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FORMULÁRIO
Não rasurar. Entregar o formulário juntamente com a prova.

I. AMOSTRAGEM

Xδ(jω) =
1

T

∞
∑

k=−∞

X(j(ω − kωs))

X(jω) =

∫

∞

−∞

x(t)e−jωtdt

II. RECONSTRUÇ̃AO DE SINAIS

A. Reconstruç̃ao ideal

Hr(jω) =

{

Ts, |ω| ≤ ωs/2
0, |ω| > ωs/2

x(t) =
∞
∑

n=−∞

x[n]sinc
(ωs

2π
(t− nTs)

)

B. Reconstruç̃ao prática

H0(jω) = 2e−jωTs/2
sin

(

ω Ts

2

)

ω

x0(t) =
∞
∑

n=−∞

x[n]h0(t− nTs)

C. Filtro anti-imagem

Hc(jω) =

{ ωTs

2 sin(ωTs/2)
, |ω| ≤ ωm

0, |ω| > ωs − ωm

III. TRANSFORMADA DE LAPLACE

X(s) =

∫

∞

−∞

x(t)e−stdt

• Teorema do valor inicial:lims→∞ sX(s) = x(0+)
• Teorema do valor final:lims→0 sX(s) = x(∞)

IV. TRANSFORMADA Z

X(z) =

∞
∑

k=−∞

x(k)z−k

V. FILTROS

A. Filtros de Butterworth(1− ǫ)2 = 1− γ δ2 = µ

HPB(s) =
ωN
c

Q(s)
, HPA(s) =

sN

Q(s)
ver Tabela I

ωp = ωcp

(

2ǫ− ǫ2

(1− ǫ)2

)1/2N

ωs = ωcs

(

1− δ2

δ2

)1/2N

N =
log

(

(2ǫ−ǫ2)δ2

(1−ǫ)2(1−δ2)

)

2log
(

ωp

ωs

)

Sinal Transformada de Laplace
x(t− τ) e−sτX(s)

es0tx(t) X(s− s0)

dn

dtn
x(t) snX(s)− s0 dn−1

dtn−1 x(t)|t=0− − . . .− sn−1x(0−)

−tx(t) d
ds

X(s)

∫ t
−∞

x(τ)dτ 1
s

∫ 0+

−∞
x(τ)dτ +

X(s)
s

u(t) 1
s

tu(t) 1
s2

δ(t− τ), τ > 0 e−sτ

e−atu(t) 1
s+a

cos(ω1t)u(t)
s

s2+ω2
1

sin(ω1t)u(t)
ω1

s2+ω2
1

Sinal TransformadaZ
x[−n] X( 1

z
), RDC 1

Rx

x[n− k] x[−k] + . . .+ z−k+1x[−1] + z−kX(z)

x[n+ k] −zkx[0]− . . .− zx[k − 1] + zkX(z)

nx[n] −z d
dz

X(z)

δ[n] 1

u[n] 1
1−z−1

αnu[n] 1
1−αz−1 , RDC |z| > α

−αnu[−n− 1] 1
1−αz−1 , RDC |z| < α

nαnu[n] αz−1

(1−αz−1)2

cos(Ω1n)u[n]
1−z−1 cos(Ω1)

1−z−12 cos(Ω1)+z−2

sin(Ω1n)u[n]
z−1 sin(Ω1)

1−z−12 cos(Ω1)+z−2

rn cos(Ω1n)u[n]
1−z−1r cos(Ω1)

1−z−12r cos(Ω1)+r2z−2

rn sin(Ω1n)u[n]
z−1r sin(Ω1)

1−z−12r cos(Ω1)+r2z−2

ωp = ωcp

(

γ

1− γ

)1/2N

ωs = ωcs

(

1− µ

µ

)1/2N

N =
log

(

γµ
(1−γ)(1−µ)

)

2log
(

ωp

ωs

)



TABLE I
DENOMINADOR DOS FILTROS DEBUTTERWORTH.

OrdemN Polinônio Q(s)
1 s+ ωc

2 s2 +
√
2ωcs+ ω2

c

3 s3 + 2ωcs
2 + 2ω2

cs+ ω3
c

4 s4 + 2.6131ωcs
3 + 3.4142ω2

cs
2 + 2.6131ω3

cs+ ω4
c

5 s5 + 3.2361ωcs
4 + 5.2361ω2

cs
3 + 5.2361ω3

cs
2 + 3.2361ω4

cs+ ω5
c

6 s6 + 3.8637ωcs
5 + 7.4641ω2

cs
4 + 9.1416ω3

cs
3 + 7.4641ω4

cs
2 + 3.8637ω5

cs+ ω6
c

B. Filtros digitais

• FIR Janela retangular

Rd[n] =
1

2π

∫ π

−π

Hd(e
jΩ)ejΩndΩ

Janela de Hamming

w[n] =

{

0, 54− 0, 46 cos
(

2πn
M

)

, 0 ≤ n ≤ M
0, caso contŕario

• IIR

ω =
2

T
tan

(

Ω

2

)

Transformada bilinear

s =
2

T

z − 1

z + 1
z =

2 + sT

2− sT

VI. AN ÁLISE DE ESTABILIDADE

A. Critério de Routh-Hurwitz

Exemplo de construção para a equação caracterı́stica:

Q(s) = a4s
4 + a3s

3 + a2s
2 + a1s+ a0

s4 a4 a2 a0
s3 a3 a1 0

s2 − (a4a1−a2a3)
a3

= b1 − (a40−a0a3)
a3

= b2 − (a40−0a3)
a3

= 0

s1 − (a3b2−a1b1)
b1

= c1 − (a30−0b1)
b1

= 0 − (a30−0b1)
b1

= 0

s0 − (b10−b2c1)
c1

= d1 − (b10−0c1)
c1

= 0 − (b10−0c1)
c1

= 0

B. Critério de NyquistN = Z − P

N - número de envolvimentos do ponto−1 no SH
Z - zeros de1 +G(s)H(s) (polos de malha fechada) no SPD
P - polos deG(s)H(s) no SPD
Z = 0 → est́avel.

C. Margens de estabilidade

GM |G(jωM )H(jωM )| = 1

GMdB = −20log|G(jωM )H(jωM )|

ΦM = 180o + arg{G(jω0dB)H(jω0dB)}

ωM - freq. onde∠G(jω)H(jω) = 180o ou −180o.
ω0dB - freq. onde|G(jω)H(jω)| = 1.

VII. IDENTIDADES TRIGONOMÉTRICAS

cos2(x) =
1

2
[1− cos(2x)]

cos(a± b) = cos(a) cos(b)∓ sin(a) sin(b)

sin(a± b) = sin(a) cos(b)± cos(a) sin(b)

cos(a) + cos(b) = 2 cos(
1

2
(a+ b)) cos(

1

2
(a− b))

cos(a+ b) + cos(a− b) = 2 cos(a) cos(b)

e±jθ = cos(θ)± j sin(θ)

cos(θ) =
ejθ + e−jθ

2

sin(θ) =
ejθ − e−jθ

2j

sinc(u) =
sin(πu)

πu

VIII. RELAÇ ÕES TENS̃AO/CORRENTE

vR(t) = RiR(t)

λL(t) = LiL(t) ⇒ vL(t) = L
d

dt
iL(t)

qC(t) = CvC(t) ⇒ vC(t) =
1

C

∫ t

−∞

iC(t)dt

IX. SÉRIE GEOMÉTRICA

Sejaβ um ńumero complexo, então

N−1
∑

n=0

βn =

{

1−βN

1−β
, β 6= 1

N, β = 1
∞
∑

n=0

βn =
1

1− β
, |β| < 1


