PHYSICS - ANSWERS to End of Chapter 9
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1. Yes, in order for a bullet to have the

same momentum as a truck, it must have

a higher velocity because the two masses

are unequal.

2. a. The pitcher and catcher exert the

same impulse magnitude, but the impulses

are in opposite directions.  b. The catcher

exerts the larger force on the ball because

the time interval of exertion is smaller.

3. No net force on the system means no

net impulse on the system. That means no

net change in momentum. However, 

individual parts of the system may have a 

change in momentum as long as all the

changes cancel out to zero change.

4. Cars are made with bumpers that retract 

during a crash in order to increase the time

of a collision, reducing the force.

5. An isolated system has no external forces

acting on it.

6. Momentum is conserved. The change in 

momentum of gases in one direction must

be balanced by an equal change in momentum

of the spacecraft in the opposite direction.

7. The eight ball must be moving with the

same velocity that the cue ball had just before

the collision.

8. a. The momentum of a falling ball is not 

conserved because a net external force,

gravity, is acting on it.  b. One such system in 

which the total momentum is conserved

includes the ball plus Earth.

9. a. The floor is outside the system, so it exerts

an external force. Therefore, it exerts an 

impulse on the ball.  b. Momentum is 

conserved in the system of ball + Earth. The 

ball bounces upward and Earth bounces down.

10. The internal force of a car’s brakes can

bring the car to a stop by stopping the wheels

and allowing the external frictional force of the

road against the tires to stop the car. If there is

no friction, for example, if the road is icy, then

there is no external force. The car doesn’t stop.
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21. Momentum is conserved so the 

momentum of the block and bullet after

the collision equals the momentum of 

the bullet before. The rubber bullet has

a negative momentum after impact with

respect to the block, so the block’s 

momentum must be greater in this case.

Bouncing beats sticking.
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23. 4.8 
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24. 42 m/s

25. a. -1.0 x 102 
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      b. -5.0 x 102 
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26. 20.0 m/s

27. a. 2.13 x 104 
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      b. 313 N

28. a. 2 x 104 
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      b. 2 x 104 N  

      c. The force is exerted by the track

through friction.

29. 25 m/s

30. 1.3 x 103 s or 22 min

31. a. -2 x 102 
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      b. -4 x 103 N

      c. 4 x 102 kg

      d. No

      e. You would not be able to protect 

a child on your lap in the event of a 

collision.
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33. a. 1.5 x 102 
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, down

      b. 1.5 x 102 
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      c. 3.0 x 103 N

      d. Force is about 5 times the weight.

34. b. 7.8 x 102 
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      c. -7.8 x 102 
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      d. -7.8 x 102 
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, using the 

tackle’s original direction as positive.

      e. 7.8 x 102 
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      f. 6.1 m/s
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1. joules

2. No, the force of gravity is directed

toward Earth and is perpendicular to the

direction of displacement of the satellite.

3. Only gravity and an upward, normal

force. No work is done because the 

displacement is perpendicular to these

forces. There is no force in the direction

of displacement because the object is

sliding at a constant speed.

4. Work is the product of force and the

distance an object is moved in the 

direction of the force. Power is the time

rate at which work is done.

5. [W] = J/s = 
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6. no, 
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7. Pedals transfer force from the rider to

the bike through a wheel and axle.

8. Each requires the same amount of work

because force times distance is the same.

9. You do positive work on the box

because the force and motion are in the 

same direction. Gravity does negative 

work on the box because the force of

gravity is opposite to the direction of

motion. The work done by you and by 

gravity are separate and do not cancel

each other.

10. Net work is zero. Carrying the carton

upstairs requires positive work; carrying it

back down is negative work. The work done

in both cases is equal and opposite because

the distances are equal and opposite. The 

student might arrange payments on the basis

of the time it takes to carry paper, whether up

or down, not on the basis of net work done.

11. No, the force on the box is up and the 

displacement is down the hall. They are 

perpendicular and no work is done.
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27. a. 9.00kJ  b. 3.00kW

28. a. 348W   b. 696W

29. a. 9.50 x 102N  b. 1.8 x 104J  c. 2.3kW

30. 1.6 x 102W   

31. 54.7m  

32. 1.95 x 105J

33. a. 25N/m  b. .50J    

34. .80J   

35. b. 600J 

36. a. 681N  b. 456N  c. -1.14 x 104J

37. 
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38. 518J   

39. 7.4 x 103J

40. a. 800J   b. 600J

41. a. 340J   b. -280J  c. -1.3 x 102J

42. a. 2.6 x 102J  b. 1.3 x 102W

43. a. 1.10 x 102kJ  b. 3.14kW

44. 3.7 x 102W

45. 9.0 x 10kW

46. 2.89 x 103N

47. 2.3 x 103N

48. a. 3.0 x 102N  b. 40N  c. 6.0 x 103J

      d. 6.8 x 103J  e. 3.5

49. a. 1.04 x 103J  b. 958J  c. 92.1%

50. a. 4.00   b. 3.59   c. 89.8%

51. 98J

52. 1.64 x 104J

53. a. 61N  b. 4.0  c. 82%

54. .50m/s

55. b. 150N   c. 2.0cm

56. a. 6.1 x 102W   b. 1.2 x 103W

57. a. 1.5 x 103W   b. 2.9 x 103W
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13. a. Before: Ug (tall bar)  After: K (tall bar)

      b. Before: K (tall bar)  After: Ug (tall bar)

14. As a roller coaster moves up a hill, it gains

potential energy but loses kinetic energy. As a 

roller coaster moves down, the potential energy

is transferred to kinetic energy and it speeds up.

15. The energy resides in the potential energy

of the rock that makes up Earth. The rock is 

slowly stretched like a rubber band and then

suddenly it breaks (or slips) and releases the 

potential energy. 

16. a. Yes, because the ball has bounced back

to only 2/3 of its original height, it has lost 1/3

of its initial energy. 

      b. 1.2m  

      c. 0m

17. a. The car’s energy is dissipated in the 

brake pads of the car. Essentially, the brake

pads apply a force on the wheel, which 

converts kinetic energy into heat.

     b. The car’s energy is dissipated by the

friction between the wheels and the road. The

tires are acted upon by the road through the 

distance the car skids.

18. When a ball bounces, not all the elastic 

potential energy is converted into kinetic 

energy. It loses some energy that is converted 

to thermal energy. As a result, the ball heats up

a bit and does not bounce as high.

19. The trailer truck has more kinetic energy 

because kinetic energy is directly proportional

to the mass of an object.

20. Carmen’s car. The greater the speed, the 

greater the kinetic energy.

21. Direction is not important to kinetic energy.

The cars have the same kinetic energy.

22. If you neglect thermal changes, the total

kinetic energy must increase because more total

energy is in the system and the potential energy

has decreased.

23. You cannot determine anything about changes

in kinetic energy since you don’t know how much 

of the energy increase went to potential energy.

PHYSICS - ANSWERS to End of Chapter 11 (continued)
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36. Even though the balls do not hit the ground 

at the same time, they have identical velocities 

and kinetic energies when they hit.

37. No, because the ball does not maintain a 

constant acceleration throughout its entire fall, 

some of its energy is transformed as it works 

against air resistance.

38. 1.3 x 105 J

39. 6.86 x 105 J

40. a. 2.3 x 103 J   b. 5.6 x 102 J

      c. 4/1 Twice the velocity gives four times 

the kinetic energy.

41. 203 J

42. a. 4.5 x 103 J  b. 2:1   c. 2:1, The ratio of the

kinetic energies is the same as their mass ratio.

43. a. 2.55 x 108 J

      b. 2.55 x 108 J

      c. 2.55 x 108 J

      d. 143 m/s

44. 66 m

45. a. -345 J   b. -345 J   c. 34.5 m

46. 2.1 x 103 J

47. 1.3 x 102 J

48. -2.78 x 103 J

49. 3.4 x 103 J

50. 20.0 m

51. 16.8 J

52. .102 kg

53. 1.7 x 102 J

54. a. 3.9 x 103 N  b. 8.6 x 104 J

55. a. -1.44 x 105 J   b. -1.44 x 105 J

      c. -2.88 x 105 N  The negative sign

implies a retarding force.

56. 26 m

57. a. 5000 J   b. 5000 J   c. 5000 J

58. a. 20,000 J   b.20,000 J   c. 40 m/s

59. a. 42 m/s   b. 9.0 x 10 m

60. a. 407 J   b. 2.0 x 10 m/s

61. 9.39 m/s

62. a. 15.5 
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      b. 2.40 x 103 J, 4.00 J

11. A force, F, exerted on an object over a time interval, � EMBED Equation.DSMT4  ���, causes the momentum of the object to change by the quantity, � EMBED Equation.DSMT4  ���.


12. Yes, if the smaller force acts for a long enough time, it can provide a larger impulse.


13. You should move your hands in the same direction the ball is traveling to increase the time of the collision, reducing the force.


14. The bullet is in the rifle a longer time, so the momentum it gains is greater.


15. After time A, the object moves with a constant, positive velocity. After time B, the object is at rest. After time C, the object moves with a constant, negative velocity.


16. When the gas pistol is fired in the opposite direction, it provides the impulse needed to move the astronaut toward the capsule.


17. Consider the system to be the ball and wall (and Earth). The wall and Earth would gain some momentum in the collision.


18. By shooting mass, exhaust gas, at high velocity in the same direction I which you are moving, its momentum would cause your ship’s momentum to be decreased.


19. If the two trucks had equal masses, they would have moved off at half the speed. Thus, the moving truck must have had a more massive load.


20. Held loosely, the recoil momentum of the rifle works against only the mass of the rifle, producing a larger velocity and striking your shoulder hard. When held firmly against the shoulder, the recoil results in a smaller velocity.





35. b. 1.0 x 10-3 � EMBED Equation.DSMT4  ���


          1.00 x 10-3 � EMBED Equation.DSMT4  ���


      c. 4.0 x 10-4 � EMBED Equation.DSMT4  ���


      d. 1.6 x 10-3 � EMBED Equation.DSMT4  ���


      e. 0.16 m/s


36. 11 m/s


37. 10.6 m/s


38. b. -5 m/s or 5 m/s, west


39. b. -1.50


      c. The student with the smaller mass has the greater speed.


      d. The forces were equal and opposite.


40. 0.22 m/s in the original direction


41. b. .041 m/s


      c. Yes. The velocity is positive so the football crosses the goal line for a touchdown.


42. a. -.500 � EMBED Equation.DSMT4  ���


      b. -.995 � EMBED Equation.DSMT4  ���


      c. When the bullet ricochets, its change in momentum is larger in magnitude, and so is the block’s change in momentum, so the block ends up with a greater speed.


43. a. 3.13 m/s


      b. 1.25 m/s


      c. .98 m


44. b. 3.6 � EMBED Equation.DSMT4  ���at � EMBED Equation.DSMT4  ��� N of west,


      1.8 m/s at � EMBED Equation.DSMT4  ��� N of west


45. 171 kg


46. Since the masses are in a 3:2 ratio, a 2:3 ratio of velocity changes will compensate.


47. b. 9.4 m/s � EMBED Equation.DSMT4  ���


      c. 8.2 m


48. Car A, the friend’s car, was going at 20 m/s before the crash. Yes. She was not speeding, since it was going 30.1 m/s before the crash.





12. a. Both people are doing the same amount of work because they are both climbing the same flight of stairs.  


      b. The person who climbs the stairs in 25s expends more power, as less time is needed to cover the distance.


13. P = E/t  and  E = W = Fd


 Combine the two equations to obtain: 


 P =Fd/t. Because v = d/t, power can be   


 written as P = Fv.


14. Either ramp. Only the vertical distance is important. If Guy used the shorter ramp, he would have to apply more force.


15. Increase the ratio of de/dr to increase the IMA of a machine.


16. Your hand should be as far from the head as possible to make de as large as possible. The nail should be as close to the head as possible to make dr as small as possible.


17. Reduce friction as much as possible to reduce the resistance force.


18. Assuming a circular orbit, the force due to gravity is perpendicular to the direction of motion. This means zero work.Hence, no change in kinetic energy. The planet doesn’t change speed.


19. 800J   


20. 1 x 104J   


21. 59.9kg


22. 1.20 x 104J  


23. 6.0 x 104J  


24. No work      


25. 7.5J   


26. a. 5.5 x 103J  


      b. No work  


      c. -5.5 x 103J


      d. No    


      e. 2.2kW








Chapter 11


1. Work is the transfer of energy.


2. A wound-up watch spring has potential energy. Work was done to wind the spring. When running, a watch converts the potential energy of the spring into kinetic energy of the gears. When a watch runs down, its energy has been converted into heat and sound.


3. Forces applied through a distance do work and transfer energy between points and between objects.


4. a. No, because they have different reference levels.


    b. Yes, because the change in distance is the same for both of them.


    c. Yes, they measure the same velocity.


5. No, mass is positive and the square of any velocity (plus or minus) is positive. The change in kinetic energy may be negative or positive.


6. Yes, if the baseball is below the reference level.


7. Nine times


8. Yes, a baseball can have a height (potential energy) and a velocity (kinetic energy).


9. Three times as much potential energy.


10. Work done by vaulter: kinetic energy of running, potential energy of bent pole, kinetic energy of rising vaulter, potential energy of vaulter at top of trajectory, kinetic energy of vaulter falling.


11. The fiberglass pole can bend more, can store more potential energy, and can transfer that energy into gravitational potential energy.


12. a. Yes, momentum is always conserved in a closed system. The final velocity of the ball-puck combination is lower than the original velocity of the ball because the mass is greater.





24. They will equal


25. Work is needed to change the potential energy of a car. By increasing the distance, d, the force, F, is reduced.


26. a. No work is done because the net displacement of the mass is zero.


     b. Yes, the change in energy of the ball after one revolution is zero.


27. a. A car accelerates on a level road.


      b. An object falls from a table


      c. An object is raised against gravity.


      d. A bowling ball collides with pins.


28. From the conservation of energy:


Kbottom of hill = Ug topof hill   If the velocity is doubled, kinetic energy must increase by a factor of 4. Hence, the height also must increase by a factor of 4.


29. Most of the energy goes into heating up the rug.


30. The greatest kinetic energy, and thus the satellite’s speed, occurs when it is closest to Earth.


31. The kinetic energy of the truck is converted to potential energy as the truck goes up the escape ramp. The loose gravel releases energy in the form of sound and heat, and additional energy is used to compact the gravel.


32. The bowling ball on Earth will have the larger potential energy because potential energy is directly proportional to gravitational acceleration, g.


33. 50J


34. The faster pendulum rise four times as high because kinetic energy at the bottom becomes potential energy at the top. Kinetic energy is proportional to the square of the speed, while potential energy is proportional to height.


35. Potential energy is doubled at the top, so kinetic energy is doubled at the bottom. We get a speed ratio of � EMBED Equation.DSMT4  ���





63. a. 4.0 x 106 � EMBED Equation.DSMT4  ���


      b. 4.0 x 106 � EMBED Equation.DSMT4  ���


      c. Before: 1.6 x 107 J, 0 J


         After: 8.0 x 106 J


      d. While momentum was conserved during the collision, kinetic energy was not. The amount not conserved was turned into heat and sound.


64. 40 m


65. a. 7.7 x 103 J


      b. 3.5 x 102 N


66. a. 3.4 m/s


      b. 1.6 x 102 J


67. 4.1 m/s


68. 1.2 x 103 J


69. a. Yes, the mechanical energy has changed, increase in potential energy of 3200 J.


      b. From the internal energy of the person.


70. 73 m/s


71. � EMBED Equation.DSMT4  ���


� EMBED Equation.DSMT4  ���


72. 2.2 m/s
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