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Laplace transform formulas

Laplace transform definition

Direct Laplace transform

X(s) = L {x(t)} =

∫

∞

0−
x(t)e−stdt

Inverse Laplace transform

x(t) = L
−1 {X(s)} =

1

2πj

∫ c+j∞

c−j∞

X(s)estds

with c+ jw ∈ ROC for all w ∈ R, where ROC is the region of convergence of the Laplace transform of x(t), X(s).

Properties of the Laplace transform

x(t) X(s) = L {x(t)}

a1x1(t) + a2x2(t) a1X1(s) + a2X2(s)
x(t− to) e−tosX(s)

x(at)
1

|a|
X
( s

a

)

e−atx(t) X(s+ a)

tx(t) −
dX(s)

ds

(−t)
n
x(t)

dnX(s)

dsn
x(t)

t

∫

∞

s
X(u)du

dx(t)

dt
sX(s)− x(0−)

dnx(t)

dtn
snX(s)− sn−1x(0−)− sn−2x(1)(0−)− · · · − sx(n−2)(0−)− x(n−1)(0−)

∫ t

−∞
x(λ) dλ

X(s)

s
+

∫ 0−

−∞
x(t) dt

s
x(t) ∗ h(t) =

∫

∞

−∞
x(λ)h(t− λ) dλ X(s)H(s)

Initial value theorem

x(0+) = lim
s→∞

sX(s)

Final value theorem

x(∞) = lim
s→0

sX(s)
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Some Laplace transform pairs

x(t) X(s) = L {x(t)}

δ(t) 1

1(t)
1

s

r(t)
1

s2

p(t) =
∫ t

−∞
r (λ) dλ =











t2

2
t ≥ 0

0 t < 0

1

s3

tn1(t)
n!

sn+1

e−at1(t)
1

s+ a

tne−at1(t)
n!

(s+ a)
n+1

Cos (wot) 1(t)
s

s2 + w2
o

Sin (wot) 1(t)
wo

s2 + w2
o

e−atCos (wot) 1(t)
s+ a

(s+ a)
2
+ w2

o

e−atSin (wot) 1(t)
wo

(s+ a)
2
+ w2

o

te−atCos (wot) 1(t)
(s+ a)

2
− w2

o
[

(s+ a)
2
+ w2

o

]2

te−atSin (wot) 1(t)
2wo (s+ a)

[

(s+ a)
2
+ w2

o

]2

The following Laplace transform pairs are valid for 0 ≤ ζ < 1.

x(t) X(s) = L {x(t)}

wn
√

1− ζ2
e−ζwntSin

(

wn

√

1− ζ2 t
)

1(t)
w2

n

s2 + 2ζwns+ w2
n

−
1

√

1− ζ2
e−ζwntSin

(

wn

√

1− ζ2 t− Tan−1

(

√

1− ζ2

ζ

))

1(t)
s

s2 + 2ζwns+ w2
n

[

1−
1

√

1− ζ2
e−ζwntSin

(

wn

√

1− ζ2 t+ Tan−1

(

√

1− ζ2

ζ

))]

1(t)
w2

n

s (s2 + 2ζwns+ w2
n)
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