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Discrete Fourier Transform Handout

1. Euler’s Formula

eiϕ = cosϕ+ i sinϕ (1)

z = x+ iy = |z|(cosϕ+ i sinϕ) = reiϕ (vector)
z̄ = x− iy = |z|(cosϕ− i sinϕ) = re−iϕ (complex conjugate)
x = Re(z) (real part)
y = Im(z) (imaginary part)

r = |z| =
√
x2 + y2 (amplitude)

ϕ = arg(z) = atan2(y, x) (angle)

2. Discrete Fourier Transform

F(x) = Xk =

N−1∑
n=0

xne
− 2πi

N
kn k = 0, . . . , N − 1 (2)

x is an array of data
N is the size of the array (sample size)
X is an array of complex numbers the same size as x

3. Arguments of Polar Form of Fourier Coefficients

The polar form of a complex number is in the form (A,ϕ), where A is the amplitude and ϕ is
the phase (angle). The following are the formulas for finding the arguments of the polar form
of the Fourier coefficients.

Ak = |Xk| =
√

Re(Xk)2 + Im(Xk)2 (3)

ϕk = arg(Xk) = atan2(Im(Xk),Re(Xk)) (4)

mailto:jeremiah.goyette@rochester.edu


Discrete Fourier Transform Handout 2

4. Example DFT of Set [0146]

x = {1, 1, 0, 0, 1, 0, 1, 0, 0, 0, 0, 0}
N = size of x = 12

X0 =

N−1∑
n=0

xne
− 2πi

N 0n

= e−
2πi
N 0∗0 + e−

2πi
N 0∗1 + e−

2πi
N 0∗4 + e−

2πi
N 0∗6

= 1 + 1 + 1 + 1

= 4

X1 =

N−1∑
n=0

xne
− 2πi

N 1n

= e−
2πi
N 1∗0 + e−

2πi
N 1∗1 + e−

2πi
N 1∗4 + e−

2πi
N 1∗6

= 1 + (
√
3
2 −

i
2 ) + (− 1

2 −
i
√
3

2 )− 1

=
√
3−1
2 − i

√
3+1
2

...

X11 =

N−1∑
n=0

xne
− 2πi

N 11n

= e−
2πi
N 11∗0 + e−

2πi
N 11∗1 + e−

2πi
N 11∗4 + e−

2πi
N 11∗6

= 1 + (
√
3
2 + i

2 ) + (− 1
2 + i

√
3

2 )− 1

=
√
3−1
2 + i

√
3+1
2

Xk = {4,
√

3− 1

2
− i
√

3 + 1

2
, 2, 1− i, 1− i
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3, −

√
3 + 1

2
+
i
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2
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−
√

3 + 1

2
− i
√
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2
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√
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√
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2
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i
√

3 + 1

2
}

Ak = {4,
√

2, 2,
√

2, 2,
√

2, 2,
√

2, 2,
√

2, 2,
√

2}

ϕk = {0, −5π
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