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Closed-book. The pass is set at 60/100. Each problem has 20 points.  

1.  A bullet is fired straight up with an initial speed v0. Assume quadratic air resistance with the 
drag constant c2, show that when the bullet turns back and hits the ground, its speed is  
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,  with vt = mg c2 ,  the terminal speed



2.   



3.  A smooth rod of length l rotates in a horizontal plane with a constant angular velocity ω 
about an axis fixed at one end of the rod and is perpendicular to the plane of rotation. A bead 
of mass m is released at the midpoint of the rod. Calculate (a) the position of the bead on the 
rod as a function of time; (b) the time and velocity (relative to the rod) when the bead leaves 
the end of the rod.   
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