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Work and Power

1.
The largest palace in the world is the Imperial Palace in Beijing, China.  Suppose you were to push a lawn mower around the perimeter of the rectangular area identical to that of the palace, applying a constant horizontal force of 60.0 N.  If you did 2.05 x 105 J of work, how far did you push the mower? (3417 m) What is your power output (in Watts) if you finished in 20 minutes? (170.8 W)
2. Andre Chemerkin made his record-breaking lift with rigidly connected objects (a barbell and disk weights) having a total mass of 260.0 kg.  He lifted them a distance of 2.0 m.  (a) During the lift, how much work was done on the weights by the gravitational force? (-5096 J)  (b) How much work was done on the objects by Chemerkin’s force during the lift (assume the objects were lifted using constant velocity)? (5096 J) (c) While Chemerkin held the objects stationary above his head, how much work was done on them by his force? (0 J) (d) If Andre made this lift in a mere 8 seconds, what is his power output in Watts? (637 W)
3.
A woman pushes a lawn mower (25-kg) with a force of 400 N at an angle 45( below the horizontal for a displacement of 12 meters.  The coefficient of friction between the lawn and the mower is 0.1.  (a) Draw the free-body diagram for the mower.  (b) What work does the woman do? (3394 J)  (c) What is the work done by friction? (-634 J) (d) What is the work done by gravity? (0 J)  (e) What is the work done by the normal force? (0 J)  (f) What is the net work done on the mower? (2760 J)
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4.
A 10-kg crate is pulled up a rough incline with an initial speed of 1.5 m/s.  The pulling force is 100 N parallel to the incline, which makes an angle of 15( with the horizontal.  Assuming the force of friction is 37.3 N, and the crate is pulled a distance of 7.5 m, find the following:   (a) Draw the free-body diagram of the crate.  (b) The work done by gravity on the crate.  (-190 J)  (c) The work done by friction on the crate. (-280 J) (d) The work done by the puller on the crate. (750 J) (e) The net work done on the crate (280 J)

Work-Kinetic Energy Theorem
5. The tops of the towers of the Golden Gate Bridge, in San Francisco, are 227 m above the water.  Suppose a worker drops a 0.655 kg wrench from the top of a tower.  If the average force of air resistance is 2.20 percent of the force of gravity acting on the wrench, (a) what is the net force acting on the wrench as it falls? (6.28 N)  (b) What is the work done by the net force during the fall? (1425 J) (c) What is the kinetic energy of the wrench when it hits the water? (1425 J)
6. Bonnie Blair (m = 55 kg) of the United States set a world record in speed skating when she skated 500 m with an average speed of 12.92 m/s.  Suppose she crossed the finish line at this speed, and then skated to a stop.  (a) What is her change in kinetic energy? (-4590 J)  (b) What is the work done by friction as she came to a stop?  (-4590 J)  (c) If it took Bonnie 35 m to stop, what is the average friction force acting on her? (131 N) (d) What is the coefficient of kinetic friction between her skates and the ice? (0.24)
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A box of mass 35 kg is pulled across the floor with a force of 225 N applied at an angle of 25( relative to the horizontal, as shown.  If the box is pulled through a displacement of 15 meters, and the coefficient of friction between the box and the floor is 0.12, find: (a) The net work done on the box. (2614 J)  (b) The change in kinetic energy for the box. (2614 J)  
If the initial velocity at the beginning of the pull was 2 m/s, how fast is it moving after the 15 m displacement? (12.4 m/s)
8. A high diver (m = 62 kg) walks off a platform 15 meters above the water below (assume vi = 0).  (a) If air resistance is negligible, what is the work done by the gravitational force when she hits the water? (9114 J)  (b) What is the net work done on her during the fall? (9114 J)  (c) What is the change in her kinetic energy during this fall? (9114 J)  (c) How fast does she hit the water? (17.1 m/s)

The diver reaches a depth of 2.2 meters in the pool before coming to a stop.  (d) What is her change in kinetic energy?  (-9114 J)  (e) What is the average force of the water pushing up on her?  (4750 N… the acceleration corresponds to a about 8 g’s)


Mechanical Energy

9. The fastest helicopter, the Westland Lynx, has a top speed of 400 km/hr.  (a) If its kinetic energy at this speed is 2.10 x 107 J, what is its mass? (3400 kg)  (b) If it is flying 2.7 km above the surface of the earth, what is its gravitational potential energy (relative to the ground)? (9.00x 108 J)
10. A spring stretches 5 cm when a mass of 2 kg is suspended from it.  (a) What is the spring constant (k), in N/m of the spring?  (Hint: use Hooke’s Law F = -k(x, where F is the force pulling on the spring) (392 N/m) (b) If this spring is stretched a total of 8 cm, how much energy is stored in the spring? (1.25 J)
11. A 5 kg mass is traveling with a speed of 85 m/s.  (a) What is the kinetic energy of the mass? (18,063 J)   (b) How high above the ground would this mass need to be elevated to have an equal amount of gravitational potential energy? (369 m) (c) How much would a spring having a spring constant k of 2000 N/m need to be compressed to obtain an equal amount of elastic potential energy? (4.25 m)
12. A T-Rex running with a speed of 12 m/s has a kinetic energy of 350,000 J.  (a) What is the mass of the T-Rex?  (4860 kg)   (b) If the T-Rex doubles his speed, what is her new kinetic energy?  (1,400,000 J)   (c) How does her KE in (b) compare to that in (a)?  (4 times the value)    (d) How fast does a Volkswagen Beetle (m = 810 kg) have to travel to have a kinetic energy equal to that of the T-Rex in part (a)? (29.4 m/s)
Conservation of Energy
13. A roller coaster car (m = 285 kg) passes position A with a speed of 5 m/s.  Assume the track is frictionless. (a) What is the gravitational potential energy (relative to the ground) of the car at position A?  (b) What is the kinetic energy at position A? (c) What is the total mechanical energy at position A? (101,318 J) (e) What is the gravitational potential energy (relative to the ground) of the car at position B? (f) What is the kinetic energy at position B?  (g) What is the speed of the car at position B? (17.9 m/s)
14. A bird is flying with a speed of 18.0 m/s over water when it accidentally drops its lunch, a 2.00 kg fish.  If the altitude of the bird is 5.4 m and the air resistance is disregarded, what is the speed of the fish when it hits the water? (20.7 m/s)

15.
A pendulum bob, m = 5.0 kg is released from rest at position A as shown.

(a) What is the gravitational potential energy of the bob at position A, relative to position B? (24.5 J)
(b) What is the kinetic energy of the bob at position B? (24.5 J)
(c) What is the speed of the bob at position B? (3.13 m/s)

16.
A 3-kg block slides on a horizontal frictionless surface with a speed of 20 m/s.  It is brought to rest when it hits a bumper that compresses a spring having a k value of 90,000 N/m.  (a)  What is the kinetic energy of the block before it strikes the spring? (600J) (b) How much is the spring compressed when the block comes to rest?  (11.5 cm)
17.
Rapunzel has a mass of 40 kg and she is at rest on smooth, level, frictionless ice (how’d she get there?)  She straps on a rocket pack.  The rocket supplies a constant horizontal force, pushing Rapunzel for 22 meters and she acquires a speed of 62 m/s.  (a) What is the change in Rapunzel’s kinetic energy? (76880 J)  (b) What is the force supplied by the rocket? (3494 N)
18.
A 58-kg skier is skiing 57 meters down a 25º slope, a kinetic frictional force of magnitude fk = 70 N opposes his motion.  Near the top of the slope, the skier’s speed is 3.6 m/s.  Ignoring air resistance, determine the work done by (a) Gravity (13692 J)  (b) Friction  (-3990 J) (c) The normal force (0 J)   (d) What is the net work done on the skier? (9702 J)  (e) Find the speed vf at the point that is displaced 57 m downhill.  (8.28 m/s)
19.
A bead (m = 0.10 kg) slides without friction around a loop-the-loop.  The bead is released from a height of 13.5 meters from the bottom of the loop-the-loop, which has a radius of 5 m.  (a) What is its speed at point A (VA) ?  (8.28 m/s)  (b) If the mass of the bead were 0.20 kg, would the VA change at point A? 

20.
A bead slides on a curved wire, starting from rest at point A   as shown.  Assuming the wire is frictionless, find (a) the speed of the bead at B.  (9.9 m/s) and   (b) the speed of the bead at C. (7.7 m/s)
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