te ( n o causal) ↗
→

1 2 grified m u e s t a t o cont ra r i o

→ . e n real idad p : O → n o adelauta w dtrasa

/
R e c e t a

Energia😐 /Interpretacial
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' I C- L i z

I¥¥¥÷¥#i.-←Faynotiene ⇒ F E E
un. un ,

regime;"gE÷,)

yher]= tz.SE]t I Sta-D ¥ µ
HEI)-t.sttz.es?ws=EfstFIeIf=iz.dEetEfI

fHCeiw)=§¥[EM

b )
Hewitt's#t.i.FI#q--
Q@)--fHfjw)=-wz--
f*:itom.aor:p..s.....a.
⇒.ir#IIE.-....... w

fasenegativa: retardd
O

* practice:quitabaruido(akafree) 1 ¥
* r e t a r d o :

er-0¥.FI?EE...zateiFo#-=T
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retardOdegrupo5@tdd0wIsesfvncio--
In6wCwaudolapeud.noesrec ta )

Ejempo: £ 3 3 0 % r u i ' s g .3
A-" I n ]

, ,
← predecir I 0 . 3

2) y En ] =
XEATDtxfitx
ln.is/ao-
oI-.-oo-.

' " " "÷=⇒⇒÷
÷¥I¥¥¥

b) yen] = XEDtxz.LI

* r e t a r d o : I
* r e t a r d s m e d i a m u e s t r a

( o m e d i o i ns ta te d e t iepo)
¥ 3 4 7

Senales y Sistemas - Parte 1 173 of 191



c) "G ino hayo w a media m o v i l fire n o
retude?"

then)¥EO%⇐, if go.rs':' • •

Halen) = costs)-{letterE) →

h I n ] = 12.Stint's]+ {Sen's] ¥m.
fyEnTetz.xLntEtt
zxLn-tza@c.transforwdciardema

mediam a i l centna,4=2,
'§¥•¥-
o-o-o
¥ 3 4 7
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Derivadordiscreton(T-D., h ai d a tv is )

d)y I n ] = xTn}XL#D ⇒ her ] - I 8in]-{Shin-i]

item-¥".ee#f=ize=jEI@=jsenEf

b) the i r )I - I sentE ) I÷÷:÷i÷÷÷
÷÷÷÷÷÷÷
± " '

O @ )= §I I -¥ w e to,T)

-¥ W Efit,O]

* fase positive pend.
negativa→ re ta rdd

' " ' " '"

'

""÷¥÷t÷
÷÷÷±÷6@t-ddo¥4±] r e t a r d

constant
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g.tt#??iFEmaximosrelativosCpicoss"

* e n applications r e >l e s h ey quedes#el ve tsd o

* extreme e u dd¥)-O
1 H i m

t f .
ii.
o
f
ifs..
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ejempo: "comparaciou d e acivadores."

-

a
H l

S e n 6 ) u x

x → o

"¥⇐i
÷*÷÷.
b)

* '→J§¥u÷i¥
¥⇐,
x'-12*1"'

" "µi÷o÷&÷
÷÷"
→
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Clase 17
Series de Fourier

Filtrado
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FILTR-OSSELECTIVOSENFRECUEWCI.--
DE#selecciouancouexact itud algunos rangos (bands)

d e treweucia.

Tips: * pasabajos (LPF)
* pasadltos (HPF)
* pas>b a u d d (BFF)
* n o t c h (NF)

Caracteristic: * filtros i d e a t e s

* frewenciacs) decorte

* fanaucias: b a n d a p >s a u t e y supresora

ftp.T#HPF
§,Iµf¥ '

±÷÷÷÷ .

i t ' s
B P F *

i÷÷÷i±Ls,¥§¥±µ÷i÷i÷÷
i n n
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Ejempo: "passbajosided" §¥¥¥→ Kew,

Hfjw)=} 1 W E two,we ) H A T T I E
O e .0 C .

he)=¥ohn-ed""[¥,.eJk%II|§¥ejn-
E)

w o e

Ke-K@--
hqeeiikwoenIEeinwoE.e'"".IE#
otj=etnFI&IIII-qjlkctDwoen⇐e÷÷e÷÷÷.ie#:::.iht.:

net:÷i÷÷÷D # ¥ .
ob±
* d a u r "senoc": e s "dual"C o u l a t r a n s formadd
* I d respuesta a l impulse tienesopoile infinite
* n o piece s e r c a u s a l

^

* n o implementablee n l a practice # # #
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Iipptroidealesd
iscret

It,@w),

⇐÷ i¥÷# I11""÷÷÷¥÷i÷÷
* F ÷ # ¥ ¥ # t ¥

← →
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/H(jw))
* B W : → potentia vale 5 0 % 8=0.05

→ S e m i c k e u d B _
-

* d B :

10.108🙁😉
🙁🙁🙁🙁🙁
🙁🙁🙁🙁😐🙁 🙃

"

sp"* BW)-10.10g,◦ (Pw)) ◦

BW ) = 10.10g,◦ (146412)

IBW-20.to#HbwI

* We//Hjw,)/? 0 . 5 ⇒ Blue)- 1 0 . log(0.5) = - 3 . 0 1 d B ∄3dD
* /HJwc)/=#= 0 . 7 470J

Ejemplol3.to#Hljw)=,fw,/How)t= ¥2
/B@)=-10.log(ItwM orden

*

A-isasintotico.IN))
→ W T O ⇒ B W ) ≈-10.10g( 1 )=/OdBD p

→ W - O ⇒ BW)?-10.10g w ² ¥-20.6970✗
B a d

* o r d e r : " # d a d is:#😐😐😐😐

🙁 .f i l tro
* Orden: cantidad d e derivadas

◦ diterencias/retardos
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Practico 
9Series de Fourier en t. discreto

Sistemas basados en ecuaciones 
en diferencias
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Anexo
Material extra
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