























Chapter 7 Energy and Its Conservation

25. A projectile is fired vertically with an initial velocity of 60.0 m/s. Using
the law of conservation of energy, find how high the projectile rises.

26. A 3.00-kg block is lifted vertically through a height of 6.00 m by a force of
40.0 N. Find (a) the work done in lifting the block, (b) the potential energy of the
block at 6.00 m, (c) the kinetic energy of the block at 6.00 m, and (d) the velocity of
the block at 6.00 m.

27. Apply the law of conservation of energy to an Atwood’s machine and find
the velocity of block A as it hits the ground. mg = 40.0 g, ma = 50.0 g, hg = 0.500 m,
and ha=1.00 m.
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Diagram for problem 27. Diagram for problem 28.

*28. Determine the velocity of block 2 when the height of block 1 is equal to
ho/4. m, =35.0 g, m; = 20.0 g, ho = 1.50 m, and h, = 2.00 m.

29. A 250-g bob is attached to a string 1.00 m long to make a pendulum. If
the pendulum bob is pulled to the right, such that the string makes an angle of 15.0°
with the vertical, what is (a) the maximum potential energy, (b) the maximum
kinetic energy, and (c) the maximum velocity of the bob and where does it occur?

30. A 45.0-kg girl is on a swing that is 2.00 m long. If the swing is pulled to
the right, such that the rope makes an angle of 30.0° with the vertical, what is
(a) the maximum potential energy of the girl, (b) her maximum kinetic energy, and
(c) the maximum velocity of the swing and where does it occur?

7.7 Further Analysis of the Conservation of Energy

31. A 3.56-kg mass moving at a speed of 3.25 m/s enters a region where the
coefficient of kinetic friction is 0.500. How far will the block move before it comes to
rest?

32. A 5.00-kg mass is placed at the top of a 35.0° rough inclined plane that is
30.0 cm high. The coefficient of kinetic friction between the mass and the plane is
0.400. Find (a) the potential energy at the top of the plane, (b) the work done
against friction as it slides down the plane, (c) the kinetic energy of the mass at the
bottom of the plane, and (d) the velocity of the mass at the bottom of the plane.
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33. A 100-g block is pushed down a rough inclined plane with an initial
velocity of 1.50 m/s. The plane is 2.00 m long and makes an angle of 35.0° with the
horizontal. If the block comes to rest at the bottom of the plane, find (a) its total
energy at the top, (b) its total energy at the bottom, (c) the total energy lost due to
friction, (d) the frictional force, and (e) the coefficient of friction.
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Diagram for problem 32. Diagram for problem 33.

34. A 1.00-kg block is pushed along a rough horizontal floor with a horizontal
force of 5.00 N for a distance of 5.00 m. If the block is moving at a constant velocity
of 4.00 m/s, find (a) the work done on the block by the force, (b) the kinetic energy of
the block, and (c) the energy lost to friction.

35. A 2200-N box is pushed along a rough floor by a horizontal force. The
block moves at constant velocity for a distance of 4.50 m. If the coefficient of friction
between the box and the floor is 0.30, how much work is done in moving the box?

36. A 44.5-N package slides from rest down a portion of a circular mail chute
that is at the height h = 6.10 m above the ground. Its velocity at the bottom is 6.10
m/s. How much energy is lost due to friction?

Diagram for problem 36. Diagram for problem 38.

37. A 6.68-kg package slides from rest down a portion of a circular mail chute
that is 4.58 m above the ground. Its velocity at the bottom is 7.63 m/s. How much
energy is lost due to friction?

38. In the diagram m, = 3.00 kg, m; = 5.00 kg, h, = 1.00 m, h, =0.750 m, and
Mk = 0.400. Find (a) the initial total energy of the system, (b) the work done against
friction as m; slides on the rough surface, (c) the velocity vi of mass m; as it hits the
ground, and (d) the kinetic energy of m; as it hits the ground.
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*39. A 5.00-kg body is placed at the top of the track, position A, 2.00 m above
the base of the track, as shown in the diagram. (a) Find the total energy of the
block. (b) The block is allowed to slide from rest down the frictionless track to the
position B. Find the velocity of the body at B. (c) The block then moves over the level
rough surface of px = 0.300. How far will the block move before coming to rest?

A
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Diagram for problem 39.

40. A 0.500-kg ball is dropped from a height of 3.00 m. Upon hitting the
ground it rebounds to a height of 1.50 m. (a) How much mechanical energy is lost in
the rebound, and what happens to this energy? (b) What is the velocity just before
and just after hitting the ground?

Additional Problems
*41. The concept of work can be used to describe the action of a lever. Using
the principle of work in equals work out, show that

I:out: rin Fin

rout

Show how this can be expressed in terms of a mechanical advantage.

Diagram for problem 41.

*42. Show how the inclined plane can be considered as a simple machine by
comparing the work done in sliding an object up the plane with the work done in
lifting the block to the top of the plane. How does the inclined plane supply a
mechanical advantage?
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43. A force acting on a 300-g mass causes it to move at a constant speed over
a rough surface. The coefficient of kinetic friction is 0.350. Find the work required to
move the mass a distance of 2.00 m.

44. A 5.00-kg projectile is fired at an angle of 58.0° above the horizontal with
the initial velocity of 30.0 m/s. Find (a) the total energy of the projectile, (b) the total
energy in the vertical direction, (c) the total energy in the horizontal direction,
(d) the total energy at the top of the trajectory, (e) the potential energy at the top of
the trajectory, (f) the maximum height of the projectile, (g) the kinetic energy at the
top of the trajectory, and (h) the velocity of the projectile as it hits the ground.

45. It takes 20,000 W to keep a 1600-kg car moving at a constant speed of
60.0 km/hr on a level road. How much power is required to keep the car moving at
the same speed up a hill inclined at an angle of 22.0° with the horizontal?

46. John consumes 5000 kcal/day. His metabolic efficiency is 70.0%. If his
normal activity utilizes 2000 kcal/day, how many hours will John have to exercise to
work off the excess calories by (a) walking, which uses 3.80 kcal/hr; (b) swimming,
which uses 8.00 kcal/hr; and (c) running, which uses 11.0 kcal/hr?

47. A 2.50-kg mass is at rest at the bottom of a 5.00-m-long rough inclined
plane that makes an angle of 25.0° with the horizontal. When a constant force is
applied up the plane and parallel to it, it causes the mass to arrive at the top of the
incline at a speed of 0.855 m/s. Find (a) the total energy of the mass when it is at
the top of the incline, (b) the work done against friction, and (c) the magnitude of
the applied force. The coefficient of friction between the mass and the plane is 0.350.

*48. A 2.00-kg block is placed at the position A on the track that is 3.00 m
above the ground. Paths A-B and C-D of the track are frictionless, while section B-C
is rough with a coefficient of kinetic friction of 0.350 and a length of 1.50 m. Find
(a) the total energy of the block at A, (b) the velocity of the block at B, (c) the energy
lost along path B-C, and (d) how high the block rises along path C-D.
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Diagram for problem 48. Diagram for problem 50.

49. A mass m = 3.50 kg is launched with an initial velocity vo = 1.50 m/s from
the position A at a height h = 3.80 m above the reference plane in the diagram for
problem 48. Paths A-B and C-D of the track are frictionless, while path B-C is rough
with a coefficient of kinetic friction of 0.300 and a length of 3.00 m. Find (a) the
number of oscillations the block makes before coming to rest along the path B-C and
(b) where the block comes to rest on path B-C.

50. A block starts from rest at position A at the top of the track. Find (a) the
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total energy at A, (b) the total energy at B, (c) the velocity of the ball at B, and
(d) the velocity of the ball at C.

51. A 20.0-kg mass is at rest on a rough horizontal surface. It is then
accelerated by a net constant force of 8.6 N. After the mass has moved 1.5 m from
rest, the force is removed and the mass comes to rest in 2.00 m. Using energy
methods find the coefficient of kinetic friction.

52. In an Atwood’s machine mg = 30.0 g, ma = 50.0 g, hg = 0.400 m, and h, =
0.800 m. The machine starts from rest and mass ma acquires a velocity of 1.25 m/s
as it strikes the ground. Find the energy lost due to friction in the bearings of the

pulley.

Diagram for problem 52. Diagram for problem 53.

*53. What is the total energy of the Atwood’s machine in the position shown
in the diagram? If the blocks are released and m; falls through a distance of 1.00 m,
what is the kinetic and potential energy of each block, and what are their velocities?

54. The entire Atwood’'s machine shown is allowed to go into free-fall. Find
the velocity of m; and m, when the entire system has fallen 1.00 m.

Diagram for problem 54. Diagram for problem 55.
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*55. A 1.50-kg block moves along a smooth horizontal surface at 2.00 m/s.
The horizontal surface is at a height h, above the ground. The block then slides
down a rough hill, 20.0 m long, that makes an angle of 30.0° with the horizontal.
The coefficient of kinetic friction between the block and the hill is 0.600. How far
down the hill will the block move before coming to rest?

*56. At what point above the ground must a car be released such that when it
rolls down the track and into the circular loop it will be going fast enough to make it
completely around the loop? The radius of the circular loop is R.

Diagram for problem 56. Diagram for problem 57.

*57. A 1.50-kg block moves along a smooth horizontal surface at 2.00 m/s. It
then encounters a smooth inclined plane that makes an angle of 53.0° with the
horizontal. How far up the incline will the block move before coming to rest?

*58. Repeat problem 57, but in this case the inclined plane is rough and the
coefficient of kinetic friction between the block and the plane is 0.400.

*59. In the diagram mass m; is located at the top of a rough inclined plane
that has a length I, = 0.500 m. m; = 0.500 kg, m, = 0.200 kg, px = 0.500, p = 0.300,
8 = 50.0°% and ¢ = 50.0°. (a) Find the total energy of the system in the position
shown. (b) The system is released from rest. Find the work done for block 1 to
overcome friction as it slides down the plane. (c) Find the work done for block 2 to
overcome friction as it slides up the plane. (d) Find the potential energy of block 2
when it arrives at the top of the plane. (e) Find the velocity of block 1 as it reaches
the bottom of the plane. (f) Find the Kinetic energy of each block at the end of their
travel.

Diagram for problem 59.

*60. If a constant force acting on a body is plotted against the displacement of
the body from x; to X, as shown in the diagram, then the work done is given by
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W = F(Xz - X1)
= Area under the curve

Show that this concept can be extended to cover the case of a variable force, and
hence find the work done graphically for the variable force, F = kx, where k = 2.00
N/m as the body is displaced from x; to x.. Draw a graph showing your results.
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Diagram for problem 60.

Interactive Tutorials

61. A projectile of mass m = 100 kg is fired vertically upward at a velocity v, =
50.0 m/s. Calculate its potential energy PE (relative to the ground), its Kinetic
energy KE, and its total energy E.: for the first 10.0 s of flight. Plot a graph of each
energy as a function of time.

62. Consider the general motion in an Atwood’'s machine such as the one
shown in the diagram of problem 27; ma = 0.650 kg and is at a height ha = 2.55 m
above the reference plane and mass mg = 0.420 kg is at a height hg = 0.400 m. If the
system starts from rest, find (a) the initial potential energy of mass A, (b) the initial
potential energy of mass B, and (c) the total energy of the system. When ma has
fallen a distance ya» = 0.75 m, find (d) the potential energy of mass A, (e) the
potential energy of mass B, (f) the speed of each mass at that point, (g) the Kkinetic
energy of mass A, and (h) the Kkinetic energy of mass B. (i) When mass A hits the
ground, find the speed of each mass.

63. Consider the general motion in the combined system shown in the
diagram of problem 38; m; = 0.750 kg and is at a height h, = 1.85 m above the
reference plane and mass m, = 0.285 kg is at a height h, = 2.25 m, px = 0.450. If the
system starts from rest, find (a) the initial potential energy of mass 1, (b) the initial
potential energy of mass 2, and (c) the total energy of the system. When m; has
fallen a distance y; = 0.35 m, find (d) the potential energy of mass 1, (e) the
potential energy of mass 2, (f) the energy lost due to friction as mass 2 slides on the
rough surface, (g) the speed of each mass at that point, (h) the kinetic energy of
mass 1, and (i) the kinetic energy of mass 2. (j) When mass 1 hits the ground, find
the speed of each mass.
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64. Consider the general case of motion shown in the diagram with mass ma
initially located at the top of a rough inclined plane of length 15, and mass mg is at
the bottom of the second plane; xa is the distance from the mass A to the bottom of
the plane. Let ma = 0.750 kg, mg = 0.250 kg, I» = 0.550 m, 6 = 40.0°, @ = 30.0°, pka =
0.400, pxe = 0.300, and xa = 0.200 m. When xa = 0.200 m, find (a) the initial total
energy of the system, (b) the distance block B has moved, (c) the potential energy of
mass A, (d) the potential energy of mass B, (e) the energy lost due to friction for
block A, (f) the energy lost due to friction for block B, (g) the velocity of each block,
(h) the kinetic energy of mass A, and (i) the kinetic energy of mass B.

Diagram for problem 64.

To go to these Interactive Tutorials click on this sentence.
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