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10.E: Work and Kinetic Energy (Exercises)

Conceptual Questions
1. Give an example of a situation in which there is a force and a displacement, but the force does no work. Explain why it

does no work.
2. Describe a situation in which a force is exerted for a long time but does no work. Explain.
3. A body moves in a circle at constant speed. Does the centripetal force that accelerates the body do any work? Explain.
4. Suppose you throw a ball upward and catch it when it returns at the same height. How much work does the gravitational

force do on the ball over its entire trip?
5. Work done on a system puts energy into it. Work done by a system removes energy from it. Give an example for each

statement.
6. Two marbles of masses m and 2m are dropped from a height h. Compare their kinetic energies when they reach the

ground.
7. Compare the work required to accelerate a car of mass 2000 kg from 30.0 to 40.0 km/h with that required for an

acceleration from 50.0 to 60.0 km/h.
8. Two forces act to double the speed of a particle, initially moving with kinetic energy of 1 J. One of the forces does 4 J of

work. How much work does the other force do?

Problems
9. Given two column vectors = [2, -1, 3] and  = [-4, 5, 1], what is the dot product of  and ? What is the angle between

the vectors?
10. Given two column vectors   = [0, -3, 6] and  = [2, 1, 4], what is the dot product of   and  ? What is the angle between

the two vectors?
11. How much work does a supermarket checkout attendant do on a can of soup he pushes 0.600 m horizontally with a force

of 5.00 N?
12. A 75.0-kg person climbs stairs, gaining 2.50 m in height. Find the work done to accomplish this task.
13. (a) Calculate the work done on a 1500-kg elevator car by its cable to lift it 40.0 m at constant speed, assuming friction

averages 100 N. (b) What is the work done on the lift by the gravitational force in this process? (c) What is the total work
done on the lift?

14. Suppose a car travels 108 km at a speed of 30.0 m/s, and uses 2.0 gal of gasoline. Only 30% of the gasoline goes into
useful work by the force that keeps the car moving at constant speed despite friction. (The energy content of gasoline is
about 140 MJ/gal.) (a) What is the magnitude of the force exerted to keep the car moving at constant speed? (b) If the
required force is directly proportional to speed, how many gallons will be used to drive 108 km at a speed of 28.0 m/s?

15. Calculate the work done by an 85.0-kg man who pushes a crate 4.00 m up along a ramp that makes an angle of 20.0° with
the horizontal (see below). He exerts a force of 500 N on the crate parallel to the ramp and moves at a constant speed. Be
certain to include the work he does on the crate and on his body to get up the ramp.

16. How much work is done by the boy pulling his sister 30.0 m in a wagon as shown below? Assume no friction acts on the
wagon.
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17. A shopper pushes a grocery cart 20.0 m at constant speed on level ground, against a 35.0 N frictional force. He pushes in
a direction 25.0° below the horizontal. (a) What is the work done on the cart by friction? (b) What is the work done on the
cart by the gravitational force? (c) What is the work done on the cart by the shopper? (d) Find the force the shopper
exerts, using energy considerations. (e) What is the total work done on the cart?

18. Suppose the ski patrol lowers a rescue sled and victim, having a total mass of 90.0 kg, down a 60.0° slope at constant
speed, as shown below. The coefficient of friction between the sled and the snow is 0.100. (a) How much work is done by
friction as the sled moves 30.0 m along the hill? (b) How much work is done by the rope on the sled in this distance? (c)
What is the work done by the gravitational force on the sled? (d) What is the total work done?

19. A constant 20-N force pushes a small ball in the direction of the force over a distance of 5.0 m. What is the work done by
the force?

20. A toy cart is pulled a distance of 6.0 m in a straight line across the floor. The force pulling the cart has a magnitude of 20
N and is directed at 37° above the horizontal. What is the work done by this force?

21. A 5.0-kg box rests on a horizontal surface. The coefficient of kinetic friction between the box and surface is  = 0.50. A
horizontal force pulls the box at constant velocity for 10 cm. Find the work done by (a) the applied horizontal force, (b)
the frictional force, and (c) the net force.

22. A sled plus passenger with total mass 50 kg is pulled 20 m across the snow (µk = 0.20) at constant velocity by a force
directed 25° above the horizontal. Calculate (a) the work of the applied force, (b) the work of friction, and (c) the total
work.

23. Suppose that the sled plus passenger of the preceding problem is pushed 20 m across the snow at constant velocity by a
force directed 30° below the horizontal. Calculate (a) the work of the applied force, (b) the work of friction, and (c) the
total work.

24. How much work is done against the gravitational force on a 5.0-kg briefcase when it is carried from the ground floor to
the roof of the Empire State Building, a vertical climb of 380 m?

25. It takes 500 J of work to compress a spring 10 cm. What is the force constant of the spring?
26. A bungee cord is essentially a very long rubber band that can stretch up to four times its unstretched length. However, its

spring constant varies over its stretch [see Menz, P.G. “The Physics of Bungee Jumping.” The Physics Teacher
(November 1993) 31: 483-487]. Take the length of the cord to be along the x-direction and define the stretch x as the
length of the cord l minus its un-stretched length l0 ; that is, x = l − l  (see below). Suppose a particular bungee cord has a
spring constant, for 0 ≤ x ≤ 4.88 m, of k  = 204 N/m and for 4.88 m ≤ x, of k  = 111 N/m. (Recall that the spring constant
is the slope of the force F(x) versus its stretch x.) (a) What is the tension in the cord when the stretch is 16.7 m (the
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maximum desired for a given jump)? (b) How much work must be done against the elastic force of the bungee cord to
stretch it 16.7 m?

Figure 7.16 - (credit: Graeme Churchard)

27. (a) Calculate the force needed to bring a 950-kg car to rest from a speed of 90.0 km/h in a distance of 120 m (a fairly
typical distance for a non-panic stop). (b) Suppose instead the car hits a concrete abutment at full speed and is brought to
a stop in 2.00 m. Calculate the force exerted on the car and compare it with the force found in part (a).

28. A car’s bumper is designed to withstand a 4.0-km/h (1.1-m/s) collision with an immovable object without damage to the
body of the car. The bumper cushions the shock by absorbing the force over a distance. Calculate the magnitude of the
average force on a bumper that collapses 0.200 m while bringing a 900-kg car to rest from an initial speed of 1.1 m/s.

29. Boxing gloves are padded to lessen the force of a blow. (a) Calculate the force exerted by a boxing glove on an
opponent’s face, if the glove and face compress 7.50 cm during a blow in which the 7.00-kg arm and glove are brought to
rest from an initial speed of 10.0 m/s. (b) Calculate the force exerted by an identical blow in the days when no gloves
were used, and the knuckles and face would compress only 2.00 cm. Assume the change in mass by removing the glove
is negligible. (c) Discuss the magnitude of the force with glove on. Does it seem high enough to cause damage even
though it is lower than the force with no glove?

30. Using energy considerations, calculate the average force a 60.0-kg sprinter exerts backward on the track to accelerate
from 2.00 to 8.00 m/s in a distance of 25.0 m, if he encounters a headwind that exerts an average force of 30.0 N against
him.

31. A 5.0-kg box has an acceleration of 2.0 m/s  when it is pulled by a horizontal force across a surface with  = 0.50. Find
the work done over a distance of 10 cm by (a) the horizontal force, (b) the frictional force, and (c) the net force. (d) What
is the change in kinetic energy of the box?

32. A constant 10-N horizontal force is applied to a 20-kg cart at rest on a level floor. If friction is negligible, what is the
speed of the cart when it has been pushed 8.0 m?

33. In the preceding problem, the 10-N force is applied at an angle of 45° below the horizontal. What is the speed of the cart
when it has been pushed 8.0 m?

34. Compare the work required to stop a 100-kg crate sliding at 1.0 m/s and an 8.0-g bullet traveling at 500 m/s.
35. A wagon with its passenger sits at the top of a hill. The wagon is given a slight push and rolls 100 m down a 10° incline

to the bottom of the hill. What is the wagon’s speed when it reaches the end of the incline. Assume that the retarding
force of friction is negligible.

36. An 8.0-g bullet with a speed of 800 m/s is shot into a wooden block and penetrates 20 cm before stopping. What is the
average force of the wood on the bullet? Assume the block does not move.

37. A 2.0-kg block starts with a speed of 10 m/s at the bottom of a plane inclined at 37° to the horizontal. The coefficient of
sliding friction between the block and plane is  = 0.30. (a) Use the work-energy principle to determine how far the
block slides along the plane before momentarily coming to rest. (b) After stopping, the block slides back down the plane.
What is its speed when it reaches the bottom? (Hint: For the round trip, only the force of friction does work on the
block.)

38. When a 3.0-kg block is pushed against a massless spring of force constant 4.5 x 10  N/m, the spring is compressed 8.0
cm. The block is released, and it slides 2.0 m (from the point at which it is released) across a horizontal surface before
friction stops it. What is the coefficient of kinetic friction between the block and the surface?

2 μK
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39. A small block of mass 200 g starts at rest at A, slides to B where its speed is v  = 8.0 m/s, then slides along the horizontal
surface a distance 10 m before coming to rest at C. (See below.) (a) What is the work of friction along the curved surface?
(b) What is the coefficient of kinetic friction along the horizontal surface?

40. A small object is placed at the top of an incline that is essentially frictionless. The object slides down the incline onto a
rough horizontal surface, where it stops in 5.0 s after traveling 60 m. (a) What is the speed of the object at the bottom of
the incline and its acceleration along the horizontal surface? (b) What is the height of the incline?

41. When released, a 100-g block slides down the path shown below, reaching the bottom with a speed of 4.0 m/s. How much
work does the force of friction do?

42. A 0.22LR-caliber bullet like that mentioned in Example 7.10 is fired into a door made of a single thickness of 1-inch pine
boards. How fast would the bullet be traveling after it penetrated through the door?

43. A sled starts from rest at the top of a snow-covered incline that makes a 22° angle with the horizontal. After sliding 75 m
down the slope, its speed is 14 m/s. Use the work-energy theorem to calculate the coefficient of kinetic friction between
the runners of the sled and the snowy surface.

44. A cart is pulled a distance D on a flat, horizontal surface by a constant force F that acts at an angle  with the horizontal
direction. The other forces on the object during this time are gravity (F ), normal forces (F ) and (F ), and rolling
frictions F  and F , as shown below. What is the work done by each force?

45. A boy pulls a 5-kg cart with a 20-N force at an angle of 30° above the horizontal for a length of time. Over this time
frame, the cart moves a distance of 12 m on the horizontal floor. (a) Find the work done on the cart by the boy. (b) What
will be the work done by the boy if he pulled with the same force horizontally instead of at an angle of 30° above the
horizontal over the same distance?

46. A horizontal force of 20 N is required to keep a 5.0 kg box traveling at a constant speed up a frictionless incline for a
vertical height change of 3.0 m. (a) What is the work done by gravity during this change in height? (b) What is the work
done by the normal force? (c) What is the work done by the horizontal force?

47. A 7.0-kg box slides along a horizontal frictionless floor at 1.7 m/s and collides with a relatively massless spring that
compresses 23 cm before the box comes to a stop. (a) How much kinetic energy does the box have before it collides with
the spring? (b) Calculate the work done by the spring. (c) Determine the spring constant of the spring.

48. A crate is being pushed across a rough floor surface. If no force is applied on the crate, the crate will slow down and
come to a stop. If the crate of mass 50 kg moving at speed 8 m/s comes to rest in 10 seconds, what is the rate at which the
frictional force on the crate takes energy away from the crate?

49. Grains from a hopper falls at a rate of 10 kg/s vertically onto a conveyor belt that is moving horizontally at a constant
speed of 2 m/s. (a) What force is needed to keep the conveyor belt moving at the constant velocity? (b) What is the
minimum power of the motor driving the conveyor belt?

50. Ignoring details associated with friction, extra forces exerted by arm and leg muscles, and other factors, we can consider a
pole vault as the conversion of an athlete’s running kinetic energy to gravitational potential energy. If an athlete is to lift
his body 4.8 m during a vault, what speed must he have when he plants his pole?

B

θ

w N1 N2

r1 r2
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51. Tarzan grabs a vine hanging vertically from a tall tree when he is running at 9.0 m/s. (a) How high can he swing upward?
(b) Does the length of the vine affect this height?
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