e Prior to lift-off, a rocket has zero acceleration because of the balance that exists
between the weight force and the reaction force plus thrust. The astronaut experiences
one g. This initial condition will not change until the building thrust exceeds the weight of
the rocket, causing the rocket to lift off.

e Since the thrust now exceeds the weight, there is a net force upwards on the rocket,
which begins to accelerate upwards. The g force experienced will have a value slightly
greater than one.

e From this point onwards, the mass of the rocket begins to decrease as fuel is consumed
and, hence, the rate of acceleration and subsequent g force steadily rises.

e Maximum acceleration and maximum g forces are reached just before the rocket has
exhausted its fuel.

At this point a single-stage rocket becomes a projectile, eventually falling to Earth.
A multi-stage rocket also becomes a projectile and drops the spent stage away,
momentarily experiencing zero g as it coasts.

e The second-stage rocket fires and quickly develops the necessary thrust to exceed the
effective weight at its altitude, and then starts to accelerate again.

e The g force experienced by the rocket and astronaut begins again at a value slightly
greater than one and gradually builds to its maximum value just as the second-stage
fuel supply is exhausted.

e If there is a third stage, the process is
44 repeated.

Sequential shutdown of multiple
31 engines avoids excessive peaks.

g force

The graph shows the variations in the g force during
the launch of a three stage rocket Saturn V. The
multistage rocket allows for the avoidance of extreme
g forces acting on astronauts.
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e Not only do multistage rockets reduce the g forces experienced by astronauts, but they
allow for greater acceleration using less fuel. After consuming its propellant supply, the
structure containing the motors is useless so its mass is released. By decreasing the
total mass, the rocket will be able to accelerate faster requiring less fuel than a single
staged rocket to reach its desired altitude. (mass is inversely proportional to
acceleration when the force is constant according to Newton’s Second Law of motion
F=ma). Thus, multi staged rockets require less fuel as they must propel less mass to a
certain altitude.
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