
Rocket Equation

Before:                                                  After:

mΔm      Δm
→   v_i                                              Δm
m        v_e

M = mass of rocket                                    Δm = mass of fuel ejected
V_e = exhaust velocity

(m + Δm) v_i = m(v_i + Δv) + Δm(v_i - v_e)

m v_i + Δm v_i = m v_i + m Δv + Δm v_i - Δm v_e

O = m Δv - Δm v_e       m Δv = Δm v_e

lim Δv→0  (m Δv) = m dv = dm v_e     dv = v_e dm / m  (since m + Δm)

∫ V_i→V_f  dv = ∫ m→m_f  (v_e / m) dm = v_e V_i ln(m / m_f)  (integral bounds: initial and final velocities
and masses)

Δv = v_e ln(m_i / m_f)

Since m_i > m_f, I will always produce a negative, but we know Δv will always be positive so we can
multiply it by a negative which is the same as inverting m_f / m_i.

[boxed] Δv = v_e ln(m_i / m_f)


