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395 Bucket suspended from a rotating pulley

A bucket with mass M is suspended from a massless string that
is wrapped around a pulley. The pulley has with radius, R, and
uniformly distributed mass, m and rotates about a frictionless axle
through its center. The bucket is held at rest 1.5 m above the ground.
The aim of this exercise is to find the time taken for the bucket to
reach the ground. (131F2024)

a) Apply Newton’s second law to the bucket and deter-
mine an expression for the acceleration of the bucket
in terms of the tension in the string and other problem
variables.

b) Apply the rotational version of Newton’s second law to the pulley and use this to de-
termine an expression for the angular acceleration of the pulley in terms of the tension
in the string and other problem variables.

c) Relate the angular acceleration of the pulley to the acceleration of the bucket and use
this and the previous expressions to find an expression for the acceleration of the bucket
in terms of the masses, the pulley radius and g.

d) Determine the time taken for the bucket to reach the ground if its mass is 3.0 kg, the
pulley’s mass is 2.0 kg and the radius is 0.20 m.
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