
Table 1: Properties of the Continuous-Time Fourier Transform

x(t) =
1√
2π

∫ ∞

−∞
X(ω)ejωtdω

X(ω) =
1√
2π

∫ ∞

−∞
x(t)e−jωtdt

Property Aperiodic Signal Fourier transform

x(t) X(ω)
y(t) Y (ω)

Linearity ax(t) + by(t) aX(ω) + bY (ω)
Time-shifting x(t− t0) e−jωt0X(ω)
Frequency-shifting ejω0tx(t) X(ω − ω0)
Conjugation x∗(t) X∗(−ω)
Time-Reversal x(−t) X(−ω)

Time- and Frequency-Scaling x(at)
1

|a|
X

(ω
a

)
Convolution x(t) ∗ y(t)

√
2πX(ω)Y (ω)

Multiplication x(t)y(t) 1√
2π

X(ω) ∗ Y (ω)

Differentiation in Time
dn

dtn
x(t) (jω)nX(ω)

Integration

∫ t

−∞
x(t)dt

1

jω
X(ω) + πX(0)δ(ω)

Differentiation in Frequency tnx(t) jn
dn

dωn
X(ω)



Table 2: Basic Continuous-Time Fourier Transform Pairs

Signal Fourier transform

1
√
2π δ(ω)

ejat
√
2π δ(ω − a)

cos at

√
2π

2
[δ(ω − a) + δ(ω + a)]

sin at

√
2π

2j
[δ(ω − a)− δ(ω + a)]

cos at2
1√
2a

cos

(
ω2

4a
− π

4

)
sin at2

−1√
2a

sin

(
ω2

4a
− π

4

)
+∞∑

n=−∞

δ(t− nT )

√
2π

T

+∞∑
k=−∞

δ

(
ω − 2πk

T

)
Π(at)

1√
2πa2

sinc
( ω

2πa

)
sinc(at)

1√
2πa2

Π
( ω

2πa

)
sinc2(at)

1√
2πa2

Λ
( ω

2πa

)
tn, n ∈ N −j

√
π

2

(−jω)n−1

(n− 1)!
sgn(ω)

t−n, n ∈ N −j

√
π

2

(−jω)n−1

(n− 1)!
sgn(ω)

|t|α, 0 > α > −1
−2√
2π

sin(πα/2)Γ(α+ 1)

|ω|α+1

δ(t) 1

δ(t− t0) e−jωt0

Λ(at)
1√
2πa2

sinc2
( ω

2πa

)
Heaviside(t)

√
π

2

(
1

jπω
+ δ(ω)

)
sgn(t)

√
2

π

1

jω

e−αt α > 0
1√
2α

· e−
ω2

4α

e−a|x| a > 0

√
2

π

a

a2 + ω2

e−atHeaviside(t), a > 0
1√

2π(a+ jω)

log |t| −
√

π/2

|ω| −
√
2πγδ (ω) ,

γ = lim
n→∞

(
n∑

k=1

1

k
− ln(n)

)
=

∫ ∞

1

(
1

⌊x⌋ − 1

x

)
dx.

(∓jt)−α , 0 < α < 1

√
2π

Γ (α)
u (±ω) (±ω)α−1

J0(t)

√
2
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Π
(ω
2

)
√
1− ω2
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√
2
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(ω
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√
1− ω2
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Free Hand
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Table 3: Properties of the Laplace Transform X(s) =
∫∞
0

x(t)e−st dt

Property Signal Transform

Linearity ax1(t) + bx2(t) aX1(s) + bX2(s)

Time shifting x(t− t0) e−st0X(s)

Shifting in the s-Domain es0tx(t) X(s− s0)

Time scaling x(at)
1

|a|
X

( s
a

)
Conjugation x∗(t) X∗(s∗)

Convolution x1(t) ∗ x2(t) X1(s)X2(s)

Differentiation in the Time Domain
dn

dtn
x(t) snX(s)−

∑n
k=1 s

k−1x(n−k)(0)

Differentiation in the s-Domain tnx(t) (−1)n
dn

dsn
X(s)

Integration in the Time Domain

∫ t

−∞
x(τ)d(τ)

1

s
X(s)



Table 4: Laplace Transforms of Elementary Functions

Signal Transform Region of convergence

δ(t) 1 All s

δ(t− τ) e−τs All s

Heaviside(t)
1

s
ℜe{s} > 0

−Heaviside(−t)
1

s
ℜe{s} < 0

Heaviside(t− τ)
e−τs

s
ℜe{s} > 0

tn−1

(n− 1)!
Heaviside(t)

1

sn
ℜe{s} > 0

− tn−1

(n− 1)!
Heaviside(−t)

1

sn
ℜe{s} < 0

−t
1
nHeaviside(t)

Γ( 1
n+1)

s
1
n

+1
ℜe{s} > 0

e−αtHeaviside(t)
1

s+ α
ℜe{s} > −ℜe{α}

−e−αtHeaviside(−t)
1

s+ α
ℜe{s} < −ℜe{α}

tn−1

(n− 1)!
e−αtHeaviside(t)

1

(s+ α)n
ℜe{s} > −ℜe{α}

− tn−1

(n− 1)!
e−αtHeaviside(−t)

1

(s+ α)n
ℜe{s} < −ℜe{α}

e−α|t| 2α
α2−s2 −ℜe{α} < ℜe{s} < ℜe{α}

δ(t− T ) e−sT All s

[cosω0t]Heaviside(t)
s

s2 + ω2
0

ℜe{s} > 0

[sinω0t]Heaviside(t)
ω0

s2 + ω2
0

ℜe{s} > 0

[e−αt cosω0t]Heaviside(t)
s+ α

(s+ α)2 + ω2
0

ℜe{s} > −ℜe{α}

[e−αt sinω0t]Heaviside(t)
ω0

(s+ α)2 + ω2
0

ℜe{s} > −ℜe{α}

un(t) =
dnδ(t)

dtn
sn All s

u−n(t) = Heaviside(t) ∗ · · · ∗Heaviside(t)︸ ︷︷ ︸
n times

1

sn
ℜe{s} > 0


