SMU Physics 1307 : Fall 2009

Final Exam

Problem 1 : The figures below show a mass m = 2kg attached to two springs, one with
k; = 50N/m extending from the ceiling, and another with k; = 100 N/m extending from
the floor. In the left figure the mass is at a point, which we take to be y = 0, in which
both springs are in their uncompressed positions. In general, as shown in the figure at right,
the object will oscillate up and down about some equilibrium position y. < 0. Find the
equilibrium position gy, of the object, and find the period T of oscillation.




Problem 2 : A balloon is to be constructed from a material of mass density per unit area
s =0.1kg/m?, and filled with a gas of density p, = 0.25 p, , where p, = 1.2 kg/m?. Assume
the balloon is spherical, so that the volume is V = g7 and the area is A = 47r?. Find
the radius 7o such that the balloon will barely lift off, as well as the radius 7; such that the
acceleration of the balloon is a = 4m/s* upward.
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Problem 3 : The figure below shows a pipe of radius r; = 0.05m which flows uphill a height
H = 10m to the base of a fountain, where it narrows to a radius 7, = 0.02m. What is
the pressure p; when the water is stationary in the pipe with p, = p, = 10°N/m?? Now
suppose that the water emerges from the fountain and shoots to a height A = 15m. What
pressure p} is necessary (again pj = p,) for this to occur, and what are the velocities v; and
vy in this case? Use p, = 103kg/m?.
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Problem 4 : The figures below show a cylindrical object of cross-sectional area A = 0.1 m?
and length L = 1m which is attached to a spring with £ = 400N/m. In the figure at left,
the top of the object is exactly at the surface of the water, which we take to be y =0, and
the spring is in its uncompressed position. In general, as shown in the figure at right, the
object will sit above the surface of the water and bob up and down about some equilibrium
position. If the object has a density p = 0.6 p,, , where p,, = 10 kg/m?, find the equilibrium
position ¥y, of the object, and find the period T' of oscillations of the object in the water.
Neglect the buoyancy force due to the air above the water. 4
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