
Solution by Separation of Variables [mln72]

Velocity-dependent attenuation

Equation of motion: mẍ = F with F = f(ẋ)g(t).

⇒ m
dv

dt
= f(v)g(t) ⇒ m

∫ v

v0

dv

f(v)
=

∫ t

0

dt g(t).

Solve for v(t). Then calculate x(t) =

∫ t

0

dt v(t).

Applications: [mex15], [mex16], [mex230].

Rocket motion

Instantaneous momentum of rocket: pR(t) = m(t)v(t).

Momentum increment of exhaust gases: ∆pE(t) = −[u− v(t)](−∆m).

Speed of exhaust gases relative to rocket: u.

Equation of motion: ṗR + ṗE = Fext.

⇒ mv̇ + ṁv − (u− v)(−ṁ) = Fext.

⇒ mv̇ + ṁu = Fext.

Rocket motion in free space:

Fext = 0 ⇒ dv

u
= −dm

m
v(t) = u ln

m0

m(t)
.

Applications: [mex17], [mex18], [mex229].

Photon rocket [mex223].


