
Formula sheet for the course Applied Mathematics

Fourier series

Functions with period 2π

f(t) ∼
∞∑

n=−∞
cne

int =
a0

2
+

∞∑
n=1

(an cosnt+ bn sinnt),

where
cn =

1

2π

∫ π

−π
f(t)e−int dt

an =
1

π

∫ π

−π
f(t) cosnt dt, bn =

1

π

∫ π

−π
f(t) sinnt dt

an = cn + c−n, bn = i(cn − c−n)

Parseval’s formula:

1

2π

∫ π

−π
|f(t)|2 dt =

∞∑
n=−∞

|cn|2 =
|a0|2

4
+

1

2

∞∑
n=1

(|an|2 + |bn|2).

Functions with period T

Put Ω = 2π/T

f(t) ∼
∞∑

n=−∞
cne

inΩt =
a0

2
+
∞∑
n=1

(an cosnΩt+ bn sinnΩt),

where

cn =
1

T

∫ T/2

−T/2
f(t)e−inΩt dt

an =
2

T

∫ T/2

−T/2
f(t) cosnΩt dt, bn =

2

T

∫ T/2

−T/2
f(t) sinnΩt dt.

Parseval’s formula:

1

T

∫ T/2

−T/2
|f(t)|2 dt =

∞∑
n=−∞

|cn|2 =
|a0|2

4
+

1

2

∞∑
n=1

(|an|2 + |bn|2).

Some trigonometric formulas

2 sin a sin b = cos(a− b)− cos(a+ b)

2 sin a cos b = sin(a− b) + sin(a+ b)

2 cos a cos b = cos(a− b) + cos(a+ b)

2 sin2 t = 1− cos 2t, 2 cos2 t = 1 + cos 2t
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The Laplace transform

f(t) f̃(s) = F (s) = L[f ](s) =

∫ ∞
0

f(t)e−st dt

General rules

αf(t) + βg(t) αF (s) + βG(s)

eatf(t) F (s− a)

f(at), a > 0
1

a
F (

s

a
)

f(t− a)H(t− a), a > 0 e−asF (s)

tnf(t) (−1)nF (n)(s)

f ′(t) sF (s)− f(0)

f (n)(t) snF (s)− sn−1f(0)

−sn−2f ′(0)− · · · − f (n−1)(0)

f ∗ g(t) =

∫ t

0
f(u)g(t− u) du F (s)G(s)

Special functions

δ(t) 1

H(t)
1

s

tn, n = 0, 1, 2, . . .
n!

sn+1

eat
1

s− a

tneat
n!

(s− a)n+1

cos at
s

s2 + a2

sin at
a

s2 + a2

t cos at
s2 − a2

(s2 + a2)2

t sin at
2as

(s2 + a2)2

1√
πt
e−

a2

4t , a ≥ 0 1√
s
e−a
√
s

a√
4π t3/2

e−
a2

4t , a > 0 e−a
√
s

1− erf
(

a
2
√
t

)
, a > 0 1

s e
−a
√
s
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The Fourier transform

f(t) f̂(ω) =

∫ ∞
−∞

f(t)e−iωt dt

General rules

αf(t) + βg(t) αf̂(ω) + βĝ(ω)

eiαtf(t) f̂(ω − α)

f(t− t0) e−it0ωf̂(ω)

f(−t) f̂(−ω)

f(at) (a 6= 0)
1

|a|
f̂(
ω

a
)

tf(t) i
df̂

dω

f ′(t) iωf̂(ω)

f̂(t) 2πf(−ω)

f ∗ g(t) =
∫∞
−∞ f(u)g(t− u) du f̂(ω)ĝ(ω)

Special functions

χ[−a,a]
2 sin aω

ω

e−|t|
2

1 + ω2

1

1 + t2
πe−|ω|

e−t
2/2

√
2πe−ω

2/2

Plancherel’s formulas:∫ ∞
−∞
|f(t)|2 dt =

1

2π

∫ ∞
−∞
|f̂(ω)|2 dω∫ ∞

−∞
f(t) g(t) dt =

1

2π

∫ ∞
−∞

f̂(ω) ĝ(ω) dω
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