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Binomial formula

(x+y)n =
n∑

k=0

(
n

k

)
xn−kyk

Directional derivative, n ∈ Rd, ||n||2 = 1

∂

∂nf(x) = lim
h→0

1
h

[f(x +hn)−f(x)]

∂

∂nf(x) = ∇f(x) ·n

Symmetry of 2nd derivatives

f,xkxℓ
∈ C ∀k,ℓ ⇒ f,xkxℓ

= f,xℓxk

Total derivative A : Rd → R1, f : Rd → R1

0 = lim
v→0

f(x +v)−f(x)−Av
||v||2

Hessian matrix of f : Rd → R1

∇∇f(x) = (f,xkxℓ
)d
k,ℓ=1

Taylor expansion for f : R1 → R1

T (x0 +h) = f(x0)+hf ′(x0)+ 1
2!h

2f ′′(x0)+ . . .

Tangential plane T1(x) = T1(x0 +v)

Lagrangian function of f with constraints
gk(x) = 0, k = 1, . . . ,m

L(x,λ1, . . . ,λm) = f(x)+λ1g1(x)+ . . .+λmgm(x)

Jacobian matrix of g : Rd → Rm:

∇g(x) ∈ Rm×d

Chain rule g : Rd → Rm, f : Rm → Rk

∂

∂xf(g(x)) = ∂

∂gf(g(x)) · ∂g(x)
∂x

= ∇f(g(x)) ·∇g(x)

Divergence of v : Rd → Rd

divv = ∇·v

Rotation, curl of g : R3 → R3

rotg = ∇×g

Laplacian operator

∆f = ∇·∇f

Curve Γ : R1 → Rd

Γ = {γ(t) ∈ Rd, t ∈ [a,b] ⊂ R1}

Tangential vector

d
dt

γ(t) = γ ′(t)

Balance point, centre of mass

xs = 1
m

∫
Ω

xρ(x) dV , m =
∫
Ω

ρ(x) dV

Moment of inertia

J =
∫
Ω

r(x)2ρ(x) dV

Steiner’s theorem Jp = Js + ||y||22 ·m
Line integral, curve integral

∫
Γ

f(x) ds =
b∫

a

f(γ(t)) · ||γ ′(t)||2 dt

Line integral, work integral

∫
Γ

g(x) ·dx =
b∫

a

g(γ(s)) ·γ ′(s) ds



Euler’s identity

eiφ = cosφ+isinφ

Trigonometric functions
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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

)
Fourier series

f(x) = a0
2 +

∞∑
k=1

ak coskx+bk sinkx =
∞∑

k=−∞
ckeikx

with Fourier coefficients

ak = 1
π

2π∫
0

f(x)coskx dx

bk = 1
π

2π∫
0

f(x)sinkx dx

ck = 1
2π

2π∫
0

f(x)e−ikx dx

Hyperbolic functions

cosh t = 1
2(et +e−t)

sinh t = 1
2(et − e−t)

arsinh t = ln
(
t+
√

t2 +1
)

arcosh t = ln
(
t+
√

t2 −1
)

Partial fraction decomposition

p(x)
(x−x0)(x−x1) = A

x−x0
+ B

x−x1
p(x)

(x−x0)k
= A1

x−x0
+ A2

(x−x0)2 + · · ·+ Ak

(x−x0)k

Differentiation

product rule (uv)′ = u′v +uv′

chain rule du

dx
= du

dv
· dv

dx

(xn)′ = n ·xn−1, n ̸= 0

(ax)′ = lna ·ax, a > 0

Partial integration∫
u(x)v′(x) dx = u(x)v(x)−

∫
u′(x)v(x) dx

Special integrals

∞∫
−∞

e−x2 dx =
√

π

π∫
0

sin2 x dx = π

2∫
lnx dx = x · lnx−x+ c , c ∈ R∫
xsinkx dx = sinkx−kxcoskx

k2 + c∫
xcoskx dx = kxsinkx+coskx

k2 + c∫
x2 sinkx dx = (2−k2x2)coskx+2kxsinkx

k3 + c∫
x2 coskx dx = (k2x2 −2)sinkx+2kxcoskx

k3 + c

p-q-formela for x2 +px+ q = 0

x1,2 = −p

2 ±

√
p2

4 − q


