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Theorems of the fourier transform Function Transform

Linearity ax(t) + by(t) aX( f ) + bY ( f )

Time delay or time shift x(t − a) X( f )e−j2π f a

Scale change x(at) 1
|a | X( f

a )

Conjugation x∗(t) X∗(− f )

Duality X(t) x(− f )

Frequency shift x(t)e j2πat X( f − a)

Linear modulation x(t) cos(2πat + b) e jbX( f−a)+e− jbX( f+a)
2

Differentiation dnx(t)
dtn ( j2π f )nX( f )

Integration
∫ t
−∞

x(u)du X( f )
j2π f

Convolution x(t) ⊗ y(t) X( f )Y ( f )

Multiplication x(t)y(t) X( f ) ⊗ Y ( f )

Multiplication by tn tnx(t) − 1
j2π

dnX( f )
d f n

Fourier transforms Function Transform

Rectangular pulse rect(t/a) a · sinc(a f )

Triangular pulse tria(t/a) a · sinc2(a f )

Gaussian pulse e−π( t
a )2

a · e−π(af )2

One sided exponential pulse e−t/au(t) a
1+j2π f a

Two sided exponential pulse e−|t |/a 2a
1+(2π f a)2

Sinc pulse sinc(at) 1
a rect( f /a)

Constant a a · δ( f )

Phasor e j(2πat+b) e jbδ( f − a)

Cosine wave cos(2πat + b) e jbδ( f−a)+e− jbδ( f+a)
2

Delayed impulse δ(t − a) e−j2π f a

Step u(t) δ( f )
2 + 1

j2π f
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T0 =
1
f0

=
2π
ω0

e jφ = cos(φ) + j sin(φ)

sin2 φ + cos2 φ = 1
cos(φ) = sin(φ + π/2)
sin(φ) = cos(φ − π/2)

cos2(φ) =
1
2

[
1 + cos(2φ)

]
sin2(φ) =

1
2

[
1 − sin(2φ)

]
cos3(φ) =

1
4

[
3 cos(φ) + cos(3φ)

]
sin3(φ) =

1
4

[
3 sin(φ) − sin(3φ)

]
sin(α) cos(β) =

sin(α − β) + sin(α + β)
2

sin(α) sin(β) =
cos(α − β) − cos(α + β)

2

cos(α) cos(β) =
cos(α − β) + cos(α + β)

2

x(t) =
∞∑

k=−∞

xk e j2πk f0t =
α0

2
+
∞∑

k=1

[
αk cos(2πk f0t) + βk sin(2πk f0t)

]
xk =

1
T0

∫
T0

x(t)e− j2πk f0t dt

αk = 2 · Re{xk}, when x(t) ∈ R
βk = −2 · Im{xk}, when x(t) ∈ R

X( f ) = F
{
x(t)

}
=

∫∞
−∞

x(t)e− j2π f t dt

x(t) = F −1
{
X( f )

}
=

∫∞
−∞

X( f )e j2π f t df

Xk =
N−1∑
n=0

xne− j2πkn/N

xk =
1
N

N−1∑
n=0

Xne j2πkn/N

f0 =
1

N · Ts
=

fs
N

s = σ + jω = σ + j2π f

X(s) = L
{
x(t)

}
=

∫∞
0

x(t) · e−st dt

dn =
un

u1

dtot =

√
∞∑

n=2
d2

n


