
MAS2803/PHY2033 Problem Class 2 2019/20

1) A swimming pool is filled with two non-mixing liquids, with constant densities ρ1 and
ρ2. Liquid 1 is more dense and lies at the bottom in a layer of depth h1. Liquid 2 forms
a layer at the top of depth h2.

(a) Starting from the equilibrium condition ∇P = ρ~f , where P (~x) is the fluid pressure,

ρ(~x) is its density and ~f(~x) the body force per unit mass, obtain an expression for
the pressure difference between the top of liquid 2 and the bottom of liquid 1.

(b) If the lower layer is 2 m of water (density 1000 kg/m3) and the upper layer is 1 m
of oil (density ρ2 = 920 kg/m3), determine this pressure difference as a percentage
of atmospheric pressure (105 Pa).

2) A fluid of constant density ρ0 experiences a body force per unit mass given by ~f(~x) =
x x̂+ cos y ŷ + 3 ẑ.

(a) Calculate the total body force over the cubic region 0 ≤ x, y, z ≤ 1.

(b) Show that this body force is conservative by obtaining the potential function φ(~x)

which satisfies ~f = −∇φ.

3) The King of Syracuse suspected his gold crown was a forgery, made mostly of silver
instead. However, he could not check this since he could not measure its density; the
shape of the crown was too complicated to measure its volume.

The King asked Archimedes for help. Archimedes used a weighing scales to solve the
problem. The scales registered the mass of the crown to be 1.029kg when the crown was
suspended in air and 0.931kg when it was suspended in water. From this he deduced the
density of the crown.

Note that a weighing scales measures the net downward force on an object, and outputs
the “mass” as the value of |~Fnet|/g, where g is the acceleration due to gravity.

(a) By relating the registered mass of the crown in air and water to the crown’s weight
and buoyancy force, deduce an expression for the volume of the crown. Calculate
the actual volume.

(b) Calculate the density of the crown. Should the King’s crown-maker have been
worried?

The densities of gold, silver and water are 19320, 10500 and 1000 kg/m3, respectively.


