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Fourier
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Laplace transform

f(t) F (s) =
∫∞

0 e−st f(t) dt

f ′(t) sF (s)− f(0)

tf(t) −F ′(s)
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Numerics

• Newton’s method: xk+1 = xk − f(xk)/f ′(xk).

• Newton’s method for systems: J(k)
(
x(k+1) − x(k)

)
= −f(x(k)) with

(J(k))ij = ∂jf
(k)
i

• Lagrange interpolation polynomial: Lk(x) = (x−x1)···(x−xk−1)(x−xk+1)···(x−xn)
(xk−x1)···(xk−xk−1)(xk−xk+1)···(xk−xn) ,

pn(x) = ∑n
k=0 Lk(x)f(xk)

• Trapezoid rule:
∫ b
a f(x) dx ≈ h

[
1
2f(a) + f(x1) + f(x2) + . . .+ f(xn−1) +

1
2f(b)

]
Error of the trapezoid rule: |ε| ≤ h2 b−a

12 maxa≤x≤b |f ′′(x)|.

• Simpson rule:
∫ b
a f(x) dx ≈ h

3

[
f0 +4f1 +2f2 +4f3 + . . .+2fn−2 +4fn−1 +

fn
]
with fi = f(xi).

Error of the Simpson rule: |ε| ≤ h4 b−a
180 maxa≤x≤b |f (4)(x)|.

• Gauss–Seidel iteration: x(k+1) = b−Lx(k+1)−Ux(k) with A = I+L+U.

• Jacobi iteration: x(k+1) = b + (I−A)x(k)

• Euler method: yn+1 = yn + hf(xn,yn)

• Improved Euler method: k1 = hf(xn,yn), k2 = hf(xn + h,yn + k1),
yn+1 = yn + 1

2k1 + 1
2k2.

• Classical Runge–Kutte method:
k1 = hf(xn,yn), k2 = hf(xn + h/2,yn + k1/2),
k3 = hf(xn + h/2,yn + k2/2), k4 = hf(xn + h,yn + k3),
yn+1 = yn + 1

6k1 + 1
3k2 + 1

3k3 + 1
6k4.

• Backward Euler method: yn+1 = yn + hf(xn+1,yn+1)

• Finite differences: ∂u
∂x

(x, y) ≈ u(x+h,y)−u(x−h,y)
2h

∂2u
∂x2 (x, y) ≈ u(x+h,y)−2u(x,y)+u(x−h,y)

h2

∂u
∂y

(x, y) ≈ u(x,y+h)−u(x,y−h)
2h

∂2u
∂y2 (x, y) ≈ u(x,y+h)−2u(x,y)+u(x,y−h)

h2


