
MAS2803 Supplementary Exercises - Chapter 4

You may take the acceleration due to gravity as g = 10 m s−1.

1. Consider a cubic volume 0 ≤ x, y, z ≤ 1 within a fluid. Calculate the pressure force acting
on its z = 0 side if the fluid pressure is P (x, y) = x2 + y.

~F =
5

6
ẑ, or (0, 0, 5/6)

2. Consider a cylindrical volume 0 ≤ z ≤ 1, 0 ≤ r ≤ 1. Calculate the pressure force acting
on its z = 1 side if the fluid pressure is P (x, y) = exp(x2 + y2). Use polar coordinates.

~F = −π(e1 − e0)ẑ, or (0, 0,−π(e1 − e0))

3. Calculate the net pressure force acting on a cubic volume of fluid, 0 ≤ x, y, z ≤ 1. The
pressure is given by P (x, y, z) = x2 + y+ z. You might want to check that you obtain the
same result whether you calculate the net pressure force as a volume integral (using Eq.
(4.3) of the notes) or a surface integral (using Eq. (4.2)).

~F = −x̂− ŷ − ẑ, or = −(1, 1, 1)

4. Calculate the net pressure force acting on a cylindrical volume of fluid, r ≤ 1, 0 ≤ z ≤ 1.
The pressure is given by P (r, θ, z) = exp(r) + z2. Use cylindrical polar coordinates. You
might want to check that you obtain the same result whether you calculate the net pressure
force as a volume integral or a surface integral.

~F = −πẑ, or −π(0, 0, 1)

5. A cubic container, of sides 1m, filled with air, is suspended under water within a lake (with
a cable from the lake floor). The top of the container is 5m below the water’s surface.

(a) What is the buoyancy force acting on the container?

104ẑ N

(b) What is the pressure force on the top, bottom and (any) one side wall of the cube?

Top: −1.5 × 105ẑ N

Bottom: 1.6 × 105ẑ N

Side: magnitude 1.55 × 105ẑ N, direction will depend on which side is chosen (force
will be directed towards the centre of the cube).

6. A 5m-long pipe is anchored at the bottom of a lake. It contains air. It has an overall
diameter D = 1m and a total mass of 1000kg. Find (a) the buoyancy force acting on the
pipe, and (b) the net force act on the pipe. The density of water is ρw = 1000 kg/m3.

(a) Buoyancy force = 1.25π × 104ẑ N
(b) Net force = (1.25π − 1) × 104ẑ N

7. The Empire State Building in New York is approximately 320 m tall. Assume that the
density of air is constant with the value ρ = 1.2 kg/m3.

(a) Consider a fluid of constant density. Gravity acts in the negative z-direction, where
z = 0 is the street level. State Euler’s equation and show that, when the fluid is at
rest, the pressure is P (z) = −ρgz+P0, where P0 is the pressure at z = 0, which you
assume to be the standard atmospheric pressure of 105 Pa.
-



(b) Is the pressure at the top of the Empire State Building larger or smaller than the
pressure at the bottom of the building? What is the difference ∆P in air pressure
between the top and the bottom of the building? Express your answer first in Pascals,
and then as a percentage of standard atmospheric pressure.

Smaller at the top. ∆P = 3840 Pa.
∆P

Patm
= 3.84%

8. We want to determine the density of a rock. We suspend the rock with string from a
weighing scale. In the air, the weighing scale reads a mass of m = 0.22 kg. Then we
submerge the rock in oil while it is still suspended from the weighing scale: the weighing
scale now reads a mass of m′ = 0.01 kg. We know that the density of oil is ρ = 850 kg/m3.
What is the density ρ0 of the rock? You may neglect the buoyancy effect in air.

ρ0 = 890 kg m−3

9. Consider a square raft of wood (density ρr = 700 kg/m3) of width L = 1 m and thickness
h = 1 m. You put the raft in the water (density ρw = 1000 kg/m3), and stand on it with
a friend. Both of you have a mass of m = 80 kg. How far into the water does your raft
sink ? (in other words, what is z below?) How much does the raft sink on its own?
With passengers: z = 0.86m. Without passengers: z = 0.7m


