Problem 1. Two masses mo > m; slide on
a horizontal table with coefficients of static
and kinetic friction both equal to p. They
are attached to a massless string that loops
around a massless pulley. The figure at Trod
right shows the view from above. This cys-
tem is pulled to the right by a massless rod 2
with tension 7,4.

top view

a) Explain in words why a certain minimum tension in the rod is required in
order for both masses to accelerate. You may want to draw one or two free
body diagrams.
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b) What is the minimum tension in the rod such that both masses accelerate? ‘
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c) The acceleration of the pulley, a, is not in general equal to either of the
accelerations of the masses, a; and ay. How does the acceleration of the pulley .
depend upon the accelerations of the two masses? Explain why your answer

makes quantitative sense.
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Problem 2. In the figure at right mass M
slides without friction on a horizontal sur-
face. The coefficient of friction between m m
and M is p. The spring, which has spring /

constant £, is stretched and then the two - M
masses are released. -~

a) Explain in words why mass m will slip with respect to mass M if the spring
is stretched too much.
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b) What is the maximum amount by which the spring can be stretched such /
that mass m does not slide with respect to mass M7
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c¢) What is the maximum speed the ensemble achieves when the spring is
stretched the maximum distance found in part b)?
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Problem 4. An object moving under the influence of a conservative force has
potential energy as a function of postion given by U(z) = C(z — 2a)%*(z — 4a)?
where ¢ is a constant measured in meters and C is a constant. The derivative
of the potential with respect to position is given by

dU/dz = 4C(z — 2a)(z — 3a)(z — 4a).

a) What are the units of C7
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b) Find the equilibrium positions of the object, and indicate which are stable
and which are unstable. It may help to sketch the potential energy.
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c) What is the minimum total energy the object must have such that if it starts
at r < 2a¢ it will at some later time be at z > 4a7?
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