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Basic Mechanics
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Let a rocket of initial total mass M + m carrying fuel of mass m be initially at rest in

outer space, where gravitational force and air resistance are negligibly small. The rocket
begins to eject fuel at a constant time rate k of mass with a constant velocity V relative
to the rocket.

(i) Find the acceleration of the rocket at an arbitrary time, by using the principle of

conservation of momentum.

(ii) Find the velocity of the rocket at the time when all the fuel has been ejected.

We consider a two-stage rocket, which is initially at rest in the outer space. The first
and second stages have respective initial total masses M; 4+ m; and M — My +m — m;,
carrying fuel of mass m; and m — m,, respectively, where M; < M and m; < m. Each
stage ejects fuel at a constant time rate & of mass with a constant velocity V relative to
them. The rocket is accelerated from rest by ejection of fuel from the first stage, as shown
in the figure. After the fuel of the first stage is exhausted, the second stage separates

from the first one and begins to eject fuel.

(iii) Find the velocity of the second stage at the time when all the fuel has been ejected.

Second stage

| First stage
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