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1. A sociopath obsessed with the movie Speed has kidnapped Sandra Bullock and is forcing her to drive the getaway car (total mass, m = 875 kg) with a speed no less than 60 mph (26.8 m/s), or the car will explode.  Sandra is approaching a hill, where the radius of curvature is 75.0 m.  
(a) Draw the free-body diagram for the car at the top of the hill.
(b) What magnitude of centripetal force is needed for them to stay on the hill? (8370 N)
(c) At their current speed, what is the normal force that the ground exerts on them at the top of the hill? (196 N)
(d) Does the normal force increase or decrease if Sandra takes the hill at a higher speed?  Explain.
(e) How fast can they travel without becoming airborne at the top of the hill? (27.1 m/s)
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2. A bucket holds water (mw = 2.50 kg) and is swung in a vertical circle having a radius of 0.70 m. The speed of the bucket (and its contents) at the highest position A in its swing is 7.85 m/s.
(a) Draw the free-body diagram for the water in the bucket at the top of its swing.  

(b) What centripetal force is required for the water to stay in this circular path at this point? (220. N)
(c) What is the normal force acting on the water at this point? (196 N) 
(d) If the speed at the top decreases to 6.00 m/s, what is the new normal force acting on the water? (104 N)
(e) What minimum speed is needed at the top of the swing for the water to stay in the bucket?  (2.62 m/s)
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An airplane (m = 750 kg) is circling the tarmac in a horizontal circle as shown, waiting to be given the go-ahead to land.  The radius of its circular path is 1 km.  Assume that the only forces acting on the airplane are the lift force, Flift, which is perpendicular to the plane’s wings, and the force of gravity.   
(a) Draw the FBD for the plane as it circles:
(b) What is the measure of angle (? (60.0 degrees)
(c) What is the magnitude of the lift force? (8487 N)
(d) What is the magnitude of the centripetal force? (4243 N)
(e) What is the speed of the plane as it circles? (75 m/s)
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4. A ball of mass = 2.65 kg is whirled around on a string in a horizontal circle, as shown. 

(a) Draw the free-body diagram for the ball at the position shown: 

(b) What is the angle ( shown?  What is the radius R of its circular path? (60.0(, 0.625 m)
(c) What is the tension in the string? (30.0 N)
(d) What is the magnitude of the centripetal force? (15.0 N)
(e) What is the speed of the ball in this path? (1.88 m/s)
5. A ball (m = 5.00 kg) is whirled on a string in a vertical circle having a radius of R = 1.20 m.

(a) Draw the free-body diagram for the ball at each position, A, B, and C.

(b) The tension in the string is 100 N at point C.  What is the speed of the ball at point C? (4.90 m/s)
(c) At one instant, the speed of the ball at B is 6.00 m/s.  What is the tension in the string at this instant? (199 N)
(d) What minimum speed must the ball have at point A to keep moving in a circular path? (3.43 m/s)
(e) The string has a tensile strength of 500 N.  What maximum speed at point B will result in the string breaking? (10.4 m/s)
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6. A roller-coaster car (m = 525 kg) has a speed of 20.0 m/s at position A, and a speed of 8.00 m/s at position B.  

(a) Draw the free-body diagrams for the car at positions A and B:

(b) Calculate the centripetal force needed at positions A and B. (21000 N, 2240 N)
(c) What is the normal force acting on the car at position A?  At B? (26145 N, 2905 N)
(d) If the car is traveling too fast at position B, the car’s wheels can lose contact with the track.  Explain what roller-coaster designers do to keep cars on the tracks.   
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