
Equations

~P tot =
∑

α

mα~vα ~Ltot =
∑

α

~rα × (mα~vα) ~Γtot =
∑

α

~rα × ~F tot

α

~rCM =

∑

α
mα~rα

∑

α
mα

fixed point stable if |f ′(xfix)| < 1

~L = I ~ω where Ixx =
∑

α

mα(y
2

α + z2α) etc. and Ixy = −
∑

α

mαxαyα etc.

for continuous rigid bodies:

Ixx =
∫

ρ(~r) (y2 + z2) dx dy dz etc. and Ixy = −
∫

ρ(~r)x y dx dy dz etc.

prinicipal moments & eigenvalues: I ~ω = λ ~ω

S =
∫

f(x, x′, y, y′, u) du
∂f

∂x
=

d

du

∂f

∂x′

∂f

∂y
=

d

du

∂f

∂y′

L = T − U

d

dt

∂L

∂q̇i
=

∂L

∂qi

pi =
∂L

∂q̇i

H =
∑

piq̇i −L if natural coord.: H = T + U

q̇i =
∂H

∂pi
ṗi = −

∂H

∂qi

~v = ω × ~r





d ~Q

dt





S0

=





d ~Q

dt





S

+ ~Ω× ~r

M~̈q = −K~q


