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The Laplace transform of f(t) :

L (f(t)) =

∫ ∞

0

f(t)e−st dt



L (f(t)) =

∫ ∞

0

e−stf(t) dt

L (f ′) = sL (f)− f(0)

L (1) =
1

s

L
(
eλt

)
=

1

s− λ

L (tn) =
n!

sn+1



Start with a differential equation:

a2y
′′ + a1y

′ + a0y = f(t)

Take the Laplace transform of both sides:

L (a2y
′′ + a1y

′ + a0y) = L (f(t))

↓

We get an equation that’s easier to solve



L
(
eλt

)
=

1

s− λ

L
(
eiωt

)
=

1

s− iω

L
(
e−iωt

)
=

1

s+ iω



eiωt = cosωt+ i sinωt

e−iωt = cosωt− i sinωt

Add:
eiωt + e−iωt = 2 cosωt

L
(
eiωt

)
+ L

(
e−iωt

)
= L (2 cosωt)

1

s− iω
+

1

s+ iω
= 2L (cosωt)



L (cosωt) =
1

2

(
1

s− iω
+

1

s+ iω

)
=

1

2

(
s+ iω + s− iω

(s− iω)(s+ iω)

)
=

s

s2 + ω2



eiωt = cosωt+ i sinωt

e−iωt = cosωt− i sinωt

Subtract:
eiωt − e−iωt = 2i sinωt

L
(
eiωt

)
− L

(
e−iωt

)
= L (2i sinωt)

1

s− iω
− 1

s+ iω
= 2iL (sinωt)



L (sinωt) =
1

2i

(
1

s− iω
− 1

s+ iω

)
=

ω

s2 + ω2



L
(
eλt

)
=

1

s− λ

L (tn) =
n!

sn+1

L (cosωt) =
s

s2 + ω2

L (sinωt) =
ω

s2 + ω2



L
(
tneλt

)
=

∫ ∞

0

tneλte−st dt =

∫ ∞

0

tne−(s−λ)t dt





L
(
eλt sinωt

)
=

∫ ∞

0

eλt sinωt · e−st dt

=

∫ ∞

0

sinωt · e−(s−λ)t dt





L
(
eλt

)
=

1

s− λ

L (tn) =
n!

sn+1

L
(
tneλt

)
=

n!

(s− λ)n+1

L (sinωt) =
ω

s2 + ω2

L
(
sinωt · eλt

)
=

ω

(s− λ)2 + ω2

L (cosωt) =
s

s2 + ω2

L
(
cosωt · eλt

)
=

s− λ

(s− λ)2 + ω2



f(t) =

{
t for 0 ≤ t ≤ 1
0 for t > 1



L
d2Q

dt2
+R

dQ

dt
+

1

C
Q = E(t)



f(t) =

{
t for 0 ≤ t ≤ 1
0 for t > 1

L (f(t)) =

∫ 1

0

f(t)e−st dt+

∫ ∞

1

f(t)e−st dt

=

∫ 1

0

te−st dt+

∫ ∞

1

0 · e−st dt

=
1

s2
− 1

s
e−s − 1

s2
e−s


