10.4 Archimede’s Principle and Oscillations
A cylindrical wooden rod is weighted at one end so that it floats upright in water. The length of the
submerged portion of the rod is 3 m. The rod is displaced vertically from its equilibrium position
and released. What is the period of oscillation? If the atmospheric pressure increases by 5%, by what

fraction will the period change?
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Problem 10.4

Let py be atmospheric pressure, p = 103 kg/m3 the density of water, M the mass of
the rod, A its cross-section area, d = 3 m its equilibrium depth, and z its displacement
down from its equilibrium depth. The equilibrium depth is given by

Mg = pgdA
The force equation is
poA+ Mg — (po + pg(d + x))A = Mi

where py + pg(d + x) is the pressure at the bottom of the rod. If we use the expression
Mg = pgdA in the above equation we have
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—pgAxr = Mz

If we use the equivalent expression pgA = 24 in the above equation and cancel a factor

d
of M we have
i = T:27r\/§%3.5s
d g

Notice that it was unnecessary to specify the value of kg-m/s, to evaluate the expres-
sion for T'; hence a change in atmospheric pressure of 5% will not change the period of
oscillation at all.
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