4.8 Pendulum. Watch PIVoT.
At the end of a string of length 2 m hangs a bob with a mass of 3 kg. The bob is released from
rest with the string at 30° to the vertical [g = 10 m/sec?].
a) How fast is the bob moving at the bottom of the swing?
b) What is its kinetic energy at the instant when the string makes an angle of 10° to the vertical?

¢) How would your answers under a) and b) change if the mass of the bob were 6 kg?
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Problem 4.8

Let [ =2 m and m = 3 kg and ¢ = 10 m/s?>. We are going to measure the vertical
height from the bottom of the swing, and let # be the angle of the string relative to the
vertical. If you work out the geometry, the height of the bob, relative to the bottom, as
a function of angle, 6, is given by
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h =1(1 — cosf)

(Please see Figure 15.16 on page 391 for a clear depiction of the geometry.) Therefore the
potential energy as a function of 6 is

U = mgh = mgl(1 — cos §)

The total energy is conserved for such a pendulum. (The tension always acts perpendicular
to the motion, thus it does no work; hence energy is conserved. This is also shown on
page 392.) The bob is released from rest at an angle # = 30° relative to the vertical. Thus
the total energy initially, which is solely potential, is

E =mgl(1 —cos 30°) ~ 8.038 J

(a) At the bottom of the swing the total energy, which is solely kinetic, is

1 2F
E=-mv = = /== = \/2gl(1 — cos 30°) ~ 2.3
5 MY |v| - \/ gl(1 — cos 30°) m/s

(b) The consider when the string makes an angle § = 10° relative to the vertical. The
energy is given by

E =mgl(1 —cos10°) + K = K = mgl(cos10° — cos 30°) ~ 7.13 J

(C) The answer to part (a) was independent of m; thus the speed at the bottom wouldn’t
change if the mass doubled. The answer to part (b) was linear in m; thus the kinetic
energy at 10° would double if the mass doubled.
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