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Residue class

x̄ = {y ∈ Z : x ≡ y,mod(m)} , for fixed m

Complex conjugate

z = x− iy ∈ C of z = x+iy ∈ C

Trigonometric functions
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Euler’s identity

eiφ = cosφ+isinφ

Trigonometric relations

1 = sin2 x+cos2 x

sin(x±y) = sinxcosy ± cosxsiny

cos(x±y) = cosxcosy ∓ sinxsiny

sinx+siny = 2 · sin
(

x+y

2

)
· cos

(
x−y

2

)
cos t = 1

2
(
eit +e−it

)
sin t = 1

2i
(
eit − e−it

)

n-th complex roots of unity

ϵk = e2πi k
n , k = 0, . . . ,n−1

Linear combination of v1, . . . ,vr

v = λ1v1 + · · ·+λrvr =
r∑

k=1
λkvk

Norm map || · || : V → R with

(N1) ∀λ ∈ R , ∀x ∈ V : ||λx|| = |λ| · ||x||

(N2) ∀x ∈ V : ||x|| = 0 ⇒ x = 0

(N3) ∀x,y ∈ V : ||x +y|| ≤ ||x||+ ||y||

p-Norm

V = Cn , ||x||p =
(

n∑
k=1

|xk|p
) 1

p

, p ≥ 1

Function space C([a,b])

set of continuous functions f : [a,b] → R

Function space L2([a,b])

set of all f : [a,b] → C with
b∫

a

|f(x)|2 dx < ∞

L2-Skalar product of f,g : [a,b] → C

⟨f,g⟩ =
b∫

a

f(x)g(x) dx

Induced norm

||v|| =
√

⟨v,v⟩



Projection of x onto u

Lot w = x − ⟨x,u⟩
||u||2

·u ,

Projection λu = ⟨x,u⟩
||u||2

·u

Cauchy-Schwarz inequality

|⟨x,y⟩| ≤ ||x|| · ||y||

Pythagorean theorem

⟨x,y⟩ = 0 ⇔ ||x +y||2 = ||x||2 + ||y||2

Kronecker symbol

δkℓ =

0 for k ̸= ℓ

1 for k = ℓ

Surjective function φ : V → W

∀w ∈ W ∃v ∈ V : φ(v) = w

Injective function φ : V → W

∀v,v′ ∈ V : φ(v) = φ(v′) ⇒ v = v′

Inverse map

v = φ−1(w) ⇔ φ(v) = w

Image of φ : Rn → Rm resp. A ∈ Rm×n

imφ = imA = {w ∈Rm : w = φ(v) = Av,v ∈ V }

Null space or kernel of φ : Rn → Rm resp.
A ∈ Rm×n

kerφ = kerA = {v ∈ Rn : φ(v) = Av = 0}

Rank of φ : Rn → Rm resp. A ∈ Rm×n

rgA = dimimφ = dimimA

Inverse matrix

A−1A = AA−1 = I

(AB)−1 = B−1A−1

Determinant, A,B ∈ Cn×n

det(AB) = detA ·detB

detAT = detA

detA−1 = 1
detA

det(µA) = µn detA

Spectral radius of A ∈Cn×n with eigenvalues
λ1, . . . ,λn ∈ C

ϱ(A) = max
k=1,...,n

|λk| ∈ R≥0

Eigenspace

W = ker(A−λI)

Diagonalisable matrix

∃V with detV ̸= 0 and V −1AV = Λ

Algebraic multiplicity: multiplicity of the
zero of the characteristic polynomial

Geometric multiplicity: number of respec-
tive Jordan boxes, dimension of the eigenspace

pq formula for x2 +px+ q = 0

x1,2 = −p

2 ±

√
p2

4 − q


