
Possibly Useful Formulae

Friction:
FS ≤ µSN,FK = µKN

Air/fluid resistance:
~F = −λvn−1~v
Terminal velocity
v = (mg/λ)1/n

Thrust = −ṁu
u =exhaust speed

1D harmonic oscillator
Frestore = −kx ≡ −mω2

0x
V = kx2/2
Fdamping = −2mγẋ

3D isotropic oscillator
~F = −k~r, V = kr2/2

Cylindrical coordinates
x = ρ cosϕ, y = ρ sinϕ, z = z
ds2 = dρ2 + ρ2dϕ2 + dz2

~v = ρ̇ρ̂+ ρϕ̇ϕ̂+ żẑ

Spherical polar coordinates
x = r sin θ cosφ,
y = r sin θ sinφ, z = r cos θ
ds2 = dr2 + r2dθ2 + r2 sin2 θdφ2

~v = ṙr̂ + rθ̇θ̂ + r sin θφ̇φ̂

Angular momentum ~J = ~r × ~p
Torque ~τ = ~r × ~F

Kepler’s second law
dA/dt = J/2m constant

Effective Potential
U(r) = V (r) + J2/2mr2


