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Aula 12

Integral (teoria e aproximação)

Transformada Rápida de Fourier (FFT)
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Derivada vertical
Para calcular

∂f

∂z
, precisaremos da Transformada de Fourier

f̂(κ) = T (f) =

∫ ∞
−∞

f(x)e−i2πκxdx

O número f̂(κ) pode ser interpretado como o componente do sinal
f(x) na frequência (ou número de onda ) κ

Transformada inversa

f(x) = T −1(f̂) =

∫ ∞
−∞

f̂(κ)ei2πκxdκ

Propriedade: Se g = df
dx , então ĝ = i2πκf̂ .
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Derivada vertical
Para calcular

∂f

∂z
, precisaremos da Transformada de Fourier

f̂(κ) = T (f) =

∫ ∞
−∞

f(x)e−i2πκxdx

O número f̂(κ) pode ser interpretado como o componente do sinal
f(x) na frequência (ou número de onda ) κ

Transformada inversa

f(x) = T −1(f̂) =

∫ ∞
−∞

f̂(κ)ei2πκxdκ

Propriedade: Se g = df
dx , então ĝ = i2πκf̂ .
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Integral - motivação •◦
Agora, queremos calcular o deslocamento a partir da velocidade
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v(t) = v0 + at

x(t) = x0 + v0t+
a

2
t2
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v(t) = v0 + at

x(t) = x0 +
t

2
(2v0 + at)
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v(t) = v0 + at

x(t) = x0 +
t

2
(v(0) + v(t))
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v(t) = v0 + at

x(t) = x(0) +Areav(0, t)



Integral - motivação ••
Em geral,

x(t) = x(t0) +Areav(t0, t)
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Integral - motivação ••
Em geral,

x(t) = x(t0) +

∫ t

t0

v(s) ds
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Regra do Trapézio •◦

Dados t1 = a, tn = b e ti+1 − ti = ∆t,∫ b

a
f(t) dt ≈ ∆t

(
f(t1)

2
+ f(t2) + . . .+ f(tn−1) +

f(tn)

2

)
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Regra do Trapézio •◦
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a
f(t) dt ≈ t2 − t1

2
(f(t1) + f(t2)) +

t3 − t2
2

(f(t2) + f(t3)) + . . .

+
tn−1 − tn−2

2
(f(tn−2) + f(tn−1)) +

tn − tn−1
2

(f(tn−1) + f(tn))
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Regra do Trapézio •◦
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Regra do Trapézio ••

∫ b

a
f(t) dt ≈ ∆t

(
f(t1)

2
+ f(t2) + . . .+ f(tn−1) +

f(tn)

2

)
No Matlab, se f é um vetor com amostragem dt, podemos considerar

intf = dt*sum([f(1)/2,f(2:end-1),f(end)/2])

Se f(a) = f(b),
então∫ b

a
f(t) dt ≈ ∆t (f(t1) + f(t2) + . . .+ f(tn−1)) = ∆t

n−1∑
j=1

f(tj)

No Matlab, intf = dt*sum(f(1:end-1)).
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Transformada Rápida de Fourier

Vamos aproximar f̂(κ) =

∫ ∞
−∞

f(x)e−i2πκxdx

Assumindo que f(x) = 0 exceto se 0 < x < L,

f̂(κ) =

∫ L

0
f(x)e−i2πκxdx

Em um grid xj = (j − 1)∆x, j = 1, . . . N + 1,

f̂(κ) ≈ ∆x
N∑
j=1

f(xj)e
−i2πκxj , ∆x =

L

N

Grid na frequência: κk = (k − 1)/L, k = −N/2 + 1, . . . , N/2.

f̂(κk) ≈ ∆xFFT (f).

OBS: no comando fft, k = 0, . . . , N − 1. Para corrigir: fftshift
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Transformada Rápida de Fourier

Vamos aproximar f̂(κ) =

∫ ∞
−∞

f(x)e−i2πκxdx

Assumindo que f(x) = 0 exceto se 0 < x < L,

f̂(κ) =

∫ L

0
f(x)e−i2πκxdx

Em um grid xj = (j − 1)∆x, j = 1, . . . N + 1,

f̂(κ) ≈ ∆x

N∑
j=1

f(xj)e
−i2πκxj , ∆x =

L

N

Grid na frequência: κk = (k − 1)/L, k = −N/2 + 1, . . . , N/2.

f̂(κk) ≈ ∆x

N∑
j=1

f(xj)e
−i 2π

N
(k−1)(j−1)

f̂(κk) ≈ ∆xFFT (f).

OBS: no comando fft, k = 0, . . . , N − 1. Para corrigir: fftshift
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