
Summary: Chapter 1
• Let D ⊂ R

n be an open set and f : D → R
n su�iently di�erentiable. For t0 ∈ R and

y0 ∈ D, we onsider the ordinary di�erential equation (ODE)
ẏ = f(y),

y(t0) = y0,where y := y(t) and ẏ(t) := ddty(t).The �ow ϕt : y0 7→ y(t, 0, y0) of this ODE is a 1-parameter group.
• Let h = tn+1 − tn be the step size, we onsider the numerial �ow Φh : yn 7→ yn+1 givenby, for example, a one-step numerial sheme.Expl: Expliit Euler method; Impliit Euler method; Midpoint rule; Sympleti Eulermethod for partitioned system; Störmer-Verlet sheme.
• A Hamiltonian problem reads

ṗ = −∇qH(p, q),
q̇ = ∇pH(p, q),where the given funtion H : D ⊂ R
2d → R is alled Hamiltonian funtion or energy, and

∇pH(p, q) :=
(∂H

∂p
(p, q)

)T . We have energy onservation: H(p(t), q(t)) = H(p(0), q(0))along the exat solution (p(t), q(t)) of our problem for all times t > 0.Expl: Kepler problem; Outer solar system; Moleular dynamis; et.
• We have seen that the Störmer-Verlet sheme and the sympleti Euler sheme have goodgeometri properties. The �lassial� numerial shemes not.Goal of this leture: try to �nd an explanation . . .


