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1 Discrete vs. continuous FT

continuous Fourier transform

f̂(k) =

π∫
−π

f(x) · e−2πikxdx (1)

discrete Fourier transform

f̂k =
1

d

N−1∑
n=0

f
(
x =

n

N
d
)
· e(−2πi·

k
d
· n
N
·d) · d

N
(2)

=
1

N

N−1∑
n=0

f
(
x =

n

N
d
)
· e−

2πi
N
·k·n (3)

2 Differentation

Expression in frequency and angular frequency

f̂(k) =
1

d

d∫
0

f(x)e
−2πi
d

kx (4)

=
1

d

d∫
0

f(x)e−2πiξxdx (5)
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f̂ ′ =
∂

∂x

 ∞∫
−∞

f̂(x) · eiξxdk

 (6)

=

∞∫
−∞

∂

∂x

(
f̂(x) · eiξx

)
dk (7)

=

∞∫
−∞

iξ · f̂(x) · eiξxdk (8)

3 Transform

example with N = 4 and x = sin
(
n
N
· 2π
)

Xk =
N−1∑
n=0

xn · e−
2πi
N
·k·n; k = 0; 1; ..;N − 1 (9)

=
N−1∑
n=0

xn ·
(
cos

(
−2π

N
· k · n

)
+ i · sin

(
−2π

N
· k · n

))
(10)

X0 =
N−1∑
n=0

xne (11)

= 0 + 1 + 0 + (−1) = 0 (12)

X1 =
N−1∑
n=0

xne
−i 2π

N
·1·n = 0 + e−i

2π
N
·1·1 + 0 + e−i

2π
N
·1·3 (13)

= 0 + (−2i) (14)

X2 = 0 + 0i (15)

X3 = 0 + 2i (16)

X2 is Nyquist frequency and has only a real part, X3 is conjugate complex
of X1 for real only input.
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4 Inverse Transform

xn =
1

N

N−1∑
k=0

Xke
2πi
N
·k·n (17)

x0 =
1

4

(
0− 2ie0 + 0 + 2ie0

)
= 0 (18)

x1 =
1

4

(
0− 2ie

2πi
4
·1·1 + 0 + 2ie

2πi
4
·3·1
)
= 1 (19)

x2 = 0 (20)

x1 = −1 (21)
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