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Chapter 6

Conservation of energy

Problems


2. 
Strategy  The distance is equal to the speed times the time interval. Use Eq. (6-1).

Solution  Find the work done by the rope on the sled.
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3.
Strategy and Solution  Since the book undergoes no displacement, no work is done on the book by Hilda.


6.
(a)
Strategy  The force is equal to the weight of the pile driver. Use Eq. (6-1).

Solution  Find the work done to raise the pile driver.
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(b)
Strategy and Solution  The work done by gravity is negative the work done to raise the pile driver since the force of gravity is opposite the driver’s motion, so 
[image: image3.wmf]gravity, updriver
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(c)
Strategy and Solution  The motion of the driver is in the same direction as the force of gravity, so the work done by gravity is opposite that found in part (b); therefore, 
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8.
Strategy  Use Eq. (6-2). Let the x-axis point in the direction of motion.
	

Solution  The force of friction is opposite the motion of the box. Dirk’s horizontal force is in the direction of motion.
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56.
Strategy  The mechanical energy is constant, so we set the elastic potential energy of the spring on the toy gun equal to the gravitational potential energy of the rubber ball. Assume 
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Solution  
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 Thus, the height reached by the ball is proportional to the square of the compression of the spring. Form a proportion.
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57.
Strategy  The elastic potential energy of the catapult, 
[image: image10.wmf]2
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 is converted into gravitational potential energy of the pebble, mgh.

Solution  Find the maximum height achieved by the pebble.
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58.
Strategy  Use conservation of energy.


Solution  



(a)
Compute the speed of the block as it passes through the equilibrium point.
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(b)
Find the maximum distance below the equilibrium point that the block will reach.
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59.
Strategy  Take the surface of the unstretched trampoline to be 
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 Use conservation of energy and Newton’s second law.

Solution  Find the spring constant from the gravitational potential energy.
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Use Newton’s second law for the situation where the gymnast is at rest.
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60.
Strategy  The stretched length of the bungee cord (and the distance George falls) must be no more than 
[image: image17.wmf]55.0 m2.00 m53.0 m.
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 The gravitational potential energy decrease of George as he falls must equal the elastic potential energy increase of the bungee cord.

Solution  To find the spring constant, set Eqs. (6-24) and (6-13) equal and solve for k.
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62.
Strategy  As Lars climbs the stairs, he increases his gravitational potential energy. The rate of potential energy increase must be equal to the rate he does work.

Solution  To find the time for Lars to climb the stairs, use Eqs. (6-26) and (6-9) and solve for 
[image: image19.wmf].
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64.
Strategy  Use the definition of average power and the potential energy in a uniform gravitational field.

Solution  Find the minimum time required for the man to lift the boxes.
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69.
Strategy  Use the definition of average power. The change in energy is equal to the change in kinetic energy.

Solution  Determine the average mechanical power the engine must supply.
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70.
(a)
Strategy  Use the definition of average power. The change in energy is equal to the change in gravitational potential energy.

Solution  Find the woman’s average power output.
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(b)
Strategy and Solution  The body would have to be 100% efficient for the answer to part (a) to be equal to the average power input. So, the answer is no.

73.
Strategy  Use the definition of average power. The change in energy is equal to the change in kinetic energy.

Solution  Find the engine’s average power output.
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75.
Strategy  Use conservation of energy.

Solution  Compute the required speed of the high jumper.
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76.
Strategy  Use conservation of energy.

Solution  Find the maximum height of the pole-vaulter’s center of gravity.
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77.
Strategy  Use conservation of energy. Neglect drag.

Solution  Find the speed of the hang glider.
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80.
Strategy  Use conservation of energy.

Solution  
[image: image28.wmf]y
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 can be found from the kinetic energy gained due to gravity.
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[image: image30.wmf]x
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 can be found from the kinetic energy gained from the spring’s elastic potential energy.
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Compute the speed of the ball when it hits the gound.
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82.
(a)
Strategy  Use conservation of energy.

Solution  Find the speed of the car at the top of the loop.
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(b)
Strategy  Use Newton’s second law.

Solution  Find the normal force on the car exerted by the track.
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(c)
Strategy  Use Newton’s second law.

Solution  Set the normal force on the roller coaster car equal to zero at the top to find the minimum height.
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84.
(a)
Strategy  The spring does work against gravity. Use Eq. (6-20).

Solution  

[image: image38.wmf]2

springg

22

122(780 N)(68 m182 m)

, so 25 Nm.

2

(182 m68 m30.0 m)

mgy

WkxWmgyk

x

D-

=-=-=D=-=-=

--




(b)
Strategy  The kinetic energy gained is the sum of the positive work done by gravity (which increases the kinetic energy during the fall) and the negative work done by the cord (which decreases the kinetic energy).

Solution  Find the speed of the jumper.
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86.
(a)
Strategy  According to the work-kinetic energy theorem, the total work done on the stunt woman is equal to her change in kinetic energy.

Solution  
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(b)
Strategy  The work done by gravity is negative the change in gravitational potential energy of the stunt woman.

Solution  
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(c)
Strategy  Use Eq. (6-10) to find the nonconservative work done by air resistance.

Solution  
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(d)
Strategy  Use Eq. (6-2) to find the magnitude of the average constant force of air resistance during the fall.

Solution  Let the +y-axis point upward.
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Thus, the magnitude of the average force of air resistance is 187 N.

87.
Strategy  Use conservation of energy and Newton’s second law.
	

Solution  Find k. 
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88.
(a)
Strategy  Use the definition of average power and the fact that the change in energy is equal to the person’s increase in potential energy. 

Solution  
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(b)
Strategy  Since the human body is only 25% efficient, it takes 4.0 units of chemical energy for every single unit of potential energy gained.

Solution  Find the amount of chemical energy used in the hike.
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(c)
Strategy and Solution  Using the given conversion factor, the number of Calories of food energy used for the hike is 
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90.
Strategy  Use Hooke’s law and Eq. (6-24).

Solution  Since F = kx, compressing a spring a certain distance x0 requires a force F0. After cutting the spring in half, compressing the spring x0 is equivalent to compressing the original spring 2x0, which would require a force of 2F0. This is equivalent to the short spring having a spring constant twice as large as the original spring. 
Find Ushort.
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92.
(a)
Strategy  Use the work-kinetic energy theorem.

Solution  Compute the work done by the pitcher.
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(b)
Strategy  Divide the energy available to do work by the energy required to throw a fastball.

Solution  Compute the number of fastballs required to “burn off” the meal.
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94.
Strategy  Tarzan’s kinetic energy must be great enough that his gravitational potential energy can increase by mgh, where 
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Solution  If Tarzan just makes it across the gully, his final kinetic energy is zero. Let his initial potential energy be zero. Set his initial kinetic energy equal to his final potential energy and solve for his initial speed.
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