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Fourier Sine Series

f(t) = b1 sin t+ b2 sin 2t+ b3 sin 3t+ b4 sin 4t+ · · ·



Fourier Sine Series

f(t) =

∞∑
n=1

bn sinnt



Fourier Cosine Series

f(t) =

∞∑
n=0

an cosnt



More General Fourier Series
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More General Fourier Series

f(t) =
∑(

an cos
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+ bn sin
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The formulas for an and bn are given by integrals



More General Fourier Series

f(t) =
∑(

an cos
nπt

L
+ bn sin

nπt

L

)

an =
1

L

∫ L

−L

f(t) cos
nπt

L
dt

bn =
1

L

∫ L

−L

f(t) sin
nπt

L
dt



f(t) =

{
1 for 0 ≤ t ≤ π

−1 for − π ≤ t < 0



an =
1

π

∫ π

−π

f(t) cosnt dt = 0

bn =
1

π

∫ π

−π

f(t) sinnt dt =
2

nπ
(1− (−1)n)
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f(t) =
∑
n

(
an cos

nπt

L
+ bn sin

nπt

L

)
where:

an =
1

L

∫ L

−L

f(t) cos
nπt

L
dt

bn =
1

L

∫ L

−L

f(t) sin
nπt

L
dt

Define ωn = nπ
L



If ωn = nπ
L then:

f(t) =
∑
n

(an cos(ωnt) + bn sin(ωnt))

where:

an =
1

L

∫ L

−L

f(t) cos(ωnt) dt bn =
1

L

∫ L

−L

f(t) sin(ωnt) dt

Let L → ∞



f(t) =
1

2π

∫ ∞

0

(A(ω) cosωt+B(ω) sinωt) dω

where:

A(ω) =

∫ ∞

−∞
f(t) cosωt dt B(ω) =

∫ ∞

−∞
f(t) sinωt dt



f(t) =
1

2π

∫ ∞

0

(A(ω) cosωt+B(ω) sinωt) dω

where:

A(ω) =

∫ ∞

−∞
f(t) cosωt dt B(ω) =

∫ ∞

−∞
f(t) sinωt dt

Use Euler’s Formula to obtain sinωt = 1
2i

(
eiωt − e−iωt

)
and

cosωt = 1
2

(
eiωt + e−iωt

)
and substitute this into the integrals.



f(t) =
1

2π

∫ ∞

0

(A(ω) cosωt+B(ω) sinωt) dω

=
1

2π

∫ ∞

−∞
C(ω)eiωt dω

where:

C(ω) =

∫ ∞

−∞
f(t)e−iωt dt



If f(t) = 0 for t < 0, then the amplitude C(ω) becomes:∫ ∞

0

f(t)e−iωt dt



If f(t) = 0 for t < 0, then the amplitude C(ω) becomes:∫ ∞

0

f(t)e−(iω)t dt

Let s = iω

L(f(t)) =
∫ ∞

0

f(t)e−st dt


