
Hydrodynamics and Elasticity 2022/2023

Homework Sheet 3

One of the problems will be handed in and marked.

Problem 1 Two balls of the same size, one light and one heavy, are attached to a thin rod in
such a way that the heavy sphere is in the middle of the rod, and the light sphere is attached
to the end. When put in a layer of shallow water, the free end of the rod touches the bottom.
The rod is inclined, and a part of the light sphere sticks out, where the ratio of the volume
of the sphere above the water level to the volume of the whole sphere is n. Will this system
float or sink when transferred to deep water? The masses of the light sphere and the rod are
negligibly small.

Solution There are 3 forces acting on the system in shallow water - buoyancy force F , gravity
force Q and ground reaction force R. Since the system is in equilibrium,

Fw +R = Q

Of course, F = ρwgV (2− n) (both balls contribute to this force), where ρ is the density of the
water and V is the volume of the light ball. Let us denote A = ρgV . From the equilibrium of
the moments of force relative to the point where the rod rests on the bottom, we have

2A(1− n) + A = A(3− 2n) = Q.

When transferred to deep water, the system must float, so in the limiting case the light ball
will be completely submerged. Then the buoyancy force (now equal to 2A) must be equal to
the force of gravity of the system, and hence

F = 2A = A(3− 2n) = Q

In this case, n = 1/2. In view of this, the condition for the floating of such a system is that in
shallow water at least half of the top ball must be above the water surface.

Problem 2 Models of Earth atmosphere Consider a flat-Earth coordinate system with vertical
z-axis and the surface of the sea at z = 0. Assume a constant gravitational field g0. How does
the pressure of the Earth atmosphere change with height? To find out, consider three model
cases of hydrostatic equilibrium:

(a) Incompressible atmosphere with a constant density ρ0.

(b) Isothermal atmosphere with T (z) = T0, modelled by an ideal gas law p = RρT .

(c) The lower part of the atmosphere is known to be in a dynamically balanced state, called
homentropic state, in which the pressure and density of an ideal gas satisfy the local
polytropic relation pρ−γ = p0ρ

−γ
0 with γ = 7/5.



Draw the three solutions in one graph using T0 = 25◦C, p0 = 1013 hPa and R = 287 J/kg K
for z ∈ [0, 32] km. What is the characteristic height of pressure decay in each case?

Note that in the true atmosphere there is a non-linear temperature distribution T (z) which
influences the pressure profile. Read up on the Standard Atmosphere model to find out
realistic data (which are not far from predictions by (b) and (c)).

Solution See Lautrup, 2nd ed., chapter 2.6.

Problem 3 Acceleration can be measured using a curved pipe shaped like a segment of a
circle. Inside such a water filled pipe there is an air bubble. Relate the position of the bubble
to the acceleration of the pipe.

Solution tanα =
a

g
, see drawing below.
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