Practice Problems:  Work, Energy and Power
1.  An Eskimo returning from a successful fishing trip pulls a sled loaded with salmon.  The total mass of the sled and salmon is 50.0 kg, and the Eskimo exerts a force of magnitude 1.20 x 102 N on the sled by pulling on the rope.

(a)  How much work does he do on the sled if the rope is horizontal to the ground and he pulls the sled 5.00 m?  (6.00 x 102 J)

(b) How much work does he do on the sled if θ = 30.0o and he pulls the sled the same distance?  (Treat the sled as a point particle, so details such as the point of attachment of the rope make no difference.)  (5.20 x 102 J)

(c) At a coordinate position of 12.4 m, the Eskimo lets up on the applied force.  A friction force of 45.0 N between the ice and the sled brings the sled to rest at a coordinate position of 18.2 m.  How much work does the friction do on the sled?  (-2.6 x 102 J)

2.  Using the situation in problem 1, suppose the coefficient of kinetic friction between the loaded 50.0 kg sled and snow is 0.200.

(a)  The Eskimo again pulls the sled 5.00 m, exerting a force of 1.20 x 102 N at an angle of 0o.  Find the work done on the sled by friction, and the net work.  (-4.90 x 102J, 1.10 x 102J)

(b) Repeat the calculation if the applied force is exerted at an angle of 30.0o with the horizontal. (-4.3 x 102J, 9.0 x 102J)
3. The driver of a 1.00 x 103 kg car traveling on the interstate at 35.0 m/s (nearly 80.0 mph) slams on the brakes to avoid hitting a second vehicle in front of him, which had come to rest because of congestion ahead.  After the brakes are applied, a constant kinetic friction force of magnitude 8.00 x 103 N acts on the car.  Ignore air resistance.

(a)  At what minimum distance should the brakes be applied to avoid collision with the other vehicle?  (76.6 m)

(b) If the distance between the vehicles is initially only 30.0 m, at what speed would the collision occur?  (27.3 m/s)

4.  A 60.0 kg skier is at the top of a slope.  At the initial point (A), she is 10.0 m vertically above the ending point (B).  

(a) Setting the zero level for gravitational potential energy at B, find the gravitational potential energy of this system when the skier is at A and then at B.  Finally, find the change in potential energy of the skier-Earth system as the skier goes from point A to point B. 
(5.88 X 103 J, 0 J, - 5.88 x 103 J)
(b) Repeat this problem with the zero level at point A.  (0 J, - 5.88 x 103 J, - 5.88 x 103 J)

(c) Repeat again, with the zero level 2.00 m higher than point B.  
(4.7 x 103 J, -1.18 x 103 J, -5.88 x 103 J)

5. A diver of mass m drops from a board 10,0 m above the water’s surface.  Neglect air resistance.

(a)  Use conservation of mechanical energy to find his speed 5.00 m above the water’s surface.  (9.90 m/s)

(b) Find his speed as he hits the water.  (14.0 m/s)

6. Waterslides are nearly frictionless, hence can provide bored students with high-speed thrills.  One such slide, Der Stuka, named for the terrifying German dive bombers pf World War II, is 72.0 feet high (21.9 m), found at Six Flags in Dallas, Texas, and at Wet ‘n Wild in Orlando, Florida.
(a)  Determine the speed of a 60.0 kg woman at the bottom of such a slide, assuming no friction is present.  (20.7 m/s)

(b) If the woman is clocked at 18.0 m/s at the bottom of the slide, find the work done on the woman by friction.  (-3.16 x 103 J)
7. A skier starts from rest at the top of a frictionless incline of height 20.0 m.  At the bottom of the incline, the skier encounters a horizontal surface where the coefficient of kinetic friction between the skis and snow is 0.210.

(a)  Find the skier’s speed at the bottom.  (19.8 m/s)

(b) How far does the skier travel on the horizontal surface before coming to rest?  Neglect air resistance.  (95.2 m)

8. A 1.00 x 103 kg elevator car carries a maximum load of 8.00 x 102 kg.  a constant frictional force of 4.00 x 103 N retards its motion upward.  What minimum power, in kilowatts and in horsepower, must the motor deliver to lift the fully loaded elevator car at a constant speed of 3.00 m/s?  (6.48 x 104 W, 86.9 hp)
9. Killer whales are known to reach 32 ft in length and have a mass of over 8,000 kg.  They are also very quick, able to accelerate up to 30 mi/hr in a matter of seconds.  Disregarding the considerable drag force of water, calculate the average power a killer whale named Shamu with mass 8.00 x 103 kg would need to generate to reach a speed of 12.0 m/s in 6.00 s.  (9.60 x 104 W)
10. Calculate the work done for each of the graphs below.
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