2007 CAPExAM

QUESTION 1

A rope of length L and mass m rests on two platforms which are both inclined at an angle 6
(which you are free to pick), as shown below. The rope has a uniform mass density, and its
coefficient of friction with the platforms is ps;=1. The system is symmetrical about the y-axis.

(a) Draw a free-body diagram for the rope. (}ﬂnt: Consider the fraction of the rope that is not in
contact with the platforms and the segments in contact with the platforms separately.)

b) Given that the rope is in equilibrium, write down Newton’s 1°¢ law in component form.

((c; Using your results from part (b), find an expression in terms of 8 for the fraction of the rope f
that does not touch the platforms.

(d) For what angle 6 is the fraction f of rope not touching the surface maximized?
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QUESTION 6

The density in an ocean of depth H varies with depth as p = po(1 + cz), where po is the
density at the surface, ¢ is a constant, and the z-axis is directed downwards. (Typically, the
density varies due to different amounts of salt dissolved in the water at different depths. The

lighter fluid is on top of heavier fluid providing for static stability of the fluid column).
Find the distribution of hydrostatic pressure with depth.
Find the total mass of a fluid column of unit horizontal cross sectional area and the position

of its centre of mass. Is the center of mass above or below the middepth (H/2) of the column?
If the water column is mixed (by waves, turbulence etc.), what is the density of the now

uniform water? What is the change in potential energy of the water column?
Suggest a density distribution that minimizes the potential energy of the column given that

the total mass must be conserved and the density must vary between its minimum value po at
the surface and a maximum value at the bottom.
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