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Yildiz problem 5

Claire Zukowski
November 5, 2010

(a) We start with the rocket equation,

d d
ZEeXt U (@— ) 2 (0.1)
dt —— dt
= Urel
Since there are no external forces, this gives (dropping the vector signs since the

motion is horizonal)
dv Uy dm

av _ Urer A 2
dt M dt (0.2)
Rewriting in terms of u = vy and v = v(t), this becomes
dv vy —ov(t)dm
dt — M(t) dt’ (0:3)

Note: If you didn’t remember the rocket equation, you could have derived it as
follows. At time ¢, let the cart have mass M (t) and velocity U, and let an infinitesimal
length of water hitting the cart have mass Am and velocity u. At time t + At let
the combined system have mass M (t) + Am and velocity v + Av. The change in
momentum between ¢ and t + At is

Ap = (M(t) + Am)(v+ Av) — (Am)u — M (t)v
= M(t)Av — (u — v)Am — AmAuw. (0.4)
To find the force we divide by At and take the limit as ¢ — 0. In this limit the last

term, which will still be proportional to an infinitesimal quantity even after dividing
by At, will vanish. Thus we are left with

. d . Ap dv L . dm
2 P = G =l 5 = MG~ D (05)
= VUrel
(b) By the chain rule we know that
dm  dmdl dm
A& = AUpe = e Aoy — v(t)). (0.6)

Note that dl is the infinitesimal length of water hitting the cart, so that di/dt is
Urer as opposed to a rest frame velocity (intuitively, if I go faster less of the water will
hit me). You had to give at least a short explanation to get full credit for this.



