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Challenge Problems
99 . Shown below is a 40-kg crate that is pushed at constant velocity a distance 8.0 m

along a  incline by the horizontal force  The coefficient of kinetic friction between
the crate and the incline is  Calculate the work done by (a) the applied
force, (b) the frictional force, (c) the gravitational force, and (d) the net force.

100 . The surface of the preceding problem is modified so that the coefficient of kinetic
friction is decreased. The same horizontal force is applied to the crate, and after being
pushed 8.0 m, its speed is 5.0 m/s. How much work is now done by the force of
friction? Assume that the crate starts at rest.

101 . The force F(x) varies with position, as shown below. Find the work done by this
force on a particle as it moves from  to 

102 . Find the work done by the same force in Example 7.4 , between the same
points, , over a circular arc of radius 2 m, centered at
(0, 2 m). Evaluate the path integral using Cartesian coordinates. (Hint: You will probably
need to consult a table of integrals.)

103 . Answer the preceding problem using polar coordinates.

104 . Find the work done by the same force in Example 7.4 , between the same
points, , over a circular arc of radius 2 m, centered at

30° .𝐅⃗ 
= 0.40.𝜇𝑘

𝑥 = 1.0 m 𝑥 = 5.0 m.

𝐴 = (0, 0) and 𝐵 = (2 m, 2 m)

𝐴 = (0, 0) and 𝐵 = (2 m, 2 m)
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(2 m, 0). Evaluate the path integral using Cartesian coordinates. (Hint: You will probably
need to consult a table of integrals.)

105 . Answer the preceding problem using polar coordinates.

106 . Constant power P is delivered to a car of mass m by its engine. Show that if air
resistance can be ignored, the distance covered in a time t by the car, starting from
rest, is given by 

107 . Suppose that the air resistance a car encounters is independent of its speed.
When the car travels at 15 m/s, its engine delivers 20 hp to its wheels. (a) What is the
power delivered to the wheels when the car travels at 30 m/s? (b) How much energy
does the car use in covering 10 km at 15 m/s? At 30 m/s? Assume that the engine is
25% efficient. (c) Answer the same questions if the force of air resistance is
proportional to the speed of the automobile. (d) What do these results, plus your
experience with gasoline consumption, tell you about air resistance?

108 . Consider a linear spring, as in Figure 7.7 (a), with mass M uniformly distributed
along its length. The left end of the spring is fixed, but the right end, at the equilibrium
position  is moving with speed v in the x-direction. What is the total kinetic
energy of the spring? (Hint: First express the kinetic energy of an infinitesimal element
of the spring dm in terms of the total mass, equilibrium length, speed of the right-hand
end, and position along the spring; then integrate.)

𝑠 = .(8𝑃 /9𝑚)1/2𝑡
3/2

𝑥 = 0,
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