

5A1 - WORK AND ENERGY

1. Lake Point Tower in Chicago is the tallest apartment building in the United States (although not the tallest building in which there are apartments). Suppose you take the elevator from street level to the roof of the building. The elevator moves almost the entire distance at constant speed, so that it does 1.15 x 105 J of work on you as it lifts the entire distance. If your mass is 60.0 kg, how tall is the building? Ignore the effects of friction.

2. In 1985 in San Antonio, Texas, an entire hotel building was moved several blocks on 36 dollies. The mass of the building was about 1.45 x 106 kg. If 1.00 x 102 MJ of work was done to overcome the force of resistance that was just 2.00 percent of the building's weight, how far was the building moved?

3. The largest turtle ever caught in the United States had a mass of over 800 kg. Suppose this turtle were raised 5.45 m onto the deck of a research ship. If it takes 4.60 x 104 J of work to lift the turtle this distance at a constant velocity, what is the turtle's weight?

4. During World War II, 16 huge wooden hangers were built for United States Navy airships. The hangars were over 300 m long and had a maximum height of 52.0 m. Imagine a 40.0 kg block being lifted by a winch from the ground to the top of the hangar's ceiling. If the winch does 2.04 x 104 J of work in lifting the block, what force is exerted on the block?

5. The Warszawa Radio mast in Warsaw, Poland, is 646 m tall, making it the tallest human-built structure. Suppose a worker raises some tools to the top of the tower by means of a small elevator. If 2.15 x 105 J of work is done in lifting the tools, what is the force exerted on them?

5A2 - WORK

6. A roller coaster must do work raising its cars to the highest point on the ride. Prom there, the cars coast at varying speed until they return to the starting point. Suppose a loaded roller coaster car must be pulled 3.00 x 102 m from the ride's starting point to the top of the first rise. If 2.13 x 106 J of work must be done on the car during this stage of the ride, how large is the force exerted on the car by the raising mechanism?

7. A building under construction requires building materials to be raised to the upper floors by cranes or elevators. An amount of cement is lifted 76.2 m by a crane, which exerts a force on the cement that is slightly larger than the weight of the cement. If the net work done on the cement is 1.31 x 103 J, what is the magnitude of the net force exerted on the cement?

8. Two workers load identical refrigerators into identical trucks by different methods. One worker has the refrigerator lifted upward onto the back of the truck, which is 1.5 m above the ground. The other worker uses a ramp to slide the refrigerator onto the back of the truck. The ramp is 5.0 m long, and raises the refrigerator 1.5 m above the ground. The amount of work done by both workers is the same: 1800 J. What are the magnitudes of the forces each worker must exert to load the refrigerators?

9. A sunken treasure has a mass of 2140 kg, most of which is due to silver and gold coins. In order to make it easier to raise the treasure, a diver descends 17 m to where the treasure is located and attaches balloon-like bladders to each corner of the treasure chest. The diver then inflates these bladders, so they provide buoyancy to the chest. The chest is still too heavy to float upward, but its weight has been largely counteracted by the inflated bladders, so that now it can be easily lifted by 4.27 x 103 J of work. What is the magnitude of the net force that is exerted on the treasure in order to raise it to the water's surface?

10. A wrench slides off a tilted shelf, although if a force of 1.6 N is applied opposite the wrench's motion the wrench will slide down the shelf with a constant velocity. If the shelf is 1.2 m long, what is the work done by the applied force on the wrench?

11. In 1947, a deceleration sled was built to test the effects of extreme forces on humans and equipment. In this sled, a test pilot undergoes a sudden negative acceleration of about 50.0 times free-fall acceleration (g). In 0.181 s, through a distance of 8.05 m, the pilot's speed decreases from 88.9 m/s to 0 m/s. If the pilot's mass is 70.0 kg, how much work is done against the pilot's body during the deceleration?

12. A car has run out of gas. Fortunately, there is a gas station nearby. You must exert a force of 715 N on the car in order to move it. By the time you reach the station, you have done 2.72 X 104 J of work. How far have you pushed the car?

13. A catcher picks up a baseball from the ground. If the net upward force on the ball is 7.25 x 10-2 N and the net work done lifting the ball is 4.35 x 10-2 J, how far is the ball lifted?

14. At the 1996 Summer Olympics in Atlanta, Georgia, a mass of 260 kg was lifted for the first time ever in a clean-and-jerk lift. The lift, performed by Russian weightlifter Andrei Chemerkin, earned him the unofficial title as "the world's strongest man." If Chemerkin did 6210 J of work in exerting a force of 2590 N, how high did he lift the mass?

5B1 - KINETIC ENERGY

15. In 1994, Leroy Burrell of the United States set what was then a new world record for the men's 100 m run. He ran the 1.00 x 102 m distance in 9.85 s. Assuming that he ran with a constant speed equal to his average speed, and his kinetic energy was 3.40 x 103 J, what was Burrell's mass?

16. The fastest helicopter, the Westland Lynx, has a top speed of 4.00 x 102 km/h. If its kinetic energy at this speed is 2.10 x 107 J. what is the helicopter's mass?

17. Dan Jansen of the United States won a speed-skating competition at the 1994 Winter Olympics in Lillehammer, Norway. He did this by skating 500 m with an average speed of 50.3 km/h. If his kinetic energy was 6.54 x 103 J, what was his mass?

18. In 1987, the fastest auto race in the United States was the Busch Clash in Daytona, Florida. That year, the winner's average speed was about 318 km/h. Suppose the kinetic energy of the winning car was 3.80 MJ. What was the mass of the car and its driver?

19. In 1995, Karine Dubouchet of France reached a record speed in downhill skiing. If Dubouchet's mass was 51.0 kg, her kinetic energy would have been 9.96 x 104 J. What was her speed?

20. Susie Maroney from Australia set a women's record in long-distance swimming by swimming 93.625 km in 24.00 h.

a.  What was Maroney's average speed?

b. If Maroney's mass was 55 kg, what was her kinetic energy?

21. The brightest, hottest, and most massive stars are the brilliant blue stars designated as spectral class O. If a class O star with a mass of 3.38 x 1031 kg has a kinetic energy of 1.1 0 x 1042 J, what is its speed? Express your answer in km/s (a typical unit for describing the speed of stars).

22. The male polar bear is the largest land-going predator. Its height when standing on its hind legs is over 3 m and its mass, which is usually around 500 kg, can be as large as 680 kg. In spite of this bulk, a running polar bear can reach speeds of 56.0 km/h.

a. Determine the kinetic energy of a running polar bear, using the maximum values for its mass and speed.

b. What is the ratio of the polar bear's kinetic energy to the kinetic energy of Leroy Burrell, as given in number 6?

23. Escape speed is the speed required for an object to leave Earth's orbit. It is also the minimum speed an incoming object must have to avoid being captured and pulled into an orbit around Earth. The escape speed for a projectile launched from Earth's surface is 11.2 km/s. Suppose a meteor is pulled toward Earth's surface and, as a meteorite, strikes the ground with a speed equal to this escape speed. If the meteorite has a diameter of about 3 m and a mass of 2.3 x 105 kg, what is its kinetic energy at the instant it collides with Earth's surface? 

5B2 – KINETIC ENERGY

24. The Queen Mary was one of the largest ocean liners of the mid-twentieth century, crossing the Atlantic Ocean 1000 times. The ship is now a tourist attraction at Long Beach, California. Given that the mass of the Queen Mary is 7.5 x 107 kg and her maximum cruising speed was 57 km/h, what would be the kinetic energy of the ship at maximum speed?

25. The fastest speed achieved on Earth for any object, with the exception of sub-atomic particles in particle accelerators, is 15.8 km/s. A device at Sandia Laboratories in Albuquerque, New Mexico, uses highly compressed air to accelerate a small metal disk to supersonic speeds. Suppose the disk has a mass of 0.20 g. What is the maximum kinetic energy of the disk?

26. Although ungraceful on land, walruses are fine swimmers. They normally swim at 7 km/h, and for short periods of time are capable of reaching speeds of nearly 35 km/h. If a walrus swimming at a speed of 35.0 km/h has a mass of 9.00 x 102 kg, what is its kinetic energy?

27. The Shinkansen, Japan's high-speed trains, have been in service since 1964. Since that time, several train designs have been developed. Most of these trains travel between 240 km/h and 285 km/h. The exceptions are the "0" series, which began service in 1964, and the "500" series, which began service in 1997. Series 0 trains travel up to 220.0 km/h and have a total mass of about 8.84 x 105 kg. The lighter, streamlined series 500 trains travel up to 320.0 km/h, and have an estimated total mass of about 4.80 x 105 kg. What are the maximum kinetic energies that can be achieved by each of these trains?

28. The most massive of the Shinkansen are the series 200 trains, yet they are among the fastest. Series 200 trains can reach speeds of 275 km/h. If a 16-car series 200 train has maximum kinetic energy of 2.78 x 109 J, what is its mass?

29. The largest airplane built that has flown more than once is the Ukrainian-built Antonov-225 Mriya. With a length of 85 m and a wingspan of 88 m, the Mriya (Dream) was designed to carry the space shuttle of the Soviet Union's space program. Unloaded, the top speed of Mriya is 850 km/h, at which point its kinetic energy is 9.76 x 109 J. What is its mass?

30. Though slow on land, the leatherback turtle holds the record for the fastest water speed of any reptile: 9.78 m/s. It is also among the largest of reptiles. Suppose the largest leatherback yet discovered were to swim at the top leatherback speed. If its kinetic energy was 6.08 x 104 J, what was its mass?

31. At the time a 55.0 kg skydiver jumps from a plane, her speed steadily increases until air resistance provides a force that balances that due to free-fall. How fast is the skydiver falling if her kinetic energy at the moment is 7.81 x 104 J?

32. The kinetic energy of a golf ball is measured to be 1433 J. If the golf ball has a mass of about 47.0 g, what is the ball's speed?

5C1 - WORK-KINETIC ENERGY THEOREM

33. The tops of the towers of the Golden Gate Bridge, in San Francisco, are 227 m above the water. Suppose a worker drops a 655 g wrench from the top of a tower. If the average force of air resistance is 2.20 percent of the force of free fall, what will the kinetic energy of the wrench be when it hits the water? 

34. Bonny Blair of the United States set a world record in speed skating when she skated 5.00 x 102 m with an average speed of 12.92 m/s. Suppose Blair crossed the finish line at this speed and then skated to a stop. If the work done by friction over a certain distance were -2830 J, what would Blair's kinetic energy be, assuming her mass to be 55.0 kg? 

35. In 1979, Dr. Hans Liebold of Germany drove a race car 12.6 km with an average speed of 404 km/h. Suppose Liebold applied the brakes to reduce his speed. What was the car's final speed if -3.00 MJ of work was done by the brakes? Assume the combined mass of the car and driver to be 1.00 x 103 kg.

36. In 1990, Roger Hickey of California reached a speed 35.0 m/s on his skateboard. Suppose it took 21 kJ of work for Roger to reach this speed from a speed of 25.0 m/s. Calculate Hickey's mass.

37. At the 1984 Winter Olympics, William Johnson of the United States reached a speed of 104.5 km/h in the downhill skiing competition. Suppose Johnson left the slope at that speed and then slid freely along a horizontal surface. If the coefficient of kinetic friction between the skis and the snow was 0.120 and his final speed was half of his initial speed, find the distance William traveled.

5C2 – WORK-KINETIC ENERGY THEOREM

38. A hockey puck with an initial speed of 8.0 m/s coasts 45 m to a stop across the ice. If the force of friction on the puck has a magnitude of 0.12 N, what is the puck's mass?

39. A meteoroid is a small fragment of rock that orbits a planet or the sun. When a meteoroid enters a planet's atmosphere, it most likely will burn up entirely, glowing brilliantly as it does so. It is then referred to as a meteor. Consider a meteoroid that has an initial speed of 15.00 km/s when it enters the thin upper region of Earth's atmosphere. Suppose this meteoroid encounters a force of resistance with a magnitude of 9.00 x 10-2 N, so that after it travels 500.0 km parallel to Earth's surface the meteoroid's speed is 14.97 km/s. Assume that the meteoroid does not lose any mass as its temperature increases, and that the change in the gravitational potential energy is negligible. What is the mass of the meteoroid?

40. A car moving at a speed of 48.0 km/h accelerates 100.0 m up a steep hill, so that at the top of the hill its speed is 59.0 km/h. If the car's mass is 1100 kg, what is the magnitude of the net force acting on it?

41. A 450 kg compressor slides down a loading ramp that is 7.0 m long. Initially at rest, the compressor's speed at the bottom of the ramp is 1.1 m/s. What is the magnitude of the net force acting on the compressor?

42. The force that stops a fighter jet as it lands on the flight deck of an aircraft carrier is provided by a series of arresting cables. These cables are attached to large springs that stretch enough to keep the plane from slowing down too suddenly. Suppose a Hornet jet traveling with an initial speed of 2.40 x 102 km/h lands on the flight deck, where it is brought to rest by a net acceleration of magnitude 30.8 m/s2. If the jet's mass is 1.30 x 104 kg, how far does the jet travel during its deceleration?

43. A 50.0 kg parachutist falls at a speed of 47.00 m/s when the parachute opens. The parachutist's speed upon landing is 5.00 m/s. How much work is done by the air to reduce the parachutist's speed?

44. The giant sequoia redwood trees of the Sierra Nevada in California are said never to die from old age. Instead, an old tree dies when its shallow roots become loosened and the tree falls over. Removing a dead mature redwood from a forest is no easy feat, as the tree can have a mass of nearly 2.0 x 106 kg. Suppose a redwood with this mass is lifted 7.5 m with a net upward acceleration of 7.5 x 10-2 m/s2. If the tree's initial kinetic energy is zero, what is the final kinetic energy?

45. An applied force of 92 N is exerted horizontally on an 18 kg box of books. The coefficient of kinetic friction between the floor and the box is 0.35. If the box is initially at rest with zero kinetic energy, what is the final kinetic energy after it has been moved 7.6 m across the floor?

46. A 2.00 X 102 kg iceboat is propelled across the horizontal surface of a frozen lake by the wind. The wind exerts a constant force of 4.00 x 102 N while the boat moves 0.90 km. Assume that frictional forces are negligible and that the boat starts from rest. What is the boat's final speed?

47. A certain firework is made of a small cardboard tube with a mass of about 20.0 g. When lit, the tube slides 2.5 m across a smooth surface. If the forward force on the tube is 7.3 x 10-2 N and the coefficient of friction between the tube and the ground is 0.20, what is the tube's final speed? Assume the tube is initially at rest. 

5D1 - POTENTIAL ENERGY

48. In 1992, Ukrainian Sergei Bubka used a short pole to jump to a height of 6.13 m. If the maximum potential energy associated with Bubka was 4.80 kJ at the midpoint of his jump, what was his mass?

49. Nairn Suleimanoglu of Turkey has a mass of about 62 kg, yet he can lift nearly 3 times this mass. (This feat has earned Suleimanoglu the nickname of "Pocket Hercules:') If the potential energy associated with a barbell lifted 1.70 m above the floor by Suleimanoglu is 3.04 x 103 J, what is the barbell's mass?

50. In 1966, a special research cannon built in Arizona shot a projectile to a height of 180 km above Earth's surface. The potential energy associated with the projectile when its altitude was 10.0 percent of the maximum height was 1.48 x 107J. What was the projectile's mass? Assume that constant free-fall acceleration at this altitude is the same as at sea level.

51. The highest-caliber cannon ever built (though never used) is located in Moscow, Russia. The diameter of the cannon's barrel is about 89 cm, and the cannon's mass is 3.6 x 104 kg. Suppose this cannon were lifted by airplane. If the potential energy associated with this cannon were 8.88 X 108 J, what would be its height above sea level? Assume that constant free-fall acceleration at this altitude is the same as at sea level.

52. In 1987, Stefka KostadiI1ova from Bulgaria set a new women's record in high jump. It is known that the ratio of the potential energy associated with Kostadinova at the top of her jump to her mass was 20.482 m2/s2. What was the height of her record jump?

53. In 1992, David Engwall of California used a slingshot to launch a dart with a mass of 62 g. The dart traveled a horizontal distance of 477 m. Suppose the slingshot had a spring constant of 3.0 x 104 N/m. If the elastic potential energy stored in the slingshot just before the dart was launched was 1.4 x 102 J, how far was the slingshot stretched?

54. Suppose a 51 kg bungee jumper steps off the Royal Gorge Bridge, in Colorado. The bridge is situated 321 m above the Arkansas River. The bungee cord's spring constant is 32 N/m, the cord's relaxed length is 104 m, and its length is 179 m when the jumper stops falling. What is the total potential energy associated with the jumper at the end of his fall? Assume that the bungee cord has negligible mass.

55. Situated 4080 m above sea level, La Paz, Bolivia, is the highest capital in the world. If a car with a mass of 905 kg is driven to La Paz from a location that is 1860 m above sea level, what is the increase in potential energy?

56. In 1872, a huge gold nugget with a mass of 286 kg was discovered in Australia. The nugget was displayed for the public before it was melted down to extract pure gold. Suppose this nugget is attached to the ceiling by a spring with a spring constant of 9.50 x 103 N/m. The nugget is released from a height of 1.70 m above the floor, and is caught when it is no longer moving downward and is about to be pulled back up by the elastic force of the spring.

a. If the spring stretches a total amount of 59.0 cm, what is the elastic potential energy associated with the spring-nugget system?

b. What is the gravitational potential energy associated with the nugget just before it is dropped?

c. What is the gravitational potential energy associated with the nugget after the spring has stretched 59.0 cm?

d. What is the difference between the gravitational potential energy values in parts (b) and (c)? How does this compare with your answer for part (a)?

57. When April Moon set a record for flight shooting in 1981, the arrow traveled a distance of 9.50 x 102 m. Suppose the arrow had a mass of 65.0 g, and that the angle at which the arrow was launched was 45.00 above the horizontal.

a. What was the kinetic energy of the arrow at the instant it left the bowstring? (Hint: Review Section 3E to determine the initial speed of the arrow.)

b. If the bowstring was pulled back 55.0 cm from its relaxed position, what was the spring constant of the bowstring? (Hint: Assume that all of the elastic potential energy stored in bowstring is converted to the arrow's initial kinetic energy.)

c. Assuming that air resistance is negligible, determine the maximum height that the arrow reaches. (Hint: Equate the arrow's initial kinetic energy to the sum of the maximum gravitational potential energy associated with the arrow and the arrow's kinetic energy at maximum height.)

5D2 – POTENTIAL ENERGY

58. A highway guardrail is designed so that it can be distorted as much as 5.00 cm when struck by an automobile. What is the minimum force constant of the guardrail if it is to withstand the impact of a car with 1.09 x 104 J of energy?

59. A pogo stick contains a spring with a force constant of 1.5 x 104 N/m. Suppose the elastic potential energy stored in the spring as the pogo stick is pushed downward is 120 J. How far is the spring compressed?

60. A 1750 kg weather satellite moves in a circular orbit with a gravitational potential energy of 1.69 x 1010 J. At the satellite's altitude above Earth's surface, the free-fall acceleration is only 6.44 m/s2. How high above Earth's surface is the satellite?

61. An automobile to be transported by ship is raised 7.0 m above the dock. If its gravitational potential energy is 6.6 x 104 J, what is the automobile's mass?

62. One of the largest planes ever to fly, and the largest to fly frequently, is the Ukrainian-built Antonov An-124 Russian. Its wingspan is 73.2 m and its length is 69.2 m. The gravitational potential energy associated with the plane at an altitude of 1.45 km is 3.36 x 109 J. What is the airplane's mass?

63. The force constant of the spring in a child's toy car is 550 N/m. How much elastic potential energy is stored in the spring if the spring is compressed a distance of 1.2 cm?

64. With an elevation of 5334 m above sea level, the village of Aucanquilca, Chile, is the highest inhabited town in the world. What would be the gravitational potential energy associated with a 64.0 kg person in Aucanquilca? Assume that the free-fall acceleration at Aucanquilca is equal to that at sea level.

5E1 – CONVERVATION OF MECHANICAL ENERGY

65. The largest watermelon ever grown had a mass of 118 kg. Suppose this watermelon were exhibited on a platform 5.00 m above the ground. After the exhibition, the watermelon is allowed to slide along to the ground along a smooth ramp. How high above the ground is the watermelon at the moment its kinetic energy is 4.61 kJ?

66. One species of eucalyptus tree, Eucalyptus regnens, grows to heights similar to those attained by California redwoods. Suppose a bird sitting on top of one specimen of eucalyptus tree drops a nut. If the speed of the falling nut at the moment it is 50.0 m above the ground is 42.7 m/s, how tall is the tree? Do you need to know the mass of the nut to solve this problem? Disregard air resistance.

67. In 1989, Michel Menin of Prance walked on a tightrope suspended under a balloon nearly at an altitude of 3150 m above the ground. Suppose a coin falls from Menin's pocket during his walk. How high above the ground is the coin when its speed is 60.0 m/s?

68. In 1936, Col. Harry Proboess of Switzerland jumped into the ocean from the airship Graf Hindenburg, which was 1.20 x 102 m above the water's surface. Assuming Proboess had a mass of 72.0 kg, what was his kinetic energy at the moment he was 30.0 m from the water's surface? What was his speed at that moment? Neglect the air resistance.

69. Suppose a motorcyclist rides a certain high-speed motorcycle. He reaches top speed and then coasts up a hill. The maximum height reached by the motorcyclist is 250.0 m. If 2.55 x 105 J of kinetic energy is dissipated by friction, what was the initial speed of the motorcycle? The combined mass of the motorcycle and motorcyclist is 250.0 kg.

70. The deepest mine ever drilled has a depth of 12.3 km (by contrast, Mount Everest has height of 8.8 km). Suppose you drop a rock with a mass of 120.0 g down the shaft of this mine. What would the rock's kinetic energy be after falling 3.2 km? What would the potential energy associated with the rock be at that same moment? Assume no air resistance and constant free-fall acceleration.

5E2 – CONSERVATION OF MECHANICAL ENERGY

71. What would be the kinetic energy of a 0.500 g raindrop if it fell 0.250 km without any resistance provided by air?

72. Angel's Flight, which has been called "the world's shortest railway is a hill-climbing cable car, or funicular, that is located on Bunker Hill in downtown Los Angeles, California. The funicular consists of two small railway cars that are connected to each other by a cable. The cable is, in turn, wrapped around a large pulley that is attached to a motor. As one car rises up the hill, the other car descends to the street below.

a. The tracks of Angel's Flight extend 96.0 m along the side of the hill at an angle of 18.4 0 with respect to the horizontal. If each car has a passenger with a mass of 70.0 kg, what is the total mechanical energy associated with the two passengers when the cars are about to leave the boarding platforms?

b. What is the total mechanical energy associated with the two passengers when the cars arrive at their destinations?

c. Except for a brief initial and final acceleration, the cars move in opposite directions at a constant speed of about 1.0 m/s. Suppose the ascending car is somewhere between street level and the midlevel. If the descending car is 20.0 m above street level, what is the gravitational potential energy associated with the passenger in the ascending car?

73. A 25.0 kg falling trunk strikes the ground with a speed of 12.5 m/s. Assuming that there is no loss of energy due to air resistance, what is the height from which the trunk falls?

74. A 50.0 kg circus performer jumps from a platform into a safety net below. The net, which has a force constant of 3.4 x 104 N/m, is stretched by 0.65 m. If the unstretched net is positioned 1.00 m above the ground, what is the height of the platform? Ignore the effects of air resistance.

75. A miniature golf course has a hole in which the fairway is 3.0 m above the green. If you hit the ball into the middle hole in a row of three, the ball will be directed to the green by a connecting pipe. Suppose the ball falls down most of the length of the pipe and slides the rest of the way without any loss of energy to friction. What is the ball's speed as it emerges from the pipe onto the green?

76. A 100.0 g arrow is pulled back 30.0 cm against a bowstring. If the - spring constant of the bowstring is 1250 N/m; at what speed will the arrow leave the bow?

5F1 - POWER

77. The most powerful icebreaker in the world was built in the former Soviet Union. The ship is almost 150 m long, and its nuclear engine generates 56 MW of power. How much work can this engine do in 1.0 h?

78. Reginald Esuke from Cameroon ran over 3 km down a mountain slope in just 62.25 min. How much work was done if the power developed during Esuke's descent was 585.0 W?

79. The first practical car to use a gasoline engine was built in London in 1826. The power generated by the engine was just 2984 W How long would this engine have to run to produce 3.60 x 104 J of work?

80. Dennis Joyce of the United States threw a boomerang and caught it at the same location 3.0 min later. Suppose Joyce decided to work out while waiting for the boomerang to return. If he expended 54 kJ of work, what was his average power output during the workout?

5F2 - POWER

81. The engine that moves the cables for the San Francisco cable cars delivers 380.3 kW of power for each line. How long does it take for 4.5 x 106 J of work (about the amount of work needed to raise a partially loaded cable car up Nob Hill) to be done by this engine?

82. If the stairs of the Sears Tower in Chicago, Illinois, can be climbed by an athlete with a power output of 331 W, how long does it take the athlete to climb the building's 442 m height? Assume the athlete has a mass of 55 kg and that all of the power goes toward doing work against gravity.

83. A runner exerts a force of 334 N against the ground while using 2100 W of power. How long does it take the runner to run a distance of 50.0 m?

84. A ship's diesel engine has a power output of 13.0 MW. How much work is done by this engine in 15.0 min?

85. One horsepower (1 hp) is the unit of power based on the work that a horse can do in one second. This is defined, in English units, as a force of 550 lb that can move an object 1 foot in 1 s. In SI, 1 hp equals 745.7 W, or 745.7 J of work delivered in 1 s. Suppose you have a horse that delivers 745.7 W of power, but that it does the work in only 0.55 s. How much work has this horse done?

86. The 300-series Shinkansen train of Japan has aluminum cars, so that it can reach high speeds more easily. Ten of the sixteen cars of a 300-series train have their own 300.0 kW motors, one for each of their four, axles. What is the work done by one car's four motors during 25 s?

87. When it is completed in 2002, the International financial Center in Taipei, Taiwan, will be the tallest building in the world. The International financial Center will also have the fastest elevators in the world. Two of the 63 elevators will travel from the ground floor to the eighty-ninth floor in just 39 s. Suppose the power output of each elevator motor is 158 kW. How much work will these motors do in lifting the elevator to the eighty-ninth floor?

88. The space shuttle, which was first launched on April 12, 1981, is the world's first reusable space vehicle. The shuttle is placed in orbit by three engines that do 1.4 x 1013 J of work in 8.5 min. What is the power output of these engines?

89. Borax was mined in Death Valley, California, during the nineteenth century. It was transported from the valley by massive wagons, each pulled by a team of mules. Suppose the team does 2.82 x 107 J of work on the wagon for 30.0 min? How much power is delivered, on the average, by the team? Express your answer in both watts and horsepower (1 hp = 745.7W). 

90. James Watt did not invent the steam engine, but by adding a condenser to an existing engine he discovered how to make steam engines more efficient and practical. His own engine of 1778 was able to do 3.0 X 106 J of work in 5.0 min. How much power was delivered by this engine?

